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Abstract: Neurogenic bladder dysfunction is a major source of urologic morbidity in
children, especially in those with spina bifida (SB). Complications from progression of
bladder dysfunction can include urinary tract infections (UTIs), urinary incontinence,
upper tract deterioration, and renal dysfunction or failure. In these children, there has been
a recent trend toward proactive rather than expectant management of neurogenic bladder.
However, there is a lack of consensus on how to best achieve the three main goals of
neurogenic bladder management: 1) preserving kidney function, 2) achieving continence (if
desired by the family/individual), and 3) achieving social and functional urologic indepen-
dence (if appropriate). Hence, our objective was to perform a narrative literature review to
evaluate the approaches to diagnosis and management of pediatric neurogenic bladder
dysfunction, with special focus on children with SB. The approach strategies vary across
a spectrum, with a proactive strategy on one end of the spectrum and an expectant strategy at
the other end. The proactive management strategy is characterized by early and frequent labs,
imaging, and urodynamic (UDS) evaluation, with early initiation of clean intermittent
catheterization (CIC) and proceeding with pharmacotherapy, or surgery if indicated. The
expectant management strategy prioritizes surveillance labs and imaging prior to proceeding
with invasive assessments and interventions such as UDS or pharmacotherapy. Both treat-
ment strategies are currently utilized and data have historically been inconclusive in demon-
strating efficacy of one regimen over the other. We performed a narrative literature
evaluating proactive and expectant treatment strategies as they relate to diagnostics and
management of Spina Bifida. From the available literature and our practice, a proactive
strategy favors greater benefit in preventative management and may decrease risk of renal
dysfunction compared with expectant management.

Keywords: bladder dysfunction, management, pediatric, neurogenic bladder, spina bifida,
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Introduction

Neurogenic bladder dysfunction is a major source of urologic morbidity in children,
especially in those with spina bifida (SB)."* SB is the most common permanently
disabling birth defect in the United States,® affecting 3.5 of every 10,000 live
births.* ® Individuals with SB and neurogenic bladder are at risk for chronic kidney
disease, urinary tract infections (UTIs), and urinary incontinence.®’ The primary
urologic goals of SB management is preservation of lifetime renal function, achieve

urinary continence, and maximization of urologic independence as appropriate.”””
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While significant improvements in care of neurogenic
bladder and SB have been made in recent decades, the
optimal urologic management of SB-related bladder dys-
function is not well defined.'® Historically, patients were
observed until symptoms or signs of neurogenic bladder or
renal damage developed prior to intervention.'' This is an
expectant approach to management; some may refer to this
as a selective or reactive treatment approach. Recently, there
has been a trend toward a proactive, or early, approach — to
intervene before any renal damage could start to develop.®'?
This strategy was initially popularized by Bauer et al'® and
is perhaps best exemplified by the ongoing, CDC-funded,
Urologic Management to Preserve Initial REnal function
(UMPIRE) trial.® The proactive and expectant approaches
are at opposite ends of the spectrum of management and
some practitioners likely fall somewhere in between, practi-
cing a more hybrid approach. In our practice, we have found
that the proactive approach has a greater benefit in preven-
tative management and may decrease risk of renal dysfunc-
tion compared with expectant management.

However, there is still uncertainty regarding the best
approach for managing pediatric neurogenic bladder and
SB-related urologic care, there is a clear opportunity for
further optimization, which would presumably lead to
protection of renal function, improved urinary continence,
reduced UTI rates, improved quality of life,'* and
decreased need for urologic surgery.® In addition, with
inpatient and emergency department healthcare costs for
SB-related care estimated at more than $2 billion per year
in the US alone, investigating optimal management strate-
gies is paramount for the practice of high value care.'’

Our objective in this narrative review was to review the
current literature to provide an overview of proactive and
expectant management of pediatric neurogenic bladder
dysfunction, with special focus on those with SB. We
will focus on diagnostics and treatment with a detailed
discussion of each modality in the context of a proactive
and expectant strategies. An overview of proactive and
expectant management approaches is provided in Table 1.

Diagnostics

Imaging

Kidney dysfunction in patients with SB and neurogenic
bladder is often silent, necessitating the need for regular
surveillance imaging of the upper urinary tract. While
imaging is a cornerstone of both proactive and expectant
management strategies, it is wielded differently by each

approach. Renal and bladder ultrasound (RBUS) is the
preferred method for monitoring changes to the upper
urinary tract in pediatric patients with neurogenic
bladder.'® Harbingers of renal damage on RBUS include
increased bladder wall
bladder
Identification of any of the aforementioned findings may

hydronephrosis, hydroureter,

thickness, and/or  impaired emptying.
warrant additional imaging studies, such as voiding
cystourethrograms (VCUGs), urodynamics, or dimercap-
tosuccinic acid (DMSA) nuclear renal scans. Guideline
recommendations on timing of ultrasound imaging sur-
veillance for upper tract changes are not strictly defined
for children with neurogenic bladder. As such, surveil-
lance RBUS imaging intervals vary among treatment
centers'’ and contribute to the diversity of management

strategies.

Proactive Approach
The proactive treatment approach heralds immediate use
of CIC with continued use determined by ineffective
bladder emptying and/or by findings on early urody-
namic (UDS) evaluation.'" Surveillance imaging with
RBUS is conducted at regular intervals to monitor the
upper tracts and bladder for response to therapy or
despite it. Furthermore, frequent imaging among patients
undergoing proactive treatment can inform potential
need for additional testing or intervention. Among cen-
ters that implement proactive treatment strategies, RBUS
is typically repeated every 3-6 months to assess for
upper tract deterioration in infancy, with annual imaging
thereafter.'” In addition, some entities, such as the
European Society for Paediatric Urology, recommend
a baseline DMSA scan within the first year of life to
detect renal scarring.'® The argument for baseline
DMSA is that ultrasound has been found to have poor
correlation with renal scars and almost half of older
patients with neurogenic bladders have renal scarring.'®
Although prospective studies are currently addres-
sing the question of optimizing imaging intervals,® the
need for frequent imaging to detect upper tract and
bladder should be
a realistic follow-up plan that is not overly burdensome

deterioration balanced with
to the patient and caregivers.”’ While frequent imaging
can introduce a cost burden to the health system, pre-
vention costs are generally accepted to be less expensive
than those for preventable complications or disease

.21
progression.
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Table 1 Overview of Proactive and Expectant Management Approaches for Spina Bifida

Proactive

Expectant

Early diagnostics and therapeutics prior to laboratory/imaging

evidence of renal dysfunction.

Surveillance labs and imaging prior to proceeding with

invasive diagnostics and therapeutics.

a means to monitor treatment.

Imaging Frequent renal ultrasound is performed to monitor upper Renal ultrasounds are part of the initial assessment and drive
tracts while patient is on clean intermittent catheterization any potential further workup. Routinely performed on
(CIC). Routinely performed on surveillance. surveillance.

Labs Serum creatinine and cystatin C are regularly measured as Serum creatinine and cystatin C are regularly measured as

a means to potentially prompt further investigation with

more invasive studies.

Urodynamics

(UDS) to obtain baseline information.

Encourages the use of UDS within the first few months of life

UDS is performed only if other studies (imaging or labs)

suggest upper tract deterioration.

Catheterization

CIC initiated after birth with continuation determined by

CIC is not immediately initiated. Patients are followed more

decrease the need for surgical procedures.

(CIC) results of UDS or after early UDS demonstrates high risk conservatively and the decision to start CIC is dictated by
parameters. RBUS, labs, and UDS.

Pharmacotherapy | Early initiation of anticholinergics in patients with hostile Not initiated early. Typically initiated if labs and imaging
bladder pressures on early UDS. prompt UDS revealing high risk bladder.

Surgery Early emphasis on non-surgical interventions attempts to Similar goal to prevent surgical management with other less-

invasive means.

Expectant Approach

Imaging is also a key component of the expectant manage-
ment approach. In this approach, RBUS imaging is com-
pleted as part of the initial assessment and if no
hydronephrosis is found, invasive interventions and diagnos-
tics such as CIC, UDS, VCUG, or anticholinergic medica-
tions are not initiated.’?> Of note, VCUG would be
performed along with a cystometrogram if UDS is not
available.'® In the expectant management practice of neuro-
genic bladder in children with spina bifida, routine RBUS is
repeated on a follow-up surveillance schedule. If evidence of
upper tract deterioration (eg, new or worsened hydronephro-
sis) is eventually found on imaging, it serves as the impetus
for intervention beginning with UDS and subsequent initia-
tion of CIC, medications, or surgery.”

Waiting for changes to be seen in the upper tracts on
imaging may delay intervention and negatively impact
outcomes. RBUS findings have been shown to be incon-
sistent with deleterious changes on UDS.** Several cen-
ters have reported that a majority of infants with
myelomeningocele who underwent UDS immediately
after birth had abnormal ﬁndings,”’24 however, another
study reported that in patients under 2 years old, an
RBUS is normal in 90% of the time.”> Taken together,

these findings suggest that surveillance RBUS may fall
short in its ability to identify early urinary tract dysfunc-
tion; by the time detrimental changes are seen on RBUS
there may have already been irreversible upper tract
and/or bladder damage.

Proponents of the expectant management strategy
argue that intervening at the time of imaging abnormalities
or symptoms is sufficient to protect renal function and

22,26
’ In

avoids early, invasive urologic intervention.
a study of pediatric patients with enuresis, Yeung et al
found increased bladder wall thickness on RBUS was
correlated with unfavorable parameters on UDS.”’
Similarly, studies of bladder wall thickness on RBUS in
pediatric patients with neurogenic bladders has been
shown to correlate with altered UDS parameters, particu-

larly decreased compliance,”®

suggesting RBUS may be
a suitable alternative to more invasive UDS to assess
urinary dysfunction. This approach is supported by
a study that reported intervention after the onset of
RBUS changes resulted in similar renal function and long-
term outcomes compared to proactive, prophylactic treat-
ment approaches.”® Early urologic interventions poten-
tially could be burdensome to families and premature if

outcomes are indeed similar.
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Laboratory tests, specifically serum creatinine and cystatin
C, are frequently used to monitor patients with SB but
remain controversial in their ability to detect upper urinary
tract deterioration.” In patients with normal muscle mass,
these values are often used as a proxy for renal function
wherein elevated values outside accepted ranges of normal
may indicate compromised renal function. Given that
many SB patients have low muscle mass, especially in
the lower extremities, these tests may be of limited pre-
dictive value when compared to other means of assessing
upper tract function.'’>® Additionally, many standard esti-
mating equations for renal function depend on anthropo-
metric features such as height, which can be difficult to
in children with SB,
contractures.”’ Furthermore, creatinine levels can remain
The
National Institute for Health and Care Excellence guide-

assess scoliosis, and/or joint

normal with intact unilateral kidney function.'®

lines (UK) for neurogenic lower urinary tract dysfunction
specifically recommend against use of isolated serum crea-
tinine or eGFR to assess renal function in this
population.*®

Although recommendations on laboratory tests and
testing intervals vary, most guidelines do support the
inclusion of biochemical testing as part of routine follow-
up in patients with neurogenic bladder.'” Despite this, Chu
et al found use of laboratory tests to vary significantly
among treatment centers. While 93% of centers routinely
obtained RBUS, only 64% of centers regularly obtained
serum creatinine.'” The discordance in testing is not unex-
pected given the lack of consensus on the specifics of
Whichever

laboratory testing strategy is pursued, the decision should

laboratory testing among the guidelines.

be made in context of multidisciplinary care with pediatric
nephrology.

Proactive Approach

In the proactive approach, laboratory measures such as
serum creatinine and cystatin C are regularly measured
to assess renal function. Cystatin C has emerged as
a more accurate marker of renal function in individuals
with reduced muscle mass, such as children with SB.*
These tests provide a means to monitor for changes in
renal function in response to treatment. In children with
SB, elevated lab values should prompt evaluation for renal
deterioration and subsequent medical or surgical interven-

tions (eg, CIC, anticholinergics, or urinary diversion).*®

Expectant Approach

For patients managed expectantly, laboratory values are
also considered part of regular surveillance.”> As com-
pared to the proactive approach, wherein laboratory values
provide a means to monitor change in response to treat-
ment, the expectant approach uses laboratory values, in
addition to RBUS and physical exam findings, to prompt
further investigation with more invasive studies such as
UDS if results are abnormal.

Urodynamics

Urodynamic evaluation is a critical tool for assessing several
aspects of bladder function, including capacity, compliance,
storage and leakage pressures, neurogenic detrusor overac-
tivity (NDO), and voiding efficiency. In the neurogenic
bladder and SB population, urodynamic findings can iden-
tify which patients may be at increased risk for bladder and/
or renal dysfunction, and recurrent UTIs.**>> The preferred
approach is video UDS to help detect the presence of reflux
and help identify any anatomic abnormalities of the
bladder.'® Typically, intervention is warranted for detrusor
leak-point pressures of >40 cmH2O, consistent with the
UMPIRE risk stratification guideline, or findings of NDO

and detrusor sphincter dyssynergia (DSD).***

Proactive Approach

The proactive approach encourages the early use of UDS
has been defined as within the first few months of life for
newborns with SB closed at birth. For children with later
diagnosis or intervention, it would be ideally performed
prior to neurosurgical intervention to obtain baseline
information."' Dik et al recommend a proactive approach
to neurogenic bladder management, given their findings of
lower rates of renal impairment (measured by creatinine
clearance) in their SB patient cohort with implementation
of periodic UDS, in addition to regular ultrasound and
creatinine measurements.'® Similarly, Elzeneini et al sug-
gest annual UDS in early childhood, especially if prior
studies demonstrated ‘“unsafe” bladder parameters and
non-surgical therapies were started or altered.** Given
the valuable information regarding bladder parameters
provided by UDS, it could be argued that it is important
to establish baseline function with UDS early in child-
hood, ideally shortly after birth, to inform a patient’s
care trajectory in the short-term. UDS should then be
sequentially repeated as the child grows to ensure that no
detrimental (but clinically silent) changes are occurring.®
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Expectant Approach

In this approach, UDS is not routinely performed for base-
line or periodic assessment, but rather used when other
findings suggest urinary upper tract deterioration.'’
Periodic, non-invasive assessments with patient history,
physical exam, serum creatinine, and RBUS determine
need for UDS in the expectant management strategy. If
indicated, formal urodynamic evaluation is used to deter-
mine bladder function parameters and inform the need for
initiating CIC or anticholinergics.

Hopps and Kropp advocated for an expectant approach
to use of UDS, finding similar rates of renal impairment in
“high risk” patients who received UDS (triggered by ultra-
sound or exam findings) compared with those that were
followed with ultrasound and urine cultures alone.*
Similarly, Teichman et al demonstrated equivalent renal
deterioration rates among patients with favorable versus
impaired results on UDS in SB patients.’*** Thus, they
concluded that using UDS is not necessary as a risk stra-
tification tool to determine need for prophylactic CIC or
anticholinergic medications.

Interventions
Clean Intermittent Catheterization (CIC)

First introduced among patients with spinal cord injuries,
use of CIC has expanded to include patients with sus-
pected neurogenic bladder who have bladder emptying
dysfunction, particularly SB patients. CIC has been
shown to decrease UTIs, decrease renal damage, and
improve continence.>***” More than 70% of individuals
with SB perform CIC to empty their bladders.>® The tim-
ing of CIC varies by providers and is somewhat contro-
versial. A 2014 survey of the practice patterns within the
British Association of Pediatric Urologists demonstrated
an even split between universal catheterization and initia-
tion of catheterization after poor emptying has been
established.”

Proactive Approach

The definition of “early” CIC can vary amongst providers
and institutions.!' In the proactive management approach,
patients are placed on scheduled CIC either from birth
with continuation determined by results of urodynamic

testing or catheterized bladder volumes,'"

or after early
UDS reports high-risk parameters. Early urodynamic
assessment may serve to risk-stratify children with the
intent to intervene in patients at high risk of progressive

bladder dysfunction, defined as poor bladder compliance,

high storage pressures (detrusor leak point pressures
>40 cm of water), or detrusor sphincter dyssynergia.''
This proactive method is believed to be better tolerated
by families when introduced in infancy and decreases the
need for future bladder augmentation, as early manage-
ment may prevent irreversible bladder neuromuscular and
upper urinary tract changes.''** CIC is often paired with
anticholinergic therapies to decrease detrusor overactivity
and/or reduce storage pressures (see pharmacotherapy
below). Sometimes, patients may be initiated on overnight
catheter drainage which can decrease upper tract dilation
and improve continence in children with poorly compliant
bladders.*' Proponents of early initiation of CIC suggest
that the benefits
improved bladder emptying, and conservation of renal

of improved bladder compliance,

function outweigh the risk of early CIC.

Currently, many providers initiate CIC from birth in
children with potential for neurogenic bladder and closely
monitor post-void residual volumes until results indicate
the bladder can adequately empty and the upper urinary
tracts do not appear to be at high risk (typically with
baseline renal ultrasound with more invasive tests such
as VCUG or UDS within the first 3—6 months of life).
However, there is significant variability in timing of test-
ing and criteria for risk stratification regarding which
patients require continued CIC or other interventions.

A prospective study by Wu et al examined urologic
outcomes in children at high risk for upper tract dete-
rioration on urodynamics (high filling or storage pres-
sures or detrusor sphincter dyssynergia), who were then
managed with CIC and anticholinergic medication.*’ The
rate of persistent hydronephrosis was similar in children
who were evaluated at less than 1 year (early manage-
ment) and those evaluated at greater than 4 years of age
(expectant management); however, among patients with
early initiation of CIC, the rate of bladder augmentation
was significantly lower.*® Edelstein et al found that
patients undergoing CIC demonstrated lower rates of
upper tract deterioration, defined as new or worsening
hydronephrosis or reflux or increased post-void residual,
than those who were simply observed (3 of 20 patients
and 35 of 40 patients, respectively).*” Furthermore,
Elzeneini et al found that renal scarring on DMSA scan
was less prevalent and occurred later in the clinical
course among individuals with SB who practiced proac-
tive CIC compared to a historical cohort that did not
practice CIC.**
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Expectant Approach

In the expectant management strategy, CIC is not imme-
diately initiated. Patients are followed and treated more
conservatively, relying on imaging (eg, RBUS and VCUG)
instead of baseline UDS testing to inform clinical deci-
sion-making. CIC and pharmacotherapy are avoided in
patients without adverse upper tract or clinical findings,
including normal laboratory measurements of renal func-
tion. If abnormalities or complications develop during
expectant management, patients are evaluated and started
on CIC and/or pharmacotherapy if warranted.

Benefits of expectant management center on redu-
cing invasive interventions, thereby limiting their asso-
ciated risks and costs. One of the frequently noted goals
of the expectant management approach is decreasing
family and caregiver anxiety.''** UDS and CIC both
require catheterization, which can be traumatic and can
lead to adverse effects such as UTIs, urethral false
passage, and hematuria. Additionally, proponents of the
conservative  approach  suggest overtreatment is
a concern. Two studies of expectant management have
reported 1.2-5% loss of renal function, suggesting that
careful observation with intervention only when neces-
sary or desired for continence may be reasonable.”®*’
However, these patients were risk-stratified, with high-
risk patients (infants with hydronephrosis, urinary reten-
tion, febrile UTIs, or vesicoureteral reflux on work-up
for infection) undergoing earlier evaluation and
intervention.*® Low-risk infants were converted to high-
risk status if new abnormalities developed on serial
observation imaging. Finally, there are concerns that
to UTIs. In

a retrospective study by Kaye et al found that infants

early CIC may predispose patients

who were managed with spontancous voiding had
a lower UTI (defined as positive urine culture and asso-
ciated fever) risk compared to those managed by early
CIC.** However, this was a retrospective study and it is
possible that patients managed with CIC were high risk
and predisposed to UTIs.

Taken together, these studies suggest that proactive CIC
may protect upper tract function, reduce upper tract dete-
rioration, and decrease the need for complex bladder aug-
mentation procedures among patients with neurogenic
bladder. Expectant use of CIC, while perhaps reducing
catheterization-associated risks and anxiety, may permit pro-
gression of undesirable outcomes (hydronephrosis, reten-
tion, and/or renal damage) related to bladder dysfunction.

Pharmacotherapy

Anticholinergic pharmacotherapies, such as oxybutynin,
solifenacin, and tolterodine, are commonly used in man-
agement of symptoms and manifestations of NDO in chil-
dren and adults with neurogenic bladder dysfunction.
Despite their common use in the pediatric patient popula-
tion, anticholinergic medications for symptoms of NDO,
with the exceptions of oxybutynin and solifenacin, are off-
label in children. Importantly, there are notable side effects
associated with use of anticholinergic medications in chil-
dren including behavioral changes, urinary retention, and
constipation among others.** Newer drugs such as mirabe-
gron, a beta-3 adrenergic receptor, represent another class
of medications that similarly relax the smooth muscle of
the urinary bladder and increase bladder capacity. No exact
timing or criteria for initiation of anticholinergics exists in
current guidelines for SB care or pediatric neurogenic
bladder dysfunction generally. As such, use of anticholi-
nergics is largely governed by provider experience or
institutional guidelines.”** Similar to CIC, there is an
emphasis on risk-stratifying patients for treatment with
anticholinergics based on clinical parameters; however,
there is significant variation among centers and among
providers in terms of the use of anticholinergics.*®

Proactive Approach
The early use of anticholinergics in patients with neuro-
genic bladder has focused on proactive risk reduction in
those with urodynamic evidence of hostile bladder pres-
sures. Early use of anticholinergics in those patients at
high risk of bladder dysfunction have several benefits.
Primary goals of therapy include decreased detrusor over-
activity, reduction in detrusor storage pressures, and
reduced incontinence. Additionally, anticholinergics have
been shown to affect bladder wall remodeling by decreas-
ing smooth muscle proliferation and can potentially serve
upper

as a protection

11,45

against  urinary tract
deterioration.

Lee et al found early initiation of anticholinergics in
infants with low bladder capacity or increasing storage
pressures had a favorable impact on the bladder on repeat
UDS.” These findings were consistent even in patients who
did not reach the UMPIRE risk stratification guideline of
>40 cmH20O for high risk detrusor storage pressures. In
one study, infants underwent UDS and were started on
anticholinergics (21 of 69 patients) at provider discretion
(usually if urodynamics demonstrated increased bladder

pressure and limited bladder capacity that did not reach
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50% of estimated bladder capacity (EBC)). Patients who
were started on anticholinergics had a faster rate of bladder
growth at 1 year follow-up compared to those who were
observed, with the greatest improvement in those with
<50% EBC.” There was a trend towards improved bladder
characteristics in those on anticholinergics. Upper tract
deterioration and vesicoureteral reflux were not signifi-
cantly different between infants taking anticholinergics
and those observed. Storage pressures were stable for
those on anticholinergics, but increased among patients
who were only observed, suggesting that anticholinergics
may at least prevent progression of bladder dysfunction.’

These results support the initiation of anticholinergics
for any increase in bladder storage pressures in infants.
This may be applicable to older children as well; however,
bladder function and parameters change with natural
growth in infants and children without intervention, so
ascribing benefits is complicated.

Expectant Approach

A more expectant management encourages conservative
use of anticholinergic pharmacotherapy. Pharmacotherapy
is rarely initiated during early bladder development
because UDS is not performed early in this group.
Rather, pharmacotherapy is typically initiated when
laboratory data and/or imaging prompts UDS evaluation
or when a child/family desires continence. The decision to
initiate pharmacotherapy can also be influenced by reports
of voiding symptoms from the child, parents, or care
providers. Proponents of the expectant approach suggest
that the longevity and maintenance of improvement in
bladder parameters remain unclear,” such that early man-
agement decisions may not have the long-lasting effects
that are initially seen in some studies. Additionally, antic-
holinergic side effects are not insignificant and in a study
from Lee et al, 25% of patients experienced side effects of
oxybutynin administration.” The long-term effects of
improving lower urinary tract parameters with anticholi-
nergic pharmacotherapy on urinary upper tract function are
currently not well-known.

Surgery

When medical management interventions fail or are not
completely effective, surgical interventions may be neces-
sary to protect renal function or achieve social continence.
Among these options is chemodenervation of the bladder
via intra-detrusor onabotulinumtoxinA injections, which
are used primarily in cases of treatment-resistant NDO or

severe incontinence.*® Published clinical response rates to
chemodenervation injections in pediatric patients vary
from 53% to 100%.*” Urinary diversions, such as vesi-
costomy or ileal conduit, are examples of incontinent
surgical procedures for neurogenic bladder dysfunction
that may or may not be temporary. More complex bladder
reconstruction, such as enterocystoplasty, is performed to
lower bladder storage pressures, increase bladder capacity,
and/or attain continence.*®

Proactive Approach

Enterocystoplasty is a complex operation that carries sig-
nificant short- and long-term complication rates, although
modern institutional series have shown decreased morbid-
ity than earlier studies.>'®*’ As such, early emphasis on
non-surgical interventions, including CIC and anticholi-
nergic medications, has been pursued in an attempt to
decrease the need for procedures with higher morbidity
and complications.*>**

Bladder reconstruction rates vary widely among insti-
tutions and regions.> Further, outcome measures are not
uniform across institutions, so assessing surgical success
in achieving the intended goals is difficult. Reassuringly,
continence rates and satisfaction are high, despite rela-
tively high complication rates.*® Notably, bladder augmen-
tation (typically ileocystoplasty) is performed more often
than urinary diversion (typically with ileal conduit).*

Expectant Management

Wang et al found a significant trend toward decreasing
bladder reconstruction rates and increasing chronic renal
insufficiency rates in the SB population.'” While these
data were drawn from an administrative database
(National Inpatient Sample), the study noted that the
trend toward more conservative therapy for SB patients
may lead to worse renal protection, though direct correla-
tions are difficult to reliably make from non-longitudinal
data sources.

Outcomes

Urinary Tract Infections

UTIs can accelerate the renal damage caused by high
pressure reflux or elevated bladder storage pressures, thus
timely intervention to maintain low bladder pressures is
crucial to preventing renal deterioration.'”> The diagnosis
of UTIs in this population are especially difficult given the
high rate of catheterization and some patients with bowel
segments in their bladder. Colonization of urine is very
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common and diagnosis of UTI relies on both culture data
and symptoms.>® Proponents of early use of CIC would
argue that proper bladder management reduces the
increased risk of UTI with bladder instrumentation, but
the risk. In the study from Hopps and Kropp, for example,
of the 65 infants in the expectant management group, the
most common reason for conversion to a high-risk and
initiation of CIC was a febrile UTI (n=29, 45%).*
However, in a retrospective cohort study of patients with
SB, participants who spontaneously voided had lower risk
of UTI compared to those using CIC.* As noted above in
the CIC section, this study was retrospective and did not
provide risk stratification of participants. It is possible that
those in the spontaneous voiding group had low risk blad-
ders which was the reason why they were less likely to
have UTlIs.

Continence

Achieving continence, if desired by the patient/parent, is
one of the primary goals of spina bifida management.
A number of studies have explored continence as an out-
come when comparing proactive and expectant manage-
ment approaches. Wu et al compared initiation of CIC at
1 year of age to 4 years of age and found similar con-
tinence rates between the two groups.*® Kaefer et al com-
pared an expectant group (CIC and anticholinergic
initiated only when upper tract disease manifested) and
a proactive group (CIC and anticholinergic initiated if
baseline UDS was concerning). Incontinence rates were
similar in the two groups, with 6 of 27 patient incontinent
in the expectant group and 3 of 18 incontinent in the
proactive group. Overall, continence rates did not appear
to differ between the two treatment approaches.

Hydronephrosis/Upper Tract

Deterioration

For patients with bladder dysfunction, there is consen-
sus that hydronephrosis is reduced when interventions
such as CIC are performed. One study found that early
identification of detrusor sphincter dyssynergia on UDS
with
a significant reduction in hydroureteronephrosis on fol-

subsequent implementation of CIC led to
low-up.'® At onset of the study, five renal units demon-
strated slight dilation and four units demonstrated gross
dilation. In the follow-up period, ten renal units
demonstrated slight dilation and one unit demonstrated
severe dilation.'® Another study found a greater

number of patients with hydronephrosis in their expec-
tant management group, even with or without vesicour-
eteral reflux, compared with the prophylactic treatment
group.”

Renal Failure/Scarring
Renal injury and chronic kidney disease (CKD) are the
result of unmanaged bladder dysfunction. Protection
against renal dysfunction is paramount, as progression
to CKD or dialysis can impart worsened morbidity and
mortality outcomes. Early intervention for bladder dys-
function takes a proactive approach to protection of
renal function. Dik et al reported that of 144 patients
(286 functioning kidneys) undergoing proactive treat-
ment, unilateral parenchymal scars were suspected in
10 patients with only 6 kidneys having confirmed par-
enchymal damage on DMSA scan (2.1% of kidneys)
during the follow-up period, three of which were nota-
bly cases wherein patients were untreated prior to 6
months of age.'® Furthermore, serum creatinine was
initially normal in all patients; on follow-up, 2 of 103
patients had creatinine clearance <80mL/min (one
attributed to short stature and one to unilateral grade
5 VUR with reflux nephropathy).'® However, the data
for renal function preservation does not clearly favor
one method. Hopps and Kropp found that renal func-
tion deterioration occurred in only 1.2% of their study
population, even if upper tract deterioration was also
present.”> Importantly, 44% of their initial “low risk”
study population (29 of 65 patients) progressed to
“high risk” (febrile UTI, new onset hydronephrosis,
urinary retention, or vesicoureteral reflux) during the
follow-up period, a significant increase over the mean
33 The authors’

focuses on slowing progression of renal dysfunction

follow-up of 10 years. preference
and reducing preventable complications, such as pye-

lonephritis and retention, by utilizing early

intervention.

Conclusion

Management of pediatric neurogenic bladder dysfunc-
tion in patients with SB is widely variable in clinical
practice and in the literature. In absence of
a standardized, guideline-directed approach, both proac-
tive and expectant management strategies exist. The
proactive management strategy is characterized by
early urodynamic evaluation, CIC, and anticholinergic

pharmacotherapy, to detect high-risk detrusor pressures
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and intervene before renal dysfunction progresses. The
expectant management approach utilizes surveillance
laboratory and ultrasound imaging without invasive eva-
luation or interventions, a conservative approach that is
safe. While both methods are regularly employed with
literature to supporting both sides, early intervention
strategies such as those described in the CDC-funded
UMPIRE trial seem have a greater benefit in preventa-
tive management and, in modern studies, may decrease
risk of renal dysfunction compared with expectant man-
agement. Nevertheless, rigorous prospective research
and systematic review of the available data is needed
to further determine the optimal treatment strategies for
children with spina bifida.
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