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Urologic Considerations in Pediatric Chronic
Kidney Disease
Rebecca M. Lombel, Paul R. Brakeman, Bryan S. Sack, and Lavjay Butani
Common causes of pediatric ESRD are distinct from those seen in the adult population. In the pediatric population, the most
common are congenital anomalies of the kidney and urinary tract (CAKUT), affecting approximately 30% of children with
CKD. These structural anomalies often require coordinated care with the pediatric urology team to address voiding issues,
bladder involvement, and the potential need for surgical intervention. For pediatric nephrologists and urologists, common CAKUT that are encountered include antenatal hydronephrosis, obstructive uropathies (eg, posterior urethral valves), and vesicoureteral reflux. As more pediatric patients with CAKUT, CKD, and ESRD transition to adult care, it is important for
receiving adult nephrologists to understand the clinical presentation, natural history, and prognosis for these diagnoses.
This review outlines the diagnosis and potential interventions for these conditions, including strategies to address bladder
dysfunction that is often seen in children with CAKUT. A discussion of these management decisions (including surgical intervention) for CAKUT, which are quite common to pediatric nephrology and urology practices, may provide unique learning opportunities for adult nephrologists who lack familiarity with these pediatric conditions.
Q 2022 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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U

rologic issues in pediatric patients can present at any
time from before birth to late adolescence. While
some pediatric urologic issues have little to no effect on
kidney function, many urologic conditions can cause
and contribute to progression of CKD. To optimize kidney
outcomes, these conditions need to be well understood
both by pediatric and adult nephrologists such that seamless care can be provided and a successful transition of
care be achieved from pediatric to adult providers. This
paper reviews urologic causes of pediatric CKD with the
intent of providing important and practical information
that adult nephrologists can use to care for the growing
population of pediatric patients with complex urologic
conditions and CKD who are surviving into adulthood
and transitioning to adult care.

EPIDEMIOLOGIC DIFFERENCES IN CHRONIC KIDNEY
DISEASE BETWEEN ADULTS AND CHILDREN
CKD is substantially less common in children than in
adults. It is difﬁcult to estimate the incidence of less severe
CKD, but in the United States Renal Data System database,
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the Australia and New Zealand Dialysis and Transplant
Registry, and the European Renal Association-European
Dialysis and Transplant Association registry, the incidence
of ESRD in children ranged between 7 and 11.4 per million
people in 2018.1,2 For comparison, the incidence of ESRD
in the United States population, as a whole, in 2018 was
390.2 per million people.1 Similarly, there are large differences in the causes of CKD and ESRD in pediatric patients
compared with adults. The most common causes of ESRD
in children are congenital anomalies of the kidney and urinary tract (CAKUT) affecting approximately 30% of children with CKD. An additional 10%-19% of pediatric
patients with ESRD have cystic or congenital kidney disease.2 This contrasts with adults for whom ESRD is associated primarily with diabetes, high blood pressure, and
heart disease—with autosomal dominant polycystic kidney disease being the single most common hereditary
cause of ESRD.1
CONGENITAL ANOMALIES OF THE KIDNEY AND
URINARY TRACT
CAKUT are disorders of kidney and urologic development
that cause a wide range of anatomical and functional defects including abnormal or absent kidneys and abnormal
drainage of the kidneys and/or bladder. The prevalence of
CAKUT has been estimated to be between 4 and 60 per
10,000 live births, with the large variability occurring
due to inconsistencies in diagnosis and possibly variation
across different races and ethnicities.3,4 Common CAKUT
phenotypes include renal agenesis, hypoplasia and
dysplasia, multicystic dysplastic kidneys, ectopic kidneys,
and malformations of the outﬂow tracts including ureteropelvic junction (UPJ) obstruction, ureterovesical junction
obstruction, and posterior urethral valves (PUVs). In most
cases, a monogenic abnormality cannot be identiﬁed. In
20%, a monogenic mutation can be identiﬁed, with the
most common mutations being in the PAX2 and HNF1b
genes.4,5 In both mouse and human models of CAKUT,
for a speciﬁc identiﬁed genetic defect, there can be
Adv Chronic Kidney Dis. 2022;29(3):308-317
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signiﬁcant variability in phenotype, making it more difﬁcult to predict outcome and provide counseling.5,6 At present, genetic testing is not routinely performed in the
clinical setting unless there are other organ systems
involved, multiple family members with similar CAKUT
phenotype, and/or advanced chronic kidney disease.
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about 60% of patients. Other causes include urethral
stenosis or atresia, congenital megalourethra, anterior
valves/urethral
diverticulum,
and
obstructing
ureteroceles. Approximately 30% of LUTO cases have a
genetic or syndromic association such as prune belly syndrome, female cloacal anomalies, VACTERL sequence
(vertebral defects, anal atresia, cardiac defects, tracheoesophageal ﬁstula, renal anomalies, and limb abnormalSINGLE FUNCTIONING KIDNEY
ities), and megacystis-microcolon-intestinal hypoperistalOne of the most common outcomes of CAKUT is a solisis syndrome.18-21
tary functioning kidney. Approximately 0.05% of chil7
LUTO is usually diagnosed on second-trimester antedren have a solitary functioning kidney. A single
natal screening ultrasound and is suspected by the presfunctioning kidney (SFK) can result from unilateral renal
ence of a distended bladder. There have been multiple
agenesis, renal dysplasia such as a multicystic dysplastic
different staging systems proposed for LUTO that are
kidney, severe vesicoureteral reﬂux (VUR) with episodes
generally based on bladder size and amniotic ﬂuid volof pyelonephritis, a severely obstructed kidney, and/or
ume as a proxy for kidney function.22,23 LUTO has a
surgical removal of a nonfunctional or poorly functioning
wide spectrum of clinical outcomes from normal bladder
contralateral kidney. In general, reduced kidney mass is
and kidney function to neonatal death. The latter is often
associated with increased risk for progression of CKD
due to pulmonary hypoplasia caused by anhydramnios
and hypertension independent of the etiology of SFK;
from lack of urine production or urine exiting the bladder.
however, it is important to note that the likelihood of
For severe cases of LUTO, the likelihood of surviving the
CKD progression and hypertension does vary somewhat
8-11
perinatal period is only about 50%, and 40%-50% of surFor unilateral renal
depending on the etiology.
vivors are left with severe
agenesis,
1
systematic
CKD or ESRD.23-25 Current
review
identiﬁed
the
fetal
interventions
for
CLINICAL
SUMMARY
prevalence of hypertension
LUTO
include
as 16% and the risk of
vesicoamniotic
shunting
 Epidemiology of CKD and ESRD in pediatric patients is
glomerular ﬁltration rate
(VAS) and fetal cystoscopy
different than that in the adult population.
,60 as 10%. Interestingly
with direct valve ablation
32% of patients had another
 Approximately 30% of pediatric CKD is due to CAKUT.
for PUV.25-27 There has
associated
contralateral
 There is close partnership between pediatric nephrology
been
1
randomized
CAKUT abnormality, and
and urology in the care of these patients with structural or
controlled trial for VAS
having another associated
anatomic anomalies.
that
demonstrated
CAKUT abnormality was
improved
perinatal
associated with an increased
 To provide seamless transition of care for young adult
survival, but it was unable
patients, adult nephrologists should be familiar with the
risk of progression.7 Other
to demonstrate improved
presentation,
natural
history, management,
and
factors that contribute to
prognosis of children with CAKUT.
kidney outcome.27 A caseincreased risk of progression
control trial of fetal cystosof CKD in patients with SFK
copy with valve ablation
are kidney size, acute kidney
also demonstrated improved perinatal survival and a
injury events, prematurity, presence of hyperﬁltration,
trend toward a higher chance of normal kidney function
and genetic risk factors.10-13 Pediatric patients with SFK
compared with VAS.25
kidney are counseled to avoid nephrotoxic medications
and to seek early evaluation for signiﬁcant dehydration
POSTERIOR URETHRAL VALVES
events to avoid acute kidney injury episodes that can lead
PUVare the most common congenital obstructive pathology
to worsening CKD. In addition, patients with SFK should
of the urethra and is only seen in boys. Prenatally, PUV are
be monitored routinely with the frequency of monitoring
suspected if there is bilateral hydroureteronephrosis and a
depending on the presence or absence of associated
distended bladder. Another common association is the
CAKUT, hypertension, albuminuria, and abnormal
10,14,15
“keyhole sign”—a dilated proximal urethra and a distended
One monitoring strategy
glomerular ﬁltration rate.
bladder.28 Following delivery, a child who is suspected of
is shown in Table 1 from Westland and colleagues.10
having PUV should have an indwelling bladder catheter
placed to relieve the obstruction. A voiding cystourethrogram (VCUG) is needed to conﬁrm the diagnosis, with
UROLOGIC CONDITIONS PRESENTING
endoscopic fulguration of the valves being the deﬁnitive surANTENATALLY
gical procedure once the diagnosis is conﬁrmed. Despite reLower Urinary Tract Obstruction
lief of the obstruction, patients with PUV are frequently left
Lower urinary tract obstruction (LUTO) occurs in 2-3 per
with some element of bladder dysfunction which requires
10,000 live births and is caused by a variety of different
close and ongoing involvement of pediatric urologists.
anatomic conditions that obstruct the urethra.16,17 The
CKD is common in boys with PUV given the associated
most common cause of LUTO is PUV which occurs in
renal dysplasia, bladder dysfunction, and infection (VUR
Adv Chronic Kidney Dis. 2022;29(3):308-317
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Table 1. Anticipatory Guidance and Counseling for Primary Care
Providers and Patients With a Single Functioning Kidney
Parameter
Blood pressure
Proteinuria

Growth chart
Kidney function

Ultrasound

Anticipatory guidance
Avoidance of obesity
Healthy lifestyle habits
Prompt recognition and
treatment of UTI
Minimize use of NSAIDs

Interval
Yearly
Yearly once toilet-trained. If
proteinuria detected by
dipstick, send first AM urine
sample for spot urine
protein-to-creatinine ratio
(normal ,0.20)
Yearly
Every 3-5 y if normal GFR;
more frequently as indicated
by staging of CKD (if
present)
Every 3-5 y with last
ultrasound done following
adolescent growth spurt
Yearly; primary care provider
may assist with this at the
child’s yearly healthy
maintenance examination

Abbreviations: AM, morning; GFR, glomerular filtration rate; NSAIDs,
nonsteroidal anti-inflammatory drugs; UTI, urinary tract infection.
Pediatric nephrologists follow up children with solitary kidney
through childhood and adolescence, providing anticipatory guidance and counseling. Modifiable risk factors are discussed and
monitored. On intervening years between nephrology visits, primary care providers can monitor for development of hypertension
and proteinuria at a child’s yearly health maintenance evaluation.
Modified from the study of Westland and colleagues.10

is present in half or one-third of patients).29 In 2 studies
with a median follow-up of approximately 7 years,
15%-20% of patients with PUV progressed to ESRD.29,30
In severe neonatal presentations, infants may require dialysis in the ﬁrst few days of life. Pediatric nephrologists
follow up infants with PUV closely in the ﬁrst 1-2 years
of life. As a consequence of the associated renal dysplasia
and dysfunction, these children are at risk for developing
polyuria; electrolyte abnormalities including hyponatremia, hyperkalemia, and metabolic acidosis.31 During this
period of life, management focuses signiﬁcantly on nutrition and growth in addition to monitoring for other comorbidities of CKD including mineral bone disease.
ANTENATAL HYDRONEPHROSIS
Antenatal hydronephrosis (AH) is the most common antenatal urologic issue with up to 2% of all fetuses affected at
some point during gestation.32,33 The most common clinically signiﬁcant causes of AH in descending order of frequency are UPJ obstruction, VUR, and PUV.32,34 There are
various grading systems for hydronephrosis. Historically,
classiﬁcation was done by qualitative description (mild,
moderate, and severe), which was subjective or by quantitative measurement based on the anterior-posterior dimension
of the renal pelvis.35 The Society of Fetal Urology system was
developed in 1993 and classiﬁes AH by increasing dilatation
of the renal pelvis and calyceal systems from grade I to IV.36
Drawbacks of this classiﬁcation system are that it is

operator-dependent and subjective. In 2014, a consensus
grading system was endorsed by multiple stakeholder societies and is known as the upper tract dilation (UTD) classiﬁcation.32 This grading system includes both grading for
antenatal (UTD A1 and A2-A3) and postnatal hydronephrosis (UTD P1, P2, and P3). The UTD classiﬁcation includes
more speciﬁc kidney parenchymal changes (eg, echotexture
and thickness) and involvement of the ureters/bladder.32
Management is dependent upon the UTD classiﬁcation
(Table 2).
About 60% of patients with the most severe degree of AH
will have a signiﬁcant urologic pathology (UPJ obstruction
or PUV).34 The severity of hydronephrosis, its laterality, and
associated kidney or bladder anomalies guide decisionmaking for further evaluation. For the highest risk category
of AH (A2-A3), early VCUG is recommended with further
imaging such as diuretic renal scintigraphy at the discretion
of the clinician.32 The outcome of AH is highly varied, with
mild AH (UTD A1 and UTD P1) usually resolving with no
kidney consequence and bilateral severe AH causing
signiﬁcant CKD in some patients. Ultrasound remains the
imaging modality of choice to follow up patients with hydronephrosis. This modality is noninvasive and allows for
monitoring parameters over time including kidney growth
and changes in degree of dilation.
VCUG is the diagnostic test of choice for diagnosing
VUR and PUV. During this study, contrast material is
instilled into the bladder, and multiple images are obtained ﬂuoroscopically.37 VUR is documented if contrast
material has retrograde ﬂow into the ureters. PUV has a
characteristic appearance at the posterior urethra. If there
is concern for an obstructive process (other than PUV), a
nuclear medicine functional renal scan (also called diuretic
renal scintigraphy) is indicated. The most common radioisotope used is technetium-99m-mercaptoacetyltriglycine
since it is taken up by the cortex, ﬁltered across the glomerular basement membrane, and excreted. This study is typically performed after 2-3 months from birth as kidney
immaturity in the neonate affects the handling of the radioisotope.38 The cortical uptake phase provides quantitative
information on split kidney function; this may inform surgical planning. The excretion phase is augmented by furosemide and measures the “washout.” Typically, if the
washout time is more than 20 minutes, the pattern is
consistent with obstruction.38,39 Technetium-99mdiethylenetriaminepentaacetic acid can also be used to
evaluate function and drainage; however, technetium99m-dimercaptosuccinic acid can only be used to assess
renal parenchymal anatomy and evaluate differential
renal function because it is not excreted.40
VESICOURETERAL REFLUX
Primary VUR is a relatively common urologic ﬁnding in
children. The presentation can vary from an asymptomatic
diagnosis made at the time of evaluation for AH or
following a febrile urinary tract infection (UTI). The prevalence of VUR is variable depending on presentation—up
to 15% for those with AH and upwards of 45% for those
presenting with febrile UTIs.41,42 Primary reﬂux is attributed to insufﬁcient closure of the ureterovesical junction,
Adv Chronic Kidney Dis. 2022;29(3):308-317

Ultrasound findings
APRPD
Calyceal dilation
Parenchymal thickness
Parenchymal appearance
Ureters
Bladder
Example

Risk
Management
Follow-up US
VCUG
Antibiotics
Functional scan

UTD P1

UTD P2

UTD P3

10-15 mm
Central
Normal
Normal
Normal
Normal

.15 mm
Peripheral
Normal
Normal
Abnormal
Normal

.15 mm
Peripheral
Abnormal
Abnormal
Abnormal
Abnormal

Low

Intermediate

High

1-6 mo
Consider
Consider
Not recommended

3-6 mo
Consider
Consider
Consider

1 mo
Recommended
Recommended
Consider
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Table 2. In 2014, a Multidisciplinary Consensus Was Published on Classification of Postnatal Urinary Tract Dilation (UTD)

Abbreviations: UTI, urinary tract infection; VCUG, voiding cystourethrogram.
The UTI classification system is based on 6 categories of ultrasound findings. For postnatal presentations, the characteristics are listed above. The stratification is based on the
most concerning finding, ie, even if the anterior-posterior renal pelvis diameter (APRPD) is ,15 mm, the presence of bladder abnormalities designates UTD 3 classification. Based
on the UTD classification, findings are risk-stratified, and this information management as indicated. Modified from the study of Nguyen and colleagues.32
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with the submucosal tunnel being too short to allow for
adequate closing. Secondary reﬂux is associated with functional or anatomic bladder issues. There are 5 grades of
VUR with increasing severity from I to V.
Patients with VUR are at risk for repeated episodes of
pyelonephritis, and there are data to suggest that recurrent pyelonephritis is associated with kidney scarring.43,44 Kidney scarring can cause both CKD and
hypertension. The risk of scarring increases with the
severity of reﬂux. To reduce the risk of recurrent pyelonephritis, most pediatric nephrologists and pediatric
urologists will start antibiotic prophylaxis for children
with VUR grades III-V based on data from the Randomized Intervention for Children with Vesicoureteral Reﬂux trial.45 In this randomized, multicenter trial,
antibiotic prophylaxis reduced the risk of recurrent
UTI by 50% although there was no statistically signiﬁcant difference in kidney scarring.45 Another factor
that has gained increasing recognition as a contributing
factor to scar formation is the presence of genetic polymorphisms. Speciﬁc genetic polymorphisms or their
various combinations modulate the inﬂammatory
response after pyelonephritis.46 At present, these do
not have routine use in clinical practice but may in the
future.
Primary VUR resolves spontaneously in a large proportion of patients,47,48 but those with high-grade reﬂux
and/or recurrent episodes of pyelonephritis will require
evaluation for bladder dysfunction and may ultimately
require surgical intervention. This can include ureteral reimplantation (tunneling a ureteral segment through the
detrusor to create a longer submucosal tunnel) and endoscopic correction by injecting a periureteral bulking agent
(Deﬂux procedure).49
UPJ OBSTRUCTION
UPJ obstruction is the most common anatomic cause of
severe AH. The incidence of UPJ obstruction is 1 in 500
live births.50 Most commonly, UPJ obstructions in children are due to intrinsic stenosis instead of external
compression, as is more commonly the case in adults.
There are no randomized controlled trials to guide management in pediatric patients with asymptomatic UPJ
obstruction. The decision is much more clear-cut in
school-age patients who develop symptoms (unilateral
ﬂank pain and hydronephrosis at the time of pain). For
asymptomatic patients or those that cannot communicate
their symptoms (ie, babies, cognitively delayed patients),
the goals of care are to use our current imaging modalities to predict need for surgical intervention in order to
preserve kidney function. Deciding when to intervene
with pyeloplasty can be difﬁcult as many patients can
have stable kidney function and stable or improving hydronephrosis in the long term.51,52 Finally, there are
limited data on long-term outcomes of children with prenatally diagnosed UPJ obstruction. In 1 series of 49 children, all who underwent pyeloplasty had improved
relative kidney function, and all but 2 had improvement
in hydronephrosis on imaging.53

EVALUATING BLADDER ABNORMALITIES
For pediatric patients with urologic issues, the pediatric
urology team plays a major role in evaluating bladder
abnormalities and addressing these. Bladder dysfunction
can arise from any issue that disrupts the normal voiding
process. These can include issues with bladder capacity or
compliance, or abnormal innervation to and function of
the detrusor muscle and urethral sphincter complex. The
main categories of dysfunction are anatomic, neurogenic,
and functional.54
Estimated bladder capacity (in mL) is based on the age of
the patient using the following equation: (age of the patient
in years 1 2) 3 30 mL (.1 year of age).55 During the ﬁlling
phase, there must be active detrusor muscle relaxation
with concomitant bladder neck and external urinary
sphincter tone to ensure continence. Normal bladders
have high compliance and can store urine at low pressures.
Bladder pressures that exceed and persist above 40 cm H2O
during ﬁlling are associated with increased risk of kidney
injury.56,57 The etiology of this injury could be secondary
to persistent upper tract backpressure and/or retrograde
passage of bacteria from the bladder resulting in infection.
During the voiding phase, there is coordinated contraction
of the detrusor muscle and relaxation of the bladder neck
and external urethral sphincter to allow for urine passage.
First and foremost, a detailed voiding and stooling history is vital to assess bladder function. For children who
are toilet-trained, having families keep a voiding log is
helpful to understand voiding patterns at home. A significant contributing factor to voiding dysfunction is constipation, and this needs to be aggressively managed for
patients with bladder dysfunction.
Ultrasound is the most common imaging study to evaluate bladder dysfunction. In addition to providing
anatomic detail, images performed before and after the patient voids can provide estimates of bladder capacity and
postvoid residual, a marker of bladder emptying. A thickened bladder wall is suggestive of an anatomic or
functional abnormality; however, this is highly dependent
on bladder volume at the time of measurement. A VCUG,
in addition to diagnosing VUR and PUV, also provides information on the bladder size, conﬁguration, capacity, and
ability to empty.
Measurements of urinary ﬂow (uroﬂowmetry) can provide data on bladder emptying. During voiding, a urinary
ﬂow curve is produced and, if abnormal, can point toward
speciﬁc pathologic processes. Also, perineal electromyography can be used to understand urethral sphincter activity during the micturition cycle.
Urodynamic studies are more invasive tests that involve
placing urethral and rectal catheters to detect abnormalities during both ﬁlling and voiding phases. Information
obtained includes compliance, ﬁlling and voiding bladder
pressures, bladder capacity, postvoid residual, and urine
ﬂow rates. Fluoroscopy can be performed concomitantly
to understand bladder shape and presence of VUR.
NEUROGENIC BLADDER
In addition to children with primary kidney or urologic
conditions, patients with neurogenic bladder dysfunction
Adv Chronic Kidney Dis. 2022;29(3):308-317
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(eg, secondary to spina biﬁda, spinal cord injury, infection,
or spinal tumors) require close surveillance and timely
management by pediatric nephrologists and pediatric
urologists. Up to 25%-50% will develop CKD,58 and those
that develop ESRD requiring kidney replacement do so at
a much younger age.59 Unfortunately, CKD in this patient
population has an independent association with increased
mortality.60 For these reasons, close monitoring for kidney
dysfunction (eg, blood pressure measurement, urinalyses,
and serum studies) is included in neurogenic bladder
guidelines, like the one designed for the urologic care of
people with spina biﬁda.61
MANAGING BLADDER DYSFUNCTION
For patients who are toilet-trained and neurologically
intact, urotherapy with timed voids with double voids is
recommended to maintain low bladder volumes and
achieve complete bladder emptying. Recommendations
provided to families include voiding every 2-3 hours during
the day and attempting an additional void after a ﬁrst void.
To protect the upper urinary tract, the goal is to maintain
low bladder pressures and ensure complete bladder
emptying. As mentioned above, addressing constipation
is an important part of management given the contribution
of bowel dysfunction to bladder dysfunction. For patients
who fail conservative measures and those that empty to
completion, anticholinergic agents can be added to decrease
nonvoiding contractions during ﬁlling and improve
compliance by decreasing detrusor tone.62 Oxybutynin is
the most commonly used anticholinergic medication.
Issues with incomplete bladder emptying may require
the use of clean intermittent catheterization (CIC). CIC is
an effective way to completely empty the bladder and
avoid consequent risk for symptomatic infection and,
most importantly, protect the upper urinary tract from a
sustained high-pressure system.63 Due to the anatomy,
however, CIC can be difﬁcult particularly in boys with
PUV and those with a sensate urethra. If bladder decompression is necessary to preserve the upper tract and kidney function, surgical options may be considered. Other
indications for surgical management include patients
who have progressive kidney damage despite maximal
conservative management and those with extremely noncompliant bladders. Most surgical procedures are designed to enable low-pressure bladder storage and
complete emptying. It is worth noting that those who
perform CIC are likely to develop chronic bacterial colonization of the bladder without symptoms of infection. This
is called asymptomatic bacteriuria and should not be
treated with antibiotics in the absence of symptoms or a
urinalysis suggestive of an infection such as the new presence of, or increase in, pyuria and signs of inﬂammation
(such as hematuria and proteinuria).
A vesicostomy is an incontinent diversion of the bladder
to the abdominal wall. It is continuously draining and is
best suited for patients who are not toilet-trained. A
vesicostomy allows for continuous decompression of the
bladder, and as such, low bladder pressures. A vesicostomy is typically performed in infants or toddlers, but at
some point, social continence may become important for
Adv Chronic Kidney Dis. 2022;29(3):308-317
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these children as they grow. Creation of a urinary
diversion using a continent catheterizable channel between the bladder and the abdominal wall allows for
bladder emptying away from the patient’s urethra. This
is ideal for patients with abnormal urethral anatomy or
mobility limitations (eg, wheelchair-bound patients). The
Mitrofanoff and Yang-Monti channels use appendix (appendicovesicostomy) or small intestine (continent ileovesicostomy), respectively, to surgically create these continent
channels. The channel is nonreﬂuxing so when a catheter is
not in the channel, the patient remains continent. Diagrams of these urologic surgical procedures are in
Figure 1.64,65
Patients with PUV and other CAKUT often have concomitant renal dysplasia and, consequently, are frequently polyuric. As such, even a frequent catheterization regimen is
insufﬁcient to keep the urinary bladder volumes low
enough to protect the upper tract. Initial conservative management in these patients can include overnight continuous drainage of the bladder. Alternately, a child’s
bladder capacity may be very small, resulting in socially
unacceptable incontinence and/or prolonged high pressures resulting in kidney injury. In these circumstances, intravesically injected botulinum toxin or an augmentation
cystoplasty may be necessary. For botulinum toxin injection, up to 300 units are injected into multiple locations in
the bladder wall endoscopically. This requires repeat injection as the duration of action varies—dependent on the etiology of underlying bladder dysfunction—but on average,
symptoms return 6 months after injection.66 Bladder
augmentation involves using a portion of the gastrointestinal tract (most commonly the ileum) to enlarge the capacity of the native bladder. Because the gastrointestinal
portion does not have the innervation of the native bladder,
a patient who requires bladder augmentation is committed
to lifelong intermittent catheterization.
Other less-frequent surgical interventions for bladder
dysfunction include diversion of urine ﬂow from the
bladder such as cutaneous pyelostomy. This procedure involves attaching the renal pelvis directly to the abdominal
wall and cutaneous ureterostomies, which decompresses
the upper tract by attaching the ureters to the abdominal
wall. These are used very selectively in patients with bilateral or solitary kidney UTD where bladder drainage does
not result in improvement in hydronephrosis and where
kidney compromise is of great concern.
Peritransplant Urologic Management of CAKUT
Given that CAKUT are the most common cause of ESRD
in pediatric patients,67 the issue of pretransplant (Tx)
urologic assessment in pediatric recipients is of paramount importance. The question of whether and how
best to assess bladder anatomy and function has also
been debated in children who present with ESRD of unclear etiology. A retrospective study explored the utility
of routine pre-Tx VCUG and ultrasound in children
referred for Tx, separated by etiology of ESRD.68 On
routine screening, in the cohort with nonurologic causes
of ESRD, VUR was noted in only 1 patient (2.4%). None
of the patients in this group underwent any pre-Tx
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Figure 1. Urologic surgeries to address bladder issues. Panel 1: Vesicostomy. (A) Vesicostomy is placed between the umbilicus and pubis that corresponds to the upper limit of the filled bladder. (B) The bladder is exposed after making an incision
through the rectus fascia. (C) The bladder is opened at the dome and delivered out of the body and secured to the rectus fascia.
(D) The bladder opening is sutured to the skin. Panel 2: Appendicovesicostomy. (A) The appendix is harvested off of the
cecum. (B) The distal appendix is tunneled into the bladder to provide continence after the end is amputated. The proximal
end of the appendix is brought to the umbilicus or right lower quadrant as a catheterizable stoma. Panel 3: Bladder augmentation. (A) A segment of ileum at least 15 cm from the ileocecal valve to preserve vitamin B12 absorption is removed. (B) The
ileal segment is opened and can be fashioned in 1 of multiple configurations. (C) The reconfigured ileal segment is anastomosed to the native bladder. (Reprinted from Campbell-Walsh-Wein Urology, 12th Edition, Copyright 2020,64,65 with
permission from Elsevier).

surgical interventions, even when found to have abnormalities on VCUG, and the predictive value of pre-Tx
urologic studies for post-Tx interventions in this group
was 0%. As can be expected, the incidence of abnormalities and the need for pre- and post-Tx surgical interventions were higher in the cohort with known urologic
causes of ESRD although the predictive value of routine
pre-Tx urologic studies for post-Tx interventions in this
group was very low. Based on this study and others,
there appears to be little value in obtaining routine
pre-Tx urologic studies (VCUG and urodynamic studies)
in children with nonurologic causes of ESRD.

For those with a known urologic etiology of ESRD, prior
routine care has most likely included imaging. For those
patients with unclear etiology of ESRD and no previous
renal imaging, renal imaging with ultrasound or some
other imaging modality is indicated, and a VCUG may
be indicated if history or physical exam suggests an issue
with bladder function or anatomy. Abnormalities, especially of bladder function (such as a high-pressure bladder
with low compliance or an unstable bladder with incomplete emptying) must be corrected before Tx, to minimize
the risk of UTIs and optimize long-term graft function and
survival. Whether intervention is necessary in all children
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with VUR before Tx remains controversial. In our opinion,
only children with pre-Tx VUR diagnosed in the context of
recurrent UTIs may warrant consideration for interventions. In such instances, a nephrectomy should be considered on the side where VUR is present, either before Tx or
at the same time as the Tx.
For dysfunctional bladders—typically seen in children in
the context of PUV, spina biﬁda, and a nonneurogenic
neurogenic bladder—a decision regarding the nature and
timing of the optimal intervention is essential before Tx proceeds. For very unstable and high-pressure systems, where
the risk of UTIs and transmission of pressure upstream to
the Tx kidney are high, pre-Tx interventions are necessary
as discussed above. For these patients, input from their pediatric urologist is essential to provide clearance.
Infections are a common cause of morbidity and mortality in children after Tx, with UTIs being the leading infectious complication requiring hospitalization.69 A
predisposing factor to UTIs in this population is the presence of VUR into the Tx ureter and kidney. The incidence
of Tx VUR varies based on the type of ureteral reimplant
and is much lower when an antireﬂuxing reimplant (ie, a
tunneled ureteroneocystostomy) is performed into the
recipient bladder.70 However, even when an antireﬂuxing
reimplant is performed, VUR remains common (12%-20%
incidence).70,71 Children with recurrent UTIs after Tx
should be maintained on antimicrobial prophylaxis, and
a VCUG should be considered to look for VUR. If VUR
into the Tx ureter/kidney is detected, options to reduce
recurrent infections include long-term antimicrobial prophylaxis72 (recognizing the associated risk of selecting
resistant organisms) and correcting any obvious predisposing factors such as incomplete bladder emptying. For patients with Tx VUR, surgical ureteric reimplantation
should be considered if patients have breakthrough UTIs
on prophylaxis or are not suitable candidates for longterm prophylaxis. While endoscopic subureteric injections
of dextranomer/hyaluronic acid may be considered, success rates in correcting post-Tx VUR have been low, and
their use has been associated with many complications.71,73
POSTTRANSPLANT OUTCOMES
When comparing outcomes in children with and without
urologic causes of ESRD, most studies have shown comparable graft or patient survival in children with CAKUT,74 in spite of higher risk of post-Tx UTIs, even in
the presence of severe bladder dysfunction.75,76 Therefore, for pediatric patients with advanced CKD and
ESRD due to CAKUT, Tx is the goal for renal replacement
therapy because of the better long-term survival, growth
and development, and quality of life after Tx than remaining on maintenance dialysis.35,77,78
CONCLUSIONS
As we have described, the pediatric urologic conditions
that contribute to CKD are widely varied with differential
impacts on adult kidney health. While many urologic issues in pediatric patients that contribute to CKD require
ongoing urologic monitoring and treatment, some
conditions such as VUR can contribute to signiﬁcant
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childhood CKD and then improve to the point of requiring
no ongoing urologic interventions. Pediatric patients with
CKD and chronic bladder dysfunction are a unique population and require intensive ongoing urologic monitoring
and treatment to attain the best kidney outcome in adulthood. Unfortunately, for many of these patients, even
optimal care cannot forestall progression of CKD to
ESRD. Kidney transplant remains the optimal treatment
for ESRD, and many of the pediatric urologic issues we
have described continue to affect kidney outcomes after
kidney Tx. Ultimately, achieving the best clinical outcome
for pediatric and adult patients with CKD and urologic issues requires multidisciplinary care with collaboration between nephrology and urology providers.
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