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Leslie Hulbert, and Debra Mevorach and to all children with
urologic conditions and their primary care physicians.






While there are pediatric urology texts for pediatric urologists and for general
urologists, there are none for primary care physicians. This book is written
specifically for the primary care physician, the initial contact for the many
children with urologic conditions. The goal is to assist the primary care phy-
sician in the recognition of and participation in the care of children with these
common problems. These include both congenital and acquired conditions.
Management may involve medical and/or surgical intervention. The contrib-
uting authors were selected for their internationally recognized expertise and
straightforward educational styles. It is our hope that this book will signifi-
cantly help our primary care colleagues in the evaluation and management of
children with genitourinary problems.
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Andres Silva and Hiep T. Nguyen

Introduction

Ultrasound of the Fetal
Genitourinary Tract

The incidence of identifying genitourinary abnor-
malities during prenatal ultrasound (US) screen-
ing is approximately 2-9 per 1,000 births,
accounting for 17 % of all anomalies diagnosed
prenatally. With the more common use of
improved high-resolution US scanners, this inci-
dence is rapidly increasing. The use of prenatal
US allows children with congenital abnormalities
of the genitourinary tract to be detected prior to
developing signs and symptoms such as urinary
tract infection, abdominal mass, hematuria, kid-
ney stones, and pain. These children benefit from
early diagnosis with the goal of preventing these
complications and to preserve renal function
when possible. However, not all findings on pre-
natal US represent pathology; many have no
clinical significance. The dilemma is to be able to

A. Silva, M.D.

University of Sao Paulo, School of Medicine,
Almeida Prado, Butanta, Sao Paulo,

SP 05508-070, Brazil

H.T. Nguyen, M.D. ()

Pediatric Urology, Cardon Children Medical Center,
Banner Children’s Specialists, 1400 S. Dobson Road,
Mesa, AZ 85202, USA

e-mail: htn7377 @comcast.net

differentiate which children require intervention
from those who do not. Specific findings on
prenatal US can help to make this differentiation.
Some important time points and US findings of
the fetal urinary tract are listed in Table 1.1.

Hydronephrosis: The Scope
of the Problem

Prenatal hydronephrosis affects 1-2 % of all
pregnancies and is one of the most common pre-
natally detected anomalies. Although the use of
prenatal ultrasound as a screening tool for birth
defects has not been shown to improve perinatal
outcome, more patients are undergoing prenatal
counseling for the discovery of prenatal hydro-
nephrosis. Children diagnosed with this entity
on routine ultrasound often undergo extensive
prenatal imaging that may include serial ultra-
sound and magnetic resonance imaging (MRI).
In addition, they also undergo numerous postnatal
examinations including serial renal ultrasound,
voiding cystourethrogram (VCUG), diuretic
renogram, intravenous pyelogram, and MRI uro-
gram. Although current prenatal testing is mostly
noninvasive, much of the postnatal assessment is
invasive and exposes the child to radiation or
anesthesia that may be unnecessary. The diagno-
sis of antenatal hydronephrosis (ANH) causes
significant parental anxiety and physician uncer-
tainty with regard to prenatal and postnatal man-
agement. Consequently, the efficacy and social

R. Rabinowitz et al. (eds.), Pediatric Urology for the Primary Care Physician, Current Clinical Urology, 1
DOI 10.1007/978-1-60327-243-8_1, © Springer Science+Business Media New York 2015
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Table 1.1 US key time points of the fetal GU tract

Fetal kidneys:

Ureteral bud formation at 5th week of gestation
(weeks)

Urine formation at 5th—8th week
5 cm’/h at 20th week
50 cm®/h at 40th week
Can be visualized at 12th—13th week
Visualization of hydronephrosis at 12th—18th week
Distinct renal architecture at 20th week

Detailed examination is better in the second and third
trimesters

Renal measurements: 12-40 weeks
AP diameter: 0.8-2.6 cm
Transverse diameter: 0.9-2.6 cm
Length: 1.0-2.7 cm
Fetal bladder:
Can be visualized at 14 weeks
Emptying of the fetal bladder can be seen at 15th week
Size:
10 cm? at 30th week
50 cm? at term
Amniotic fluid:
Early =transudate of amnion
Later=fetal urine +lung fluid-swallowing
Amniotic fluid volume:
380 cm?® at 20th week
800 cm? at 28th week
800 cm? at 40th week

Amniotic volume dependent on urine production at
16th week

Etiology of polyhydramnios (>1.5 L)
Esophageal obstruction
Multicystic kidney
Mesoblastic nephroma
Some obstructive processes

Etiology of oligohydramnios (<0.5 L)
Amnion nodosum
Amniotic fluid leak
Urinary tract obstruction

Consequences of oligohydramnios
Pulmonary hypoplasia

Potter’s syndrome: flat nose, recessed chin, low-set
ears, bowed legs, small chest, talipes equinovarus,
and hypoplastic hands

Limb deformities

health-care costs of routine prenatal ultrasound as
a screening tool for potential postnatal health
risks such as urinary tract pathologies remain
undefined and quite controversial.

A. Silva and H.T. Nguyen

Table 1.2 Classification system for prenatal hydronephrosis

Date of Degree of
detection hydronephrosis Pelvic diameter (mm)
Second Mild 4-7
trimester Moderate 8-10
Severe >10
Third Mild 7-10
trimester Moderate 10-15
Severe >15
Definitions

Hydronephrosis is used when describing the
dilatation of renal pelvis (pelviectasis) and/or
calyces (caliectasis). It can be physiologic and
have no clinical consequences whatsoever or be
caused by urinary tract pathologies such as
obstruction or vesicoureteral reflux (VUR). It is
important to identify the etiology of the hydrone-
phrosis, because in itself it is merely a finding, not
a diagnosis. The number of children diagnosed
with prenatal hydronephrosis has increased in
the past decade due to the more common use of
fetal US imaging. Hydronephrosis presents in a
spectrum, ranging from severe renal pelvic dila-
tation to small changes only noticeable to the
trained eye. The anteroposterior (AP) diameter of
the renal pelvis taken in the axial plane is the
most commonly used measurement in defining
prenatal hydronephrosis. It has been found to be
the most simple and reliable parameter and is
dependent on the gestational age of the fetus
when the dilation is detected. While there remains
controversy on the exact AP diameter considered
being abnormal, there is a commonly accepted
classification system (Table 1.2) used in describ-
ing prenatal hydronephrosis.

Natural History

In most of the cases, the etiology of prenatal
hydronephrosis is considered to be physiological.
It will most likely resolve at the end of the
pregnancy or within the first year of life. This
spontaneous resolution may be due to several
factors related to the maturation of the urinary
tract. Fetal urine production is 4-6 times greater
than after birth, due to the higher renovascular
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resistance, greater glomerular filtering rate (GFR),
and lower concentrating ability. This high urine
output can overwhelm the capacity of the collect-
ing system, resulting in dilation. As the kidneys
mature, the urine output decreases and the hydro-
nephrosis improves. In addition, the collecting
system is more compliant during fetal develop-
ment compared to that after birth, due to the com-
position and orientation of elastin and collagen.
As the collecting system matures, alterations in its
composition allow for accommodation of greater
volume of urine without significant dilation.
Finally, dilation of the proximal collecting system
can also result from partial or transient anatomical
or functional obstructions, such as persistent ure-
teral folds or delays in normal peristalsis, that
resolve during fetal development.

Sairam et al. reviewed 11,465 scans at 1823
weeks and observed the resolution of prenatal
hydronephrosis antenatally and after birth. When
the AP diameter was less than 7 mm, all patients
had spontaneous resolution of the prenatal
hydronephrosis antenatally or shortly after birth.
In contrast, approximately 45 % of those with AP
diameter greater than 7 mm had resolution of the
prenatal hydronephrosis. Other authors noted
similar findings with approximately 30 %
resolving antenatally and 50-60 % resolving
postnatally.

Differential Diagnosis

The etiology for prenatal hydronephrosis includes
transient or physiologic hydronephrosis, ureteropel-
vic junction (UPJ) obstruction, VUR, ureterovesical
junction (UVJ) obstruction, multicystic dysplastic

kidney, and posterior urethral valves (PUV).
Their incidences are listed in Table 1.3. Less
common causes include ureterocele, ectopic ure-
ter, duplex system, and urethral atresia. The
degree of hydronephrosis observed on the first
prenatal US is a good predictor of postnatal
pathology. In a recent meta-analysis of the litera-
ture, we found that risk of postnatal pathology
positively correlated with the degree of hydrone-
phrosis, from 12 % in the mild group to 88 % in
the severe group (Table 1.4). With regard to the
specific diagnosis, all pathologies except for
VUR were positively correlated with the increas-
ing degree of prenatal hydronephrosis. This sup-
ports the observation that US is a poor predictor
of reflux (i.e., high grade of reflux may be present
despite the absence of hydronephrosis).

When the degree of prenatal hydronephrosis is
not known, we found that the degree of hydrone-
phrosis is also a good predictor of postnatal
pathology. When evaluating 1,441 children with
a history of prenatal hydronephrosis, the risk of
postnatal pathology increases from 19 % in the
no hydronephrosis group to 96 % in the severe
group (Table 1.5). With regard to the specific

Table 1.3 Differential diagnosis for PNH and their
incidence

Diagnosis Incidence
Transient/physiologic 50-70 %
UPJO 20-40 %
VUR 15-25 %
UVJO/megaureter 1-20 %
MCDK 2-5%
PUB 1-5 %

Ureterocele, ectopic ureter, Less common

duplex system, urethral atresia

Table 1.4 Predictive value of the prenatal US in the risk for postnatal pathology

Mild- Moderate-
Mild (%) moderate (%) Moderate (%) severe (%) Severe (%) Trend p-value

Any pathology 12 39 45 72 88 <0.001

UPJ 5 14 17 37 54 <0.001

VUR 4 11 14 12 9 0.10

PUV 0.2 0.9 0.9 6.7 53 <0.001
Ureteral obstruction 1 12 10 11 5 0.25

Others 1 2 3 6 15 0.002
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Table 1.5 Predictive value of the postnatal US in the risk for postnatal pathology

Mild-
Normal (%) Mild (%) moderate (%)

Any pathology 19 30 44
UPJ 1 8 17
VUR 15 19 24
Ureteral 3 4 6
obstruction

Others 1 1 2

Table 1.6 Other prenatal US findings that suggest poten-
tial postnatal pathology

Kidney: Renal parenchyma—echogenicity and
thickness
Calyceal dilation
Unilateral versus bilateral hydronephrosis
Variation in the degree hydronephrosis
Ureter: Ureteral dilation
Bladder: Size and emptying
Urethra: Posterior urethral dilation
Other: Amniotic fluid volume

Extra renal fluid

Other anomalies

Gender

Overall growth and development

diagnosis, all pathologies except for VUR were
positively correlated with the increasing degree
of prenatal hydronephrosis. With respect to VUR,
there is a statistical difference in the normal and
mild group compared to all other groups, but
there was no positive trend with the increasing
degree of hydronephrosis.

It is very important to describe the fetal hydro-
nephrosis not only by its severity but also on other
renal, ureteral, bladder, and urethral US findings
(Table 1.6). The presence of bilateral hydrone-
phrosis suggests the presence of PUV, VUR, bilat-
eral UPJ obstruction, urethral aplasia, prune belly
syndrome, or megacystis-megaureter complex.
The association with hydroureter increases the
risk of VUR, UVJ obstruction, or PUV. A thick-
ened bladder that does not empty completely with
an associated dilated urethra (keyhole sign) is
highly suggestive of PUV. Oligohydramnios and
renal parenchymal changes such as increased
echogenicity and thinning suggest the presence of
associated compromise in renal function.

Moderate- Trend

Moderate (%)  severe (%) Severe (%) p-value
62 92 96 <0.05
23 53 61 <0.05
26 25 25 <0.05
18 22 25 <0.05
2 1 2 <0.05

Fig. 1.1 Fetal ultrasound of a UPJ obstruction. Coronal
imaging through the right kidney demonstrating dilated
calyces (C) and a dilated renal pelvis (P), suggestive of a
right UPJ obstruction

Ureteropelvic Junction Obstruction
(UPJO)

Obstruction of urinary flow from the renal pelvis
into the ureter is one of the more common causes
of prenatal hydronephrosis, with an incidence
ranging from 20 to 40 %. It is characterized on
fetal US by the presence of renal pelvic dilata-
tion and a normal bladder and the absence of a
dilated ureter (Fig. 1.1). When occurring unilat-
erally, the amniotic fluid volume is unaffected.
UPJ obstruction should be suspected in cases of
moderate or severe dilatation. UPJ obstruction
is unilateral in 70 % of the cases. It is usually
sporadic, although familiar cases have been
reported. The etiology of the obstruction can
either be functional (i.e., abnormal peristalsis
segment) or anatomic (i.e., caused by crossing ves-
sels, fibrous bands, kinks, or polyps in the ureter).
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Fig.1.2 The incidence and grade of VUR in children with PNH

Functional obstruction occurs in most cases of
UPJ obstruction that were detected in the evalu-
ation for prenatal hydronephrosis.

VUR

VUR occurs when urine flows from the bladder
back to the kidney. The incidence of VUR in
children with a history of PNH ranges from 15 to
25 %. On prenatal US, VUR is suggested when
there is varying degree of hydronephrosis or
hydroureteronephrosis during the scanning
(Fig. 1.2). In a study performed in our institu-
tion, we observed that the degree of prenatal
hydronephrosis did not correlate with the inci-
dence or the grade of VUR (Fig. 1.3). However,
the presence of a dilated ureter did increase the
likelihood of VUR (odds ratio of 1.52). We could
not identify any specific US or clinical predic-
tors that can exclude VUR. Thus, there are no
reliable findings to predict reflux on fetal US.
The presence of significant hydroureteronephro-
sis, a large thin-walled bladder, and normal renal
architecture and amniotic fluid in a male fetus
may correspond to significant reflux, which has
been termed as megacystis-megaureter association.

VUR is bilateral in 60-70 % of the cases. It is the
most commonly inherited anomaly of the genito-
urinary tract with a 33—40 % incidence in siblings.

Ureterovesical Junction Obstruction
(UVJO)/Megaureter

Obstruction at the level of the junction between
the ureter and the bladder impairs urinary flow
from the distal ureter into the bladder, resulting
in dilation of the entire collecting system from
the distal ureter to calyces. The incidence of
UVIJ obstruction/megaureter in children with a
history of PNH ranges from 10 to 20 %. On fetal
US, UVJ obstruction is suggested when there is
dilation of renal pelvis and ureter to the level of
the bladder (Fig. 1.4). This diagnosis should be
considered when a significantly dilated ureter is
visualized. It is not uncommon for the dilated
ureter to be mistaken as fetal bowel. The etiol-
ogy of UVIJ obstruction/megaureter may be due
to a deficiency of smooth muscle in the uretero-
vesical ureter, resulting in an adynamic distal
segment that impedes normal peristalsis of urine
through the ureter (primary) or due to extrinsic
compression of the ureter by a thick bladder wall



Fig. 1.3 Fetal US of VUR. Transverse imaging through
the right and left kidney demonstrates fluctuation in the
degree of hydronephrosis (arrows) during the same exam-
ination, suggestive of VUR. S=Spine
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in pathological states such as PUV or neurogenic
bladder (secondary). UVJ obstruction/megaure-
ter is bilateral in 10-25 % of the cases, and most
cases are sporadic without a genetic component.

Posterior Urethral Valves (PUV)

PUV are redundant folds that arise from the veru-
montanum on the floor of the urethra, extending
toward the bulbomembranous junction and attach-
ing to the urethra throughout its circumference.
They have no active function but create a barrier
to urine flow, leading to bladder outlet obstruc-
tion. This anomaly occurs exclusively in males.
The incidence of PUV in children with a history
of PNH ranges from 1 to 5 %. On fetal US, the
diagnosis of PUV is suspected when there is uni-
or bilateral hydroureteronephrosis, a thick wall
bladder with persistent dilatation and a fusiform
or pear-shaped appearance, and a dilated posterior
urethra (keyhole sign) (Fig. 1.5). Increased renal
echogenicity or cysts and varying degrees of oli-
gohydramnios may be present. During the first
trimester, echogenic kidneys and dilated renal
pelves can be seen, though the amniotic fluid is
usually normal since this fluid is not primarily of
renal origin before 16 weeks. Variable US find-
ings are seen due to the wide spectrum of severity
of the disease. The etiology is hypothesized to be

Fig. 1.4 Fetal US of UVJ obstruction/megaureter.
Transverse imaging of the left kidney (K) demonstrates a
dilated ureter (U) with mild pelviectasis. Together these
findings suggest the diagnosis of UVIJ obstruction/
megaureter

Fig. 1.5 Fetal US appearance of PUV. Sagittal imaging
through the bladder demonstrates a thick bladder wall
(Bw) and a dilated proximal urethra (Ur)—keyhole sign,
suggestive of PUV
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Fig. 1.6 Fetal US of MCDK. Transverse imaging of the
left and right kidney demonstrates a normal left kidney
(K) and multiple noncommunicating cystic structures and
little parenchyma in the right kidney, suggestive of MCDK

that the terminal ends of the Wolffian ducts mis-
migrate and are integrated into the urethral wall
abnormally, resulting in obliquely oriented ridges
that act as one-way valve, impeding urine flow
from the bladder. Most cases of PUV are sporadic
without a genetic component.

Multicystic Dysplastic Kidney (MCDK)
MCDK is an anomaly of renal development, in
which the renal parenchyma consists primarily of
dysplastic elements (primitive ducts and meta-
plastic cartilage) with a preponderance of cysts
encompassing the kidney. Not uncommonly,
MCDK is mistaken for hydronephrosis on fetal
US as. The incidence of MCDK in children with
a history of PNH ranges from 2 to 5 %. On fetal
US, the diagnosis of MCDK is suggested when a
nonreniform structure with multiple noncommu-
nicating fluid-filled cystic spaces without a cen-
tral large cyst and little renal parenchyma is
visualized in the renal fossa (Fig. 1.6). The etiol-
ogy of MCDK is unknown, but it appears that it
does not have a genetic component. VUR in the
contralateral renal unit is found in 20-40 % of
children with a unilateral MCDK.

Ureterocele

A ureterocele is a cystic dilatation of the intra-
vesical submucosal ureter, usually associated
with an obstructed orifice that impairs urinary

Fig. 1.7 Fetal US of ureterocele. Transverse imaging
through the bladder (UB) demonstrates a cystic structure
(arrow) at its base, suggestive of a ureterocele

flow into the bladder. When associated with a
duplicated system (80 % of the cases), the ure-
terocele is associated with the upper pole col-
lecting system (Weigert-Meyer Law). The
incidence of ureterocele in children with prena-
tal hydronephrosis is less than 1 %. On fetal US,
the diagnosis of a ureterocele is suggested when
there is a thin-walled cystic structure in the base
of the bladder with associated upper pole hydro-
ureteronephrosis (Fig. 1.7). The etiology is
unknown but is hypothesized that it results either
from an incomplete breakdown of the ureteral
(Chwalla) membrane present at the time of ure-
teral bud arising from the mesonephric duct or
from a delay in the establishment of the lumen of
the ureteral bud. There does not seem to be a
genetic component; however, ureteroceles are
more commonly seen in females than males (5-7
to 1). VUR is commonly found in association
with the ureterocele, 50-70 % in the ipsilateral
lower pole and 10-30 % in the contralateral
renal unit.



Management of PNH: Which
Patients Will Need Further
Evaluation?

Once a fetal genitourinary abnormality is diagnosed,
the management of the fetus is dependent upon the
severity and the etiology of hydronephrosis and
the gestational age at which it was diagnosed.
When the hydronephrosis is severe (especially in
bilateral cases) or is associated with oligohy-
dramnios or echogenic kidneys, urgent referral
should be made to help council the parents on
diagnosis and management. Similarly, findings of
bilateral hydroureteronephrosis, a thickened
bladder wall, or dilated posterior urethra (sugges-
tive of PUV) should be urgently evaluated. In
most cases, the hydronephrosis is mild or moder-
ate and is unilateral without associated changes in
amniotic fluid or renal parenchymal abnormalities.
Consequently, serial prenatal US should be per-
formed to monitor for progression. There is no set
recommendation on the frequency of US imaging
but it may range from every 4-6 weeks.

The Role of Fetal Intervention

Occasionally, in utero intervention may be
required with the goal of preventing pulmonary
hypoplasia (by restoring normal amniotic fluid),
improving kidney and bladder function. The type
of fetal intervention includes early delivery, open
bladder decompression, vesicoamniotic shunts,
and minimally invasive endoscopic and laparo-
scopic valve ablation and vesicostomy. All of
these procedures have significant maternal and
fetal risks; consequently, it has to be determined
that the benefits of fetal intervention outweigh
the risks before undertaking such procedures.
The indication for fetal intervention in fetuses
with hydronephrosis is limited to those with evi-
dence of severe bladder outlet obstruction with
oligohydramnios but have a normal karyotype,
have no other systemic anomalies, are singleton
fetuses, and, most importantly, have favorable
renal function. The use of serial fetal bladder
aspiration and examination of urine components
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(P2-microglobulin, sodium, chloride, and
osmolality) are the most helpful methods of eval-
uating fetal renal function. As glomerular filtra-
tion rate increases, the presence of urinary
sodium and low molecular weight plasma pro-
teins (P2-microglobulin) decreases. However, in
the case of dysplastic kidneys, electrolytes and
proteins cannot be retained. Good renal function
is seen in fetuses with favorable urinary indices
(Na <100, Cl1 <110, Osm <210, B2 microglobulin
<10-20) by serial sampling over 3 days. Urine
sodium <100 mEq/mL and echolucent kidney are
associated with good outcome (81 % survival),
while sodium levels >100 mEqg/mL and echo-
genic kidneys have been associated with poor
outcome (12 % survival).

Postnatal Follow-Up

If the hydronephrosis resolved during pregnancy,
further postnatal radiological evaluation may not
be necessary. In children with a history of prenatal
hydronephrosis that resolved during pregnancy,
the incidence of VUR is less than 5 % and the
incidence of urinary tract obstruction would be
rare. However, the parents should be advised that
if their child develops a urinary tract infection
later on, he/she should be evaluated for VUR. In
contrast, infants with history of prenatally
detected hydronephrosis that did not resolve dur-
ing pregnancy should undergo further postnatal
follow-up. The postnatal US and a VCUG should
be performed within several days after birth in
children with a solitary kidney, severe bilateral
hydronephrosis, and/or ureterocele. Serum elec-
trolytes and creatinine should be obtained to
evaluate renal function. If the diagnosis of PUV
is suspected or confirmed, urinary drainage
should be instituted as soon as possible.

In cases of moderate prenatal hydronephrosis
that did not resolve or a history of prenatal
hydronephrosis of unknown severity and a post-
natal US that demonstrated moderate or worse
grade of hydronephrosis, a postnatal US and a
VCUG would be indicated since the incidence of
clinically significant urinary tract pathology is
high enough to outweigh the risks of performing
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Fig.1.8 Suggested follow-up according to ultrasound findings

the radiologic tests. The US should be performed
after 48 h since the degree of dilation may be
significantly underestimated during the first few
days of life, due to neonatal oliguria. The man-
agement of children with mild prenatal hydrone-
phrosis and no or mild hydronephrosis on
postnatal US is more controversial. In general, it
is recommended that a follow-up US be per-
formed. There is no standard recommendation
on the timing of the US, but it is usually sug-
gested that it will be performed 6 months to a
year after birth. A follow-up postnatal US is rec-
ommended since significant urinary tract
obstruction has been documented in children
with a normal postnatal US. In addition, since
the US is noninvasive and does not require expo-
sure to radiation, it has minimal associated risks.
The need for a VCUG in these children is highly
debated. The incidence of VUR ranges from 5 to
20 %. VCUG requires exposure to radiation and
placement of a urethral catheter, making the pro-
cedure more invasive than US. Consequently,

some practitioners routinely performed VCUG in
these children, while others do not and recommend
a VCUG only if subsequent UTI occurs. These
recommendations are summarized in Fig. 1.8.

The Role of Antibiotic Prophylaxis

The advantages of using antibiotic prophylaxis in
children with prenatal hydronephrosis have not
been formally evaluated. It is expected that its use
would prevent urinary tract infection and, conse-
quently, prevent renal damage in the immature
infant kidney. Some practitioners recommend
antibiotic prophylaxis in all patients with con-
firmed postnatal hydronephrosis, while others
only in cases with severe dilation. Oral amoxicil-
lin (25 mg/kg once a day) is most commonly rec-
ommended during the first 3 months of life.
Trimethoprim (2 mg/kg once a day) or nitrofu-
rantoin (1-2 mg/kg once a day) may be utilized
after 3 months of age. One practical approach
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would be to use antibiotic prophylaxis only when
VUR or lower urinary tract obstruction (such as
UVI obstruction/megaureter, ureterocele, and
PUV) is suspected. The rationale for this
approach is that children with VUR and lower
urinary tract obstruction are at higher risks of
developing UTIs than those with transient/physi-
ologic hydronephrosis or upper urinary tract
obstruction.

Antenatal Counseling

The diagnosis of prenatal hydronephrosis may
cause significant parental anxiety with regard to
its implication on renal function and fetal health
and the need for prenatal and postnatal manage-
ment. Consequently, it is important to assure the
parents that prenatal hydronephrosis represents
a spectrum of urinary tract anomalies with vari-
able severity. The etiology of the hydronephro-
sis cannot be accurately determined by prenatal
US. However, US findings such as AP size, the
presence of oligohydramnios, and the onset on
the dilatation may suggest its etiology and esti-
mate the severity of the problem. In the majority
of the cases (approximately 60 %), prenatal
hydronephrosis is transient and has no significant
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clinical sequelae. Many will resolve during
pregnancy or shortly after birth. Less than 5 %
of the patients diagnosed with prenatal hydrone-
phrosis require surgery for correction of VUR
or urinary tract obstruction. Prenatal hydrone-
phrosis may occur with subsequent pregnancy,
occurring in 67 % of cases (relative risk of 6.1).
Nevertheless, it is important to inform the par-
ents about the importance of postnatal follow-
up for diagnosis and appropriate management.
It is possible in patients with mild prenatal
hydronephrosis to avoid performing a VCUG;
however, this must be done in selected cases
with reliable families.
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Multicystic dysplastic kidney (MCDK) is a
nonfunctioning kidney that does not undergo
normal differentiation and therefore has imma-
ture-appearing renal parenchyma with cystic
dilations (Fig. 2.1). MCDK is often diagnosed on
antenatal ultrasound, where MCDK is the second
most common urinary tract abnormality after
hydronephrosis. MCDK is almost always unilat-
eral and slightly more frequent in boys and on
the left side. MCDK is an uncommon entity with
an incidence of 1 in 4,300 births [1]. However,
knowledge of MCDK is important for diagnosing
and managing these children.

In normal embryogenesis, the ureteric bud
undergoes a series of divisions to form the
collecting system of the kidney; however, in
MCDK the ureteric bud is thought to have abnor-
mal branching into the metanephric blastema
resulting in cystic dilations that resembles a
bunch of grapes [2]. The dysplastic renal paren-
chyma frequently occurs in association with an
atretic ipsilateral ureter. The “dysplasia” in
MCDK refers to renal tissue that fails to undergo
the normal process of differentiation to mature
functioning nephrons; therefore, the histopatho-
logic appearance is of immature renal paren-
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chyma and cysts of varying sizes. The diagnosis

of “dysplasia” should not be confused with the

use of “dysplasia” as premalignant in other con-
ditions (e.g., cervical cancer), as the incidence of
malignancy in MCDK is exceedingly low.

Key points to remember about MCDK:

¢ MCDK has essentially no function on renal
scan, which is required in establishing the
diagnosis.

e “Dysplasia” refers to the failure of develop-
ment of renal tissue and not to precancerous
or malignant dysplasia.

* The contralateral “normal” kidney has a sig-
nificantly increased risk of vesicoureteral
reflux.

e The typical natural history of MCDK is of
progressive involution, and nephrectomy is
rarely required.

Presentation

The increased use of prenatal ultrasound imaging
results in the early detection of most MCDK.
Some children present with a palpable abdominal
mass or following radiographic imaging at later
ages during evaluation of urinary tract infection.
Some children remain asymptomatic and are
not diagnosed until a much later age. MCDK fre-
quently involutes and some that are diagnosed in
utero regress so that the child appears to have
unilateral renal agenesis after birth. MCDK is
very rarely diagnosed in adults, and thus many

R. Rabinowitz et al. (eds.), Pediatric Urology for the Primary Care Physician, Current Clinical Urology, 1
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adults with a solitary kidney may have had an
MCDK as a child.

MCDK is typically not associated with symp-
toms. However, MCDK may present as a palpa-
ble abdominal mass in a newborn, and the kidney
can rarely be large enough to cause respiratory
distress. MCDK is not typically associated with
the development of urinary tract infection or
hematuria, possibly because the function of the
kidney is so low that little, if any, urine is actu-
ally produced by the kidney. The contralateral
kidney typically has normal function, so presen-
tation as acute renal failure is rare unless ure-
teropelvic junction obstruction is present in
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the contralateral kidney. Cardiac or neurologic
conditions have not been consistently associated
with MCDK.

Imaging Studies

The fetal kidney can be visualized on ultrasound
at 18 weeks; however, the prenatal diagnosis is
usually not made until the third trimester [3].
The antenatal diagnosis of MCDK may be con-
sidered based on appearance of the kidney on
prenatal ultrasound which is of multiple non-
communicating cysts of various sizes. Because
the anatomic detail of prenatal ultrasound is not
precise, MCDK may also be labeled as antenatal
hydronephrosis.

The postnatal ultrasound appearance of MCDK
is of multiple noncommunicating cysts of various
sizes that resemble a cluster of grapes (Fig. 2.2).
The cysts on ultrasound appear as numerous
anechoic (black) circular areas of variable size.
The MCDK can be either enlarged or atrophic,
and there is loss of the normal reniform shape and
an absence of normal renal parenchyma. The con-
tralateral kidney frequently undergoes compensa-
tory hypertrophy resulting in a larger than normal
size. Although infrequently obtained, a CT scan
of MCDK demonstrates a cystic kidney with

Fig.2.2 Ultrasound appearance of MCDK with noncommunicating cysts and no parenchyma
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3-5 Min Image

Fig. 2.3 Renal scan demonstrating no function of a
right MCDK with an absence of radioisotope uptake,
while uptake (black area) is seen in the left kidney with
excretion to the bladder

Table 2.1 Diagnostic workup of MCDK

* History and physical exam

* Blood pressure measurement
* Serum creatinine

» Urinalysis, urine culture

* Renal ultrasound

¢ Renal scan (DMSA)

* VCUG

decreased parenchymal thickness and images
following administration of intravenous contrast
show decreased uptake and excretion in the
affected kidney.

A renal scan is performed, usually within the
first 3 months of life, to confirm the absence of
function in the affected kidney and to rule out the
diagnosis of a kidney affected by a severe uretero-
pelvic junction obstruction. A renal scan is a
nuclear medicine radionuclide study that utilizes
intravenous injection of a radioisotope (dimer-
captosuccinic acid [DMSA] or mercaptoacetyltri-
glycine [MAG-3]) that is taken up and excreted
by normally functioning kidneys and provides
minimal radiation exposure. In MCDK the kidney

shows no or minimal function on renal scan
(Fig. 2.3), in contrast to kidneys with hydrone-
phrosis which show functioning parenchyma.
Table 2.1 outlines the diagnostic workup.

Differential Diagnosis

Several other entities should be considered in the
differential diagnosis of MCDK. The modality of
choice when evaluating cystic disease of the
kidney is ultrasound. Most of the differential
diagnoses may be excluded based on the interpre-
tation of radiographic images by an experienced
radiologist or urologist.

MCDK at times may be difficult to differen-
tiate from severe hydronephrosis, which is the
most common cause of a palpable abdominal
mass in an infant. In hydronephrosis, the overall
reniform shape of the kidney is maintained, but
the renal collecting system (calyces and renal
pelvis) is dilated and can give an appearance
suggestive of multiple cysts. However, the
“cysts” in hydronephrosis communicate with
the renal pelvis. In contrast, with MCDK, the
normal shape of the kidney is lost, cysts are non-
communicating, and the collecting system is not
visualized. On renal scan, a severely hydrone-
phrotic kidney will usually show some function,
in contrast to a nonfunctioning MCDK.

MCDK also must be differentiated from other
forms of cystic kidneys. Simple renal cysts may
occasionally be found in children and warrant
follow-up ultrasound. Wilm’s tumor tends to be
solitary and encapsulated, which can be differ-
entiated from MCDK based on radiographic
appearance. Polycystic kidney can be broken into
two groups: autosomal recessive (typically diag-
nosed in the perinatal period) and autosomal
dominant (diagnosed based on evaluation for
known family history or in adulthood as most
children are asymptomatic). The pathogenesis
for MCDK is different than that of polycystic
kidney. In MCDK the ureteric bud does not
branch normally and results in dysplasia of the
entire kidney, while in autosomal recessive poly-
cystic kidney the architecture is destroyed by
cystic deformation from dilated collecting ducts,
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while the collecting system and reniform shape
of the kidney remain normal. In the autosomal
dominant variant, the dilation is in all portions of
the nephron. Polycystic kidney disease is due to
genetic mutations and involves both kidneys.
MCDK that has atrophied and involuted must
also be differentiated from an atrophic kidney
secondary to a different etiology, such as recurrent
pyelonephritis or damage secondary to high-
grade vesicoureteral reflux. Kidneys with reflux
nephropathy may have poor function and renal
dysplasia, but there are no associated cysts.

Associated Urinary Tract
Abnormalities

About 15 % of MCDK will have vesicoureteral
reflux into the dysplastic kidney, and 15-40 % of
children with MCDK have vesicoureteral reflux
in the ‘“normal” contralateral kidney [4, 5].
Nineteen percent of children in the MCDK study
group had contralateral reflux [5]. We routinely
obtain voiding cystourethrogram (VCUG) in all
children diagnosed with MCDK; however, some
suggest that the initial VCUG can be deferred in
children with a normal ultrasound of the contra-
lateral kidney [5]. Prophylactic antibiotics and
conservative management are used when vesico-
ureteral reflux is present in the contralateral
kidney, and if breakthrough infections occur,
urologists should have a lower threshold for
operative intervention due to reflux into a solitary
functioning kidney.

Contralateral ureteropelvic junction obstruc-
tion can be present in up to 12 % of children with
MCDK, which is increased over the risk in the
general population [4]. Because the contralateral
kidney provides the entire renal function in chil-
dren with MCDK, those with ureteropelvic junc-
tion obstruction can present with acute renal
failure.

The risk of future urinary tract infection may
at times be used as an indication for nephrectomy,
but the true risk of urinary tract infection or
pyelonephritis in MCDK is low. One report found
only 5 % of children with MCDK had a urinary
tract infection during follow-up [6].

K.G. Nepple and C.S. Cooper

Outcome

The overall prognosis for children with unilateral
MCDK is excellent. The MCDK can involute,
and the kidney can become so small it cannot be
identified by ultrasound. The MCDK study group
established a prospective follow-up of children
with MCDK and reported their findings in 2006,
and on follow-up ultrasound the kidney had
completely involuted in 47 % of children at 5
years and 59 % at 10 years [5]. Remarkably, in
this group of 165 children, no child developed
hypertension, significant proteinuria, or malignancy.

Children with MCDK have a favorable
prognosis with respect to overall renal function
because of compensation (compensatory hyper-
trophy) by the contralateral kidney. One study
reported that in 81 % of children the contralateral
kidney enlarged to greater than 2 standard devia-
tions compared to normal kidney size, and in
children followed for 10 years in the MCDK
registry, the mean glomerular filtration rate was
86 mL/min/1.73 m? (range, 48—125), with only 2
of 31 having an abnormal glomerular filtration
rate of <60 [5]. Another report of 80 children
found that all children had normal renal function
and no proteinuria despite having only one func-
tional kidney [6]. However, we have taken care
of a boy who was born with MCDK and severe
hydronephrosis of the contralateral kidney who
went on to require renal transplant despite prompt
treatment of the obstructed functioning kidney in
the neonatal period.

Hypertension is a reported infrequent effect of
MCDK thought to be renin secreted from isch-
emic areas of the dysplastic kidney [1].
A systematic review found only 6 cases of
hypertension in 1,115 children (0.5 %), which is
similar to the risk of hypertension in the general
pediatric population [7]. Hypertension has been
used as an indication for nephrectomy; however,
cases have been reported of hypertension that
persists even after nephrectomy [8].

A major concern of parents with regard to
children with MCDK is the development of
malignancy. While rare case reports of the
development of Wilm’s tumor in less than 10
children with MCDK have been reported [1, 9],
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the concerns for potential malignancy develop-
ment have not been substantiated by recent
reviews. A systematic review of 26 cohort
studies found no report of malignancy in 1,041
children [10], and one subsequent large series
of 165 patients reported no malignancy identi-
fied [5]. One study performed flow cystometry
in tissue from 30 MCDKs and found no
abnormalities in the number of chromosomes
present [11].

Management

All children with MCDK should be referred to a
urologist or nephrologist. The management of
MCDK has been an area of controversy. The
appropriate subsequent follow-up for MCDK
remains controversial and heavily debated, with a
recent trend toward nonsurgical management and
less frequent observation.

Most MCDKs can be managed conservatively
with radiographic follow-up, rather than opera-
tively. Nephrectomy remains indicated for cases
of respiratory or gastrointestinal compromise
(abdominal distension or poor feeding), suspi-
cious solid renal mass, or hypertension. Some
parents may seek nephrectomy due to parental
anxiety or kidneys that fail to involute during
follow-up. In one large series, nephrectomy was
required in less than 7 % of children with MCDK
[5]. In cases where nephrectomy is required, a
laparoscopic approach is feasible if not excluded
due to young patient age or large kidney size.
Open nephrectomy can be performed through a
small incision because cysts can be aspirated
intraoperatively to leave only a small kidney for
removal. Nephrectomy is generally well tolerated
in children with low risk of complications and
short hospital stay. In cases where the MCDK
is refluxing, a nephroureterectomy may be
indicated.

In the management of children with MCDK,
some propose that one issue supporting neph-
rectomy over observation is that insurance
companies may be more likely to offer stan-
dard insurance rates to a person with an absent
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kidney as opposed to someone with MCDK.
In a survey of the life insurance industry, La
Salle reported that 15 % would issue life insur-
ance to a child with MCDK that was observed
versus 71 % if treatment had been a nephrec-
tomy [12].

Follow-Up

A consensus among pediatric urologists for
radiographic follow-up of MCDK has not been
reached. Previous surveillance regimens with
frequent ultrasound were based on the false
assumption that the development of Wilm’s
tumor was common in children with MCDK. Our
typical recommended plan is radiographic follow-
up every 12—18 months until kidney involution,
after which radiographic follow-up can be dis-
continued. Others have recommended less fre-
quent surveillance ultrasound at 2 and 5 years of
age and then every 5 years [5]. A consensus has
also not been reached regarding the length of
follow-up required, with various groups recom-
mending imaging to age 8, adulthood, or com-
plete involution. One group recently commented
that follow-up ultrasound provides no clinical
benefit and increases parental anxiety and
recommended no radiographic follow-up [13].
However, in those children who have contralat-
eral renal pelvic dilation, follow-up ultrasound
should be obtained more frequently due to the
concern for development of ureteropelvic junc-
tion obstruction.

Blood pressure should be measured at clinic
visits to assess for hypertension. While our group
recommends continued blood pressure follow-up
in all children, others have recommended that
children with complete involution of the kidney,
normal blood pressure, normal creatinine, and
normal urinalysis can be discharged from long-
term follow-up [5]. Children with MCDK have a
solitary functioning contralateral kidney and
should be counseled to avoid activities that
would place that kidney at risk. This would
include avoidance of contact sports and high-risk
activities.
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Mark F. Bellinger

An absent kidney is one of the most common
congenital anomalies of the urinary tract. While
bilateral renal agenesis is a lethal anomaly that
may rarely be seen by primary care physicians,
unilateral renal agenesis (URA) is commonly
quite innocuous, may be discovered only by ser-
endipity, and may have consequences not evident
until many years after birth.

Bilateral Renal Agenesis

Bilateral renal agenesis is an uncommon and cata-
strophic anomaly, which is almost universally
fatal, usually presenting as a stillbirth or as death
within the first 24-48 h after birth from severe
respiratory failure due to pulmonary hypoplasia.
The clinical characteristics of children with bilat-
eral renal agenesis (Potter’s syndrome) have been
well-described as: low birth weight, Potter’s
facies (prominent inner canthal folds with a prom-
inent skinfold beneath the eyes, a broad, blunted
nose, a prominent depression between the lower
lip and chin, low-set ears, a bell-shaped chest,
bowed and clubbed legs, dry loose-appearing
skin, and large claw-like hands). This constella-
tion of phenotype may appear in a variable clini-
cal spectrum and appears to be the consequence
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of severe oligohydramnios. About 75 % of infants
with Potter’s syndrome are male, and the genitalia
and vas deferens are normal in most cases [1].

The initial radiographic evaluation of infants
with bilateral renal agenesis usually consists of
an abdominal ultrasound examination only.

Care for those infants who are not stillborn is
primarily supportive, as a child who survives
with ventilatory support will die of renal failure
relatively quickly in the majority of cases.

Genetic counseling and sibling ultrasound
screening are appropriate in cases of bilateral
renal agenesis. Although the exact inheritance
pattern is unknown, there is some evidence to
suggest an autosomal dominant inheritance with
high penetrance. It is not unusual to find parents
or siblings with undiagnosed URA or other con-
genital urinary anomalies.

Unilateral Renal Agenesis

The true incidence of URA is most likely signifi-
cantly underestimated because of the usual lack of
clinical findings or symptoms associated with this
anomaly. It has been estimated that the incidence is
between 1 in 1,100 and 1 in 1,500 births, with a
male predominance of almost 2:1. URA has been
associated with several genetic syndromes includ-
ing the DiGeorge, Fraser, Kallmann, trisomy C and
D, and cat-eye syndromes, among others. Many
cases have been discovered serendipitously on
prenatal ultrasound examination.
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The clinical significance of URA may be
related directly to one of three clinical scenarios:
(1) problems related to the contralateral kidney
that may lead to obstruction, renal insufficiency,
or urinary infection, (2) genital anomalies related
embryologically to URA, and (3) trauma or other
insult to the solitary kidney.

In order to understand the spectrum of poten-
tial clinical scenarios that may be associated with
URA, it is imperative to have some basic under-
standing of the development of the kidney and
genital structures and of the close embryological
relationship between the two.

The development of the genital and urinary
systems is closely interwoven. As a result of this
intimacy, defects in renal development may have
a tremendous impact upon the embryogenesis of
genital structures. In addition, the fact that anom-
alies of renal development may occur at different
stages of embryogenesis has the potential to pro-
duce variable defects in genital development and
thus a spectrum of clinically silent anomalies.
These internal genital anomalies, although innoc-
uous in childhood, may become clinically signifi-
cant in adolescence or adulthood.

The formation of a functioning kidney requires
the joining of two disparate embryological entities:
the metanephric mesoderm (metanephric blas-
tema) and the ureteral bud. In the development of
each structure and the process of coalescence, any
number of embryological misadventures may lead
to renal agenesis and thus a spectrum of genital
anomaly.

The ureteral bud develops as an outgrowth
from the mesonephric duct. The mesonephric duct
is a remnant of the development of the primitive
mesonephric kidney, a structure which never func-
tions in the human. However, the mesonephric
duct in the male becomes the vas deferens and
seminal vesicle. If the mesonephric duct fails to
form properly, anomalies of these seminal struc-
tures will result, in addition to the fact that the ure-
teral bud will not form. Agenesis of the ureteral
bud negates the possibility of formation of a kid-
ney since the ureteral bud, which forms the ureter,
the renal pelvis, and the collecting ducts, must
grow to join with the metanephric blastema. These
ureteral bud structures, which are the conduits by
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which urine is transported, must unite with neph-
rons which are developing concomitantly in situ in
the metanephric blastema. Thus, if either the ure-
teral bud or the mesonephric blastema is absent or
dysgenetic, formation of a normal, functioning
kidney will not occur.

Embryogenesis of the mullerian duct occurs
in immediate contiguity with the mesonephric
duct. It appears that development of the mullerian
duct is induced by the development of the meso-
nephric duct itself. The mullerian duct forms the
ipsilateral fallopian tube and coalesces in the
midline with its contralateral mirror image to
form the uterus and upper portion of the vagina.
Anomalous development of the mesonephric
duct thus may have severe consequences on
development of the uterus, ipsilateral fallopian
tube, and upper vagina [2]. Commonly seen
anomalies include uterus didelphys, commonly
with the ipsilateral hemiuterus and upper vagina
being hypoplastic and/or noncanalized and thus
obstructed when menstruation begins. Clinically
and radiographically, these anomalies may not
become evident until puberty.

The increasing use of prenatal ultrasound
screening over the last 30 years has led to the
appreciation of another etiology of URA: involu-
tion of a multicystic dysplastic kidney. Multicystic
renal dysplasia is a common cause of renal cystic
disease. Serial ultrasound studies have confirmed
that a large number of cystic kidneys may undergo
spontaneous involution both prenatally and post-
natally. Involution in most cases results in diminu-
tion in the size of the cystic kidney until it is
undetectable by ultrasound and other imaging
studies. It is thus assumed that an unknown num-
ber of patients with unilateral renal “agenesis”
may have in fact had a kidney that did form, with
subsequent spontaneous involution. The end
result for the patient’s renal function will be the
same in either embryologic scenario: a solitary
functioning kidney. However, since a multicystic
kidney implies the development of a mesonephric
duct and ureteral bud, the concern about anoma-
lous development of the mullerian structures
should be eliminated when involution of a multi-
cystic kidney can be documented. Unfortunately,
without a prenatal study showing conclusively
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Fig. 3.1 Abdominal CT with contrast showing a normal
right kidney. The left kidney is absent, and the left colon is
located in a medial and posterior location in the renal
fossa

that a multicystic kidney was present, the true eti-
ology of renal agenesis must remain speculative,
and concern about the potential for late-present-
ing mullerian anomalies cannot be eliminated.

URA is predominantly a clinically silent
anomaly. In the majority of cases, this anomaly
will be a serendipitous finding during abdominal
imaging of the fetus, infant, or child for various
and sundry reasons. Males have a higher inci-
dence of URA, and the left kidney is slightly
more likely to be absent than the right.

Imaging studies may suggest or confirm the
presence of URA. Plain abdominal radiographs
may suggest renal agenesis when the gas pattern
suggests that the splenic flexure of the colon is
displaced medially and posteriorly into the left
renal fossa (left renal agenesis) or when the
hepatic flexure is positioned in the right renal
fossa (right renal agenesis). These of course are
only soft signs that require further imaging to
confirm renal absence. On occasion, abdominal
ultrasound, computed tomography (CT), radionu-
clide imaging, or other imaging study may con-
clusively demonstrate the absence of one kidney
(Figs. 3.1 and 3.2). It should always be remem-
bered that the absence of a normally placed kid-
ney in the renal fossa may occur in the presence of
an ectopic kidney (lumbar or pelvic kidney or
cross-fused renal ectopia) and that adequate imag-
ing should be performed to rule out renal ectopia.
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Fig. 3.2 DMSA (Technetium-99 m dimercaptosuccinic
acid) scan, posterior view. The right kidney is normal, and
the left kidney is absent

In the case of an involuted multicystic kidney, a
small remnant of cystic kidney may be evident on
CT or MRI imaging. The presence of a cystic ipsi-
lateral pelvic mass in an adolescent with URA
may indicate an obstructed mullerian structure
(i.e., bicornuate uterus with an obstructed seg-
ment). Conversely, imaging of the upper urinary
tract in the presence of internal genital anomalies
may confirm the presence of ipsilateral renal
agenesis. In some cases, URA may be associated
with an ipsilateral ureterocele or cystic intravesi-
cal or retrovesical mass representing an embryo-
logical remnant of the ureteral bud or wolffian
duct (Fig. 3.3). In any event, the finding of what
appears to be URA on any imaging study should
indicate the need for pediatric urological consul-
tation so that the need for further imaging can be
determined. This is preferable to simply ordering
more imaging studies that may not be indicated.
Renal length measurements may be helpful in
the diagnosis of URA. Since contralateral renal
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Fig.3.3 Pelvic ultrasound
in a male infant. The
bladder is seen at the upper
midportion of the scan,
with a cystic retrovesical
lesion below the bladder to
the left side of the image.
This is a retrovesical cyst
associated with an absent
left kidney

BLADDER
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hypertrophy is seen in the absence of one renal
unit, renal length measurement is an important
consideration in this diagnosis. It should be
remembered, however, that other clinical entities,
including duplication of the collecting system,
may be associated with increased renal length.
Physical findings associated with URA are
limited. The finding of a pelvic mass on abdomi-
nal or pelvic examination in an adolescent may
be an indication of internal genital malformation
or obstruction associated with an absent kidney.
Similarly, the absence of a vas deferens or epi-
didymis may signal concern about URA or
anomaly. Vaginoscopy may demonstrate abnor-
mality, and cystoscopy may demonstrate an
absent ureteral orifice and ipsilateral trigonal
absence or hypoplasia. It should always be
remembered, however, that an absence of the ure-
teral orifice in the bladder does not rule out the
possibility of the kidney being present and drain-
ing via an extravesical ectopic ureter.
Management of a patient with URA consists
of diagnosis and assessment of baseline renal
function, observation with occasional reevalua-
tion, and management of any expected or unex-
pected complications of the embryological
anomaly. Given the potential for a spectrum of
anomaly, it is appropriate to obtain pediatric uro-
logical consultation when URA is documented.
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Evaluation, as noted above, consists of thorough
and appropriate imaging to insure the diagnosis
of URA and to rule out associated anomalies. It
is appropriate to assess the function of the con-
tralateral kidney with serum BUN and creatinine
levels. The family should be aware that any clini-
cal findings that may indicate a problem with the
solitary functioning kidney (pain, hematuria,
urinary tract infection...) should be evaluated
fully. In particular, in infants and young chil-
dren, the finding of significant urinary tract
infection may indicate the need for voiding cys-
tourethrography to assess for the presence of
vesicoureteric reflux into the solitary kidney.
Girls with URA, even when pelvic sonograpy in
childhood is normal, should be followed with
serial pelvic ultrasound examination beginning
in the prepubertal period and continuing past
menarche. This follow-up is indicated for pro-
spective evaluation of the possibility that gyne-
cological consequences of URA will become
evident only after menarche.

One question that eventually arises when
URA or absence is documented relates to the
potential for renal injury, in particular in respect
to the potential for renal trauma during partici-
pation in contact sports. Historically the recom-
mendation for children and adolescents with a
solitary kidney has been to avoid contact sports.
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Recent studies have documented that, in fact,
renal injuries related to participation in orga-
nized sporting activities are indeed uncommon,
and, in fact, cycling injuries are a far more com-
mon cause of renal trauma than contact sport-
related injury [3]. It would appear reasonable to
caution families that children who suffer injury
of any type (trauma, infection, or other insult) to
a solitary kidney may be placed in jeopardy for
renal dysfunction or loss. However, participa-
tion in organized sports in most cases need not
necessarily be restricted, with the caveat that, at
the high school level and beyond, the use of
flank or kidney protection may be a conservative
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approach to minimizing the potential for renal
injury in contact sports.
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Introduction

Complete renal duplication is a condition in
which there are two discrete renal moieties each
with its own renal pelvis and ureter. The inci-
dence of ureteral duplication in unselected
autopsy series is 0.8 %. Most duplication anoma-
lies are uncomplicated, do not result in clinical
problems, and do not merit urological consulta-
tion. However, if the duplication anomaly is
associated with an upper pole moiety (UPM)
ectopic ureter or ureterocele or lower pole moiety
(LPM) vesicoureteric reflux or ureteropelvic
junction obstruction, urological consultation is
recommended. Clinically relevant duplication
anomalies are seen twice as commonly in
females, with no side predilection. There is a
genetic predisposition to renal duplication anom-
alies, as 1/8 of parents or siblings of an affected
child are similarly afflicted.
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Embryology of the Kidney
and Ureter

During embryologic development, three different
fetal kidneys are formed: pronephros, mesoneph-
ros, and metanephros. The former two com-
pletely regress and disappear, while the latter
forms the kidney.

The mesonephric (Wolffian) duct appears at
24 days of gestation. Shortly thereafter its distal
end joins the primitive cloaca, and it becomes a
hollow tubular structure. At 28 days of gestation,
a sprout from the distal portion of the Wolffian
duct, called the ureteric bud, interacts with the
metanephric blastema and triggers a mutual stim-
ulus for the development of the kidney and ureter.
Abnormalities with this interaction are regarded
as the cause for renal and ureteral anomalies, and
renal duplication is one of them. Complete renal
duplication occurs when two distinct ureteric
buds emanate from the Wolffian duct. The most
caudal of these buds is associated with the LPM
of the kidney, while the cranial bud is associated
with the UPM. The ureteric buds are then
absorbed into the developing bladder trigone and
migrate cranially and laterally. Since the most
caudal bud is absorbed first, it has more time to
migrate cranially and laterally, resulting in the
LPM orifice being more cranial and lateral on the
trigone than the UPM orifice, which is more cau-
dal and medial. This relationship is known as the
Weigert-Meyer law, and there are very rare
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exceptions to this rule. The ectopic ureteric bud
may interact defectively with the metanephric
blastema resulting in a moiety which is dysplas-
tic and poorly functional. This is particularly
common with upper pole moieties associated
with ectopic ureters and ureteroceles.

Clinical Presentation
and Investigation

As mentioned previously, many patients with
uncomplicated renal duplication anomalies do
not present with urological problems and may
come to light as an incidental finding on abdomi-
nal ultrasound performed for an unrelated reason.
Clinically relevant duplication anomalies may
present in varied ways. Antenatally detected
hydronephrosis in the fetus on ultrasound assess-
ment is a common mode of presentation. Patients
may also present with urinary tract infection/uro-
sepsis, recurrent flank pain with nausea and vom-
iting (ureteropelvic junction obstruction—UPJO),
urinary incontinence or purulent vaginal dis-
charge (ectopic ureter in a female), or recurrent
epididymitis (ectopic ureter in a male).

Investigation usually starts with a renal ultra-
sound and may also require the performance of a
voiding cystourethrogram (VCUG) or renal scan
depending on the pathology detected. Newer
imaging modalities, such as MRI, have been
found useful in selected cases.

Anomalies Associated with Upper
Pole Moiety

There are two major anomalies associated with

the UPM of a duplex system: ectopic ureter and

ureterocele.

(a) Ectopic Ureter
The UPM ureteric bud may branch more
craniad than normal from the Wolffian duct
and thus enter the trigone later than it usu-
ally would or even continue to be attached
to the Wolffian duct. This results in a ureter
that inserts into the bladder neck or urethra

M. Leonard

in either sex. In boys it may also insert to
the ejaculatory duct, vas deferens, or semi-
nal vesicle. In girls, the ureter may enter the
Gartner’s duct and rupture into the vagina or
introitus. It may also rarely insert into the
cervix or uterus. Presentation may include
antenatal hydronephrosis, urinary tract
infection, or urinary incontinence in a girl
with an otherwise normal voiding pattern.
Rarely a girl may present with recurrent
purulent vaginal discharge. Males do not
present with incontinence, as the ectopic
ureter inserts to the urinary tract proximal to
the external sphincter complex. However,
males may present with acute epididymitis
as the ectopic ureter may insert into the
reproductive tract. The physical examina-
tion may be normal, especially in infants
detected as having an UPM ectopic ureter
by antenatal hydronephrosis. In such
patients a flank mass may occasionally be
palpable. If presenting with a urinary tract
infection, there may be concurrent flank
tenderness to palpation or percussion. An
enlarged, erythematous, and tender hemi-
scrotum would be consistent with epididy-
mitis in a male. Careful examination of the
introitus in the female may reveal the slow
continual dribbling of urine from an ectopic
ureter inserting to the urethra or vagina.
Investigation should include a renal ultra-
sound in all children. The UPM is usually
hydronephrotic and associated with a tortu-
ous hydroureter. Those presenting with uri-
nary tract infection also require a VCUG to
rule out reflux, as in some cases UPM ure-
ters ectopic to the bladder neck or proximal
urethra reflux. A renal scan is usually
obtained to assess the function of the UPM,
which is often minimal due to underlying
dysplasia. In most cases an UPM hemine-
phrectomy is performed to remove the
poorly functioning UPM and as much of the
associated ectopic ureter as possible. A
stump of ectopic ureter is left behind and
generally does not result in problems. In the
rare instance the UPM has good function,
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(b)

its ureter may be joined to the LPM ureter
or reimplanted into the bladder to reinte-
grate it into the urinary tract.

Ureterocele

Ureterocele is a cystic dilatation of the dis-
tal ureter, which may be contained entirely
within the bladder (intravesical) or may
extend into the bladder neck or urethra
(ectopic). Duplex systems are more com-
monly associated with ectopic ureteroceles
and single systems with intravesical ure-
teroceles. Duplex system ectopic uretero-
celes are more common in girls and more
commonly left sided and may be bilateral in
10 % of cases. Patients may present with
antenatally detected hydronephrosis, uri-
nary tract infection/urosepsis, bladder outlet
obstruction, or prolapse through the urethral
orifice (females only). Physical findings
mimic those discussed for ectopic ureter,
with the exception of scrotal findings.
Additionally, in a female infant, the uretero-
cele can rarely prolapse through the urethra
resulting in a mass at the introitus.
Investigation comprises a renal ultrasound
and VCUG. The ultrasound demonstrates a
hydronephrotic UPM associated with a
dilated tortuous hydroureter, which culmi-
nates in a bubble-like appearance in the
bladder (Fig. 4.1). There may also be ipsi-
lateral LPM hydronephrosis, and indeed
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contralateral hydronephrosis, particularly in
the setting of bladder outlet obstruction.
Vesicoureteric reflux (VUR) is seen in 50 %
of LPM ipsilateral to the ureterocele and in
20 % of contralateral ureters. Renal scans
are often obtained to assess the degree of
UPM function and/or obstruction by the
ureterocele. Like ectopic ureters, the UPM
function is often poor when associated with
a ureterocele. Management depends on the
acuity of patient presentation, presence of
VUR, and UPM function. If a patient pres-
ents with urosepsis not responding to antibi-
otics or prolapse of the ureterocele through
the urethral orifice, emergency drainage is
required. In more elective circumstances,
management varies greatly from endoscopic
incision through upper pole heminephrec-
tomy to complete reconstruction (upper
pole heminephrectomy with ureterocele
excision and LPM ureteric reimplantation).

Anomalies Associated with Lower
Pole Moiety

VUR

Vesicoureteric reflux is the most common uri-
nary tract abnormality associated with duplex
systems and complete ureteral duplication. As

Fig.4.1 One-month-old boy with left renal duplication, hydroureteronephrosis of the upper unit, and ureterocele inside
the bladder
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mentioned in the Embryology section, the
Weigert-Meyer law explains the differences
observed in the ureteral orifice location and
submucosal tunnel length of the distal ureters
in complete renal duplication. As the LPM ure-
ter inserts more proximally and laterally on the
bladder trigone, it has a shorter submucosal
tunnel length and consequently a suboptimal
anti-reflux mechanism. The UPM ureter rarely
refluxes, and this is attributed to its distal loca-
tion on the trigone, which confers a longer sub-
mucosal tunnel and a more effective flap-valve
mechanism. VUR is diagnosed by VCUG or
nuclear cystogram. The typical VCUG image
of VUR to the LPM in a complete duplication
will show the “drooping lily” appearance of
the collecting system: fewer calices than
expected in a single system with the upper cali-
ces in a more horizontal axis. Reflux to the
LPM in a duplex kidney may be associated
with hydronephrosis, recurrent urinary infec-
tion, and in severe cases thinning of the LPM
parenchyma. Physical examination is nonspe-
cific for the presence of VUR and would be
expected to be normal in a child who is asymp-
tomatic. Management for reflux in a duplex
collecting system is similar to that for VUR in
a single collecting system, with antibiotic pro-
phylaxis being the first choice in most cases.
Surgery is reserved for more severe grades of
reflux associated with breakthrough urinary
infections and/or progressive renal scarring
with loss of ipsilateral renal function. Reported
data shows the same rate of resolution of reflux
to LPM of duplex systems when compared
with VUR to a single system. When surgical
treatment is elected, reimplantation of both
ipsilateral ureters and heminephrectomy of the
LPM are options. The choice is mainly dictated
by the amount of functioning parenchyma in
the LPM and the severity of dilation of the ure-
ters. More recently, endoscopic sub-ureteral
injection of bulking substances for correction
of VUR has shown acceptable rates of cure in
duplex systems.

M. Leonard

UPJO

UPJO is the most common congenital obstruction
in a single system; however the incidence of UPJO
in duplex collecting systems is less frequent (2 %)
and most commonly affects the LPM. Obstruction
of the UPJ is rarely seen in the UPM. It may pres-
ent with antenatal hydronephrosis, flank pain,
recurrent urinary infection, or kidney stones.
Physical findings are nonspecific and may range
from a normal examination to a patient with severe
upper quadrant and flank tenderness ipsilateral to
the obstruction. UPJO may be an intrinsic primary
congenital malformation of the ureter, but in
duplex collecting systems, it is often associated
with crossing vessels of the renal pedicle or high-
grade VUR. Severe VUR to the LPM may cause
significant ureteral dilation with secondary kink-
ing of the UPJ, resulting in obstruction. UPJO of
the lower moiety may be associated with different
degrees of dilation of the collecting system and
impairment of the urinary drainage. Usually the
LPM ureter is not dilated, unless there is a con-
comitant severe grade of VUR, which would be
documented by VCUG. UPJO of the LPM is sus-
pected by an US that shows a dilated collecting
system in the lower portion of a duplex kidney.
Dilation of the urinary system is not always associ-
ated with obstruction of the kidney, whereas renal
scarring and diffuse thinning of the parenchyma on
the US may represent an indirect sign of kidney
damage. The presence of obstruction is assessed
using a diuretic renal scan, which provides the dif-
ferential renal function of both kidneys, the differ-
ential function of the UPM and LPM of the duplex
system, and the drainage curves of both kidneys
and ipsilateral moieties to allow for assessment of
obstruction. A significant obstruction with com-
promise of the relative LPM function is an indica-
tion for surgical correction, which may be
accomplished by an open or laparoscopic pyelo-
plasty. Severe UPJO of a nonfunctioning LPM is
best managed with heminephrectomy of the LPM
and excision of as much ureteral length as possible
if VUR is present.
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Introduction

Ureteropelvic junction obstruction (UPJO),
defined as the functionally significant impair-
ment of urinary transport from the renal pelvis to
the proximal ureter, is the most common cause of
hydronephrosis in newborns and young children
[1]. Left untreated, this condition may cause pro-
gressive dilation of the renal collecting system,
with deterioration of renal function and loss of
renal unit. UPJO has a diverse presentation, as it
may be a primary congenital abnormality diag-
nosed prenatally, or secondarily acquired, and
not apparent until late adolescence or adulthood.
This chapter will focus on primary UPJO with
review of the current methods of diagnosis
and treatment options, as well as the authors’
approach to managing this condition.
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e-mail: danielledsweeney @ gmail.com

S.G. Docimo, M.D., EA.A.P, FA.C.S.
Department of Urology, The Children’s Hospital
of Pittsburgh, The University of Pittsburgh Medical
Center, 3705 Fifth Avenue, G205 DeSoto Wing,
Pittsburgh, PA 15213, USA

Etiology and Epidemiology

The etiology of UPJO cannot be isolated to just
one source. In children, UPJO is usually primary
or congenital in nature, related to developmental
abnormalities of the ureteropelvic junction or
caused by extrinsic compression from anatomic
variants. Less commonly it can be linked to sec-
ondary causes such as infection, vesicoureteral
reflux (VUR), recurrent stone passage, or iatro-
genic strictures from previous surgery.

Causes of primary intrinsic UPJO include an
aperistaltic segment of the ureter from abnormali-
ties of the ureteral musculature, congenital ureteral
strictures due to excessive collagen deposition at a
narrowed site, and ureteral fibroepithelial polyps [2]
(Fig. 5.1). Primary extrinsic causes include high
insertion of the ureter into the renal pelvis, ureteral
kinking, and most frequently, vessels to the lower pole
of the kidney that pass anterior to the ureteropelvic junc-
tion and intermittently cause obstruction (Fig. 5.2).

The incidence of UPJO is approximately 1:500
with a male to female ratio of 2:1 [3]. It is more
common on the left side than the right side and is
reported to be bilateral in 1040 % [3]. Associated
anomalies, primarily of urologic origin, are com-
mon in those with congenital UPJO. VUR, albeit
low grade, is found in 40 % of patients, renal
dysplasia or multicystic dysplastic kidney disease
is present in 10 %, unilateral kidney agenesis
in 5 %, and VATER (Vertebral Anal Tracheal
Esophageal Renal) syndrome in 20 % [1].
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Fig. 5.1 Primary intrinsic UPJO with a pathologic nar-
rowed ureter at the ureteropelvic junction

Fig. 5.2 Primary extrinsic UPJO from vessels to the
lower pole of the kidney

Presentation

The presentation of UPJO can be as varied as the
etiologies of the disease. In the infant popula-
tion, hydronephrosis is usually diagnosed prena-
tally with the use of maternal ultrasonography.
These infants are typically asymptomatic at
the time of delivery; however, approximately
10-30 % are found to have UPJO on postnatal
evaluation [1]. In the absence of prenatal screen-
ing, infants with hydronephrosis can also present
with an abdominal mass, feeding difficulties,
failure to thrive, or sepsis.

In older children, presentation is typically char-
acterized by a symptomatic episode of abdominal
or flank pain and nausea and vomiting, called a
Dietl’s crisis. Cyclic vomiting alone can also be a
sign of intermittent UPJO; however this symptom
complex is often misdiagnosed as gastrointestinal
in origin. Less common presentations include uri-
nary tract infection, hematuria, nephrolithiasis,
and rarely hypertension. With the increased use
of radiographic imaging, incidental diagnosis of
asymptomatic UPJO is also prevalent.

Evaluation and Diagnosis

The evaluation of UPJO in the infant or child
varies with presentation. The evaluation of
infants with prenatally diagnosed hydronephro-
sis will be initiated at the time of birth. For older
children, the evaluation of possible UPJO com-
mences with their first Dietl’s crisis or clinically
significant event.

Ultrasonography

For infants that have been diagnosed prenatally
with hydronephrosis, a renal ultrasound should
be obtained neonatally to reassess the dilatation
of the renal collecting system.

Renal ultrasonography does not diagnose
obstruction or predict resolution; however it can
correlate with a clinically relevant obstructive
process. When the anterior-posterior diameter of
the renal pelvis is >15 mm, it is suggestive of the
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Fig.5.3 Typical appearance of UPJO on ultrasound. Note dilated renal pelvis and calyces

presence of obstruction, as is a trend of worsen-
ing hydronephrosis over time (Fig. 5.3). Renal
size should be measured in the affected kidney
and contralateral kidney over a period of time.
As obstruction worsens, there tends to be an
overall decrease in function and growth of the
affected kidney with a compensatory hypertro-
phy of the contralateral healthy kidney.

Ultrasonography is also a useful tool in older
children who present acutely. We commonly give
our patients with a history of intermittent abdom-
inal pain a prescription for a renal ultrasound, to
be obtained at the time of an acute episode. This
modality is a relatively simple, noninvasive test
that can monitor dilation over time. It can easily
be done in the office setting.

Computed Tomography

Computed tomography (CT) has not been the first-
line imaging modality for the diagnosis of hydro-
nephrosis or UPJO in children, particularly infants.
This is primarily due to the radiation exposure risk
of CT and the relative ease and accuracy of renal
ultrasonography. However, many older children
with UPJO, who present with nonspecific com-
plaints of abdominal pain or nausea and vomit-

ing, are evaluated with a CT scan to evaluate
other possible causes of their symptoms such as
appendicitis or bowel obstruction. Therefore, it is
important to know the typical CT scan appearance
of UPJO. Significant hydronephrosis is noted
without the presence of a dilated ureter (Fig. 5.4).
CT can be beneficial in defining retroperitoneal
anatomy, particularly aberrant lower pole crossing
vessels to the kidney. When performed with IV
contrast, an overall functional assessment of the
kidney can also be made; however the benefits of
this modality often do not outweigh the radiation
risk or cost of the study. CT as a primary imaging
study should be evaluated on an individual basis
after the risks and benefits have been considered.

Intravenous Pyelogram

Intravenous pyelography (IVP) has fallen out of
favor in the work-up of hydronephrosis and sus-
pected UPJO due to its high radiation exposure
and the ease and accuracy of other imaging
modalities such as ultrasonography. IVP can still
be useful in those cases with unclear anatomy
and a confusing clinical picture. The ideal timing
for this study would be during an acute episode
of obstruction.
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Fig. 5.4 CT appearance of UPJO obstruction. Note
dilated renal pelvis and normal caliber ureter

Voiding Cystourethrogram

A voiding cystourethrogram (VCUG) should be
performed in all children with prenatally diag-
nosed hydronephrosis to evaluate for the pres-
ence of VUR even if UPJO is suspected as the
cause of collecting system dilatation. VUR is
present in 40 % of children with UPJO, although
it is usually low grade [1]. Infants with prenatal
hydronephrosis should be started on prophylactic
antibiotics at the time of birth, until the VCUG
has confirmed the absence of VUR.

Diuretic Radionuclide Renography

Radionuclide renography is an objective study that
is able to suggest the diagnosis of obstruction by
analyzing quantitative data regarding differential
renal function. When performed in conjunction
with the administration of a diuretic, this test is
able to assess the velocity of washout of the radio-
isotope from each kidney, hence a direct measure-
ment of renal collecting system emptying. Initially,
this test was performed with technetium-99 m
diethylenetriaminepentaacetic acid (DTPA), an
agent that is exclusively filtered by the glomeruli
with an extraction excretion of 20 %, which pro-
vides an indirect measurement of GFR glomerular
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filtration rate (GFR) in nondilated kidneys [4].
This agent has largely been replaced by mercapto-
acetyltriglycine (MAG3), which is excreted mostly
by the proximal renal tubules and provides an indi-
rect means of measuring estimated renal plasma
flow. MAG3 radionuclide renography tends to
provide more accurate functional information than
DTPA radionuclide renography, particularly in
dilated renal collecting systems, and has become
the study of choice at most institutions.

The measurement of the excretory curve of
the renogram will correlate with the efficiency of
emptying of the renal pelvis. In an obstructed
system, the radioisotope is not as effectively
cleared from the kidney. Furosemide is usually
given to promote diuresis and emptying. When
the kidney does not respond to the diuretic, it is
assumed that there is a loss of renal function and/
or significant renal obstruction [4].

The technique and ultimately the results of the
test are extremely operator dependent, and unfor-
tunately there is no universal protocol for per-
forming this study; therefore results can vary
from center to center. The relative standard would
be to perform this test in a well-hydrated child
with a catheter draining the bladder, as a full blad-
der can lead to VUR in the susceptible ureter, or
poor emptying in an otherwise unobstructed sys-
tem. The administration of the diuretic can vary
depending on the protocol used. It is our prefer-
ence that the diuretic be administered 20-30 min
after the renogram (F +20-30) or when the renal
pelvis is filled with contrast, whichever is later.
Following administration of the diuretic, the time
to washout suggests the degree of obstruction.

The analysis of the drainage curve should take
into consideration the technique and the time to
diuretic administration. A general standard in ana-
lyzing the curve is to report the time it takes for the
radioisotope activity to decrease by 50 % (T ¥2). If
the T ¥21s less than 10 min, the study is determined
to be normal. When the T Y2 is between 10 and
20 min, the study is equivocal, and if the T Y2 is
greater than 20 min, the kidney reportedly is
obstructed (Fig. 5.5). Caution must be observed
when taking these results at absolute face value, as
the technique, the drainage curves, and the clinical
condition of the child must be taken into consider-
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Fig.5.5 Drainage curve of MAGS3 diuretic radionuclide renography

ation in the analysis. It should be noted that diuretic
renography should not generally be performed in
infants less than a month of age, as false-positive
results may be obtained with an immature kidney.

Pressure Flow Study
A pressure flow study is an invasive test that

measures the intrapelvic pressure during infu-
sion of a fluid into the renal pelvis and the

subsequent decrease in intrapelvic pressure
over time. This is termed the pressure decay.
The pressure decay represents the efficiency of
urine transport as well as the relative compli-
ance and volume of the collecting system [1]. A
rapid pressure decay indicates a non-obstructed
system, while a slow pressure decay demon-
strates obstruction. Pressure flow studies are
not routinely performed in the pediatric popula-
tion and are usually used in equivocal clinical
situations after a prior repair.
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Management of Asymptomatic
Patients

This category of patients is typically diagnosed
prenatally or in infancy. Older management
schemes included early surgical intervention
within the first few months of life; however
because many of these kidneys will improve
spontaneously, most of these infants are managed
initially with close monitoring and follow-up.
There is some controversy; however the general
consensus is that some patients will recover with-
out intervention while others will progress and
their renal function will deteriorate. The goal is to
prevent children from having unnecessary surgery
while balancing the need to intervene on the pop-
ulation that will deteriorate without intervention.
There are general guidelines that determine
which patient is appropriate for observation.
Typically patients with greater than 40 % split
function of the affected kidney, stable hydrone-
phrosis over time, stable renal function, and no
urinary tract infections can be monitored closely
without intervention. Renal ultrasounds should be
performed every 3—4 months for the first year of
life, followed by every 6 months for the next 2
years then annually. If there is a change in the renal
ultrasound, diuretic radionuclide renography
should be obtained. If there is greater than a 10 %
decline in overall function of the affected kidney,
surgical intervention should be considered.

Management of Symptomatic
Patients

Patients with less than 40 % function of the
affected kidney, those with progressing hydrone-
phrosis on serial exams, or those that present
clinically with colic, hematuria, stones, or infec-
tion should undergo operative intervention for
the management of UPJO.

Open dismembered pyeloplasty has been the
gold standard treatment of UPJO for decades,
with contemporary success rates greater than
90 % [5]. However, the paradigm has begun to
shift, and more minimally invasive techniques for
treatment of this condition in children have been
sought. Laparoscopic pyeloplasty is an accepted
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surgical standard for the treatment of UPJO in the
adult population, and results in children have
been promising. Recent outcomes of laparo-
scopic pyeloplasty in children are consistent with
those for open pyeloplasty, with potentially less
postoperative incisional discomfort, a quicker
convalescence, and an excellent cosmetic out-
come. In this section we will discuss the surgical
options available and then describe our preferred
technique.

Dismembered Pyeloplasty

Open pyeloplasty can be performed in a variety
of ways; however the most commonly applied
technique is the Anderson-Hynes dismembered
pyeloplasty. This surgery can be performed in a
flank, retroperitoneal, transperitoneal, or dorsal
lumbotomy position. During this procedure the
ureteropelvic junction is isolated and excised,
and the proximal ureter is spatulated and reanas-
tomosed to the renal pelvis. If crossing vessels
from the lower pole of the kidney are present, the
anastomosis is performed anterior to the vessels.
Two key advantages to this procedure are the
preservation of anomalous vessels to the kidney
and the excision of the pathologic segment of the
UPIJ. The option of leaving the patient without a
stent or nephrostomy tube is plausible with this
type of repair. A small Penrose drain is often left
in place for 24 h if a stent is not utilized.

Laparoscopic Pyeloplasty

With the desire to find less-invasive treatment
options, there has been a recent interest in the devel-
opment of minimally invasive surgical options for
pediatric patients. The first pediatric series of trans-
peritoneal laparoscopic dismembered pyeloplasty
in the literature was reported in 1999, and since that
time a variety of techniques and approaches have
been described [5]. The technique overall is the
same as the open dismembered pyeloplasty, in that
the diseased segment is excised and the proximal
ureter is spatulated and reapproximated to the renal
pelvis. Transperitoneal, retroperitoneal, and robotic
approaches have all been reported, with advocates
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for each procedure. In the end, the approach used
should be based on the experience and comfort of
the operating surgeon. Success rates for this proce-
dure have been reported in the literature to be com-
parable to the open technique [5]. At our institution,
we primarily perform transperitoneal laparoscopic
dismembered pyeloplasty in children with UPJO,
greater than 4 months of age, in need of operative
repair. In our series we have not had any major com-
plications, and in 90 patients our overall success
rate is greater than 95 %.

Robotic-assisted laparoscopic pyeloplasty has
been reported in the pediatric urology literature
[6]. The benefit of performing the repair roboti-
cally assisted is that it allows three-dimensional
visualization and 6° of wrist movement, making
suturing more intuitive and lowering the learning
curve. However, the use of the robot requires
additional and larger ports as compared to stan-
dard laparoscopy, and the overall cost of equip-
ment and training is much higher. In addition, the
robot is not universally available.

Endoscopic Procedures

Endoscopic procedures for the correction of
UPJO are commonly performed in adults, how-
ever with lower success rates than open or laparo-
scopic pyeloplasty. This application has not been
found to be useful as a primary treatment option
for children. Endopyelotomy (endoscopic inci-
sion through the narrowed area) may be per-
formed in either an antegrade or retrograde
manner and can be useful in children who have
failed open or laparoscopic pyeloplasty.

Complications and Follow-Up

Complications from pyeloplasty, open or laparo-
scopic, are fairly uncommon. Early complica-
tions include urinary tract infection and prolonged
urinary leakage from the anastomosis. This is
usually treated with placement of a ureteral stent
and/or Foley catheter drainage. Late complica-
tions include lack of improvement or worsening
hydronephrosis, continued pain, urinary tract
infections, or worsening renal function. In rare

occasions, a redo pyeloplasty or ureterocalycos-
tomy may need to be performed.

With long-term pyeloplasty success greater
than 90 %, the follow-up for UPJO consists of
office evaluations and imaging. In our practice,
the patients have an office ultrasound performed
6 weeks and 6 months after their procedure. If
there is clinical and radiographic improvement,
yearly ultrasounds may or may not be recom-
mended going forward. If the hydronephrosis
worsens or the child remains symptomatic, radio-
nuclide renography should be obtained for fur-
ther evaluation.

Conclusions

UPJO is the most common cause of significant
hydronephrosis in newborns and young children.
With a diverse presentation, it may manifest as a
congenital abnormality or secondarily acquired
later in life. The evolution of the management of
UPJO in the pediatric population has shifted from
early intervention to observational conservative
management; however, the overall goal of treat-
ment is to preserve renal function. Surgical
options for treatment have remained the gold
standard with high long-term success rates. There
has been a recent push toward minimally invasive
techniques to further decrease the morbidity of
surgical treatment options.
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Impact

Urologic trauma is defined as injury to the kid-
neys, ureters, bladder, urethra, or external genita-
lia as a result of external force. Nearly half of
childhood death between the ages of 1-14 in the
United States can be attributed to traumatic inci-
dents. The estimated cost of caring for these chil-
dren is about 5-7 billion dollars per year in the
United States. The social and economic ramifica-
tions are vast. After the central nervous system,
the genitourinary system is the next most com-
monly affected by trauma. Fortunately, the
majority of injuries are nonlethal and require no
operative management. At least 90 % of genito-
urinary traumatic cases have associated injuries
to other organs, complicating the clinical situa-
tion. Genitourinary trauma should thus be evalu-
ated at centers experienced in complex trauma
care. In trauma cases, time is of the essence, and
therefore it is important to expediently and accu-
rately identify urologic trauma so that it can be
addressed within the whole scope of presentation
and lead to the best outcomes.
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Renal Trauma

At least 60 % of all pediatric urologic trauma

affect the kidney. The pediatric kidney is more

vulnerable to injury than the adult kidney for sev-

eral anatomic reasons:

1. Size: The pediatric kidney is proportionally
larger relative to body height.

2. Cushioning: The fat surrounding the kidney is
less substantial.

3. Bony and muscular protection: The chest wall
and rib cage are less mature and more flexible.

4. Location: The renal units are positioned lower
in the abdomen.

Boys are more commonly affected by renal
trauma than girls.

Congenital anomalies such as ureteropelvic
junction (UPJ) obstruction or fused kidneys are
more prone to significant injuries following minor
impact.

History and Presentation

Trauma to the kidneys can be subdivided into
three groups based on mechanism:
* Blunt injuries
* Penetrating injuries
* Deceleration injuries

Some traumas involve a combination of mech-
anisms. The form of injury is important in regard
to evaluation, management, and prognosis.
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Blunt Renal Injury

The vast majority of renal trauma, 80-90 %, is
blunt. This is most commonly seen after motor
vehicle accidents, sports injuries, assaults, and
falls. Nearly all of these injuries are minor and
require no surgery. The kidney has amazing recu-
perative properties and often will heal over time.
Imaging is important to appropriately assess the
extent of these injuries. Preexisting renal anoma-
lies such as horseshoe kidney, UPJ obstruction,
and tumor are more commonly found in trauma
cases. These can present with gross hematuria
out of proportion to the severity of the injury.
Impressive symptoms after a minor injury should
raise a flag for an underlying renal abnormality.

Penetrating Renal Injury

Penetrating renal trauma from guns or knives is
often more serious. 77-100 % of the penetrating
trauma that affects the kidney also affects other
organ systems. Commonly these children will be
surgically explored for this reason. In these
instances, the urologist will often work with the
trauma surgeon in a collective surgical approach.
The injuries may be more difficult to identify and
control. Penetrating trauma is often more injuri-
ous than the initial survey may reveal. Blast effect
from high-powered armaments may cause sig-
nificant internal damage including extensive kid-
ney and ureteral destruction.

Deceleration Renal Injury

Deceleration renal injuries are most commonly
seen with high-speed motor vehicle accidents and
falls. Falls associated with these injuries are nor-
mally from a height greater than 20 ft. These chil-
dren are often unstable and have many associated
injuries, requiring operative management. While
extreme deceleration can cause catastrophic dam-
age to any individual, several injuries are more
common in the pediatric population. A severe
deceleration injury in a child should raise suspi-
cion for two forms of serious renal injury:

Ureteropelvic Junction (UPJ) Disruption

A traumatic separation between the kidney pelvis
and the ureter interrupts the conduit for urine to
flow into the bladder. As a result the renal unit
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Table 6.1 Examples of clinical presentations of blunt
renal trauma

Blunt injury

A 10-year-old female is involved in a motor vehicle

accident and presents with left-sided broken lower ribs,
flank pain with bruising, and gross hematuria

Blunt injury with underlying hydronephrosis

A 16-year-old otherwise healthy male presents with
visible blood in the urine (gross hematuria) and flank
pain after getting punched lightly in the right side
Penetrating injury

A 12-year-old boy is found after being shot through and

through below the right rib cage. In the emergency room,
he is unstable and bleeding profusely

Deceleration injury

A 9-year-old boy sustains a fall onto his back from a height
of 30 ft and presents with unconsciousness, hypotension,
and transverse process fracture in the lumbar spine

becomes obstructed or spills urine into the retro-
peritoneum. The connection between the renal
pelvis and the ureter can be torn by forces caus-
ing hyperextension of the spine or by extreme
movements of the kidneys. This shearing is more
common in children as the spine is more flexible
and the kidney more mobile. A high index of sus-
picion for this type of injury is critical as the
diagnosis of a UPJ disruption can be difficult and
frequently delayed more than 36 h. Multiorgan
trauma is the typical setting. The urine analysis is
completely normal in 30 % of these cases.

Arterial Intimal Tear
Children have less fat around their kidneys and
their renal vessels are more mobile. Overstretching
of the renal artery can lead to a tear of the inner-
most layer of the artery: the intima. This tear within
the wall of the vessel will result in an endoluminal
dissection of the intima with thrombosis and occlu-
sion of the artery, leading to renal ischemia.
Deceleration injuries are not universally asso-
ciated with rib fractures, lumbar bruising, or
abdominal injuries. A fall from several stories
onto one’s feet can result in lower-limb fractures
and ureteropelvic (UPJ) disruption. A child wear-
ing a seat belt in a head-on vehicle collision could
have whiplash with an arterial intimal tear and no
other significant injuries. Examples of clinical
presentations are shown in Table 6.1.
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Signs and Symptoms

The most common sign of renal injury after trauma
is hematuria; however it is important to note that
this is unreliable. In children, up to 70 % renal
injuries may not have any gross hematuria or even
blood on dipstick. Therefore a completely normal
urine analysis does not rule out renal injury.
Other symptoms can include flank pain, nau-
sea, and vomiting. There may be tachycardia or
hypotension related to acute blood loss.
Hypotension is also a variable sign as children
often maintain their blood pressure even in cases
where half of the circulating volume is lost.

Physical Examination

Findings suggestive of renal injury:

1. Abdominal mass or tenderness

2. Abdominal distension

3. Flank bruising or tenderness

4. Lower rib or lumbar/thoracic vertebral body
fracture

Evaluation

First, immediate resuscitation must be initiated.
The urologic workup is only part of the assess-
ment and must not delay stabilization. Intravenous
hydration should be started as soon as possible.
Urinalysis and trauma labs (CBC, BUN, electro-
lytes, creatinine, liver enzymes, amylase, cross-
match+red packed cells) should be obtained.
Imaging will ultimately define the treatment plan
for renal injuries but should be deferred in unsta-
ble patients. A Foley catheter SHOULD NOT be
inserted if there is blood at the urethral meatus or
vaginal introitus. This finding suggests urethral
trauma and should lead to evaluation with a retro-
grade urethrogram.

In extreme cases, stabilization is not possible
in the emergency/trauma room. In this circum-
stance, immediate surgical exploration can be
lifesaving. The fascial layer around the kidney
(Gerota) provides anatomic protection. As
Gerota’s fascia is a natural barrier frequently pre-
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venting exsanguination from a renal hemorrhage,

it must not be opened unless (1) one faces a rap-

idly expanding retroperitoneal hematoma and (2)

one can demonstrate contralateral renal function.

Contralateral renal function can be rapidly dem-

onstrated with a “one-shot IVP” on the operating

table. This is performed with a single injection of

2 mL/kg of IV contrast material and a KUB

(plain X-ray of the kidneys, ureters, and bladder)

10-15 min later. Confirmation of contralateral

function allows exploration to proceed without

risk of rendering the patient anephric. If the retro-
peritoneal hematoma is not expanding, it is better
to complete the exploration without opening

Gerota’s fascia and perform a triple-phase CT

scan (see technique below) in the postoperative

period once the child is stable.

To accurately define the extent of renal injury
and associated injuries, a CT scan is the gold
standard. While ultrasonic investigations or intra-
venous pyelograms can be performed, the CT
scan cannot be circumvented for definitive injury
staging. CT provides information about associ-
ated injuries, fine anatomic detail, and possible
differentiation between blood and urine.

The appropriate CT scan is a three-phase IV
contrast abdomen/pelvis CT for complete visual-
ization of the renal parenchyma, collecting sys-
tem, and ureter. This three-phase CT scan includes:
1. A pre-contrast scan (fractures, stones, foreign

body, calcifications, air, etc.).

2. An immediate post-contrast scan to delineate
vascularization and perfusion.

3. A delayed scan (10—15 min) after contrast to
evaluate the collecting system (renal pel-
vis+ureters +bladder) and to detect urine
extravasation. Contrast in the urine at this
point in time may be seen outside the kidney
when the collecting system is violated. The
evaluation of the bladder is also important and
will be covered in the appropriate chapter.
These three phases are all imperative. A post-

CT scan KUB is frequently very informative and

can help highlight the extent of urinary extravasa-

tion, localization of fractures, and displacement
of the bowel, air, and the bladder.

Renal outcome is correlated with the severity
of injury, which is graded from one to five, in
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GradeIV
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Nolaceration No urinary extravasation No urimary extravasation system or or Pedicule avulsion
Renal artery/vein injury

Fig.6.1 Grading system for renal injury severity

increasing degrees of severity (see Fig. 6.1).
Higher-grade injuries are more likely to be com-
plicated by urinary leakage, infection, and bleed-
ing. The highest-grade injuries have a higher
likelihood of requiring surgical intervention.

Indications for Imaging
1. All penetrating trauma with microhematuria
OR a mechanism suggestive of renal injury
2. Blunt trauma with one or more of the
following:
(a) Significant deceleration or high-velocity
injury even without physical findings
(b) Fractures of the spine and rib cage (sug-
gestive clinical findings)
(¢) Gross hematuria
(d) Microhematuria (>50 RBCs per high-
powered field) with shock
The urologist should be involved if there is defi-
nite renal injury on CT scan or otherwise high
index of suspicion for renal injury. While 99 % of
these injuries require only observation, the rare few
that need operative management are better served
by being identified early. Imaging and clinical sta-
tus provide the guidelines for management.

Treatment
In the past, children with severe renal trauma

were frequently explored. This leads to a high
rate of nephrectomies. The main boundary limiting

bleeding in severe renal injury is Gerota’s fascia.
By opening Gerota’s fascia during an exploration,
recurrence of a severe bleed can occur. This can
convert a controlled bleed to an uncontrollable
hemorrhage resulting ultimately in a lifesaving
nephrectomy as the only option. Thus an “aggres-
sive observation” approach dramatically improves
renal preservation.

If the child is brought to the operating room
for associated injuries, the urologist should main-
tain a conservative mindset and should avoid
entering Gerota’s fascia. If Gerota’s fascia needs
to be opened, it should be done only after the
renal artery(s) and vein(s) are under control.

Facing an isolated UPJ disruption, an early
primary repair should be performed. When the
disruption is associated with significant renal
trauma, the best management is a urinary diver-
sion (percutaneous nephrostomy), followed by
delayed repair.

Following the initial evaluation, a child with
renal trauma should be observed closely and
remain in bed. Aggressive fluid resuscitation
should continue. Persistent or recurrent bleeding
can occur, and thus close observation is desirable.
In children, the blood pressure is normally the
last parameter to drop. The blood pressure drops
only when the blood losses are very significant or
life-threatening. Close monitoring of the hemo-
globin, hematocrit, and pulse is mandatory.

Radiographic monitoring of the renal injury
can be undertaken in serial fashion several days
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after the insult with an ultrasound or CT scan.
Strict bed rest is applied until there is gross hema-
turia as resolved and the child is stable. This may
take several days. Once the urine clears, he or she
is allowed to walk to his/her bathroom to urinate
and defecate but should then return to his/her
bed. When discharged from the hospital, the
child must avoid any contact sports until the
injury is completely healed and ideally should
remain at home for 3—4 weeks.

Delayed bleeding occurs mainly within the
first 10 days post injury but can occur up to 3
weeks later. Delayed retroperitoneal bleeding
usually presents with pain, anemia, ecchymo-
ses, and hemodynamic instability and can be
life-threatening.

When there is urinary extravasation (grade IV
and V injuries), a urologist must evaluate the
need for the insertion of a double “J” ureteral
stent, percutaneous nephrostomy, and/or percuta-
neous drainage of the urine collection.

Infection of the renal hematoma, urinoma, or
development of an abscess may complicate mat-
ters. Broad-spectrum antibiotics and drainage of
the infected fluid may be required.

Follow-Up

Care for the patient beyond the acute traumatic
episode is mainly radiographic. Follow-up tri-
phasic CT scans of the abdomen and pelvis
should be performed after 3 months in cases of
severe renal injury. This helps elucidate the
remaining anatomy and function after the insult.
Other functional studies such as renal scans can
be performed as well.

Long-term complications include hematuria,
high blood pressure, and loss of renal function of
the affected kidney. Delayed hematuria is sug-
gestive of arteriovenous (AV) fistula. These are
managed with selective embolization procedures.

a

Hypertension secondary to trauma after a severe
renal injury is seen in about 5 % of cases. This
will usually manifest within 36 months of the
injury. An AV fistula may also cause hyperten-

sion. Medication-resistant hypertension may
require surgery or procedural intervention
(embolization).
Conclusions

Trauma is a significant cause of morbidity and
mortality in children. Urologic injury is nearly
always associated with trauma of other organ(s).
Therefore, identification and treatment of uro-
logic trauma must be undertaken within a larger
scope of care. Patients should be swiftly assessed,
stabilized, and managed by multidisciplinary
teams. Most traumas to urologic organs will heal
without surgical intervention. The key lies in the
suspicion and identification of all degrees of
injuries.

The mechanism of the injury can be as impor-
tant as the objective findings. History of pene-
trating or blunt injury to the abdomen or
deceleration injury provides information just as
hematuria, flank pain, or flank bruising supply
aids to diagnosis.
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Introduction

Namely, urolithiasis means the presence of
calculi in any part of the urinary tract. It is one of
the most important topics in urology. Pediatric
and adult stone disease differs in both presentation
and treatment which will be presented in this
chapter.

Epidemiology

In children, both sexes are affected equally, con-
trary to the adult population in which a male pre-
dominance is present. Stones are mostly located
in the upper urinary tract whereas the bladder
stones are mostly the problem of underdeveloped
areas of the world. Although the stone disease in
children is relatively rare in developed countries,
it is seen more frequently in other parts of the
world. Pediatric stone disease is considered to be
endemic in Turkey, Pakistan, and some South
Asian, African, and South American countries. In
Germany, pediatric stones are 1-5 % of all uri-
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nary stones. However, for example, in Turkey
17 % of stone disease patients are in pediatric age
group. Therefore, it is an important health prob-
lem in these particular areas of the world.

History and Physical Examination

History and physical examination may not give
clues about the disease especially in very young
children. Presentation tends to be age dependent,
with symptoms such as flank pain and hematuria
being more common in older children. Nonspecific
symptoms (e.g., irritability, vomiting) are com-
mon in very young children. There may be differ-
ent patterns of clinical presentation. In patients
who can verbalize the symptoms, intense pain
that suddenly occurs in the back and radiates
downward and centrally toward the lower abdo-
men or groin can be present. Hematuria may be
present, usually gross, occurring with or without
pain which is less common in children.
Microscopic hematuria may be the sole indicator
which is more common in children. Persistent
microscopic hematuria, which consists of five or
more red blood cells per high-power field in three
of three consecutive centrifuged urine specimens
obtained at least 1 week apart, should be further
investigated for urinary stones. In some cases,
stone can be identified during the radiologic imag-
ing to evaluate the urinary tract infection.
Additionally, in some asymptomatic cases, stones
are diagnosed during abdominal imaging for
another reason.
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Evaluation
Imaging Tests

A simple abdominal flat-plate X-ray and renal
ultrasonography is very effective for identify-
ing most of the stones in the kidney. However,
abdominal gas can decrease the accuracy of
these imaging tests. The most sensitive test for
identifying stones in the urinary system is
noncontrast helical CT scanning and is the
first study obtained in many emergency depart-
ments. It is safe and rapid and has been shown
to have 97 % sensitivity and 96 % specificity.
Intravenous urography is rarely used in chil-
dren but sometimes used to delineate the caly-
ceal anatomy before percutaneous or open
surgery.

Metabolic Evaluation

Because of the high incidence of predisposing
factors for urolithiasis in children and high recur-
rence rates, a complete metabolic evaluation of
every child with urinary stones should be done.
Metabolic evaluation includes: family and patient
history of metabolic problems; analysis of stone
composition; complete blood count; electrolytes;
blood urea nitrogen; creatinine; calcium; phos-
phorus; alkaline phosphatase; uric acid; total pro-
tein; albumin; parathyroid hormone (if there is
hypercalcemia); spot urinalysis and culture,
including ratio of calcium, uric acid, oxalate, cys-
tine, citrate, and magnesium to creatinine; and
urine tests, including a 24-h urine collection for
calcium, phosphorus, magnesium, oxalate, uric
acid citrate, cystine, protein, and creatinine
clearance.

Various metabolic problems can be deter-
mined after these studies. These problems may
exist single or in combination. The most fre-
quently detected metabolic problems in children
are hypercalciuria, hyperoxaluria, hypocitraturia,
hyperuricosuria, and cystinuria. The normal val-
ues in spot and 24-h collected urine are given in
Tables 7.1 and 7.2 [1].
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Table 7.1 Normal spot values in urine

Ca/Cr
Child <0.21 mg/mg
Infant <0.6 mg/kg
Ox/Cr
<6 months <0.30 mg/mg
6 months—4 years <0.15 mg/mg
>4 years <0.10 mg/mg
Uric acid <0.53 mg/dL GFR
Citrate/Cr >0.51 g/g

Table 7.2 Normal values in 24-h collected urine

Calcium <4 mg/kg/day
Oxalate <40 mg/1.73 m?*/day

<0.57 mg/kg/day
Citrate >400 mg/g Cr

>320 mg/1.73 m?*/day
Uric acid <815 mg/1.73 m*/day

<10.7 mg/kg/day
Phosphorus <15 mg/kg/day
Cystine <75 mg/1.73 m?*/day
Mg >1.2 mg/kg/day
Creatinine 0.8-1.2 g/1.73 m*day
Volume >20 mL/kg/day

Besides these evaluations, stone analysis—if
present—is very important to plan the medical
treatment. Most of the stones (70-80 %) are com-
posed of calcium (calcium oxalate or calcium
phosphate). The other stone compositions are
uric acid (4-8 %), cystine (2—-6 %), and struvite
(infection stones) (5 %).

When to Refer?

Pediatric stone patient should be managed and
treated with the cooperation of pediatric nephrol-
ogist and pediatric urologist. In acute episodes, in
patients without hydronephrosis and fever, intra-
venous hydration and analgesics (oral, paren-
teral, or rectal route) are used to relieve the pain.
In cases with hydronephrosis or fever or intrac-
table pain, patient should be consulted to a pedi-
atric urologist in order to decompress the
obstruction via external or internal drainage. In
elective cases, patient should be evaluated both
by pediatric urologist and nephrologist.
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Table 7.3 Cause-specific medications for various conditions

Medication Dosage Condition treated
Hydrochlorothiazide 1-2 mg/kg/day Hypercalciuria

Pyridoxine 25-50 mg/kg Primary hyperoxaluria
Orthophosphates 25-50 mg/kg Primary hyperoxaluria
Magnesium hydroxide 5-10 mg/kg Hypomagnesuria

Potassium citrate 1-3 mEq/kg/day dRTA and urinary alkalinization
Potassium citrate 10 mg/kg Hyperuricosuria
D-Penicillamine 20-50 mg/kg/day Cystinuria
Alpha-mercaptopropionylglycine 10-15 mg/kg/day Cystinuria

How to Manage?

The medical and interventional modalities are
used to treat the pediatric stone patient. Most of
the cause-specific medications are shown in
Table 7.3.

The evaluation algorithm for pediatric stone
disease patient is given in Fig. 7.1 [2].

The interventional treatment options are as
follows:

Extracorporeal Shock-Wave Lithotripsy
(ESWL)

It means to disintegrate the urinary stone by
focusing extracorporeally generated shock waves
(electrohydraulic, electromagnetic, or piezoelec-
tric) onto the stone located in the urinary tract.
The disintegration success depends on the size,
number, location, and composition of the stone.
In children, it is performed under superficial
anesthesia. SWL is not without complications;
however, these complications are frequently self-
limiting and transient. The most frequently
observed complications are renal colic, transient
hydronephrosis, dermal ecchymosis, urinary tract
infection, formation of stone street, and very
rarely hemoptysis and sepsis.

Ureterorenoscopy (URS)

It means to reach, disintegrate, and extract the
stone located in the ureter or kidney by semi-
rigid or flexible endoscopic instruments. Energy
sources to disintegrate the stone show variety,

and these are electrohydraulic, pneumatic,
ultrasonic, and laser (holmium:YAG). It is min-
imally invasive and patient comfort is at maxi-
mum. Complications occur in 0-7 % of cases
and are generally minor, transient, and man-
aged easily.

Percutaneous Nephrolithotomy (PCNL)

It means to reach, disintegrate, and extract the
kidney stone through an access developed via
percutaneous route. It opened a new era in upper
urinary tract stone management. Bleeding, post-
operative fever or infection, and persistent uri-
nary leakage are the most frequently reported
complications of PCNL in children which are
less frequent than in adults. This is attributed to
fact that the surgeons gain a huge amount of
experience before attempting such an operation
in children.

Open Surgery

Most of the stones in children can be managed by
ESWL and endoscopic techniques. Yet, in some
situations open surgery can be obviated. Very
young children with large stones and/or a con-
genitally obstructed system, which also need sur-
gical correction, are good candidates for open
stone surgery. Severe orthopedic deformities may
limit positioning for endoscopic procedures, and
open surgery might also be required for such
children. The recommendations for management
of pediatric stone disease patient are given in
Table 7.4 [2].
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Pediatric stone patient
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Fig.7.1 An algorithm providing information on performing metabolic investigations and planning medical treatment
(HCTZ=hydrochlorothiazide; PTH = parathyroid hormone)
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Table 7.4 European Association of Urology (EAU) guideline recommendations for interventional management in

pediatric stones

Multiple sessions and accesses with PCNL may
be needed. Combination with SWL may be

Multiple sessions with SWL may be needed.
PCNL has similar recommendation grade

Multiple sessions with SWL may be needed

Anatomical variations are important for
complete clearance after SWL

Anatomical variations are important for
complete clearance after SWL

Additional intervention need is high with

Open is easier and with less operative time

Stone size and Primary treatment Level of Secondary
localization® option evidence treatment options Comment
Staghorn cases PCNL 2B Open, ESWL

useful
Pelvis <10 mm ESWL 1A RIRS, PCNL
Pelvis 10-20 mm ESWL 2B PCNL, open
Pelvis >20 mm PCNL 2B ESWL, open
Lower pole <10 mm ESWL 2C RIRS, PCNL
Lower pole >10 mm PCNL 2B ESWL
Upper ureter ESWL 2B PCNL, URS,

open

Lower ureter URS 1A ESWL, open

SWL
Bladder Endoscopic 2B Open

2Cystine and uric acid stones excluded
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Introduction

Wilms tumors and non-Wilms renal malignan-
cies constitute a significant portion of solid
tumors diagnosed in children. Due to the efforts
of large multicenter collaborative groups such
as the Children’s Oncology Group (COG) and
the International Society of Paediatric Oncology
(SIOP), significant progress has been made in
the past 40 years in the treatment of these
tumors. Using a multidisciplinary approach to
treatment and developing a better understanding
of the pathophysiology of pediatric renal tumors
have resulted in improved survival and less
treatment-related morbidity. In this chapter, our
goal is to provide an overview of the most com-
mon pediatric renal tumors, concentrating
largely on Wilms tumor, its diagnosis, and man-
agement. Oftentimes, the primary pediatrician
is the first to make a diagnosis in children with
renal masses. Appropriate treatment for these
patients requires prompt referral to pediatric
oncologists and pediatric surgeons skilled in the
treatment of renal masses.
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Wilms Tumor
Epidemiology

Wilms tumor is the most common primary malig-
nant renal tumor of childhood. Also known as
nephroblastoma, the incidence of Wilms tumor is
approximately 7.6 cases per million children
under age 15. The highest incidence of Wilms
tumor is in the first 4 years of life, although chil-
dren of any age and adults also may be affected.
The median age at presentation is between 3 and
4 years of age [1]. More than 80 % of cases occur
in children younger than 5 years of age. While
solitary, unilateral lesions are most common,
bilateral tumors occur in 7 % of patients, and
about 12 % of patients will have multiple lesions
within one kidney [2]. Bilateral tumors tend to
present at an earlier age than unilateral tumors,
and boys have a slightly younger mean age at
diagnosis than girls. The incidence is nearly
equal between boys and girls worldwide but
demonstrates a slight predominance in girls in
North America [3]. Based on the data from the
Surveillance, Epidemiology, and End Results
(SEER) Program, prognosis is excellent, with an
overall 5-year survival of over 88 % for cases
diagnosed between 1996 and 2004 [1].
Significant progress has been made in the treat-
ment of Wilms tumor mainly as a result of large
collaborative groups, such as the COG in the
United States, the SIOP in Europe, and others,
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which have helped develop a multidisciplinary
approach to therapy. Newer research emphasizes
reducing morbidity of treatment for low-risk
patients and improving efficacy of treatment for
the subset of high-risk patients with poor survival.

Pathogenesis and Histology

Wilms tumor is an embryonal tumor that devel-
ops from remnants of immature kidney. This dis-
ease was once thought to occur as a result of the
classic single-gene, two-hit model described in
retinoblastoma, but now at least 10 different
genes have been shown to be involved [4].

Wilms tumor has a great deal of histologic
diversity. The classic triphasic pattern, which
mimics the cell types in the developing kidney, is
composed of varying amounts of three cell types:
blastemal, epithelial, and stromal. Each of these
components responds differently to therapy, and
the proportions of different components may
influence outcomes of therapy [5]. Tumors with
unfavorable histologic features, also known as
anaplasia, are associated with increased relapse
and death rates [6].

Presentation

Children with Wilms tumor may present in many
ways. Most commonly, an asymptomatic abdom-
inal mass is found. The parents may discover the
mass while bathing the child, or a mass may be
palpated by a pediatrician during a routine well-
child physical examination. On occasion this
mass may cross the midline. Other more rare
signs and symptoms at presentation may include
abdominal pain, gross hematuria, fever, or acute
abdomen due to tumor rupture. In less than 10 %
of patients, symptoms related to compression of
adjacent structures may occur. These include
varicocele, hepatomegaly, ascites, and congestive
heart failure, all usually associated with exten-
sion of tumor into the inferior vena cava (IVC) or
renal vein. The presence of a unilateral, right-
sided varicocele should alert the physician to the
possibility of a renal mass compressing or
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occluding the IVC. Unilateral, right-sided varico-
celes are much less frequent than unilateral left-
sided varicoceles, and when they are a result of
an occlusion, will not collapse in a supine posi-
tion. Hypertension secondary to renal ischemia
has also been described in about 25 % of patients
with Wilms tumor.

A palpable abdominal mass in a child should
be considered malignant until proven otherwise.
Initial workup will include a full physical exami-
nation and history, including family history of
renal tumors or Wilms tumor-associated syn-
dromes. During the full physical examination, it
is important to note the presence or absence of
commonly associated findings such as aniridia,
genitourinary anomalies, or hemihypertrophy of
body segments. Laboratory studies should
include a complete blood count, liver and renal
function tests, and possibly certain tumor mark-
ers. Acquired von Willebrand disease is found in
almost 10 % of patients with newly diagnosed
Wilms tumor. Patients with congenital mesoblas-
tic nephroma or rhabdoid tumor of the kidney can
have elevated serum calcium levels.

Associated Syndromes

Other genitourinary abnormalities such as crypt-
orchidism, renal fusion abnormalities such as
horseshoe kidney, and hypospadias are present in
approximately 5 % of Wilms tumor patients.
Because these other anomalies are much more
common than Wilms tumor itself, a full evalua-
tion for Wilms tumor is usually not warranted.
A small minority of Wilms tumor cases are famil-
ial and associated with very specific mutations in
some of these families.

Wilms tumor is associated with a number of
syndromes. Generally, these syndromes can be
divided into two types: those associated with
overgrowth and those that lack overgrowth.
Overgrowth syndromes include isolated hemihy-
pertrophy, Beckwith—Wiedemann syndrome
(BWS), Perlman syndrome, Simpson—Golabi—
Behmel syndrome, and Soto syndrome.
Syndromes not associated with overgrowth are
Denys—Drash syndrome and WAGR syndrome
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(Wilms tumor, aniridia, genital anomalies, and
mental retardation). We will discuss a few of
these syndromes in greater detail.

Hemihypertrophy, or overgrowth of a body
segment, can occur as part of the BWS or an iso-
lated entity. BWS is a rare disorder of develop-
mental anomalies characterized by excessive
growth at the organ or cellular levels. In addition
to hemihypertrophy, features of this syndrome
include macroglossia, nephromegaly, and hepa-
tomegaly. The majority of cases of BWS arise
sporadically, but as many as 15 % of patients
exhibit apparent autosomal dominant heritability.
BWS is caused by dysregulation of genes at chro-
mosome 11pl5, which control prenatal and
childhood growth. The Wilms tumor 2 gene
(WT2) has been identified at this site and is asso-
ciated with BWS. Some mutations of the W72
gene result in an absolute increase of growth pro-
moters, while others result in an absolute decrease
in growth suppressors [6]. Several recent studies
have looked at tumor risk in certain epigenetic
subtypes of BWS. This data suggests that the risk
of Wilms tumor is increased in those genetic sub-
types that result in an increase in growth promot-
ers, while those individuals whose subtype results
in a decrease of growth suppressors may not be at
increased risk of developing Wilms tumor. Over
half of all individuals with BWS fall into this sec-
ond category of patients; therefore, epigenotyp-
ing of the 11p15 helps to subclassify individuals
with BWS into low-risk versus high-risk patients
[6]. The overall incidence of tumors in patients
with overgrowth syndromes is 10-20 %, includ-
ing Wilms tumor, adrenocortical tumors, and
hepatoblastoma. Patients with hemihypertrophy
and BWS have a risk of developing Wilms tumor
on the order of 4-10 %, with about 21 % of those
patients presenting with bilateral disease. Patients
with isolated hemihypertrophy have a 3 % risk of
developing Wilms tumor. BWS patients who
have kidneys in the 95th percentile of age-
adjusted renal length are at the greatest risk for
developing Wilms tumor.

Of the non-overgrowth syndromes related to
Wilms tumor, the Denys—Drash syndrome (DDS)
and WAGR syndrome are both associated with
mutations of chromosome 11p13, the locus of the
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Wilms tumor 1 gene (WT'I). WT1 is thought to be
a classic tumor suppressor gene which regulates
many other genes known to be associated with
cancer development [7]. Changes in only one of
the two WT1 alleles result in a spectrum of phe-
notypic variants with overlapping combinations
of Wilms tumor, genitourinary abnormalities,
and renal dysfunction. The WAGR syndrome was
the first condition to be associated with a consti-
tutional deletion of one allele of WTI and is
found in 7-8/1,000 individuals with Wilms tumor
[8]. The syndrome manifests with complete or
partial aniridia, as a result of a mutation on chro-
mosome 11p13 adjacent to WT'I. Other features
of the syndrome are ambiguous genitalia, crypt-
orchidism in boys, mental retardation, and an
increased risk of renal failure (around 40 % of
individuals by age 20). Rare patients may present
without aniridia, depending on the location of
their mutation. WAGR patients usually present at
an earlier median age and are more likely to have
bilateral tumors.

The Denys—Drash syndrome results from het-
erozygous germline mutations in WT'/ and mani-
fests with a much more severe phenotype than
WAGR syndrome. The classic triad of symptoms
is Wilms tumor, nephropathy, and genitourinary
abnormalities, ranging from mild hypospadias to
male pseudohermaphroditism. Renal dysfunc-
tion, typically as a result of mesangial sclerosis,
presents with hypertension and proteinuria.
Eventually, renal failure results, requiring renal
replacement by age 10.

Screening for Wilms tumor is recommended
in patients with aniridia, BWS, or isolated hemi-
hypertrophy. A renal ultrasound should be per-
formed at approximately every 3 or 4 month
intervals until past the high-risk age group.
Tumors found on screening ultrasound are usu-
ally lower stage than those that are diagnosed
after symptoms occur.

Imaging
The role of imaging in pediatric renal masses is con-

stantly evolving. Preoperative imaging is important
in diagnosis as well as surgical planning. When a
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Fig.8.1 Contrast-enhanced computed tomography of the
abdomen and pelvis demonstrating 7.6x12x13.6 cm
right renal mass in a 1-year-old male. The contralateral
kidney appears normal. The mass was first detected by the
patient’s parents during bathing

renal mass is suspected, ultrasound is usually the
first study performed in children to determine if the
lesion is solid or cystic. It is noninvasive and inex-
pensive and does not expose the child to ionizing
radiation. CT or MRI of the abdomen is the next
appropriate imaging study (Fig. 8.1), although no
imaging modality can reliably distinguish between
Wilms tumor and other solid renal tumors in child-
hood, as many of them have similar radiographic
features. The goal of a CT or MRI is not to deter-
mine exact diagnosis, since the treatment of any
solid renal tumors in children is likely to be eventual
surgical excision. CT or MRI allows examination of
the contralateral kidney and allows the surgeon to
plan the appropriate operation for the lesion [9].
Patients noted to have bilateral renal tumors will
most likely have bilateral Wilms tumors and should
undergo preoperative chemotherapy before surgical
excision. MRI and Doppler ultrasound can both
detect tumor extension into the IVC, but Doppler
ultrasound is much less expensive than MRI and
does not require sedation. A CT of the chest should
be performed to evaluate for lung metastases [10],
while liver metastases can be seen on the abdominal
CT. Regional lymphadenopathy seen on CT or MRI
is a nonspecific finding in children and does not add
any prognostic significance in patients with Wilms
tumor or other renal tumors. These lymph nodes
should be sampled at the time of surgery.
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The presence of aniridia, hemihypertrophy, or
other Wilms tumor-associated syndromes makes
the diagnosis of Wilms tumor more likely when a
renal mass is detected on imaging. Also, bilateral
or multicentric tumors are much more likely to be
Wilms tumors than other tumors. In the neonate
with a renal mass, congenital mesoblastic
nephroma (CMN) is the most likely diagnosis,
even though familial Wilms tumor and rhabdoid
tumor of the kidney (RTK) can also be diagnosed
in the first few months of life. If the diagnosis
based on surgical resection or biopsy is a lesion
other than Wilms tumor, further metastatic
workup is important. Bone scans and skeletal
surveys may be performed after histological con-
firmation of the diagnosis as bone metastases are
more common in clear cell sarcoma of the kidney
(CCSK) and renal cell carcinoma (RCC). A CT
or MRI of the head should be performed in RTK
and CCSK to rule out brain metastases.

Staging and Prognosis

Tumor stage is based on the anatomic extent of
the tumor. The staging systems developed by the
National Wilms Tumor Study Group (now known
as the Children’s Oncology Group Renal Tumors
Committee) and the SIOP correlate well with
outcomes and allow stratification of patients into
various risk groups. The primary difference
between these two staging systems is that the
COG staging system assigns a stage based on
prechemotherapy surgical findings while the
SIOP staging system is based on the extent of the
disease after chemotherapy.

Histology is a strong predictor of outcome.
Anaplasia, defined by cells showing irregular
mitosis, hyperchromasia, and enlarged nuclei,
portends a much worse prognosis than favorable
histology tumors. Furthermore, focal anaplasia,
or anaplasia confined to only part of the tumor,
offers a better prognosis than diffuse anaplasia
[11]. Other than histology, certain biologic mark-
ers such as loss of heterozygosity of chromo-
somes 16q and 1p further stratify patients into
risk groups for tailoring of therapy. Table 8.1 is a
summary of the current COG staging system.
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Table 8.1 Stages of Wilms tumor

Stages

1 Tumor confined to the kidney, no intraoperative
spillage, negative surgical margins

11 Tumor extends beyond kidney, surgical margins
negative, no intraoperative spillage

11 Tumor spread outside of the kidney but
confined to the abdomen, positive surgical
margins, or intraoperative tumor spillage

v Hematogenous metastasis or distal lymph node
spread

\Y% Bilateral disease

Treatment

The combination of stage, histology, and particu-
lar genetic abnormalities found in some tumors
places the patient into a risk category which then
determines which treatment regimen the patient
will receive. Treatment philosophies differ
between Europe, the United Kingdom, and North
America. In all of these places, the vast majority
of Wilms tumor patients are enrolled in ongoing
study protocols and are treated based on currently
defined risk groups. The goal in all of these trials
is to improve overall and disease-specific sur-
vival, while diminishing treatment-related mor-
bidity. A full discussion of these treatment
protocols is beyond the scope of this chapter.
In the most broad sense, the major difference
between treatment strategies between the groups
is timing of chemotherapy administration. Unlike
the COG in North America, the SIOP in Europe
administers preoperative chemotherapy to all
patients without performing a biopsy. The advan-
tage of this strategy is inducing tumor shrinkage
and treating micrometastatic foci resulting in a
greater number of “postchemotherapy stage I”
tumors. The ultimate goal is to decrease the risk
of tumor rupture and spillage at the time of sur-
gery and reduce the morbidity associated with
radiotherapy. The United Kingdom Children’s
Cancer Study Group (UKCCSG) also uses pre-
surgical chemotherapy, but patients undergo
biopsies of their lesions before treatment. The
rationale behind this strategy is to avoid giving
unnecessary chemotherapy to children with
benign lesions and inappropriate chemotherapy
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to children with lesions other than Wilms tumor.
Despite these considerable philosophical differ-
ences, all of the groups share the common goal of
minimizing treatment for low-risk patients and
identifying high-risk patients who might require
more intense therapy.

As mentioned above, most patients treated in
North America will undergo immediate nephrec-
tomy, followed by adjuvant therapy based on
pathological stage and other biological prognos-
tic markers. Upfront chemotherapy is given to
patients with bilateral tumors, tumors found to be
inoperable at the time of surgery, or tumors with
intracaval tumor extension above the hepatic
veins. Importantly, as part of the current COG
protocol, preoperative renal biopsy is no longer
warranted in patients with bilateral renal tumors,
based on evidence suggesting that in the vast
majority of cases, bilateral pediatric renal tumors
are in fact Wilms tumors.

Other Renal Tumors
Renal Cell Carcinoma

RCC accounts for about 5 % of malignant renal
tumors in patients younger than age 20 and is the
most common renal malignancy in the second
decade of life. The mean age at diagnosis in pedi-
atrics is between 8 and 11 years, but RCC has
been found in children as young as 3 months old.
Similar to Wilms tumor, a palpable abdominal
mass is the most common finding at diagnosis,
but hematuria is a relatively more common symp-
tom in RCC than Wilms tumor. In contrast to
adult RCC, there is no known association with
any environmental factors such as cigarette
smoking or dialysis. Papillary RCC occurs at a
higher incidence in pediatric patients than adults
and is associated with chromosomal transloca-
tions involving the TFE gene located at Xp11.2.
The treatment of pediatric RCC is similar to
treatment in adults. The most important determi-
nant of outcome in children is the ability to per-
form a complete tumor resection. Survival is
excellent in patients who have stage I disease.
Younger age at diagnosis is a favorable prognostic
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factor, and lymph node involvement does not nec-
essarily portend a poor prognosis as it does in
adults [12].

Congenital Mesoblastic Nephroma

CMN is the most common renal tumor of infants.
The mean age at diagnosis is 3.5 months. In this
age group, a palpable abdominal mass is by the
far the most common presentation. Outcomes
after radical surgery are excellent in this group of
patients. Adjuvant chemotherapy or radiation
therapy is not routinely recommended for most
patients. However, metastases and local recur-
rence can occur in certain histological variants of
this disease.

Clear Cell Sarcoma of the Kidney

CCSK accounts for about 3 % of pediatric renal
tumors reported to the National Wilms Tumor
Study Group and is the second most common
renal tumor in children. Histologically, this tumor
may mimic Wilms tumor, rhabdoid tumor of the
kidney, and congenital mesoblastic nephroma.
This disease is associated with a high risk of
relapse after surgery, so most patients undergo
postoperative irradiation. Thirty percent of relapses
occur more than 3 years after initial diagnosis,
thereby dictating long-term follow-up in these
patients. Lower stage and younger age at diagnosis
are associated with improved survival [12].

Rhabdoid Tumor of the Kidney

RTK, which accounts for about 2 % of pediatric
renal tumors, was originally considered a variant
of Wilms tumor. It is now considered a sarcoma
of the kidney and is the most aggressive and
lethal of all pediatric renal tumors. Even patients
with localized disease (stage I/II) have less than
50 % survival. Typically these patients are diag-
nosed at an early age and have advanced disease
at the time of diagnosis. The disease often dem-
onstrates resistance to chemotherapy and has a
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tendency to metastasize to the brain. RTK is also
associated with second primary brain tumors in
children. Both RTK and CCSK can occur at
extrarenal sites [12].

Multilocular Cysts and Cystic,
Partially Differentiated
Nephroblastoma

Multilocular cysts, or multilocular cystic nephroma,
are rare, benign renal tumors usually found in
young children, especially boys with a second peak
incidence in young, adult women. The lesion is
usually unilateral but some can be bilateral.
Nephrectomy is often curative, and recurrence after
incomplete resection via partial nephrectomy has
been reported. Cystic, partially differentiated
nephroblastoma is a similar entity usually diag-
nosed in the first 2 years of life. These may be con-
sidered part of the same disease spectrum. Surgical
resection is also curative for this disease.
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Pamela I. Ellsworth and Anthony A. Caldamone

What Is a Ureterocele?

A ureterocele is a cystic dilatation of the terminal
ureter. Ureteroceles occur most frequently in
females (4:1 female/male) and almost exclu-
sively in Caucasians. Ureteroceles are bilateral in
10 % of cases. The majority of ureteroceles
(80 %) identified in children involve the upper
pole ureter of a duplicated collecting system and
are almost always associated with obstruction.
Single-system ureteroceles do occur but are
more commonly identified in adults. Unlike
many congenital anomalies, the management of
ureteroceles is individualized and does not lend
itself to treatment algorithms.

Classification

Ureteroceles are commonly described as intra-
vesical (located entirely within the bladder) or
ectopic. Ectopic ureteroceles are those that
extend into the bladder neck or more distally into
the proximal urethra.
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Stephens described further classification of

ureteroceles as follows:

A. Stenotic—the orifice is located within the
bladder and is stenotic.

B. Sphincteric—the ureterocele orifice is located
beyond the bladder neck.

C. Sphincterostenotic ureterocele—a sphinc-
teric ureterocele with a stenotic orifice [1].

Etiology of Ureteroceles

Several theories exist regarding the embryologic
development of ureteroceles. It is known that
at 37 weeks, Chwalla’s membrane transiently
divides the early ureteral bud from the urogenital
sinus. One theory is that the stenotic orifice and
ureteral dilatation are the result of incomplete
dissolution of Chwalla’s membrane [2]. Other
theories regarding the etiology include abnormal
muscular development or a developmental stimulus
responsible for bladder expansion acting on the
intravesical ureter [3, 4].

Presentation

Today, ureteroceles are detected on prenatal
ultrasonography. The fetal kidneys can be visual-
ized as early as 16 weeks of gestation. Although
the actual detection of a ureterocele may be
difficult on prenatal ultrasound, the associated
finding of prenatal hydronephrosis on prenatal
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Fig. 9.1 (a) Prenatal ultrasound demonstrating hydronephrosis. (b) Prenatal ultrasound demonstrating ureterocele in

the bladder

ultrasound (Fig. 9.1a, b) should prompt further
postnatal evaluation, which will lead to the con-
firmation of the diagnosis.

Not all ureteroceles are detected prenatally.
Some ureteroceles are still diagnosed on clinical
symptoms. The most common clinical presenta-
tion is an infant with a urinary tract infection or

urosepsis. Rarely, an infant may present with a
flank mass, representing the hydronephrotic
kidney, failure to thrive, or with a vaginal mass
secondary to a prolapsing ureterocele (Fig. 9.2).
The differential diagnosis of a vaginal mass
includes: urethral prolapse, sarcoma botryoides,
paraurethral cyst, imperforate hymen, Gartner’s
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Fig.9.2 Prolapsing ureterocele

duct cyst, and a prolapsed ureterocele. The pro-
lapsed ureterocele has a smooth round wall and
usually slides down the posterior wall of the
urethra; therefore, the urethra can be identified
anterior to the mass and can be catheterized.
Prolapse of the ureterocele may be intermittent
and may cause bladder outlet obstruction. If the
bladder outlet obstruction is significant, a dis-
tended bladder may be palpated on physical
examination. Bladder outlet obstruction can lead
to bilateral hydronephrosis.

Physical Examination

The physical examination of a child with a history
of prenatal hydronephrosis, prenatally detected
ureterocele, or presenting with a urinary tract
infection/urosepsis should include an abdominal,
perineal, back, lower extremity, and focused neu-
rologic examination. The abdominal examination
should include examination of the upper abdo-
men to detect flank masses and the lower abdo-
men to assess for a distended bladder. The lower
back and sacral area should be inspected for any
abnormalities such as abnormal gluteal cleft,
skin dimples, and hair patches which would be
suggestive of an underlying neurologic abnor-
mality. The genital examination should note
whether or not there are any vaginal/introital
masses, the urethral meatal position, and whether
or not the hymen is patent. A focused neurologic
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examination should also be performed to rule
out any neurologic abnormality. Ureteroceles may
be associated with palpable flank masses, a dis-
tended bladder, or a vaginal mass in select cases.

Radiological Evaluation

In newborns with a history of prenatal hydrone-
phrosis or a ureterocele identified prenatally, a
renal/bladder ultrasound should be obtained at
approximately 48 h of life. The newborn should
be started on antibiotic prophylaxis, amoxicillin
25 mg/kg per day as a single dosage, until the
radiological evaluation is completed.

Renal/Bladder Ultrasound

Clues to the presence of a ureterocele on ultra-
sound include the presence of a duplex system
with hydronephrosis of the upper pole and a
dilated upper pole ureter. The upper pole renal
parenchyma may be of variable thickness and
echogenicity. Severe upper pole parenchymal
thinning or increased echogenicity of the paren-
chyma has been correlated with dysplasia [5].
Bladder ultrasound frequently shows a thin-
walled cystic structure, the ureterocele, in the
bladder and often extending through the bladder
neck (ectopic ureterocele) (Fig. 9.3).

There are pitfalls of ultrasound which should
be kept in mind. If the infant’s bladder is dis-
tended, the ureterocele may be effaced and may
not be detected. If the bladder is empty, it may be
difficult to differentiate between the wall of the
ureterocele and the wall of the bladder. Ectopic
ureters may have similar findings on ultrasound
as ureteroceles. Ectopic ureters are more com-
monly seen in duplex systems and affect the
upper pole moiety. Ectopic ureters are most
commonly obstructive and thus will be associ-
ated with hydronephrosis of the upper pole of
the kidney and ureteral dilatation. Occasionally,
the pelvic portion of a dilated ectopic ureter can
be seen immediately posterior to the bladder and
can impinge on the bladder mimicking a uretero-
cele (pseudoureterocele). The difference between
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Fig.9.3 Ectopic ureterocele

a ureterocele and an ectopic ureter is that a
ureterocele is separated from the bladder lumen
by its thin wall, whereas an ectopic ureter is asso-
ciated with a thicker bladder wall separating it
from the intravesical space. Lastly, in some cases,
the ureterocele may be associated with a normal
caliber ureter and collecting system. The upper
pole parenchyma may be atrophied and nonvisible,
making the diagnosis of a duplicated system
difficult.

Voiding Cystourethrogram

Voiding cystourethrogram (VCUG) should be
performed in any infant with a suspicious renal
bladder ultrasound. The VCUG demonstrates the
size and location of the ureterocele as well as
the presence/absence of vesicoureteral reflux or
bladder outlet obstruction. Reflux into the ipsilat-
eral lower pole is common with reported rates of
44-63 % [6]. Reflux may also be seen into the
contralateral kidney if the ureterocele is large
enough to distort the trigone and the contralateral
ureteral submucosal tunnel.

The appearance of a ureterocele on VCUG is
that of a smooth, broad-based filling defect that
is located near the trigone. It may be difficult to
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determine the side that the ureterocele actually
arises from on VCUG, especially if the uretero-
cele is very large.

As with renal ultrasound, there are potential
pitfalls with the VCUG. It is important to have
images obtained early in the filling phase because
some ureteroceles may efface later in filling and
will not be visualized. When the bladder is full,
the ureterocele may evert into the ureter and have
the appearance of a diverticulum, due to poor
detrusor backing. Periodic imaging during filling
should prevent missing the ureterocele.

Renal/bladder ultrasound and VCUG are the
initial radiologic studies performed for evalua-
tion of hydronephrosis and a suspicion of a
ureterocele. Further evaluation will depend on
the ultrasound and VCUG findings.

Cystoscopy

Diagnostic cystoscopy is rarely needed in the
evaluation of a ureterocele. However, if the VCUG
and ultrasound cannot adequately differentiate
between an ectopic ureter and a ureterocele or if
there remains a question as to the side of origin
of the ureterocele, diagnostic cystoscopy may be
useful.



9 Ureteroceles

Fig.9.4 DMSA renal scan of ureteroceles; Fig. 9.5

Fig.9.5 Transurethral incision of ureterocele

Technetium-99m Dimercaptosuccinic
Acid (DMSA) Renal Scan

The DMSA renal scan may prove useful in the
management of the infant with a ureterocele. The
DMSA renal scan may provide valuable informa-
tion regarding the function of the upper pole,
which will be useful in deciding the ultimate
surgical management (Fig. 9.4).

Diuretic Renography

Diuretic renography (furosemide mercaptoacetyl
triglycerine renal scan, Lasix MAG3) can be
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useful in identifying the subgroup of patients
with ureteroceles who are candidates for nonop-
erative management, including those children
with ureteroceles with nonobstructed duplex
system having relatively good upper pole function
or those ureteroceles associated with a multicystic
dysplastic nonfunctioning upper pole moiety.

Management

Prophylactic antibiotics should be continued
once the diagnosis of a ureterocele has been
made. Early institution of antibiotic prophylaxis
had led to a decrease in the rate of urinary tract
infections in children with ureteroceles from
70-80 % to 3—15 % [6-8].

Prenatal detection of ureteroceles and the
earlier institution of prophylaxis decrease mor-
bidity and potential adverse outcomes related to
urinary tract infections. Although this has not
been demonstrated to have an effect on upper
pole function, it is associated with a decrease rate
of secondary procedures independent of the type
of ureterocele.

In the vast majority of infants/children with
ureteroceles, surgical intervention will be
required. The goals of treatment are preservation
of renal function, elimination of infection, relief
of obstruction, management of vesicoureteral
reflux if present, and preservation of urinary
continence with minimal surgical morbidity. The
decision regarding the type of surgical interven-
tion depends on a variety of factors including
whether or not prompt drainage is needed in the
setting of pyonephrosis or urosepsis. The func-
tion of the upper pole moiety, the type of ure-
terocele (intravesical versus ectopic), and the
presence of ipsilateral and contralateral reflux are
all taken into account in the ultimate decision
making.

In select cases, observation may have a role in
the management of ureteroceles. Observation has
been offered to children who had either no func-
tion to the upper pole or in whom there was func-
tion with adequate drainage as determined by an
intravenous pyelogram (IVP) or diuretic renal
scan, no evidence of contralateral renal or bladder
outlet obstruction, and if reflux was present only
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low to moderate grade. With observation, pro-
phylaxis is continued until toilet training or the
vesicoureteral reflux is resolved. In an accumula-
tion of reported cases, resolution of hydrone-
phrosis has been seen in 43—-67 %, improved in
0-43 %, and remained stable in 15-57 %. Only 1
child had increasing hydronephrosis requiring
surgery. Vesicoureteral reflux resolved in 38-71 %
of cases [9, 10]. It should be noted, however, this
is only a select subpopulation, and these children
must be followed carefully.

Options for surgical management include:
transurethral incision of the ureterocele, upper
pole nephroureterectomy, excision of the uretero-
cele, and common sheath reimplantation and
ureteropyelostomy or ureteroureterostomy.

Single-System Ureteroceles

The treatment of single-system ureteroceles is
determined by the renal function. If the ipsilat-
eral kidney has poor or no function, then a
nephrectomy is indicated. If the affected kidney
has satisfactory function and the ureterocele is
intravesical, then transurethral incision of the
ureterocele is successful in the majority of these
patients.

Duplex-System Ureteroceles

The management of ureteroceles in duplex sys-
tems is more complex than single systems and
takes into account the location of the uretero-
cele (intravesical versus ectopic), the presence/
absence of ipsilateral lower pole and contralateral
reflux, as well as the function of the affected
upper pole moiety. Controversy exists regarding
the roles of each of the surgical therapies, and
there is no single procedure that is effective for
all cases of duplex-system ureteroceles; rather,
the surgical approach must be individualized.
The risk of requiring more than one surgical pro-
cedure is higher in individuals with ectopic
ureteroceles.
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Transurethral Incision

Transurethral incision of a ureterocele is an
endoscopic procedure in which a transverse inci-
sion or puncture using electrocautery is made
through the full thickness of the ureterocele wall.
The incision is made as distally as possible on
the ureterocele and as close to the bladder floor
as possible to provide effective drainage with-
out causing vesicoureteral reflux (Fig. 9.5).
Transurethral incision of the ureterocele is often
used when an infant presents with pyonephrosis
or urosepsis related to a ureterocele as it provides
quick decompression of the ureterocele. In the
elective management of ureteroceles, the success
rate of transurethral incision as a definitive proce-
dure is less with ectopic ureteroceles compared
to intravesical ureteroceles. In the child with an
intravesical ureterocele, 60 % or more of children
will need no further procedures after endoscopic
decompression of the ureterocele [11]. Children
with ectopic ureteroceles have a greater chance
of needing an additional surgical procedure(s)
after transurethral incision, either for persistent
obstruction or vesicoureteral reflux.

Duplex System with Functioning
Upper Pole

In duplex systems with a ureterocele and a func-
tioning upper pole, ureteroureterostomy and
ureteropyelostomy may be performed to salvage
the upper pole (Fig. 9.6). These procedures are
generally reserved for ureteroceles presenting
without reflux into the ipsilateral lower pole
ureter or contralateral ureters. The upper pole
ureter is transected and anastomosed to either
the renal pelvis of the lower pole of the duplex
kidney or the lower pole ureter thereby diverting
urine into the lower pole collecting system or
lower pole ureter. The segment of upper pole
ureter extending into the pelvis is excised, and
the remaining stump of ureter is aspirated and
allowed to collapse. This decompresses the
ureterocele.
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Fig.9.6 Ureteropyelostomy

Alternatively, if reflux is present to either the
lower pole ureter or the contralateral ureter, then
lower urinary tract reconstruction may be a more
suitable alternative. In this approach, the uretero-
cele is excised, the floor of the bladder recon-
structed, the duplex system ureters reimplanted
via a common sheath approach, and if reflux is
present on the contralateral side, ureteral reim-
plantation performed on that side also (Fig. 9.7).

Duplex System with
a Nonfunctioning Upper Pole

Upper pole nephroureterectomy, removal of the
upper pole renal moiety and the upper pole ureter
down to the level of the pelvis, is often successful
in the setting of a ureterocele associated with a
nonfunctioning upper pole moiety in the absence

Fig. 9.7 Excision of ureterocele and common sheath ureteral reimplantation (Reprinted with permission, Informa

Healthcare from Clinical Pediatric Urology, 5th edition)
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Fig. 9.8 Upper pole nephroureterectomy (Reprinted with permission, Informa Healthcare from Clinical Pediatric

Urology, 5th edition)

of reflux (Fig. 9.8). This approach provides for
removal of the nonfunctioning upper pole and
decompression of the ureterocele. Although this
approach is associated with less morbidity than
lower urinary tract reconstruction, a significant
decrease in function in the remaining lower pole
moiety has been noted in 8 % of children and a
small decrease in function in 51 % [12]. Those
children with reflux into the contralateral system
and/or ipsilateral lower pole reflux and a non-
functioning upper pole are the most challenging
cases. In such children, a combined procedure
whereby an upper pole nephrectomy, excision of

the ureterocele, and ureteral reimplantation are
performed with one surgery may be required,
although there are many variations that may be
considered.

Long-Term Risks of Ureteroceles
Hypertension
There does not appear to be an increased risk of

hypertension related to the dysplastic upper pole
moiety. Those children with associated reflux and
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urinary tract infections are at risk for hypertension
similar to the reflux population.

Incontinence

Children with extravesical ureteroceles with
extension into the bladder neck and proximal
urethra are at risk for urinary incontinence related
to distortion of the bladder neck and proximal
urethral anatomy from the ureterocele. In addi-
tion, these children often require excision of the
ureterocele and ureteral reimplantation. Surgical
dissection in the area of the bladder neck may
further contribute to the risk of urinary incontinence.

Altered Renal Function

Lower pole and contralateral renal function may
be adversely affected in those children with blad-
der outlet obstruction related to the ureterocele.
Bladder outlet obstruction should be suspected
if the bladder is distended on ultrasound. The
VCUG may demonstrate prolapse of the uretero-
cele into the bladder outlet during voiding.

The impact of early identification of uretero-
celes on the function of the affected upper pole
moiety is controversial. There are a few series that
support improved upper pole function in those chil-
dren with prenatally detected ureteroceles [7, 13].

Conclusions

Prenatal detection of ureteroceles has allowed
for prompt postnatal evaluation and institution of
antibiotic prophylaxis. This has decreased the
morbidity associated with ureteroceles; how-
ever, its effect on ipsilateral upper pole function
remains controversial. In a child with a sus-
pected ureterocele, a renal/bladder ultrasound
and VCUG should be performed. These studies
are important in confirming the presence of a
ureterocele, identifying the anatomy and deter-
mining whether or not there is associated vesi-
coureteral reflux. DMSA renal scan is useful in
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assessing the upper pole renal function. The
management of ureteroceles varies with the type
of ureterocele, the function of the ipsilateral
upper pole moiety, and the presence/absence of
vesicoureteral reflux. The goals of treatment are
preservation of renal function, elimination of
infection, obstruction and reflux, and maintenance
of urinary continence with minimal surgical
morbidity.
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Steve S. Kim, J. Christopher Austin,
and Douglas A. Canning

Introduction

A megaureter is in the broadest sense a purely
descriptive term meant to indicate any ureter that
is abnormally dilated. This label does not define
a distinct pathologic entity per se, but rather
encompasses a wide spectrum of both physio-
logic and pathophysiologic processes which
culminate in a dilated ureter. Confusion arises
when the terms megaureter, primary megaureter,
and congenital megaureter are used interchange-
ably to specifically refer to a particular subset
of all megaureters. In most instances, these labels
are used to refer to those patients who present
with either a primary non-refluxing obstructed
megaureter or neonatal non-refluxing, non-
obstructed megaureter. We hope to construct a
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framework for understanding the causes that lead
to the development of a megaureter and to assist
the primary care provider in formulating an
appropriate and effective management strategy.

Incidence and Epidemiology

Megaureter represents a relatively common anom-
aly of the newborn urinary tract. Overall, megaure-
ters are thought to be the second leading cause
of neonatal obstructive uropathy following only
obstructions found at the ureteropelvic junction
(UPJ). The vast majority of what constitute primary
or congenital megaureters (meaning those found
to be non-refluxing and either obstructed or unob-
structed) were reportedly identified as the pre-
sumed cause for urinary tract dilation in 23 % of
cases of all prenatal urinary dilation. With the
increased utilization of fetal sonography, we
expect megaureters to continue to be a prominent
diagnosis found on neonatal evaluation.

With respect to gender differences, primary
megaureters apparently occur roughly 2—4 times
more often in boys than girls and are thought to
occur slightly more often on the left side (1.6-4.5)
than the right. Bilateral megaureters are thought
to account for about 25 % of all cases. Of addi-
tional consideration is the reported association in
10-15 % of megaureters with a contralateral
absent or dysplastic kidney which poses impor-
tant management implications.
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Definitions and Classification

By convention, any ureter that is larger in diam-
eter than 7-8 mm is defined as a megaureter. Of
crucial importance is the understanding of what
processes give rise to the dilated ureter, moving
beyond the simple descriptive nature of the term.
The international classification for megaureters
was established by Smith et al. in 1977. In this
nomenclature, three major types of megaureters
are emphasized based on the presence or absence
of reflux and/or obstruction at the ureterovesical
junction. The megaureters in this system are
classified as either (1) refluxing, (2) obstructed,
or (3) non-refluxing and non-obstructed. An
additional category of obstructed and refluxing
also deserves mention after its recognition as rare
but distinct entity. Furthermore, each of these
main categories is further subdivided into either
an intrinsic primary ureteral etiology or a second-
ary non-ureteral etiology.

Refluxing Megaureters

Primary Refluxing Megaureters

Primary refluxing megaureters encompass what
we more traditionally have come to think of as
dilating vesicoureteral reflux. In primary refluxing
megaureters, the ureterovesical junction is pre-
sumed to be incompetent allowing for cyclical
retrograde flow of urine into the ureter leading to
progressive ureteral and upper urinary tract dila-
tion. More regarding this particular subset of
megaureters can be found elsewhere in the
chapter on vesicoureteral reflux. Typically, the
use of the term primary megaureter has not
come to include this category which is more
often thought of as simply vesicoureteral reflux.

Secondary Refluxing Megaureter

There are two types of secondary megaureters.
Both syndromes require treatment of the underly-
ing process, of which a megaureter is only one
component. First, patients with the megacystis-
megaureter syndrome are found to have bilateral
high-grade vesicoureteral reflux along with a
large thin-walled bladder created by a constant
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cycling of urine from a large-volume dilating
reflux. The second possible systemic cause of
secondary refluxing megaureter is the prune belly
syndrome, also known as either Eagle-Barrett’s
syndrome or triad syndrome. Patients with prune
belly syndrome may have ureterectasis as a part
of a constellation of genitourinary findings. The
ureteral dilation seen may be due to a variety of
reasons including a secondary refluxing mega-
ureter. These are only two specific examples of
secondary refluxing megaureters, and the clini-
cian must consider other causes as well.

Obstructed Megaureters

Primary Obstructed Megaureters

Primary obstructive megaureters (POMs), along
with the non-refluxing and non-obstructed mega-
ureters, comprise what are typically referred to as
primary or congenital megaureters. Primary
obstructed megaureters are thought to be a result
of an adynamic distal ureteral segment which
creates a functional and/or true anatomic obstruc-
tion at the ureterovesical junction. Histologic
studies of this distal aperistaltic segment have
confirmed the presence of an abnormal collagen
ultrastructure and altered ureteral concentra-
tions of the neurotransmitter acetylcholinesterase.
What was initially that to be a process analogous
to Hirschsprung’s disease was refuted by the
identification of appropriate ureteral ganglia
migration. Other than the presumed distal ady-
namic segment, other infrequent conditions
that can cause a primary obstructed megaureter
include congenital ureteral strictures and obstruc-
ting ureteral folds or valves.

It is at times difficult to distinguish primary
obstructing megaureters from primary non-
refluxing and non-obstructing megaureters as the
definition of obstruction is subject to the vagaries
of existing radiographic studies.

Secondary Obstructing Megaureter

The vast majority of secondary obstructed mega-
ureters are related to functional obstructions
associated with an elevated intravesical pressures
and/or bladder outlet obstruction. In patients with
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neuropathic or non-neuropathic dysfunctional
bladders, elevated intravesical pressures exceed-
ing 40 cm H,O have been shown to generate
enough resistance to impede flow of urine across
a ureterovesical junction leading to ureteral dila-
tation and ultimately, renal deterioration. Patients
with both spinal dysraphisms (tethered cord, myelo-
meningocele, etc.) and infravesical obstruction
(posterior urethral valves, urethral atresia) are
prime examples of secondary causes of ureteral
obstruction. Aggressive management is impera-
tive in these situations to avoid prolonged trans-
mission of high pressure to the upper tracts that
leads to renal deterioration.

Non-obstructed and Non-refluxing
Megaureters

Primary Non-refluxing

and Non-obstructed Megaureter

Primary non-refluxing and non-obstructed mega-
ureters comprise the vast majority of neonatal
megaureters encountered in practice. They are
believed to be a clinically benign entity resulting
from the polyuria of transitional nephrology.
Fetal polyuria is marked by an immaturity of
effective glomerular filtration, renovascular resis-
tive indices, and overall concentrating ability
creating a production of 4-6 times the normal
amount of urine production seen later in infancy.
High-volume urinary production leads to a state
of transient ureteral dilation giving rise to a
megaureter. Another potential contributing factor
is the delayed maturation of distal ureteral archi-
tecture that transiently generates ureteral dilata-
tion until full maturation occurs. Adding to this
effect are the elevated voiding pressures of the
infantile bladder resulting from a discoordinate
urethrovesical unit. As previously mentioned, it
becomes somewhat arbitrary as to what consti-
tutes a non-obstructed system given the subjec-
tive nature of diuretic renal scans.

Secondary Non-refluxing,

Non-obstructed Megaureter

Secondary causes for a non-refluxing and non-
obstructed megaureter include conditions that
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induce a state of polyuria including lithium toxicity,
diabetes insipidus, and sickle cell nephropathy to
name a few. Additionally, a transitory paralysis
of normal ureteral peristalsis can be seen with
bacterial endotoxin-mediated dilation in the
context of an acute urinary tract infection. Just as
in the other causes of secondary megaureters, the
treatment lies in the treatment of the underlying
condition.

Refluxing and Obstructed
Megaureter

The refluxing, obstructing megaureter represents
arare phenomenon that was not initially incorpo-
rated into the international classification system,
but deserves mention as its own distinct cate-
gory. Of the various categories, the refluxing and
obstructing megaureter is the most difficult one
to intuitively understand and conceptualize. Most
of these rare cases occur in the context of ureteral
ectopia, whereby a ureteral orifice aberrantly
located in the bladder neck may be both incom-
petent causing reflux and become obstructed
when the bladder neck musculature becomes
contracted. Alternatively, a fixed, incompetent
ureterovesical junction may lead to concomitant
reflux and obstruction.

History and Physical Exam

Increasingly, the diagnosis of a megaureter is
being made on the basis of a prenatal screening
ultrasound. Prior to the widespread utilization of
fetal ultrasound, most megaureters presented
with a constellation of clinical symptoms which
subsequently lead to a diagnosis. This dichoto-
mous presentation of the primary megaureter
must be taken into consideration during the
formulation of a management strategy given
that it appears that they may represent differing
phenotypic representations of a common set of
circumstances.

For the most part, the antenatally detected
megaureter represents a clinically asymptomatic
process that appears to resolve spontaneously as
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the ureterovesical complex matures over time.
A relative small group of these prenatally
detected patients eventually manifest clinical
symptoms and likely represent the subset of
patients that in the past would have gone on to be
diagnosed based on clinical symptoms.

Children with clinical symptoms leading to
the diagnosis of a megaureter may have urinary
tract infections, abdominal pain, gross and micro-
scopic hematuria, and in extreme cases, renal
insufficiency. There are no specific findings on
the physical exam that direct the differential
diagnosis toward a megaureter. Aside from a
nonspecific finding of an abdominal or flank
mass in severe cases, megaureters rarely demon-
strate overt physical findings. Diagnosis is usually
dependent on radiographic imaging.

Evaluation

Laboratory Evaluation

There are no specific laboratory tests required for
the diagnosis of a megaureter. In the presence of
a urinary tract infection, a urinalysis and urine
culture are helpful to direct antibiotic therapy.
Additional studies which may be useful include
measurements of serum creatinine and estimated
glomerular filtration rate to provide an assess-
ment of overall renal function.

Radiographic Evaluation

The diagnosis of a megaureter is usually based on
radiographic findings. Accurate classification is
paramount to the formulation of a therapeutic
management plan. Radiographic investigations
may provide both structural and functional infor-
mation regarding the megaureter.

Ultrasonography

The first step in the evaluation process begins
with the clear identification of an abnormally
dilated ureter on an imaging study. Currently, a
vast majority of megaureters are detected by
ultrasound (US), either as part of routine fetal
screening or as the first-line imaging modality
of choice in the clinically symptomatic pediat-
ric patient. Ultrasound is the preferred initial
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imaging modality of choice for a variety of reasons.
It affords the clinician not only structural detail
of the entire urinary system (renal parenchyma,
ureter, and bladder) but also is readily accessible
and relatively inexpensive and, most importantly,
presents no significant ionizing radiation and has
minimal risks. It is for these reasons that we
advocate ultrasonography (US) as the first imaging
modality in the evaluation of the megaureter or of
pediatric urinary symptoms.

Intravenous Pyelography

Intravenous pyelography (IVP) provides struc-
tural detail of the affected ureter and distal ure-
terovesical junction as well as gives some idea
regarding overall renal function. Limitations of
IVP include the effect of renal immaturity on the
ability to adequately visualize the urinary tract
system and the level of ionizing radiation that is
delivered to the pediatric patient. The use of IVP
in the evaluation of megaureters is now largely
historic but can occasionally be useful in helping
to identify the location of the ureteral obstruction.

Computed Tomography

Computed tomography (CT) provides excellent
structural detail of the urinary tract. We do not
advocate its use in the initial investigation of
megaureters given its significant exposure to
ionizing radiation and failure to provide any
additional level of benefit. However, it is not
unheard of for a pediatric patient with nonspe-
cific abdominal or flank pain to undergo a CT
scan as a diagnostic study, yielding a diagnosis of
a megaureter.

Magnetic Resonance Urography

Magnetic resonance urography (MRU) provides
an excellent structural examination of the urinary
tract. Additionally, the use of intravenous gado-
linium enhancement affords the opportunity to
assess functional information and may in the
future become the study of choice in evaluating a
host of urologic conditions. Currently, it remains
an expensive and relatively inaccessible tech-
nology that often requires sedation. For these
reasons, we do not advocate MRU as a first-line
investigation at this time, but reserve it for cases
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involving more complex anatomical consider-
ations (ureteral duplication, ureteral ectopia, etc.).
We anticipate that as the image speed increases,
sedation will become easier to manage even in
the smaller babies, and MRU will become more
widely utilized.

Voiding Cystourethrogram

Voiding cystourethrograms (VCUG) are essential
for identifying the presence of vesicoureteral
reflux in the context of a diagnosis of a megaure-
ter. Additionally, the VCUG provides structural
insight into the urethra, bladder neck, and bladder
to assess the presence of secondary causes of a
megaureter. Its proper performance is relatively
easy to achieve and, with the utilization of spot
fluoroscopy, the amount of ionizing radiation can
be kept to a reasonable level. Also, in the rare
instance of refluxing and obstructing megaure-
ters, the VCUG can provide information that
would suggest an obstructive component which
may not have otherwise been apparent.

Diuretic Renal Scans

Diuretic renal scans (DRS) provide an important
assessment of function by providing differential
renal function and assessment of urinary tract
obstruction. The renal scan is far from being an
ideal examination and remains controversial in
terms of how to interpret what constitutes urinary
obstruction. Most diuretic renal scans are stan-
dardized to attempt to bring uniformity to the way
the studies are performed. The radionuclide
agents most often used are diethylenetriamine-
pentaacetic acid (99mTc-DTPA) or mercaptoacet-
yltriglycine (MAG3). An attempt to standardize
hydration status, Lasix administration, and calcu-
lation of regions of interest is also made in an
attempt to ensure reproducibility and accuracy.
Despite these attempts, renal scans remain highly
subjective and controversial in their ability to pre-
dict true urinary obstruction that would merit sur-
gical interventions. Some have suggested that the
drainage washout curves and t1/2 times are not
accurate and that a detrimental change in overall
differential renal function provides the best indi-
cation of obstruction. Another consideration in
utilizing renal scans is the relative lack of tubular
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maturity in the neonatal kidney that may prevent
an accurate assessment of function and obstruc-
tion. Some authors recommend delaying a renal
scan until approximately 3 months of age when
the kidneys have achieved maturity.

Whitaker Perfusion Study

Alternatively, the Whitaker perfusion study can be
performed to infer an obstructive uropathy based
on differential pressure studies. This study has
largely fallen out of favor due to its invasive nature
(the requirement of percutaneous nephrostomy
tubes) and relatively high margin of error in the
face of a dilated, compliant collecting system. For
these reasons, we do not recommend the Whitaker
perfusion study, as we do not feel it offers any
advantage over the renal scans except in cases
where poor renal function results in poor concen-
tration of radionuclide. In these cases, subjective
assessment of drainage at the ureterovesical junc-
tion may help determine the need for surgery.

Management

The management of primary or congenital mega-
ureters has evolved over the past few decades as
our understanding of the natural history of mega-
ureters has grown. The principle philosophy
behind therapeutic intervention in children with
megaureter is preservation of renal function.
Many children with primary megaureter improve
the degree of dilation over time. It is reasonable to
assume that a majority of these boys and girls
spontaneously resolve or improve without the
need for surgical intervention. With that in mind,
the therapeutic strategy is therefore predicated on
understanding the fundamental structural and
functional etiologies that pertain to the megaure-
ter. Additionally, the clinician must be able to rec-
ognize the potential for a secondary megaureter
caused by another underlying disease process.
The treatment of secondary causes of megaureter,
regardless of the type of megaureter, is the aggres-
sive treatment of the underlying -etiology.
Examples previously given of causes of second-
ary megaureters include neuropathic bladders,
prune belly syndrome, and diabetes insipidus.
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In the case of primary refluxing megaureters,
the treatment recommendations consist largely of
medical management with antibiotic prophylaxis
and careful observation. Surgical interventions
are reserved for those patients who persist with
breakthrough urinary tract infections, pyelone-
phritis, and/or have documented renal scarring or
deterioration. This topic is also somewhat contro-
versial and is covered in more detail in the
chapter addressing vesicoureteral reflux.

The primary non-refluxing, obstructed and
non-refluxing, non-obstructed megaureters com-
prise two distinct categories of megaureters that
likely lie on a continuous spectrum and present a
therapeutic challenge in identifying which
patients require intervention. In the clear case of
an unambiguously obstructed ureter, few would
disagree that surgical correction is warranted in
order to prevent further renal deterioration.
Unfortunately, the lack of an accurate and precise
measurement of what truly constitutes an
obstructed system leaves us unable to definitively
answer which patients are clearly at risk, which
patients are clearly obstructed, and which patients
only require further observation. What was once
uniformly treated with surgical reconstruction,
the current knowledge that 70-87 % of these
patients will either spontaneously resolve or
improve has tempered our approach to the patient
with the primary megaureter. Most pediatric urol-
ogists would now advocate a conservative course
of expectant management consisting of antibiotic
prophylaxis and serial radiographic surveillance.
The development of recurrent febrile urinary
tract infections or significant renal deterioration
would prompt surgical intervention to mitigate
further renal sequelae. Once again, the area of
what constitutes significant renal deterioration is
somewhat controversial and is subjective and
largely based on clinical experience.

When initially confronted with a patient who is
a diagnosed with a megaureter, one must take into
consideration the circumstances of the diagnosis.

Was the patient diagnosed based on clinical symp-
toms or detected incidentally on fetal imaging?
Presumably, a patient who presents with a clinical
manifestation has transgressed into a clinically

S.S.Kim etal.

significant obstruction requiring a more timely
evaluation. More frequently, the latter scenario is
now what most clinicians encounter. Although it is
reassuring to know that a vast majority of prena-
tally detected patients resolve spontaneously, one
must be careful not to summarily discount the
potential for these patients to later manifest signifi-
cant disease. It is important to recognize that the
clinical symptoms are preceded by a potentially
lengthy preclinical period of ureteral dilation.

Which patients with a megaureter should be
referred to a pediatric urologist? Given that it can
be difficult for even pediatric urologist to discrim-
inate which patients will require intervention on
initial evaluation, we recommend that all patients
who are diagnosed with a megaureter should be
thoroughly evaluated by a pediatric urologist.

Should patients be on antibiotic prophylaxis? The
protective effect of antibiotic prophylaxis remains
one of the most controversial issues in pediatric
urology. There is yet to be any conclusive evidence
that antibiotic therapy confers a true benefit in the
setting, but it is still a widely held belief that an
obstructed and infected urinary system poses a
serious threat to the safety of the child. This is an
area that will require well-designed prospective
randomized clinical trials to lend clarity to the
issue. In the meantime, we still advocate the initial
institution of daily low-dose prophylaxis (amoxi-
cillin 25-50 mg/kg, trimethoprim 2 mg/kg) until
a full risk assessment can be performed, including
the exclusion of a refluxing megaureter.

Conclusions

In conclusion, the term megaureter is a descrip-
tive label that incorporates a wide spectrum of
both physiologic and pathophysiologic causes.
As we see a greater number of children diag-
nosed on ultrasound with a megaureter, it is
important that the primary care provider be
familiar with larger context of what processes
give rise to a congenitally dilated ureter and have
a working knowledge of the general categories
of megaureter.
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Definition

An ectopic ureter represents an anatomical vari-
ant in which the distal aspect abnormally inserts
outside of its expected typical location within the
bladder trigone. It can be seen in both single and
duplicated system and can affect one or both
renal units. Depending on the insertion point, two
main problems may occur: abnormalities of urine
flow and/or drainage past the continence mecha-
nism. Therefore, ureteral ectopia is clinically rel-
evant inasmuch as the anomalous insertion is
associated with urinary incontinence, urinary
obstruction, vesicoureteral reflux, or infections.
There is an overlap between this diagnosis and
other conditions such as megaureter and uretero-
cele, both covered in other chapters of this book.

Incidence

Although the true incidence of ureteral ectopia is
unknown, the condition is thought to be relatively
rare (~1/2,000 children). It is more common in
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females, the majority of which have an associated
duplication anomaly (80 %). In contrast, boys are
more frequently found to have ectopic ureters
that drain single systems [1, 2]. Rarely the pro-
cess may present bilaterally (515 %) or involve
a solitary kidney, situation that adds a sense of
emergency to the work-up due to the potential
compromise in renal function.

Embryology and Pathophysiology

The ectopic ureteral insertion dates back to an
abnormal takeoff of the ureteric bud during early
embryogenesis. Depending on how far away from
the normal point of origin, the insertion may be in
close proximity or fairly distant to the bladder tri-
gone (Fig. 11.1). Completely duplicated systems
are of particular interest as two separate ureters
enter at different points in the lower urinary tract.
Drainage in such situations follows the Weigert-
Meyer rule. Simply stated, this rule describes the
rotation of ureters draining moieties of a duplicated
system, whereby the upper part of the kidney drains
medial and caudal to the lower pole one while the
lower moiety drains more superiorly and lateral.
Due to the more distal insertion of the upper pole
ureter, this moiety is more commonly affected.
The location where the ureter ends has impor-
tant functional implications. The more remote
from the 