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Abstract

Neurogenic bladder (NGB) is an encompassing term that includes multiple causes of bladder dysfunction linked to a con-
genital or acquired neurological condition that adversely impacts the innervation of the lower urinary tract. Multiple static
or progressive conditions can be associated with NGB in pediatric and adolescent patients. Currently, spinal dysraphism
(i.e., spina bifida) is one of the most common etiologies, which occurs in 3—4 per 10,000 live births in developed nations.
Abnormal bladder dynamics can lead to kidney damage secondary to high pressures or recurrent infections, as well as uri-
nary incontinence. The current management paradigm centers on a proactive approach to preserving kidney function and
achieving continence through behavioral, pharmacological, and surgical means. This educational review highlights the key
components of urological management to maximize collaboration with pediatric nephrologists.

Keywords Neurogenic bladder - Evaluation - Surveillance - Management - Treatment - Pediatric - Children - Urology -
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Introduction

Neurogenic or neuropathic bladder (NGB) is a type of lower
urinary tract dysfunction caused by injury or disease of the
central or peripheral nervous system, which leads to prob-
lems with the adequate storage and elimination of urine. It
may result from several underlying causes, such as spinal
dysraphism. The most common etiology, spina bifida (SB),
is reported in~ 1 in 3000 births in the USA [1]. Other under-
lying conditions include sacral agenesis/caudal regression
syndrome, anorectal and cloacal malformations, spinal cord
injury, and transverse myelitis. NGB may also be caused
by nervous system disorders, such as multiple sclerosis or
spinal cord tethering, whereby dysfunction progresses with
time, or secondary to treatment or therapies, such as with
surgical management of neoplasms [2]. In addition, Hin-
man syndrome (HS) or “non-neurogenic” NGB, is thought
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to have a neuropsychological origin that leads to functional
bladder dysfunction with no actual neurological cause and
remains poorly understood [3]. Etiologies of NGB can be
reviewed in Table 1.

Close monitoring of NGB patients is mandatory during
childhood and adolescence due to the possibility of disease
progression, especially during rapid growth phases (first
2 years of life and puberty). Importantly, the first 2 years
of life are a critical period for neuroplasticity [4]. There-
fore, procedures such as early ventriculoperitoneal shunting
and cord detethering have a potential impact in preventing
or reducing developmental and motor impairment in these
patients. Furthermore, effective care should aim to mini-
mize long-term sequelae, including urologic outcomes, kid-
ney function, cardiovascular health, and issues linked to the
quality of life, such as anxiety, body image, self-esteem,
mobility, education, and employment [5, 6], which is best
achieved by multidisciplinary collaboration. However, even
with careful medical monitoring, without optimal manage-
ment of the bladder (and bowel), NGB may result in irre-
versible deterioration of kidney function, recurrent urinary
tract infections (UTIs) and urinary and fecal incontinence.

Optimizing lower urinary tract management is a cru-
cial component and one of the most significant modifiable
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Table 1 Neurogenic bladder etiologies

Spinal cord

Brain/brainstem

Peripheral

Spinal dysraphism

Tethered spinal cord (with or without imperforate anus)
Cloacal malformations

Spinal cord injury

Sacral agenesis

Transverse myelitis

Trauma

Neoplasms

Demyelination (including multiple sclerosis)

Syringomyelia

Cerebral palsy
Demyelination (including multiple sclerosis)
Transverse myelitis

Trauma

Pelvic surgery
Radiation

Sacrococcygeal teratoma

Neoplasms

Cerebrovascular disease

factors associated with the long-term preservation of kidney
function [7-9]. Since the introduction of clean intermittent
catheterization (CIC) by Lapides in the early 1970s [10],
the life expectancy and quality of life of patients with NGB
have improved but remain far from ideal [11]. The current
trend in evaluation and management centers on a proactive
approach, aiming at prevention through close monitoring
and early introduction of medical and surgical interventions
[5, 8]. This includes prenatal detection, which offers the
opportunity to discuss fetal interventions and provide coun-
selling and planning for comprehensive management in the
neonatal period [12].

This educational review aims to describe the priorities in
urological management from prenatal detection throughout
childhood and adolescence, focusing on bladder and bowel
dynamics to maximize the preservation of kidney function,
prevention of UTIs, and achievement of continence in the
social setting.

Prenatal care

With advances in prenatal screening, neural tube defects can
be suspected early and confirmed on subsequent anatomy
ultrasounds at 18-20 weeks' gestation [13]. Early identifi-
cation offers the opportunity for timely multidisciplinary
discussion with high-risk obstetrics, pediatric neurosur-
gery, urology, and nephrology about the continuation of
the pregnancy, the role of fetal intervention and short- and
long-term outcomes. Fetal closure is feasible until 25 weeks
gestation [12] and can have benefits in terms of reduced
need for ventriculoperitoneal shunt placement and improved
lower extremity motor function based on data from the
MOMS trial (Management of Myelomeningocele Study)
[14]. The effect of prenatal closure on kidney and bladder
function is less clear, although a growing body of literature
suggests the potential for modest benefits [15]. To date, data
from the MOMS trial reveals significantly fewer school-aged
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children on CIC in the prenatal closure group [16]. Similarly,
Horst et al. reported that children who underwent prenatal
closure presented better outcomes: less neurogenic bladder
dysfunction (50% and 100% of children on CIC and anticho-
linergics in the prenatal vs. postnatal closure groups, respec-
tively), less bladder wall thickening (37.5% and 87.5%,
respectively), and fewer febrile UTIs (37.5% in the prenatal
vs. 62.5% in the postnatal group) at 2 years of age [17].

Proactive versus reactive management

Two contrasting approaches to NGB management are
described in the literature: proactive and reactive (or expect-
ant). Most patients with SB are born with normal kidney
function, so any subsequent deterioration should be consid-
ered preventable [18]. A proactive approach is defined as
carrying out interventions before adverse lower urinary tract
dynamics occur. Such interventions include early initiation
of CIC, close monitoring with imaging studies and urody-
namics (UDS), liberal use of systemic or local medications,
selective surgical interventions before the development of
recurrent infections, ineffective emptying, and elevated blad-
der pressures. The reactive approach triggers interventions
after developing such adverse changes resulting in kidney
and/or bladder deterioration [7].

Urological therapies in NGB focus on avoiding high stor-
age and voiding pressures, ensuring safe filling pressures
with coordinated emptying at an adequate capacity for age
to preserve kidney function [17]. Prakash et al. report an
incidence of kidney function deterioration of 50% in chil-
dren with delayed NGB presentation before 13 years of
age. This contrasts with the 17% reported for the proactive
management approach [19]. When a proactive approach is
employed, UDS are performed within a few months of life,
at toilet training age, and puberty, as well as when prompted
by clinical or imaging findings such as recurrent UTIs, new
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onset of urinary incontinence, retention, or hydronephrosis.
CIC is started in infancy and guided by changes in urine
volumes, leakage, UDS parameters, and imaging studies
(mainly serial ultrasounds). Serial ultrasounds should be
ordered every 3—6 months in the first 3 years of life, and
then every 6—12 months until adolescence. Pharmacological
interventions, most notably anticholinergics such as oxy-
butynin, are initiated early on and adjusted in response to
leakage between catheterizations, worsening pressures on
UDS or hydronephrosis on ultrasound. Serum creatinine and
cystatin C—if available—are obtained every 6 to 12 months
to monitor kidney function [7, 20, 21]. A proactive NGB
clinical pathway is proposed in Fig. 1.

Multidisciplinary care

Spina bifida affects neurological, musculoskeletal, genitouri-
nary, and gastrointestinal systems requiring specialized care.
In addition, consideration should be given to the psychoso-
cial impact on the developing child with a chronic illness.
The Spina Bifida Association recommends multidisciplinary
clinics as the gold standard, which includes transition prepa-
ration from pediatric to adult care [19, 21, 22].

Imaging and urodynamic studies

Risk factors for kidney deterioration include delayed pres-
entation, palpable bladder, recurrent UTIs, increased blad-
der wall thickness, secondary vesicoureteral reflux (VUR),
increased post-void residuals (PVR), and high detrusor leak
point pressures (DLPP) (>40 cm H,0) on urodynamics [23].
Since clinical findings alone are a poor guide, the follow-
ing imaging and urodynamic studies are the cornerstone of
monitoring and serve as the basis for most interventions. In
addition to investigations, a diary of the frequency of voids
or catheters, volumes, fluid intake, and urinary incontinence
can provide additional information about the current state
and effectiveness of treatments [21].

Renal and bladder ultrasound (RBUS)

RBUS imaging is radiation-free, non-invasive, and readily
available, making it the most frequently obtained study to
detect abnormalities and follow trends over time. Routine
RBUS is recommended every 3—6 months in the first 3 years
of life, then every 6—12 months after that [5, 17, 20]. Param-
eters to consider are the degree of hydronephrosis, paren-
chymal changes (echogenicity, loss of corticomedullary
differentiation, development of cysts), bladder abnormali-
ties (distention, wall thickening, diverticula, stones) and, if
possible, post-void residual. Hydronephrosis is customarily

reported using the society of fetal urology (SFU) grading
system, and measurement of the anterior—posterior diameter
of the renal pelvis (APD) [24]. A newer urinary tract dila-
tion (UTD) classification system was proposed in 2014 and
included additional findings: APD, calyceal dilation, renal
parenchymal thickness and echogenicity, ureteral dilation,
and bladder abnormalities [25]. These additional considera-
tions are relevant to the ultrasound assessment in the set-
ting of neurogenic bladder. However, despite being more
comprehensive than the SFU and APD grading systems, the
UTD classification can be perceived as cumbersome for rou-
tine use and has not yet been largely incorporated to practice
in most centers. Of note, minimal or absent hydronephro-
sis should not provide complete reassurance. For example,
Sager et al. reported “high-risk” UDS parameters in almost
50% of children < 1 year; however, only one-third had pel-
viectasis on ultrasound [26].

Voiding cystourethrogram (VCUG)

VCUG provides information on vesicoureteral reflux and
the appearance of the bladder and urethra. In addition, it
allows for assessing bladder capacity and post-void residual
[27]. VCUG can be obtained as a stand-alone test in cases of
recurrent UTIs or worsening hydronephrosis or in conjunc-
tion with a UDS (so-called “video” UDS).

Urodynamics

UDS is the most comprehensive test to evaluate blad-
der dynamics during filling (storage phase) and emptying
(voiding phase), compliance, capacity, detrusor contractil-
ity, lower urinary tract pressures, sphincter function, and
detrusor-sphincter coordination. A baseline study is obtained
soon after diagnosis (i.e., in the first year of life in congenital
cases and once an acquired insult has stabilized). UDS is
an invasive test that involves the insertion of urethral and
rectal catheters to measure the bladder and abdominal pres-
sures as the bladder is slowly filled with saline or contrast
(for video UDS) at rates that mimic the urinary production
(maximum 10% of the child’s estimated bladder capacity per
minute). Contraction detrusor pressures > 15-20 cmH,0 in
the presence of detrusor-sphincter dyssynergia or an end-fill-
ing pressure or DLPP > 40 cmH,0 indicates a high-pressure
(“hostile””) bladder with increased risk for kidney damage.
It is important to note that interpreting UDS in infants is
challenging because patients are required to lie still in supine
position for accurate intra-abdominal and vesical pressure
readings [5, 23]. However, in centers with expertise, the
study can yield valuable information identifying early a
subset of infants at risk for kidney function deterioration,
given that only 24% of UDS results in infants are considered
low risk [28].
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Fig. 1 Proactive management
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Dimercaptosuccinic acid scan (DMSA)

DMSA is sometimes recommended as a baseline study
by 6 months of age [5] or within the first year following
diagnosis [21] to document differential function and kid-
ney scarring or dysplasia. Photopenic defects on DMSA
scans can help estimate the degree of compromise in renal
reserve and correlates with hypertension in adulthood
[29]. Therefore, if done around the time of presentation,
it compares the impact of future insults, such as recurrent
febrile UTIs [21]. Nevertheless, this must be taken in the
context of radiation exposure and how the study find-
ings will change clinical management. Reassuringly, it
has been reported that more than 95% of kidneys showed
no defects on baseline DMSA scans [30], in contrast to
a retrospective study of 60 infants less than a year of
age that detected abnormalities in 30% [26]. Doyle et al.
suggest a selective approach to a baseline DMSA based
on their findings that over 80% of DMSA scans could be
avoided without missing any cortical scarring; if testing
is limited to patients with febrile UTIs [31], then the scan
should be done at least 4 to 6 months after an episode of
pyelonephritis [32].

Bladder management
Clean intermittent catheterization

CIC initiation is recommended shortly after birth, or at the
time of diagnosis and frequency can be adjusted based on
UDS, PVRs and ultrasound findings [5, 6, 11, 20, 33]. CIC
remains the preferred method of management compared
to indwelling or suprapubic catheters. Of all the options,
permanent drainage with indwelling catheters carries the
highest risk of complications and infections and should be
avoided as a long-term strategy [7]. This does not include
overnight drainage with indwelling catheters limited to
the time the child is asleep. Traumatic catheterization may
result in false passage and urethral stricture, which is more
common in males given their longer urethra. Urethral self-
catheterization can be more challenging for non-ambulatory
female patients from a positioning standpoint or in the pres-
ence of upper extremity motor impairment. A continent
catheterizable channel, such as appendicovesicostomy, can
facilitate CIC for those patients. Hydrophilic catheters may
offer some benefits, such as decreased hematuria and stric-
ture rates and improved quality of life [34, 35]. However,
reusing catheters remains controversial and has significant
economic and environmental implications. The literature is
heterogenous, with some studies demonstrating no change
in the rate of UTIs [36, 37], while others suggest that single-
use catheters decrease the incidence of infections [38, 39].

Diagnosis and treatment of UTIs

Clinical suspicion and well-established criteria are critical
to diagnosing “true” UTIs vs. asymptomatic bacteriuria,
particularly in patients that perform CIC. Asymptomatic
bacteriuria is defined by bacterial colonization without an
inflammatory response (pyuria), occurs in>75% of NGB on
CIC and does not benefit from systemic antibiotic therapy. A
“true” UTI is defined as fever and urinalysis positive for leu-
kocytes +/ —nitrites, a urine culture consisting of > 50,000
colony forming units/milliliter (CFU/ml) from a catheter or
suprapubic aspiration, or > 100,000 CFU/ml in a midstream
urine sample [6]. Only confirmed febrile UTIs should be
used to mitigate the development of antibiotic resistance [21,
40]. However, favoring treatment is reasonable in selected
cases of unwell-appearing, febrile children without another
focus of infection.

Pharmacotherapy
Continuous antibiotic prophylaxis (CAP)

It is unclear if CAP provides benefits for all patients with
NGB. Infants at higher risk include those with SFU grades
3—4 hydronephrosis, VUR, and poor emptying [41], albeit
based on weak evidence [42]. Therefore, in the case of
breakthrough infections or UTIs after CAP cessation, a
closer look at bladder dynamics and other modifiable risk
factors should be considered.

Intravesical instillation of antimicrobials

In children that undergo CIC, an alternative to systemic CAP
is the intravesical instillation of antimicrobials. This has
been of particular interest since the emergence of extended-
spectrum beta-lactamase (ESBL) organisms which limit oral
antibiotic options. Two recent small pediatric studies dem-
onstrated the safety and effectiveness of gentamicin instilla-
tions. In both studies, there was a decrease in UTTs, systemic
absorption was not detected, and there were no adverse out-
comes, including nephrotoxicity or ototoxicity [41-43]. Our
institutional tobramycin/gentamicin intravesical instillation
protocol can be reviewed in Table 2.

Optimization of bladder storage and emptying

Medications that decrease detrusor overactivity and pres-
sures, enhance bladder capacity, and improve compliance
include anticholinergics, beta-3 agonists, and botuli-
num toxin. The most studied anticholinergic medication
to date is oxybutynin, which has a long track record of
safety but has a significant side effect profile that can lead
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Table 2 Intravesical antibiotic prophylaxis instillation using gentamicin or tobramycin (40 mg/ml)

To make 30 ml of antibiotic solution
Step 1
Step 2
Step 3
To make 60 ml of antibiotic solution
Step 1
Step 2
Step 3

Instill 30 ml (14.4 mg) of antibiotic solution (0.48 mg/ml in 0.9% NaCl) once daily
To make up 0.48 mg/ml, draw up 0.36 ml of antibiotic 40 mg/ml into a syringe and mix it with 30 ml of saline
Transfer 30 ml of the antibiotic solution to a catheter tip syringe for instillation for 2—4 h

Instill 60 ml (28.8 mg) of antibiotic solution (0.48 mg/ml in 0.9% NaCl) once daily
To make up 0.48 mg/ml, draw up 0.72 ml of antibiotic 40 mg/ml into a syringe and mix it with 60 ml of saline
Transfer 60 ml of the antibiotic solution to a catheter tip syringe for instillation for 2—4 h

SickKids formulary

to discontinuation or poor adherence [35]. Doses can be
adjusted by weight (0.2 mg/kg/dose up to 5 years of age,
then 5 mg/dose two to three times daily) and started in
infancy [35]. In selected cases, oxybutynin can also be
administered intravesically [35, 44]. Although the systemic
presence of metabolites is the most likely mechanism of
action, there is a more favorable side effect profile when
the intestinal first-pass metabolism is circumvented or
decreased. Side effect minimization can also be achieved
with extended-release preparations and transdermal admin-
istration. Side effects are mediated by anticholinergic activ-
ity in other organs, metabolites (mainly desethyoxybu-
tyinin), and entry into the central nervous system [35]. The
side effects of oxybutynin include dry mouth, constipation,
blurred vision, headache, somnolence, impaired school
performance, facial flushing, gastrointestinal discomfort,
and dry, itchy skin. Ultimately, this drug effectively man-
ages detrusor overactivity and high bladder filling pres-
sures, but at the expense of side effects and the unknown
impact of long-term exposure [21, 35]. Tolterodine and
propiverine are other common non-selective anticholiner-
gic medications used for the treatment of NGB with similar
side effect profiles [20, 32].

Solifenacin, a newer anticholinergic medication and more
selective to the bladder, provides a more favorable systemic
side effect profile, requires only daily dosing and is an effec-
tive, safe [45] FDA-approved anticholinergic medication for
pediatric use [46].

Mirabegron is in a new class of bladder medications
(FDA-approved in pediatric patients > 3 years of age for neu-
rogenic detrusor overactivity), acting as a beta 3 agonist with
a therapeutic effect like anticholinergic medications [47, 48].
Given the uncommon but important side effect of hyperten-
sion in pediatric patients, blood pressure should be meas-
ured prior to and shortly after initiation. Mirabegron has also
been shown to be effective as an adjuvant therapy alongside
anticholinergic medication in children with refractory neu-
rogenic bladder, reducing intravesical pressure, increasing
bladder capacity, and helping to achieve continence in 70%
of the study population [47].
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Alpha blockers

Alpha (1) blockers (i.e., tamsulosin/silodosin/doxazosin) reduce
sphincter tension and ease bladder emptying. However, use in
pediatrics is off-label, and side effects of hypotension, dizzi-
ness, and drowsiness must be considered [49]. To date, no sub-
stantive data has been published confirming the effectiveness
of alpha-blocker use in NGB [48], but it could be considered to
improve PVRs in the setting of high sphincter tone.

Table 3 outlines medications used in the urological care
of NGB.

Surgical interventions

With adequate medical management, most patients can
achieve safe bladder pressures during storage and efficacious
bladder emptying (via CIC or voiding). Nevertheless, a sub-
group requires adjuvant surgical procedures to improve blad-
der dynamics, facilitate drainage, address low bladder outlet
resistance leading to incontinence or facilitate CIC [50, 51].

Intravesical injections of botulinum toxin-A

Botulinum toxin-A injections improve bladder capacity and
decrease detrusor pressure working through a completely
different mechanism of action by blocking presynaptic ace-
tylcholine compared to anticholinergic and beta-3 agonist
medications. By the direct delivery into the detrusor muscle,
the incidence of systemic side effects is negligible. Multi-
ple reports have demonstrated improved bladder compliance
with botulinum toxin-A injections in patients refractory to
anticholinergic medication, in some cases delaying or avoid-
ing the need for more invasive surgical interventions (i.e.,
augmentation cystoplasty) [49, 51, 52]. Additionally, botu-
linum toxin-A can be injected into the urethral sphincter to
decrease urethral resistance in patients with NGB, and det-
rusor sphincter dyssynergia, who are unable to volitionally
empty the bladder with CIC due to a tight sphincter, carrying
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a high risk of kidney deterioration [51, 53]. However, pediat-
ric studies are lacking. Botulinum toxin-A must be repeated
every 6-9 months as its effectiveness gradually decreases
with time [50]. The need for anesthesia in younger children
is one of the most important concerns with this interven-
tion. With careful patient selection, and in adolescents, the
procedure can be safely performed in the clinic with local
anesthesia and sedation [54].

Bladder augmentation

Bladder augmentation (or augmentation cystoplasty) involves
creating a larger, low-pressure reservoir for urine by anastomo-
sing a detubularized segment of tissue (most commonly from
the ileum or colon). It is considered a last resort, indicated for
recalcitrant hostile bladders unresponsive to medical therapy
[55]. Despite its impressive bladder outcomes (increasing
compliance in 69-100%, restoring continence in 75-100% and
improving quality of life), it comes with significant short- and
long-term risks [34]. These include malignancy, bladder calculi,
UTTIs, mucus production, bladder perforation, metabolic, and
electrolyte disturbances. The absorption of urinary electrolytes
such as hydrogen ions, ammonium, and chloride by the bowel
segment leads to hyperchloremic metabolic acidosis, which
can ultimately impact growth and bone health [56]. Addition-
ally, children with enterocystoplasty are at risk for vitamin B12
deficiency. CBC, serum B12, folate levels, and iron studies are
recommended annually and should be supplemented accord-
ingly. Long-term surveillance and CIC compliance are critical to
preventing and managing these risks [51]. Bladder saline flushes

A

Appendicovesicostomy
(Mitrofanoff) continent
catheterizable channel

Goal: Provide access for
bladder intermittent
catheterization to aid
with drainage

are recommended 2 to 4 times daily to prevent mucous accu-
mulation, UTIs and stone formation. New tissue engineering
technology is being explored to address the risks of traditional
bladder augmentation [57] (See Fig. 2D).

Continent catheterizable channels

Mitrofanoff first used the appendix to create an alternative cath-
eterizable channel in 1980, but alternatives to the appendix have
been described [58]. Continent catheterizable channels (CCC)
have been associated with improved quality of life compared
to CIC per urethra. A recent paper that reviewed pediatric and
adult patients found CCCs associated with good health-related
quality of life and easy and painless catheterization. Addition-
ally, overall satisfaction and cosmetic perception were found in
91% of participants [59]. Creating a CCC does not replace the
need to manage bladder pressures; it simply offers an alternative
way to empty the bladder, in many cases allowing easier cath-
eterization by patients, which maximizes their independence,
or by their caregivers (See Figs. 2A and 3).

Temporary incontinent diversions

Temporary incontinent diversions may be considered in the
younger child (before toilet training). Vesicostomy involves
bringing the bladder to the skin and forming a stoma in the
suprapubic region for continuous bladder drainage. This is an
option when there is a concern for kidney function deteriora-
tion and CIC is not an option for anatomical or social rea-
sons. Cutaneous ureterostomy involves creating a stoma with

B

Bladder outlet
procedures (slings,
bulking agent injection,
bladder neck
reconstruction)

Goal: Increase bladder
outlet resistance to
address incontinence

C

MACE (Malone
antegrade continence
enema)

Goal: Provide access for
bowel intermittent
catheterization to
facilitate enema
administration

Fig.2 Surgeries
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D

Augmentation
cystoplasty (most
commonly with a
detubularized segment
of ileum or colon)

Goal: Improve bladder
capacity and compliance
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Mitrofanoff

Fig. 3 Photo of mitrofanoff and MACE with catheters in situ

the distal ureter and is a surgical alternative in the setting of
high-grade VUR and recurrent febrile UTIs or poor bladder
dynamics that preclude consideration of vesicostomy [51].
Incontinent diversions tend to be reserved for infants prior to
typical toilet training age and less common in older children.

Bladder neck closure procedures

Bladder neck closure, bladder neck reconstruction and the
use of slings can be considered for patients with bladder
neck incompetence and persistent urinary leakage. Bladder
neck closure procedures are often paired with CCC creation
to ensure safe bladder emptying. This consideration implies
careful patient selection and understanding the risks of
each, such as upper renal deterioration and bladder rupture
in cases of poor adherence with regular bladder emptying
[50] (See Fig. 2B).

Management of the neurogenic bowel

Optimal bowel emptying allows the bladder to fill and empty
more effectively. The management goal is to have predicta-
ble bowel emptying with no encopresis between these times.
A healthy diet, use of oral laxatives, and rectal therapies
including digital stimulation, suppositories, enemas, and
transanal irrigation (i.e., Peristeen®) should be considered
in the management of neurogenic bowel [60].

Malone antegrade continence enema (MACE)

MACE is a surgical alternative that allows for antegrade
enemas [51]. It is a continent catheterizable channel con-
necting the appendix to the colon and accessed through a
stoma on the skin. Patients instill 10 to 30 ml/kg of water or
saline into the stoma (often with a small amount of glycerin),

which results in a predictable bowel movement daily. Most
patients can empty the colon in about 60 min (See Figs. 2C
and 3).

Cecostomy tube

The placement of a cecostomy tube is an alternative for
patients without a suitable appendix, or when the appendix
is not long enough to create both Mitrofanoff and MACE
simultaneously [35, 61]. In addition, achieving fecal con-
tinence improves satisfaction and quality of life in children
and care providers and should be a priority in pediatric care
of patients with SB [61]. However, the drawback of cecos-
tomy tubes is that a button-like device is left in place, which
requires regular replacement under anesthesia and radiation
exposure.

Comorbidity management
Kidney function

Kidney function in patients with SB requires more than
monitoring serum creatinine (Cr). A recent retrospective
review (5445 patients across 23 clinics) of kidney disease
surveillance in the Spina Bifida Patient Registry (USA)
yielded a disappointing 62% (range 6—100%) compliance
with kidney disease 1 surveillance defined as ultrasound and
serum Cr within 2 years of follow-up between 2013 and
2018. Current guidelines do not expressly or consistently
guide kidney disease surveillance. Furthermore, the classic
method of monitoring kidney function using serum Cr and
estimated glomerular filtration rate (¢GFR) equations may
not be accurate in patients with SB with varied low mus-
cle mass. Cystatin C is not impacted by sex, muscle mass,
height, or body mass index (BMI). Therefore, eGFR formu-
las using Cystatin C may be more accurate in children and
adults with spina bifida [62]. Considering the absence of an
eGFR formula in patients with SB, serum Cr, and Cystatin
C are often used as part of kidney surveillance [62]. Nuclear
medicine GFR may also be helpful in kidney disease surveil-
lance for patients with SB [5]. Future research to develop
an eGFR formula specific to SB would be ideal. Until then,
a recent paper compared Cr and Cystatin C-based Chronic
Kidney disease in Children (CKiD) equations to the gold
standard 99mTcDTPA clearance method and determined
that the Cystatin C-based CKiD equation was the most
accurate [63].

Blood pressure

Hypertension is an important modifiable cardiovascu-
lar risk factor and is seen at higher rates within the SB
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population. In a cross-sectional retrospective study of 225
adults with SB, less than half had normal blood pressure
[64]. In another retrospective review, 41.5% of pediatric
patients with SB had hypertension compared to a national
prevalence of 3% [65]. In addition, children with SB have
a higher risk of obesity due to less lean body mass and
lower metabolic rates. Therefore, annual blood pressure
checks and a focus on healthy eating, exercise options
(especially for the non-ambulatory patient) and screening
for diabetes (especially in the setting of hypertension or
other risk factors) are essential aspects of NGB care [5].
Urinary tract dysfunction also increases the lifetime risk
of developing hypertension. Moreover, patients with high
spinal cord injury (at or above the level of the sixth tho-
racic vertebrae) can develop episodic hypertension asso-
ciated with autonomic dysreflexia (AD). Visceral stimuli
during bowel care and urinary retention are potent triggers
for the sympathetic discharge that occurs in AD.

Kidney stones

Urolithiasis is more common in spinal dysraphism, primar-
ily related to the neurogenic bladder, for several reasons:
immobility, urine stasis, bacteriuria, catheterization, and
lower urinary tract reconstruction. In a large cohort study
of almost 12,000 pediatric patients with upper tract urolithi-
asis, the prevalence of stones in patients with normal spines
was 0.24%. In contrast, the prevalence of stones in patients
with spinal dysraphism was 4.03% [66]. The incidence of
urolithiasis is 50% over 10 years in NGB [50]. Bladder aug-
mentation is arguably the most significant risk factor for
urolithiasis in patients with SB. In another retrospective
review focusing on the risk of nephrolithiasis after bladder
augmentation in 427 patients, the incidence is at least ten
times that of the general population [67]. Close surveil-
lance of children at highest risk, comprehensive metabolic
workup, and prevention of stones, including fluid intake,
diet and the need for medications, are areas that nephrol-
ogy specializes in and further supports this type of care in
these patients.

Monitoring kidney function using the most accurate
data points and calculations to optimize medical care,
addressing modifiable risk factors, such as hypertension
and metabolic risk factors for urolithiasis are critical
for patients with NGB. Predicting and preventing upper
tract deterioration is the cornerstone to nephro-urological
neurogenic bladder care. A center focused on a proac-
tive approach identified the risk factors which correlated
strongly with upper tract damage (defined as kidney
scar development) in their patients as: older age, abnor-
mal appearing bladder on ultrasound or VCUG and high
leak point pressure on urodynamics. They advocate for a
coordinated effort between urology and nephrology care
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providers as well as family engagement to affect the high
prevalence of CKD for children and adults with neurogenic
bladder deemed to be mostly preventable [68]. We know
that kidney scar development and elevated creatinine are
usually irreversible and late markers of upper tract dam-
age. Promising work over the past two decades to identify
non-invasive biomarkers and monitoring of bladder func-
tion to better manage and predict those at most risk for
upper tract damage is exciting. Alternative inflammatory
biomarkers to define UTI, identification of healthy flora
protective against UTIs, bladder wall thickness and ultra-
sound shear wave elastography to assess bladder dynamics
and at home monitoring of bladder pressures are promising
areas of study that could further contribute to the proactive
management of NGB [69].

Conclusion

The past few decades’ progress in managing pediatric
neurogenic bladder resulted in a paradigm shift from reac-
tive to proactive management. Early evaluation and man-
agement of NGB with the start of CIC at birth, early UDS
and quick introduction of pharmacological agents and/or
surgery for those with abnormal UDS is widely accepted
and should be implemented along with multidisciplinary
care throughout the lifespan. Nephrology and urology
must collaborate closely, from prenatal consults to post-
natal management, to prevent upper tract deterioration
over time. In addition, the utmost focus of NGB treatment
is to preserve kidney and bladder function throughout the
lifespan. As in many other conditions where kidney func-
tion is at risk, the collaboration between nephrology and
urology is critical.

Key summary points

1. Optimal urologic care is one of the cornerstones to
preserve kidney function in pediatric and adolescent
patients with NGB.

2. A paradigm shift from reactive to proactive management
includes prenatal evaluation, the start of CIC at birth,
early UDS and quick introduction of pharmacological
agents and/or surgery for those with abnormal UDS
aiming to prevent upper tract deterioration and improve
quality of life (i.e., address incontinence as early as pos-
sible or desirable).

3. Although most patients with NGB can achieve safe
bladder pressures during storage and efficacious blad-
der emptying (via CIC or voiding), a subgroup requires
adjuvant surgical procedures to improve bladder dynam-
ics, treat incontinence or facilitate CIC.
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Multiple choice questions

Answers appear following the references.

1. Which of the following is untrue regarding proactive
management of neurogenic bladder?
a) CIC initiated at birth
b) Urodynamics delayed until potty training age
¢) Anticholinergic medication initiated with findings of
poor bladder compliance without hydronephrosis
d) Kidney function studies (i.e. Creatinine, Cystatin- C)
are regularly performed
2. The management of recurrent UTIs in children who
perform CIC includes all of the following, except:
a) Intravesical antibiotic administration
b)  Prophylactic oral antibiotics
¢)  Optimization of bladder dynamics
d) Retrograde colonic irrigation
3. Several medications can be used to treat poor compli-
ant, high-pressure bladders, except:
a) Oxybutynin
b) Mirabegron
¢) Solifenacin
d) Tamsulosin
4. Intravesical injections of Botulinum toxin-A are effec-
tive to manage:
a)  High post void residual
b) UTIs
c) High pressure bladder
d) Detrusor sphincter dyssynergia
5.  The following are true regarding urological surgeries
for neurogenic bladder except:
a) Mitrofanoff is a continent catheterizable channel that
facilitates CIC
b) Urinary diversions should be done for all infants with
high grade VUR
c) Bladder augmentation comes with significant short-
and long-term risks including stones, cancer, metabolic
changes, UTIs, and mucus production
d) VUR due to neurogenic bladder is usually secondary
and management should be focused on improving blad-
der dynamics
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