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Introduction

The prevalence of stage 5 chronic kidney disease
(CKD) in the pediatric population is approximately
50 cases per million. It has been noted to be
increasing in all age groups, but especially among
older children [1]. In contrast to adults where
glomerulopathy and vasculopathy are the major
causes of disease, at least 40% of the CKD in chil-
dren is due to congenital urological abnormalities
[2-6]. As a result of this predominance of urologi-
cal issues in the pediatric population, the urologist
is an essential member of any team tasked with the
management of pediatric CKD. Similarly, health
care providers dealing with these patients benefit
from understanding the urological management
principles for this patient population.

In this chapter, we outline the common uro-
logical conditions that cause renal failure; we
discuss their diagnosis, pathophysiology, and
provide an overview of management from a uro-
logical perspective. Where relevant, we have
highlighted any unique implications for the dial-
ysis patient and/or the transplant recipient.
Understanding that dialysis represents a treat-
ment phase between the development of stage 5
CKD and renal transplantation, it is important to

B.A. Warady et al. (eds.), Pediatric Dialysis, DOI 10.1007/978-1-4614-0721-8_8, 115
© Springer Science+Business Media, LLC 2004, 2012



116

discuss issues present prior to the initiation of
dialysis and following renal transplantation. In
addition to this, we will look at the indications for
nephrectomy in the CKD patient and the urology
specific pre-transplant workup.

Urological Causes of Chronic
Kidney Disease

As with most pediatric pathology, the causes of
CKD can be divided into congenital and acquired
conditions [4, 7-16]. The causes have been listed
by anatomical location in Table 8.1. The most
important of these are highlighted and are the
conditions that we have chosen to focus on in the
chapter (Table 8.1).

Posterior Urethral Valves

Posterior urethral valves (PUVs) are abnormal
membranous folds unique to the male prostatic
urethra. While one must be aware of other causes
of congenital lower urinary tract (LUT) obstruc-
tion, such as urethral atresia and obstructive ure-
teroceles, PUVs are undoubtedly the most
common. They are encountered in 1 of 10,000—
25,000 births [17-19].

Advances in antenatal diagnosis, better perin-
atal medicine and early PUV management have
led to a decrease in the neonatal mortality rate

Table 8.1 Urological causes of chronic kidney disease in
children

Causes
Congenital Renal dysplasia
Ureteropelvic junction obstruction
Ureterovesical junction obstruction
Ureteroceles
Vesicoureteric reflux
Neuropathic bladder
Posterior urethral valves
Prune belly syndrome
Acquired Obstructing renal tract calculi
Obstructing neoplasms
Neuropathic bladder

Urethral strictures
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associated with PUVs. In spite of these advances
and the introduction of antenatal interventions,
there has been little improvement in the propor-
tion of these patients ultimately developing CKD
[20]. Twenty to sixty percent of these boys will
manifest with evidence of CKD in childhood and
11-51% will eventually progress to stage 5 dis-
ease during long-term follow-up [21-24].

Increasingly, the diagnosis is being suspected
in the antenatal period with typical ultrasound
features that include oligohydramnios, bilateral
hydroureteronephrosis, a thick-walled bladder,
and a dilated posterior urethra (Fig. 8.1). Children
who escape prenatal diagnosis present at different
ages in the postnatal period with a variety of fea-
tures that include respiratory insufficiency, renal
insufficiency, urosepsis, failure to thrive, poor uri-
nary stream, and urinary incontinence. This vari-
ety of presentations represents a spectrum of
disease, where lesser forms of obstruction are
often detected later in life and may be associated
with less impact on overall renal function.

In an attempt to prevent or attenuate renal dam-
age that occurs in utero, prenatal interventions
have sought to bypass the urethral obstruction
with open or percutaneous diversion of the fetal
urinary system. The decision to attempt antenatal
intervention is aided by the analysis of fetal uri-
nary markers (sodium, chloride, osmolality, and
B,-microglobulin). Currently the favored and most
common approach to the fetal lower tract obstruc-
tion is percutaneous placement of a vesicoamni-
otic shunt. This achieves the required supra-urethral
diversion while being minimally invasive, obviat-
ing the need for a maternal hysterotomy and fetal
vesicostomy. Although technically feasible, ante-
natal interventions have failed to reliably prevent
renal insufficiency and are associated with a fetal
mortality rate that ranges from 33% to 43%. Not
all the reported deaths are directly related to the
intervention, however, as many of the series
include deaths that the intervention failed to pre-
vent (pulmonary hypoplasia). These procedures
are also associated with significant morbidity in
the form of urinary ascites, visceral herniation,
shunt malfunction, and migration [25-28].

Regardless of the timing of the postnatal pre-
sentation, an ultrasound of the kidneys, ureter,
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Fig. 8.1 Sonographic features suggestive of PUVs detected during antenatal evaluation: (a) thick-walled bladder with
prominent posterior urethra, the “key-hole” sign; (b) high-grade hydronephrosis

and bladder is often the first imaging study
requested, and will often demonstrate many of
the above-mentioned ultrasonographic features.
Following this, a voiding cysto-urethrogram
(VCUQ) is indicated to confirm the diagnosis.
Typical features on VCUG include a dilated pos-
terior urethra with a clear sharp transition to a
normal distal channel, an associated valve cusp,
thickened open bladder neck, and a trabeculated
bladder. Vesicoureteric reflux (VUR) is also often
present (Fig. 8.2). During the workup it is impor-
tant to look for features that may be associated
with a more favorable prognosis. Although not
always predictive of a good outcome, the pres-
ence of a “pop-off” has been reported to be pro-
tective in some children. These include unilateral
VUR into an ipsilateral dysplastic/nonfunction-
ing kidney, a perinephric urinoma, urinary ascites,
and a patent urachus [29-34].

Accepting that we cannot alter preexisting
renal dysplasia and understanding that many of
these children will eventually develop CKD, our
role in their management is to delay the onset of
renal failure by optimizing the function of the
ureters, bladder, and urethra. Management is ini-
tially directed at systemic stabilization and
decompression of the urinary tract. Initial uro-
logical instrumentation usually involves urethral

|

Fig. 8.2 Features of PUV on VCUG: prominent poste-
rior urethra (white arrow) with a change in caliber com-
pared with the anterior urethra at the site of the valves
(blue arrow). Associated bilateral vesicoureteral reflux
(asterisk)
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Fig. 8.3 Appearance on physical examination of different forms of cutaneous urinary diversion: (a) vesicostomy,
(b) distal ureterostomy, and (c) bilateral pyelostomies (patient prone)

catheterization in the early neonatal period, even
before the diagnosis has been confirmed. This
simple intervention temporarily bypasses the
obstruction, allows accurate monitoring of urine
output, and helps avoid emergent surgical inter-
vention while associated abnormalities are iden-
tified and their management optimized. Following
this, a VCUG can be obtained by instilling con-
trast through the catheter. Subsequent definitive
urethroscopic valve ablation can be attempted in
all but the smallest infants. Premature or small
infants whose urethras will not accommodate a
scope are candidates for alternative forms of
decompression. Similarly, in the occasional sce-
nario where valve ablation does not achieve
decompression of the upper tracts surgical diver-
sion above the bladder outlet warrants consider-
ation. This may be in part due to a functional
ureterovesical junction (UVJ) obstruction as the
ureter passes through a markedly thickened detru-
sor muscle. In such situations, segments of the
urinary tract can be temporarily brought to the
skin, in the form of a vesicostomy, ureterostomy,
or pyelostomy (Fig. 8.3).

Many institutions will perform a circumcision
at the time of the valve ablation or vesicostomy
in order to decrease the risk of urinary tract infec-
tions (UTIs). A recent study by Mukherjee
showed that there was an 83% reduction in the
incidence of UTI in those children with valves

who had been circumcised [35]. A more
conservative approach would be to perform a cir-
cumcision only in the event of demonstrated pre-
disposition to recurrent UTIs. This intervention is
often heavily influenced by cultural and religious
expectations.

Following valve ablation the obstructive pro-
cess is usually relieved, yet the functional conse-
quences are less predictably improved. Urodynamic
findings in these boys remain highly variable and
prone to change over time as renal function,
growth, and the acquisition of continence further
challenge the stability of the bladder [36, 37]. The
primary goal of the urological management in
PUVs is preservation of upper tract function. This
is achieved by ensuring an infection-free urinary
tract with a bladder that stores urine at low pres-
sure and empties efficiently. The secondary goals
would include continence and attaining an ade-
quate lower tract for the effective drainage of a
renal allograft in those that require it.

Lower tract dysfunction that is poorly con-
trolled can adversely affect existing renal function.
DeFoor and Ansari have demonstrated that resid-
ual bladder dysfunction is an independent risk fac-
tor for CKD [10, 22]. In 1980, Mitchell coined the
term “valve bladder syndrome” identifying delete-
rious features of lower tract dysfunction that could
reliably predict renal deterioration. The phrase
describes the development or persistence of
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Fig. 8.4 Issues to consider
in the monitoring of
patients with PUV.
Adequately addressing
these problems helps
prevent or slow renal
deterioration, and provides
a conceptual framework
upon which to consider
interventions and tailor
treatment

hydroureteronephrosis in the presence of a poorly
compliant, thick-walled bladder, incontinence,
and polyuria [38]. Koff further clarified the role of
the bladder in the deterioration of the upper tracts,
suggesting that polyuria, insensitivity to overdis-
tension, and high post void residual volumes were
the three key factors contributing to renal deterio-
ration in valve patients [39]. Looking at these three
factors in more detail gives us a very plausible
explanation for how an overwhelmed bladder,
with borderline function, can facilitate rather than
cause, upper tract damage: Polyuria, caused by
nephrogenic diabetes insipidis, has the potential to
overload the bladder of the most diligent voider.
Insensitivity to overdistension contributes to the
potential for bladder overload and injury. High
post void residual volumes decrease the func-
tional capacity of the bladder and are not neces-
sarily the result of myogenic failure [40].
Pseudoresidual volumes can be generated by
VUR when urine is refluxed into dilated ureters
during filling and voiding, only to be dumped

back into the bladder immediately post void. An
additional source of pseudoresidual volume is
found in the patients with a hypertrophied detru-
sor muscle. This hypertrophy creates a functional
UVIJ obstruction during bladder filling, an
obstruction that is relieved in the post void period
allowing for the retained urine to drain from the
dilated ureters (Fig. 8.4) [41].

As a result of a better understanding of the
condition, clinicians no longer accept hydroureter-
onephrosis as unavoidable in the upper tracts of
valve patients. Management has become proac-
tive and more aggressive, focused on achieving
complete urinary tract emptying (double voiding,
timed voiding, and clean intermittent catheteriza-
tion [CIC]), optimizing detrusor function (with
judicious use of anticholinergics) and the selec-
tive use of alpha-blockers to assist voiding. Where
polyuria and decreased functional capacity are an
issue, routine daytime interventions may be
unable to prevent hydronephrosis. Nocturnal CIC
or overnight indwelling catheterization have been
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shown to reduce diuresis, decrease the incidence
of UTIs, improve continence, and decrease upper
tract dilation [39, 42, 43].

VUR in PUYV children is found in 50-70% of
patients and is usually secondary to the obstructed
bladder outlet [44, 45]. Because of its association
with worse renal dysplasia, high-grade reflux can
predict higher morbidity and mortality [46, 47].
Adequate treatment of the valvular obstruction
will lead to spontaneous resolution of VUR in
most cases (62%), and, therefore, VUR should be
treated as conservatively as possible [45, 48].
Rarely, surgical intervention is indicated for
recurrent pyelonephritis in cases where LUT dys-
function has been ruled out or controlled.

The presence of persistent unilateral reflux
into a dysplastic nonfunctioning kidney in males
with PUVs has been associated with a better renal
functional prognosis than standard valve patients
[46, 49]. The reason for this is thought to be due
to the dysplastic kidney’s protective effect as the
renal pelvis and ureter absorb most of the abnor-
mal pressures generated by the bladder during
voiding. However, Narasimhan and colleagues
showed that while the syndrome did seem to favor
a better outcome, half of their patients had some
form of renal scarring, voiding dysfunction, UTTs,
diurnal incontinence, and hydroureteronephrosis
[49]. This data would support the contention that
every boy with PUYV, regardless of the presence of
“favorable prognostic features,” should have
close multidisciplinary team follow-up in order

to identify and appropriately treat potential threats
to the remaining renal function.

Vesicoureteric Reflux in the Pediatric
Dialysis Patient

Renal damage or abnormal development related to
VUR (reflux nephropathy) is often congenital,
representing renal dysplasia that is likely to coex-
ist with reflux rather than be directly caused by it
(Fig. 8.5). Subsequently, postnatal renal function
may be further threatened by pyelonephritis,
which is facilitated by reflux of infected urine into
the abnormal renal unit [S0-53]. As discussed in
the previous section, secondary reflux can be asso-
ciated with transmission of high bladder pressures
to the upper tracts, which can further compromise
the renal parenchyma. Differentiation between
primary and secondary reflux has important thera-
peutic implications. In this section, we concentrate
on primary VUR, while secondary reflux is dis-
cussed under the specific primary conditions.
Primary VUR accounts for 7-25% of pediat-
ric CKD cases [4, 54, 55]. Ardissino looked at
343 patients who had VUR and CKD and found
that almost 60% of his series required renal
replacement therapy prior to the age of 20. Given
this high incidence of end-stage renal disease, he
suggests that children with reflux-associated
CKD have a relatively poor renal prognosis and
deserve particular attention [56]. Neither medical

Fig. 8.5 Findings suggestive of renal dysplasia: (a) bilateral high-grade reflux detected in infant without a history of
urinary tract infections; (b) DMSA scan demonstrates poor function of the left renal moiety and photopenic defects



8 Urological Issues in Pediatric Dialysis

nor surgical management can alter the function of
a dysplastic kidney and should therefore concen-
trate on preventing further damage by early
diagnosis and treatment of febrile UTIs (pyelone-
phritis) and the correction of bladder and bowel
dysfunction (increased fluid intake, prophylactic
antibiotics, treatment of constipation, biofeed-
back, and bladder training). By increasing fluid
intake, more urine is produced. This in turn
increases the volume and frequency of voiding,
effectively flushing the LUT and mechanically
clearing it of bacteria. Prophylactic antibiotics
have long been held as the cornerstone of conser-
vative management of VUR [57]. Recent large
series have begun to question this conventional
wisdom [58-60]. In the absence of more defini-
tive data on the topic it would seem prudent to
continue with the selective use of antibiotics
based on a holistic assessment of individual
patients and their parents.

Bladder training is aimed at those children
with an element of dysfunctional voiding. The
process involves the education and retraining of
the voiding process to achieve a volitional, regu-
lar, and complete void. Emphasis is placed on
awareness of the pelvic musculature and coordi-
nation of the detrusor muscle contraction with
sphincter relaxation. This training can be enhanced
by biofeedback technology that registers and
rewards the correct identification and control of
pelvic musculature. The effective elimination of
urine is very closely tied to the effective elimina-
tion of feces (bladder and bowel dysfunction).
Active management of constipation has been
shown to improve voiding dysfunction, inconti-
nence, enuresis, urgency, and UTIs [61-63].

The surgical approach to the child with VUR
and recurrent pyelonephritis who fails to respond
to medical management is usually a graded esca-
lation in intervention that includes circumcision
in males, endoscopic sub-ureteric injection of a
bulking agent (such as dextronomer/hyaluronic
acid), and ureteric reimplantation. Although sur-
gical reimplantation is more invasive than endo-
scopic therapy, it carries a higher overall success
rate in terms of reflux correction. This is an impor-
tant distinction when considering the child with
borderline renal function and a predisposition to
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recurrent scarring UTIs. An argument can be
made for a more aggressive approach in these
patients, consisting of early prophylactic circum-
cision and surgical reimplantation of the ureter.
In regard to the reflux patient with CKD who
requires dialysis, the indications for medical
management or surgical intervention are usually
no different from those patients with normal renal
function. One must be aware that once trans-
planted these children will be immunosuppressed
and have an additional renal unit. Following renal
transplantation, UTIs occur commonly in chil-
dren with VUR; approximately 60% of these
patients experience at least one episode [64, 65].
The risk is highest in the first year posttransplan-
tation and then decreases over time [66]. Although
VUR has not been documented as an indepen-
dent risk factor for UTI in this population [67,
68], it has been associated with acute pyelone-
phritis in two pediatric studies [66, 68] and yet,
has not been convincingly linked to graft loss
[66, 68—70]. Thus, considering the potential for
increased morbidity in the setting of immunosup-
pression, due consideration should be giving to
addressing pre-transplant vesicoureteral reflux,
particularly in patients with a history of multiple
episodes of pyelonephritis. In cases with high-
grade reflux and an associated poorly functioning
kidney, performing a nephroureterectomy rather
than reimplantation should be considered.
Following renal transplantation, VUR into the
allograft is common and varies according to the
ureteral implantation procedure used [66, 67, 71,
72]. As a result, it is not common practice to
routinely “screen” for reflux posttransplant.
Nevertheless, in the setting of recurrent UTIs
posttransplant, a VCUG is warranted to exclude
reflux into the native or transplanted kidneys.
Treatment for posttransplant reflux—associated
UTIs is initially conservative. Patients who fail to
improve are candidates for surgical intervention.
This may involve efforts to stop the reflux or
remove a poorly functioning, refluxing native
renal unit. Recently, the sub-ureteric injection of
dextronomer/hyaluronic acid has gained wide
acceptance as a minimally invasive method of
correcting VUR. However, when compared to
open reimplantation of the ureters, the success
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rate of ureteric injection is lower and there is a
lack of long-term follow-up. Cloix and Williams
reported reflux resolution following ureteric
injection in only 29% and 44% of their patients,
respectively [73, 74]. Similarly, surgical reim-
plantation is not without problems in transplanted
patients. Neuhaus reported transient obstruction
and a persistent increase in serum creatinine in
60% of his reimplanted children [72]. Given the
above issues combined with the efficacy of con-
servative management and the concept that adult
donor kidneys are less susceptible to the effects of
refluxed bacteriuria, we believe surgical interven-
tion is rarely indicated in this patient population.

Neurogenic Voiding Dysfunction

Under normal circumstances the detrusor muscle
and the sphincter complex function in a coordi-
nated fashion that optimizes both storage and
emptying. During the filling phase, the detrusor
muscle is relaxed and said to be compliant as it
fills without an increase in pressure. As capacity
is reached, the compliance decreases. A full
bladder is detected by stretch receptors and per-
ceived centrally. If voiding is appropriate, the
sphincteric mechanism relaxes in anticipation of
a coordinated detrusor contraction, expelling
urine from the bladder. If voiding needs to be
delayed, afferent nerves stimulate sympathetic
and pudendal outflow activity, initiating the
guarding reflex which inhibits detrusor contrac-
tion and stimulates the rhabdosphincter to
increase outflow resistance [75]. Disrupted inner-
vation can lead to an alteration of this normal,
coordinated interaction.

Neurogenic voiding dysfunction is an all-
inclusive term that describes those vesicourethral
units with abnormal neural anatomy or function.
Neurological lesions vary considerably in their
influence on the key bladder functions of storage
and emptying. Upper motor neuron lesions tend
to produce hyperreflexic bladders with sphincter
dyssynergia. Lower motor neuron lesions tend to
produce an areflexic bladder with variable sphinc-
ter function. Unfortunately, there is a huge range
of neurological lesions that variably affect the
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detrusor muscle, striated urethral sphincter, and
the smooth muscle of the bladder neck. This
highly variable situation makes classification dif-
ficult; as a result, popular classifications tend to
focus on the dysfunction rather than on the under-
lying cause [76]. Wein simplified the problem by
describing the voiding dysfunction in two broad
categories: a failure of storage and a failure of
emptying [77]. Adequate storage requires blad-
der compliance, capacity, and an outlet resistance
at the bladder neck. Efficient emptying requires a
coordinated interaction of detrusor contraction
and a lowering of the outlet resistance. Four
broad, simplified, scenarios exist: (1) a bladder
with adequate storage and an outlet with low
resistance; (2) a bladder with adequate storage
and an outlet with increased resistance; (3) a
bladder with inadequate storage and an outlet
with low resistance; and (4) a bladder with inad-
equate storage and an outlet with increased resis-
tance (Fig. 8.6). Based on this understanding one
can see how the neurogenic bladder may be
incontinent, continent, or hypercontinent.
Regardless of the detrusor compliance, poor
tone in the sphincter mechanism usually leads to
incontinence. Provided it is associated with low
leak point pressures, there should be no threat to
the functioning of the upper tracts. The “hostile
bladder” is found in situations where hyperre-
flexic, poorly compliant, small capacity bladders
are combined with high outlet resistance. This
resistance is caused by sphincter hypertonia and
detrusor-sphincter dyssynergia (DSD). In these
situations, high filling and voiding pressures are
transmitted to the kidney, leading to dysfunction
and, if not corrected, permanent damage [78].
Following the diagnosis of neurogenic voiding
dysfunction, initial management is directed at
maintaining acceptable bladder storage pressures,
ensuring efficient emptying and preventing UTIs
[79]. Early medical management and close moni-
toring are the cornerstones of a successful out-
come for these children. Patients vary in their
need for specific medical interventions but should
be managed according to their unique urodynamic
dysfunction. The basic concepts of this manage-
ment are outlined in Table 8.2. The majority of
children with “hostile bladders” are managed
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A . B Small volume, poorly
Carnpliant bladder compliant bladder

Poor sphincter tone  ypper tracts protected by
low outlet resistance

Small volume, poorly
compliant bladder

: o\
high outlet resistance

Fig. 8.6 The four broad scenarios created by bladder and  poor sphincter tone, (¢) good bladder compliance with
sphincter neurology: (a) good bladder compliance with increased sphincter tone, (d) poor bladder compliance
poor sphincter tone, (b) poor bladder compliance with  with increased sphincter tone

Table 8.2 Basic concepts of management for neurogenic voiding dysfunction based on Wein classification

Bladder Outlet Bypass
Facilitate storage Decrease tone Increase resistance CIC
* Bladder muscle relaxants e o-Agonists Diversion

¢ Mechanical compression
Increase capacity
¢ Bladder augment

Facilitate emptying Increase bladder pressure Decrease resistance CIC
¢ Crede maneuver ¢ a-Blockade Diversion
* Trigger zones ¢ Sphincterotomy
e Bladder training ¢ Bladder neck disruption

e Urethral dilation
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with a combination of CIC (to ensure regular and
complete emptying) [80-82], anticholinergics (to
attenuate uninhibited detrusor contractions,
increase capacity and decrease tone) [83, 84],
a-Blockers (introduced to decrease the sphincter
muscle tone) [85, 86], and prophylactic antibiot-
ics (to prevent recurrent UTI).

Surveillance is a crucial component of the
management of the neurologically impaired child.
In myelodysplasia in particular, the neurological
consequences are often dynamic, with changes
taking place throughout childhood but particularly
at puberty when linear growth is accelerated. The
entire urinary system should be screened regularly
for evidence of deterioration. Ultrasound of the
kidneys, ureter, and bladder is useful in detecting
renal growth failure, scarring, loss of cortico-
medullary differentiation, hydronephrosis, blad-
der wall thickening, and significant residual
volumes. In the patients who are able to void, uri-
nary flow rates demonstrate abnormal flow curves
and combined with electromyography may dem-
onstrate DSD. Urodynamic studies are useful in
monitoring bladder dynamics during the filling
and emptying phases. MRI is indicated for the ini-
tial workup of many of these patients and may be
indicated during the surveillance period when
changing clinical features suggest the develop-
ment of a potentially correctable cause, as would
be the case in a patient with a tethered cord.

In the event that the above medical manage-
ment is ineffective or not tolerated, treatment will
need to be escalated. Surgical strategies are
mainly aimed at addressing three different issues:
decreasing bladder outlet resistance, providing
alternative access for catheterization, and enhanc-
ing bladder capacity and compliance. For patients
in whom continence is not necessary, strategies
aimed at reducing outlet resistance include ure-
thral dilation [87, 88] and sphincterotomy (in
older male patients) [89]. Vesicostomy produces
an incontinent diversion, a safe and reliable
method of decompressing the upper tracts in
young children with neurogenic bladders [90].

When continence is a goal of treatment, blad-
der emptying aided by CIC through the urethra is
favored. In some children this is not feasible as

Fig. 8.7 Patient with an appendico-vesicostomy (Mitro-
fanoff channel), performing self-catheterization through
stoma located at the umbilicus

catheterization may be anatomically difficult or
impossible (as seen in children with urethral
strictures), poorly tolerated (in patients with a
sensate urethra) or difficult to perform (related to
body habitus and poor manual dexterity) [7].
These patients may benefit from a surgically con-
structed continent catheterizable channel, usually
fashioned with the appendix (Mitrofanoff chan-
nel) or reconfigured small bowel (Monti channel)
[91]. These conduits should be as short and
straight as possible to avoid intubation issues,
and run into the bladder from an easily accessi-
ble, cosmetically sensitive site. Accessibility is
the principal goal and is ideally determined pre-
operatively by the surgeon, patient, and a stoma
nurse. Cosmesis is a secondary concern to func-
tion, often best achieved with the stoma placed at
the umbilicus (Fig. 8.7).

When it comes to specific surgical interven-
tions for improving compliance, increasing
capacity and decreasing uninhibited detrusor con-
tractions there are a number of surgical options
that disrupt the detrusor muscle and augment the
bladder. Enterocystoplasty is the most commonly
used technique and it involves the use of a portion
of the intestine that has been detubularized, recon-
figured into a patch, and then sutured into the
defect of a widely incised bladder. The intestinal
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patch can be ileum, colon, or stomach but the
most commonly used segment appears to be the
ileum [92, 93]. Because of the absorptive and
secretory functions of the gastrointestinal epithe-
lium, metabolic abnormalities may develop over
time and become clinically relevant in children
with marginal renal function. In order to offset
the metabolic impact of the intestinal segments
the bladder can also be augmented using tissue
naturally lined by urothelium. With the exception
of ureterocystoplasty, the urodynamic results of
these procedures are less reliable and associated
with only a modest improvement in many cases.
Ureterocystoplasty is, on the other hand, very
effective and describes the use of the dilated tor-
tuous ureter of a poorly functioning renal unit to
augment the bladder [94, 95]. Auto-augmentation
effectively creates a diverticulum of bladder
mucosa that is allowed to protrude from a wide
surgical incision in the detrusor muscle, thereby
increasing compliance capacity.

A summary of the advantages and disadvan-
tages of common bladder augmentation proce-
dures is provided in Table 8.3

Bladder Augmentation
and End-Stage Renal Disease

It is reasonable to expect that if a severely dys-
functional bladder has caused or facilitated the
failure of the native kidneys then a kidney trans-
planted into the same environment will be
exposed to the same hostile forces and is there-
fore at risk. Initially severe bladder dysfunction
was a contraindication to transplantation, but
over time, effective reconstruction of the lower
tract allowed for the creation of a safe reservoir
for urine storage. This has allowed for successful
renal transplantation in children with stage 5
CKD and severe LUT dysfunction.

The safety and timing of bladder augmenta-
tion in the child with stage 5 CKD (ESRD) has
been the subject of a number of studies [96—-103].
The cumulative graft survival rates for the chil-
dren who underwent major LUT reconstruction
seem favorable but are difficult to accurately

125

Table 8.3 A summary of the advantages and disadvan-
tages of common augmentation procedures

Auto-augmentation
e Lined by urothelium
No metabolic sequelae
No bowel harvesting
Extraperitoneal approach
Not reliable at increasing volume
Ureterocystoplasty
¢ Native ureter
¢ Lined by urothelium
No metabolic sequelae
No bowel harvesting
Mucosa backed by muscle
Not always available
Not always sufficient
Additional exposure required
(laparoscopic/open)
Colocystoplasty
» Sigmoid/ileo-colic
Large diameter
Reliable blood supply
Mobile segments
Ileocaecal valve can be used to prevent
urinary reflux
Can be tunneled
Not always available
Can impact gut function
Bowel surgery required
Absorption of urinary waste
Lifelong alkanization required if renal function
impaired
Mucus production +++
Bladder stone and UTI risks +++
? Higher perforation rate
? Tumor formation

Gastrocystoplasty
* Greater curvature of stomach
No absorption of urinary waste
Secretes acid ameliorating metabolic acidosis
Less mucus, stones, and infections
May facilitate emptying
Hematuria dysuria syndrome notable in sensate,
incontinent patients
Caution in defunctioned bladders: bleeding,
ulcers, and perforation
Less compliant
? turno formatio Less capacious

lleocystoplasty
e Preterminal ileum
Reliable blood supply and length
Most compliant bowel segment
Hyperchloremic metabolic acidosis
Mucus production ++
Stones and infection
Vitamin B, deficiency
? Tumor formation
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compare for a lack of standardized follow-up
period [98, 100, 101, 104]. Having established
the safety of transplantation in these patients, tim-
ing of the reconstruction in relation to the trans-
plantation became the next important question.
Basiri conducted a retrospective study looking at
three groups of patients: those who underwent
bladder augmentation prior to transplant, those
who had augmentation post transplant, and those
transplanted patients who did not require LUT
reconstruction. Graft survival and incidence of
symptomatic UTI were no different in the two
augmented groups but the group that did not
require augment did significantly better in both
outcomes. Basiri suggested that the increased
incidence of UTI could be the cause of lower
graft survival rates in the augmented groups [99].
In additional studies, DeFoor acknowledged the
high rate of posttransplant sepsis in the series by
Koo [104] and Hatch [101] and contrasted this to
his own report on a series of 20 patients who
underwent enterocystoplasty  pre-transplant.
DeFoor suggested that prophylactic antibiotics
and the predominance of gastrocystoplasty (85%)
were likely contributors to the unusually low rate
of UTI seen in his patients [98].

In summary major LUT reconstruction appears
safe prior to renal transplantation. It should be
remembered that these bladders are inherently
dysfunctional and the augmentation cannot be
expected to completely negate the consequences
of that dysfunction. In conjunction with this, the
reconstructive procedures carry with them inher-
ent metabolic, functional, and surgical risks that
often persist throughout life. It is unlikely, there-
fore, that graft survival can be expected to be as
good or better than it is in children with normal
bladders, but it is encouraging that results are sel-
dom shown to be significantly worse.

Prune Belly Syndrome

Three abnormalities define prune belly syndrome
(PBS): an absence or deficiency of abdominal
wall musculature, bilateral cryptorchidism, and
dilated uropathy involving the urethra, bladder,
and ureters (Fig. 8.8). PBS has an incidence of 1
in 29,000 to 1 in 40,000 live births. The precise
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Fig. 8.8 Characteristic abdominal wall appearance in a
newborn boy with prune belly syndrome

cause of PBS remains unknown [105, 106]. The
full-blown syndrome is unique to the male
patient; a “pseudoprune” disorder can occur in
both males and females and describes the identi-
cal pathology to the PBS but lacking the com-
plete triad of features [107-109]. Associated
pulmonary, cardiac, orthopedic, and gastrointes-
tinal abnormalities are relatively common and
contribute to overall morbidity and mortality
[110]. The underlying pathology and possible
clinical presentation is summarized in detail in
Table 8.4 [111, 112].

From a urological perspective, initial workup
aims to exclude obstruction, VUR, and renal dys-
plasia. The passage of urine in these diffusely
dilated urinary tracts is usually not obstructed but
is often inefficient, a consequence of gross dila-
tion. If obstruction is present, initial ultrasound
may reveal an unusually thickened bladder wall
or serial ultrasounds may reveal progressive dila-
tion of the upper tracts. Furosemide washout
studies are imperfect at diagnosing obstruction
and should be interpreted with caution in the set-
ting of gross distension. Thickening of the blad-
der wall should raise the suspicion of a urethral
obstruction. A VCUG will define urethral and
bladder anatomy, confirm VUR and as a result,
should be done early in the workup of PBS
patients. Where renal dysplasia is suspected or
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Table 8.4 Clinical features of prune belly syndrome with pertinent urological issues highlighted

Anterior urethra

Testicles

Genital conduits

Prostate and prostatic urethra

Bladder

Ureters

Kidneys

Abdominal wall

Ranges from urethral atresia to fusiform megalourethra

Complete obstruction is lethal unless urachus is patent

Variably deficient corpora cavernosa and spongiosum

Bilaterally cryptorchid

Usually intra-abdominal location

Intrinsically abnormal testis with marked Leydig cell hyperplasia
Increased risk of malignancy

Decreased spermatagonia or azoospermia

Paternity may be possible with assisted reproductive techniques
Epididymal-testicular dissociation

Ectopic, thickened vas

Seminal vesicles are usually absent or atretic but may be ectatic in some cases
All contribute to infertility

Retrograde ejaculation

Prostatic hypoplasia

Epithelial glandular development consistently lacking — contributes to infertility
Prostatic urethra is dilated, in continuity with an open bladder neck and
tapering to the membranous urethra

Utricular diverticulae common

Hypoplastic or absent verumontanum

Reflux into the vas can be seen

Obstructive prostatic urethral lesions are seen in 20% — poorer prognosis
Grossly enlarged

Trabeculation unusual

Pseudo-diverticulum or urachal remnant

Urachus may be patent

Widely separated ureteric orifices due to splayed trigone and predisposing to
reflux

Open bladder neck

Efficient storage with good compliance

Poor emptying due to hypo-contractility and VUR (CIC may be required)
Delayed sensation to void

Instability and uninhibited contractions unusual

Requires regular assessment for altered voiding efficiency

Elongated, dilated, and tortuous

Lower third more severely affected

Peristalsis present but ineffective

True obstruction rare

VUR present in 85%

Variable renal dysplasia

Hydronephrosis

May have hydronephrosis without renal dysplasia

Uretero pelvic junction obstruction has been reported

Variable deficiency of underlying anterior abdominal wall muscle
Transversus abdominus most affected followed by infraumbilical rectus,
internal oblique, external oblique, and the supraumbilical rectus abdominus
Can cause developmental delay due to axial instability (sitting and walking)
Can predispose to constipation and pneumonia as a result of poor valsalva
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Fig. 8.9 Imaging studies in a patient with prune belly
syndrome: (a and b) hydroureteronephrosis with dilated
and tortuous ureter; (¢) VCUG after vesicostomy creation

demonstrating bilateral high-grade reflux into dilated dis-
tal ureters (arrows); (d) posterior view of a DMSA scan
demonstrating poor right renal differential function

Table 8.5 Outcomes of prune belly syndrome based on salient features and Woodard category

Category  Salient features

1 Severe renal dysplasia
Pulmonary hypoplasia

2 Mild to severe renal dysplasia
No pulmonary hypoplasia

3 No renal dysplasia

No pulmonary hypoplasia

there have been recurrent febrile UTIs, a nuclear
medicine scan is indicated (Fig. 8.9).

As with many syndromes, PBS represents a
spectrum of disease with a wide range of impair-
ment due to the underlying congenital abnormali-
ties. As a consequence, management has to be
individualized. It is useful to consider the child
with PBS as fitting into three broad categories as
outlined by Woodard [113] (Table 8.5). Category 1
children have severe pulmonary and renal dys-
plasia and have a very poor prognosis. Outcome
is largely determined by pulmonary function and

Outcome
Few survive beyond neonatal period

Survival with variably impaired renal function

Excellent prognosis provided upper tracts are
protected

possible associated cardiac defects. Urological
management should aim to identify obstructing
uropathy and, if present, may involve diverting
the upper tracts if appropriate for the individual
patient. Category 2 patients tend to have no
immediate threat to life but renal dysfunction is
significant. Baseline renal function has to be
monitored and optimized. Management should
involve a multidisciplinary team with active par-
ticipation of pediatric nephrologists and urolo-
gists. The structural integrity of the renal tracts
has to be regularly assessed and conditions that
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threaten the kidneys need to be identified and
treated early. Category 3 patients demonstrate
good renal function despite their grossly dilated
urinary tracts. They have a good prognosis,
because they lack renal dysplasia, but they still
require close monitoring for signs of deteriorat-
ing renal or urinary tract function.

Management of these complex patients is
aimed at delaying the onset of renal failure. It
should include prophylactic antibiotics because of
the potential for VUR and urinary stasis. Timed
voiding, double voiding, and CIC, when neces-
sary, are recomended to facilitate complete blad-
der emptying. Pyleostomies, ureterostomies, or
vesicostomies are unusual interventions that may
be required to divert the urinary stream above an
obstruction or poorly draining segment. Early
orchidopexies are indicated to optimize spermato-
genic potential and facilitate testicular examina-
tion. Abdominoplasty, where necessary, improves
psychosocial well-being and has recently been
shown to improve pulmonary function, defeca-
tion, and voiding efficiency [114, 115]. The tim-
ing of and indication for the above interventions
vary with each patient and institutional protocols.

There is debate on the best management of
children with PBS. Where the debate lingers is the
question of how aggressive to be when consider-
ing surgery. Aggressive reconstruction involves
simultaneous and early (3 months to 1 year of
age) resection, tapering and reimplantation of the
ureters, bilateral transabdominal orchidopexy,
abdominoplasty, and may include reduction cys-
toplasty or resection of the urachal diverticulum
[116]. With the lack of a clear benefit in bladder
capacity or voiding efficiency[117], reduction
cystoplasty is not recommended by all proponents
of the more aggressive approach [118]. Conversely,
the conservative approach argues that surgery
cannot improve baseline renal function and should
not be prophylactic but rather reserved for those
patients in whom obstruction, stasis, or reflux is
causing a problem [115, 119].

Regardless of how well we manage these chil-
dren, some will progress to stage 5 CKD. In this
event, PBS is not a contraindication to either
peritoneal dialysis (PD) or renal transplantation.
While PD does pose some unique challenges
with respect to anchoring the PD catheter to the
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attenuated abdominal wall [120], it is successful
at temporarily replacing renal function. Renal
transplantation in children with PBS has not
shown a statistically significant difference in
graft or patient survival [121, 122].

Urological Issues
in the Pre-transplant Workup

Unlike adult patients, pediatric transplant recipi-
ents often have urological issues that have caused
or contributed to their renal failure. It is therefore
imperative that the pediatric urologist is integrally
involved in the pre-transplant workup and optimi-
zation of these patients. The pre-transplant assess-
ment is aimed at identifying those factors that
may complicate transplant surgery, as well as
those factors that pose a potential threat to graft or
patient survival following transplantation. These
factors include previous surgeries and existing
stomas, a history of a hypercoagulable state or
inguinal vascular access (Fig. 8.10) and, in the
case of a living donor, the renal and vascular anat-
omy of the donor allograft. All this information is
necessary for planning the surgical approach,
including the side and site of the transplant vascu-
lar anastomosis. With particular relevance to
nephrectomy, the need for simultaneous or pre-
transplant procedures should be established and
well coordinated prior to the procedure.

The anatomy and functioning of the bladder
and its outflow tract must be assessed for factors
that could compromise postoperative graft sur-
vival. If there is voiding dysfunction or features
of a hostile bladder, these need to be addressed
prior to transplantation. In the case of a defunc-
tionalized bladder or a bladder of an oliguric
patient, it is important to ascertain the relative
likelihood of underlying bladder dysfunction.
Generally, a normal bladder that has been defunc-
tionalized by diversion or anuria will reestablish
normal function over time. This is in contrast to
the dysfunctional bladder that could threaten the
survival of the allograft if not addressed prior to
surgery. In this regard, pre-transplant undiversion
or sham bladder cycling via urethral or suprapu-
bic catheter has been suggested as an important
diagnostic step in the workup of these patients.
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Fig.8.10 Imaging studies used to further evaluate abdom-
ino-pelvic vascular anatomy following abnormal Doppler
ultrasound screening: (a) Venogram demonstrating
occluded inferior vena cava (*) with prominent collaterals

Conditions predisposing the immunosup-
pressed patient to infection could compromise
patient survival. VUR into the native kidneys or
the allograft has been associated with an increased
incidence of UTI in graft recipients [66, 69]. This
is especially true of patients with underlying
voiding dysfunction and those with high-grade
reflux (grade IV-V) [55, 69]. Basiri found that
preemptive ureteral reimplantation failed to
reduce the risk of infection in patients with VUR
who underwent transplantation. However, subset
analysis of patients with high-grade reflux did
show a reduction in the incidence of UTI. Based
on this observation, Basiri suggested that patients
with high-grade reflux into native kidneys should
be considered for pre-transplant, anti-reflux
surgery or nephrectomy.

Among the many possible investigations of the
potential transplant recipient’s urinary tract, not
all need be routinely performed. Urologic workup
should be individualized with studies chosen
according to their ability to define relevant ana-
tomical or functional abnormalities. An ultrasound
of the kidneys, ureters, and bladder is a very com-
monly performed, noninvasive investigation that
will detect abnormalities in structure or position
of the kidneys. A VCUG is indicated in patients
with underlying urological abnormalities or where
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into lumbar veins and the azygos system (arrows). (b) CT
scan reconstruction of arterial phase demonstrating
acceptable targets for transplantation at the level of com-
mon (c¢) and external (e) iliac arteries

VUR was suspected. Additionally, the VCUG is
able to assess bladder capacity, anatomy, and emp-
tying efficiency. Where voiding dysfunction is
suspected a urinary flow rate with or without elec-
tromyography can be done. Urodynamic studies
are indicated if abnormal bladder function is sus-
pected based on underlying pathology, preceding
surgical interventions, or present clinical evidence.
Computerized tomography would be indicated if
native renal tumors or stones were suspected.
Doppler ultrasound of the pelvic and abdominal
vasculature is performed to confirm normal vascu-
lar anatomy where doubt of its patency exists.

Nephrectomy

As a general rule the kidneys of a stage 5 CKD
patient should not be removed prior to transplan-
tation. Even poorly functioning kidneys can pro-
vide a valuable homeostatic adjunct to dialysis.
However, there are a number of situations in
which nephrectomy is indicated (Table 8.6).
Renin-dependent hypertension is common to
focal segmental glomerulosclerosis (FSGS),
hemolytic uremic syndrome, reflux nephropathy,
and cystinosis. Pre-transplant nephrectomy may be
indicated in these patients as steroid medication
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Table 8.6 Indications for pre-transplant nephrectomy

Pathology Systemic impact

Hypertension  + Lifelong antihypertensive
medication
* Potential for end-organ dysfunction
Proteinuria e Immunosuppression
e Hypercoagulable state
e Malnutrition
Infection e Urinary infections
* Renal parenchymal infections
(fungal infection)
Polyuria * Dehydration
* Electrolyte abnormalities
e Inefficient voiding
Renal calculi  * Pain
e Infections
Neoplastic .

potential

Recurrence after previous partial
nephrectomy
e Genetic predisposition to renal
malignancies (Beckwith
Wiedemann)
Mass effect * Lack of space for the allograft
e Lack of peritoneal domain for PD

Fig.8.11 A small atrophic kidney removed laparoscopi-
cally in a patient with stage 5 CKD and renin-mediated
hypertension. Procedure performed in preparation for
renal transplantation, with improvement in blood pressure
control

and fluid overload could precipitate malignant
hypertension in the postoperative period. In these
particular children, nephrectomy is often curative
and can obviate the need for long-term antihyper-
tensive therapy (Fig. 8.11). Additionally, the

vaso-active effects of hyperreninemia may
decrease perfusion of the grafted kidney in the
immediate postoperative period. Persistent pro-
teinuria can lead to malnutrition, hypercoagula-
ble states, and immune suppression. It can also
confound the significance of proteinuria in the
posttransplant urine. If the proteinuria is clini-
cally significant, bilateral nephrectomy is indi-
cated. Intractable polyuria can cause dehydration,
electrolyte abnormalities, and renal tract dys-
function and, if present, is an indication for neph-
rectomy [123]. Massive native VUR not only
predisposes to UTI, but can also cause bladder
dysfunction as refluxed urine drains into the blad-
der post void, causing high residual volumes and
decreasing functional bladder capacity. If this is
the case nephrectomy with ureterectomy is cura-
tive. Prior to excising the ureters, one should
exclude the need for a future bladder augmenta-
tion, as suitable ureters are an ideal material for
augmentation cystoplasty. Tuberculosis, xan-
thogranulomatous pyelonephritis, and fungal
infections are just some of the chronic or recur-
rent infections that are best treated with excision
of the entire renal unit ahead of immunosuppres-
sive therapy. The kidney that is predisposed to
symptomatic stone formation should be removed.
The risk of malignancy is an unusual indication
for unilateral or bilateral nephrectomy. It is
encountered in situations where genetic disorders
predispose to malignancy (e.g., Denys-Drash and
Beckwith Wiedemann Syndromes). Where a par-
tial nephrectomy has been performed for malig-
nancy, the remnant parenchyma should be
removed before transplantation. Nephrectomy is
further indicated in the case of multicystic dys-
plastic kidneys with significant parenchyma or
demonstrable growth of the remnant [124].
Rarely one sees large, pathological kidneys that
produce a significant mass effect. These kidneys
may need to be removed to make space for the
donor kidney or to facilitate PD (Fig. 8.12).
When nephrectomy is being considered in the
child with stage 5 CKD (ESRD) one has to take
many factors into account. In practice, the bal-
ance between the severity of native kidney dys-
function and the relative contribution of these
failing kidneys to the management of the patient
often dictates timing and staging of nephrectomy.
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Fig. 8.12 Large kidney removed from patient with
autosomal recessive polycystic kidney disease due to
inability to effectively carry out peritoneal dialysis.
Patient subsequently has been considered for deceased

The likely time to transplantation and the possible
need for PD should be included in any decision
making.

Once the decision to perform nephrectomy
has been made, the operational approach and
technique are considered next. The nephrectomy
can either be done laparoscopically or as an open
procedure. The surgical approach can be trans-
peritoneal or retroperitoneal. The technique and
approach should be tailored to the individual
patient and the relative skills of the surgical
team. The goal is to have the safest, most effi-
cient, least invasive operation that aims to pre-
serve as much of the peritoneal domain as
possible [123, 125, 126].

Any surgery is subject to complications, and
nephrectomy is no different. CKD and dialysis
can both predispose to perioperative bleeding.
Immunosuppressive therapy can predispose to
infections in the immediate postoperative period.
Bowel injuries have been reported following
nephrectomy, as have infections of incision sites.
Some kidneys are notoriously difficult to remove
(polycystic kidneys, chronic parenchymal infec-
tion/inflammation) and are often approached with
an open technique to avoid the higher than usual
complication rates that can be seen when mini-
mally invasive techniques are used [127, 128].
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donor renal transplantation. Notice large size of the
native kidney on ultrasound (a) and at the time of open
nephrectomy (b, compare size to surgeon’s hand in the
background)

Inguinal Hernias and Peritoneal
Dialysis

The incidence of inguinal hernias developing in
children while on PD ranges from 8% to 30%.
The incidence is highest in patients under 2 years
of age. Most of the hernias will develop within
3 months of the initiation of PD [129].

The persistence of a patent processus vaginalis
is found in 90% of neonates and predisposes them
to the development of an indirect inguinal hernia
[130]. The processus vaginalis tends to close
spontaneously during childhood and with this, the
incidence of inguinal hernia drops. PD, however,
creates an abnormal peritoneal fluid volume and
consequently an increase in hydrostatic pressure
within the peritoneal cavity. This pressure is
amplified in sitting or ambulatory patients and is
capable of exposing any weakness or potential
space that exists in previous incisions, the umbili-
cal remnant or the inguinal canals and is the most
likely factor accounting for the higher incidence
of inguinal, umbilical, and incisional hernias in
PD patients [131]. Management of the inguinal
hernia in the patient on PD depends on the surgi-
cal approach of the managing physicians.
Preemptive diagnosis and prophylactic ligation of
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the patent processus vaginalis is easily performed
at laparoscopic catheter insertion and safely elim-
inates the problem before PD begins. However,
many surgeons use an open technique for catheter
insertion that does not allow for visualization of
the internal ring. In this case one simply waits for
the development of a hernia before repairing it via
a standard inguinal approach. When suspicion of
a hernia exists in a patient who is receiving PD,
ultrasound and peritoneography can be effective
at confirming the diagnosis prior to any surgical
intervention [132]. Inguinal hernias are usually
hydroceles (fluid hernia), but because there is
always a risk of bowel herniation and incarcera-
tion, herniotomy is advocated. While timing of
hernia repair is determined by the relative risk of
bowel incarceration and the health of the patient,
it should not be unduly delayed. While waiting
for surgery, the patients and their families should
be educated on the features of an incarcerated
hernia so they can identify the problem and
respond appropriately, should it occur. Because of
the high incidence of recurrent inguinal hernias in
young children on PD, the internal ring should be
actively reinforced in addition to the standard
high ligation of the hernia sac. Bilateral hernioto-
mies should be performed in all cases because of
the relatively high risk of developing a contralat-
eral hernia [133, 134].

Stomas, Catheters, Vascular Access,
and Incisions

Children with CKD frequently require multiple
surgeries. Operations common to this group
include ureteric reimplantation (pfannenstiel
incision), nephrectomy (bilateral flank incisions),
bladder augmentation (midline lower abdominal
incision), PD catheter placement (horizontal
paramedian incision), hernia repair (inguinal/
umbilical incisions), ventriculo-peritoneal shunt
placement (horizontal upper quadrant), and renal
transplantation (Gibson/curved iliac fossa inci-
sion). In conjunction with this, they often require
stomas (colostomy or vesicostomy). Catheter-
izable channels for bladder drainage or bowel
irrigation are commonly placed in the iliac fossae

Fig. 8.13 The scarred lower abdomen of a patient with
CKD following multiple surgical interventions

or umbilicus (Fig. 8.13). Some children may have
gastrostomy tubes in the epigastrium. The issue
that arises from the multitude of possible surger-
ies that these patients undergo is the need for
careful preoperative planning and careful consid-
eration of the follow-up management that may be
required. The potential for stomas to be too close
to PD catheters or to be placed in the path of ideal
surgical incision lines is high if they are not well
planned. There is the potential to devascularize
segments of the abdominal wall if care is not
taken to avoid intersecting and parallel, horizon-
tal incisions. Phlebotomy, temporary intravenous
access, and hemodialysis catheters should avoid
the groin vessels if possible as a small but signifi-
cant number of patients will have obliterated iliac
vasculature secondary to these interventions.
This can make the vascular anastomosis at the
time of transplant difficult or impossible, neces-
sitating an alternate site for the implantation of
the donor kidney.

Summary

Pediatric patients with CKD and underlying uro-
logical issues are uniquely challenging and are
ideally suited to management by a multidisci-
plinary team. It is unusual in modern practice to
find urological issues destroying normal kidneys.
It is far more common that renal dysfunction
preexists as part of, or secondary to, early fetal
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urological pathology. Despite fetal interventions,
we are unable to alter this congenital renal dys-
function and are therefore restricted to prolong-
ing native function by optimizing the drainage of
urine from these kidneys in order to prevent
infection and pressure from damaging them fur-
ther. Additionally, we must be cognizant of the
fact that many of these patients will require more
than one major surgical intervention, including
renal transplantation, during their lifetime and
decisions made in their early management will
have lifelong implications.
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