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Abstract
Background: Spina bifida is the most prevalent permanently disabling birth defect in the world. It results in dam-
age to nerve endings that negatively affect bladder function and can potentially lead to kidney failure. Manage-
ment of spina bifida continues to evolve, however, improving outcomes for patients with this condition.
Methods: We performed a review of literature published in the past 10 years for advances in the prenatal and 
postnatal evaluation and treatment of pediatric patients with neurogenic bladder caused by spina bifida.
Results: Here, we discuss advances in prenatal surgical management and the implications for postnatal bladder 
function. Advances in urologic testing for patients with spina bifida, including urodynamics, imaging studies, and 
laboratory results, are presented, as are advances in surgical management of hostile neurogenic bladder.
Conclusion: The management of pediatric neurogenic bladder resulting from spina bifida continues to improve. 
Future advances based on tissue engineering and artificial intelligence remain to be evaluated.

Introduction

BBladder function relies on a complex interplay of nerves and muscles to allow for normal bladder filling 
and emptying. Neural tube defects, such as spina bifida, result in damage to nerve endings, which in 
turn negatively affects bladder function. Spina bifida is the most prevalent permanently disabling birth 

defect in the world; the primary goal of urologic care for this patient population is to preserve normal kidney 
function through safe bladder pressure maintenance. We present a review of recent advances in the prenatal 
and postnatal evaluation and treatment of pediatric patients with neurogenic bladder caused by spina bifida.

Prenatal Evaluation
Spina bifida is typically diagnosed during the second trimester of pregnancy via high-resolution ultrasound.1 
Ultrasound can detect the location and size of the spinal cord lesion, the presence of hydrocephalus, and 
usually whether the lesion is open or closed.1 Fetal magnetic resonance imaging (MRI) is used as the second-
line imaging modality to provide additional anatomical detail. One challenge of fetal MRI is uninhibited fetal 
motion; therefore, various superresolution techniques have been used to produce better MRI images.2 
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Advances in MRI techniques provide better anatom-
ical detail, and the diffusion MRI technique also shows 
promise for evaluating white matter development and 
upstream neural damage; in the future, it may even 
be able to predict neurodevelopmental outcomes.2

Prenatal Closure
The sequelae of spina bifida result from damage 
to the delicate exposed nerves. The Management 
of Myelomeningocele Study (MOMS) trial was 
conducted to determine whether fetal surgery for 
spina bifida would mitigate the long-term sequelae 
seen in patients undergoing postnatal closures.3 The 
optimal timing of fetal surgery is under investiga-
tion. Patients in the MOMS trial underwent surgery 
between 19 and 25 weeks’ gestation, a time frame 
extrapolated largely from animal studies.3 Because 
some cases of spina bifida are not diagnosed until 
later in gestation, Etchegaray et al4 compared 
maternal and fetal outcomes for patients undergoing 
prenatal closure before 26 weeks’ gestation with 
patients undergoing prenatal closure between 26 
weeks’ and 27 weeks 6 days’ gestation. The authors 
found similar maternal and perinatal outcomes for 
both groups, indicating that prenatal surgery can be 
performed at up to 27 weeks 6 days’ gestation.4

Although the MOMS trial demonstrated better brain-
stem function, lower hydrocephalus occurrence, and 
better motor function in patients treated prenatally, 
data are mixed on the urologic benefits of prenatal 
closure.3 Initial short-term urologic follow-up of MOMS 
trial patients showed no difference in the need for 
clean intermittent catheterization at 30 months.5 In 
a single-institution study, Zaccaria et al6 found that 
infants undergoing postnatal closure were more likely 
to be discharged on clean intermittent catheterization, 
but at a median follow-up of 36 months there was 
no difference in use of clean intermittent catheteriza-
tion between prenatal and postnatal closure groups. 
Similarly, Zaccaria et al6 found no notable difference 
in risk for postnatal anticholinergic use between 
prenatal and postnatal closure. Follow-up of children 
from the MOMS trial at school age demonstrated 
increased volitional voiding and decreased need for 

anticholinergics and clean intermittent catheterization 
in the prenatal closure group.7 These results must be 
interpreted with caution, however, because there were 
no differences in urodynamics between the prenatal 
and postnatal closure groups; the subjective results 
were based purely on parental reports.7 Macedo et 
al8 conducted a prospective study of patients who 
underwent in utero repair and reported little benefit in 
bladder function, defined by high-risk bladder pattern, 
incontinence, and underactive bladder, compared 
with published data for postnatal repair. Parizi et al9 
performed a retrospective review of their myelome-
ningocele closure database, and they reported a lack 
of improvement in urologic parameters for in utero vs 
postnatal closure. They did find a higher prevalence of 
detrusor overactivity in the in utero closure group, but 
there was no statistically significant difference in any 
other urodynamics parameters.9

Most recently, open vs fetoscopic prenatal myelome-
ningocele closure has been investigated.10 Gerber 
et al10 performed a retrospective analysis of patients 
undergoing myelomeningocele closure at their insti-
tution and concluded that the incidence of high-
risk bladder pattern on urodynamics was lower in 
fetoscopic prenatal closures than in prenatal open 
closures and traditional postnatal open repair. In addi-
tion, the incidence of hydronephrosis was lowest in 
the fetoscopic prenatal repair group.10 Both proce-
dures carry risks, such as elevated risk of preterm 
delivery, uterine dehiscence resulting from scarring 
complications, and the necessity for cesarean delivery 
for open repair; fetoscopic repair carries the additional 
risk of preterm premature rupture of membranes 
resulting from an inability to close insertion sites, 
therefore also potentially leading to preterm delivery.11

ABBREVIATIONS
HCP health care professional
MOMS Management of Myelomeningocele Study
MRI magnetic resonance imaging
QOL quality of life
UMPIRE Urologic Management to Preserve Initial Renal   
 Function
UTI urinary tract infection
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As prenatal care for patients with spina bifida 
continues to improve, the urologic benefits of prenatal 
closure remain to be seen. There are the clear bene-
fits of reduced hydrocephalus and improved motor 
function, however, so as techniques for closure 
become more advanced and more common, we may 
be able to better study the long-term outcomes of 
prenatal closure on bladder function.

Postnatal Evaluation
The effects of spina bifida on bladder function are 
different for each patient. Therefore, thorough eval-
uation and close monitoring of kidney and bladder 
function are imperative to mitigate long-term kidney 
damage. To help standardize the initial urologic eval-
uation and treatment of patients with neurogenic 
bladder due to spina bifida, the Urologic Management 
to Preserve Initial Renal Function (UMPIRE) protocol 
was introduced in 2015.12 Ultrasound, urodynamics, 
dimercaptosuccinic acid scan, and blood work are 
the urologic monitoring tools currently available, and 
we present the most recent advances for these tests.

RENAL BLADDER ULTRASOUND
Renal bladder ultrasound is the most frequently used 
tool for monitoring kidney and bladder function in 
patients with spina bifida. Ultrasound is a noninva-
sive method that evaluates kidney function through 
the presence of hydronephrosis, increased echoge-
nicity, renal scarring, ureteral dilation, or bladder wall 
thickening, the presence of any of which can prompt 
further testing.13,14

URODYNAMICS
Urodynamics is currently the best tool available to 
assess bladder function. Many protocols recommend 
proactive scheduling of urodynamics during child 
development to facilitate early identification and inter-
vention for hostile bladders because imaging of the 
urinary tract can appear normal in the early stages of 
a hostile bladder.13,15

Defining a hostile bladder on urodynamics, and inter-
preting urodynamics in general, has been shown to 

have interrater and intrarater variability. The UMPIRE 
protocol aimed to standardize the definition of hostile 
bladder as end filling pressure or detrusor leak point 
pressure greater than or equal to 40 cm H2O.16 More 
recent studies, however, suggest that hostile bladder 
should be defined at a lower detrusor leak point pres-
sure or end filling pressure.17 To improve the inter-
pretation of urodynamics and limit reader variability, 
research on new urodynamic parameters is under 
way. Tiryaki et al18 evaluated the ratio of area under 
the cystometry curve to a detrusor leak point pres-
sure–adjusted total area and calculated pressure 
measures (upper mean static pressure and theoret-
ical end filling pressure) through retrospective chart 
review. They concluded that these measurements 
are more reliable than other urodynamic measures in 
predicting hydronephrosis and new scar formation.18 
Wang et al19 used machine learning to create a math-
ematical model that accurately identified 81.35% of 
detrusor overactivity events across 799 urodynamic 
studies. Hobbs et al20 also developed a machine 
learning algorithm to objectively identify detrusor over-
activity during urodynamics solely among patients 
with spina bifida and accurately identified detrusor 
overactivity 91.9% of the time. It is possible that these 
techniques could eliminate the interrater variability of 
interpreting urodynamic studies.
Another limitation of urodynamics is patient and family 
compliance with frequent testing in the clinic, which 
requires time off work and transportation and can 
be stressful. To facilitate frequent bladder pressure 
monitoring, Cooper et al21 developed the cystoma-
nometer, a handheld device with wireless data trans-
mission for in-home use. The cystomanometer is a 
device that is easily added to the catheter to measure 
opening bladder pressures, and the data are then 
transmitted to recipients via Bluetooth.21 Modifications 
to the design will be made, but data from the devices 
are strongly correlated with data from simultaneous 
urodynamics.21,22 Huen et al23 also recommended 
home bladder pressure measurements with manom-
etry using a ruler and catheterization equipment; they 
found a correlation with urodynamic storage pres-
sures and high-grade hydronephrosis in children with 
spina bifida. Home bladder measurements have the 
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potential to help monitor high-risk patients and alert 
the patient and their care team to the need for early 
urodynamic testing as well as to tailor catheterization 
and medication regimens.21,23

Alternatives to urodynamics have also been inves-
tigated. Bortolini et al24 suggested dynamic ultra-
sonography as a noninvasive alternative to urody-
namics to identify detrusor overactivity for patients 
with spina bifida. Investigators simultaneously 
compared dynamic ultrasonography with urody-
namics and reported that dynamic ultrasonography 
was 90% accurate in detecting detrusor overac-
tivity.24 Dynamic ultrasonography is limited, however, 
in that it cannot replace urodynamics for evaluation of 
dynamic detrusor pressure values or of static pres-
sures of compliance.24 Another proposed noninvasive 
alternative to urodynamics is ultrasound-estimated 
bladder weight. Hwang et al25 identified a bladder to 
body weight index that would predict the presence of 
high-pressure bladder and thus have the potential to 
enable clinicians to screen for and decrease cumula-
tive urodynamic studies among patients.

DIMERCAPTOSUCCINIC ACID RENAL SCAN
A baseline dimercaptosuccinic acid renal scan is also 
recommended in several protocols and guidelines to  
evaluate for baseline kidney function and scarring. Data 
show that more than 90% of infants will have a normal 
baseline dimercaptosuccinic acid renal scan.13 Given 
that the dimercaptosuccinic acid renal scan involves a 
needle stick, is lengthy, and exposes the patient to radi-
ation, it is probably useful only for the subset of patients 
with febrile urinary tract infections (UTIs) or with renal 
scarring or echogenic kidneys on kidney ultrasound.26

LAB WORK
Historically, serum creatinine has been the standard 
laboratory test to measure kidney function (glomer-
ular filtration rate), but patients with spina bifida often 
have low muscle mass, making this marker less accu-
rate. Serum cystatin C can also be used to calculate 
glomerular filtration rate and may have greater sensi-
tivity for detecting chronic kidney disease progression. 
Alternatively, Nayak et al27 proposed urinary tissue 
inhibitor of metalloproteinase-2 as a noninvasive initial 

diagnostic marker for and predictor of neurogenic 
bladder in patients with spina bifida. The authors 
found that levels of tissue inhibitor of metallopro-
teinase-2 correlated with unsafe bladders on urody-
namics, and there was also a statistically significant 
difference between patients with neurogenic bladder 
on and not on treatment.27 If this test becomes more 
widely available, it would be a convenient, noninvasive 
way to monitor neurogenic bladder.

Postnatal Treatment
Management of neurogenic bladder in patients with 
spina bifida can be categorized as proactive or reac-
tive and expectant.15 Current literature points toward 
the benefits of early diagnosis and proactive manage-
ment (early catheterization and use of anticholiner-
gics) in improving long-term outcomes for patients 
with UTIs and in preventing kidney dysfunction and 
surgical procedures.28,29 Not all families are willing or 
able to comply with these regimens, however, and 
for some patients the risks of these interventions may 
outweigh the benefits.

MEDICATIONS
Anticholinergics
Anticholinergics are used to decrease bladder 
contractility and thus decrease detrusor overactivity 
and improve bladder pressures. Historically, oxybu-
tynin has been the first-line anticholinergic medica-
tion prescribed for neurogenic bladder.30 Tolterodine, 
fesoterodine, and solifenacin are alternative anticho-
linergic medications that have been studied in chil-
dren with neurogenic bladder; they have been found 
to be equally effective to oxybutynin.31 Side effects, 
including dry mouth, constipation, gastroesopha-
geal reflux, blurry vision, urinary retention, and altered 
cognition, remain the limiting factors in the use of anti-
cholinergics.31 Studies in older adults (ie, ≥65 years 
of age) have shown the negative effect of anticho-
linergics on cognition, but studies in the pediatric 
population have not shown the same negative effect, 
although more robust studies with longer follow-up 
are needed.



57Reviews in Urology   |   2024, Vol 23, Issue 3

Pediatric Neurogenic Bladder

b3 Agonists
b3 Agonists are a newer class of medications for 
treating neurogenic bladder. They can be used 
alone or in combination with anticholinergics to 
optimize medical treatment for hostile neurogenic 
bladders. Mirabegron received US Food and Drug 
Administration approval for use in the pediatric popu-
lation in 2021.32,33 Vibegron is a newer b3 agonist 
has been demonstrated to be well tolerated, with 
urodynamic effectiveness in pediatric patients with 
anticholinergic-resistant neurogenic bladder dysfunc-
tion.32,34,35 Aoki et al34 reported statistically significantly 
greater bladder compliance and maximum cysto-
metric bladder capacity with vibegron compared with 
anticholinergic agents in patients with spina bifida. 
Vibegron is currently in phase 2 clinical trials for Food 
and Drug Administration approval in the pediatric 
population. b3 Agonists have a more favorable side 
effect profile than anticholinergics, which makes them 
an attractive option for patients who cannot tolerate 
anticholinergics. The most common side effects 
include headache and hypertension, so blood pres-
sure should be checked before the patient begins 
such medication and monitored at follow-up visits.32,35

CLEAN INTERMITTENT CATHETERIZATION
Medication alone typically is not adequate to treat 
neurogenic bladder; most patients also need clean 
intermittent catheterization for adequate bladder 
drainage. Debate is ongoing as to which catheters 
are superior and whether they should be single use 
or reused. Burki et al36 reported that there was no 
statistically significant difference in complication rates 
for urethral clean intermittent catheterization when 
uncoated vs hydrophilic-coated catheters are used 
when looking at difficulty of insertion, recurrent UTIs, 
gross hematuria, or acute retention; however, the 
hydrophilic-coated catheters are 7 times costlier than 
standard catheters. In addition, Burki et al36 reported 
that because of convenience of use, a clinically signif-
icant number of patients prefer the hydrophilic-coated 
catheters. As for single-use vs reused polyvinylchlo-
ride catheters, Madero-Morales et al37 reported no 
difference in UTI or bacteriuria rates between the 

2 catheters when a clean technique was used in 
patients with neurogenic bladder.
One concern with clean intermittent catheterization 
is the risk for recurrent UTIs. If patients do not empty 
their bladder by catheterization, however, they are 
also at elevated risk for recurrent infection. It can be 
challenging to diagnose a UTI in a patient on inter-
mittent catheterization because they typically have 
bacteria present on urine culture, despite not being 
symptomatic. Therefore, it is important to consider 
the patient’s symptoms in addition to culture results 
before starting antibiotics. If a patient is found to have 
recurrent UTIs while on intermittent catheterization, 
causes other than catheterization must be consid-
ered, such as worsening bladder dynamics, stones, 
constipation, and correct catheterization technique. It 
is important to note that antibiotic prophylaxis is not 
recommended in the setting of intermittent catheter-
ization. The UMPIRE protocol calls for prophylaxis 
only in the setting of grade 5 vesicoureteral reflux or 
hostile bladder.16

BOTULINUM TOXIN A
Botulinum toxin A injection is a safe and effective 
treatment for improvement of bladder capacity, neuro-
genic detrusor overactivity, elevated bladder pres-
sures, and refractory neurogenic bladder dysfunc-
tion in children.38-40 A dose of 200 U per treatment 
shows the greatest reduction in bladder pressures 
and increase in bladder capacity.41 There have been 
reports of poor responses, however, in patients with 
poorly compliant bladders without detrusor overac-
tivity and decreased efficacy associated with long-
term use.42,43

Botulinum toxin A bladder injections were initially 
performed via cystoscopy under general anesthesia. 
Recent practice patterns have shifted, however, and 
the procedure is now being offered as a well-tol-
erated office procedure without the need for anes-
thesia.44 Electromotive drug administration is an alter-
native mode of botulinum toxin A delivery that does 
not require anesthesia and may lead to the same or 
better urodynamic improvements.44,45 Ladi-Seyedian 
et al45 compared intravesical botulinum toxin 
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A with electromotive drug administration and found 
that improved urodynamic parameters were better 
sustained at 1 year with electromotive drug adminis-
tration. Of note, electromotive drug administration is 
still in the experimental phase, and additional research 
is necessary to determine the risks and benefits of 
treatment.
Botulinum toxin A bladder injection has the potential 
to extend the window for necessary bladder augmen-
tation in patients with hostile neurogenic bladder.46 
A review of the Pediatric Health Information System 
database over the past decade, however, showed 
no difference in time at bladder augmentation for 
patients with spina bifida undergoing botulinum toxin 
A injections.47

SACRAL NEUROMODULATION
Sacral neuromodulation has been used in patients 
with nonneurogenic detrusor overactivity and under-
activity for whom medical management fails. Because 
sacral neuromodulation relies on an intact nervous 
system, it was originally not offered as a treatment 
option for neurogenic lower urinary tract dysfunction. 
Chen et al48 retrospectively reviewed their experi-
ence with sacral neuromodulation in ambulatory adult 
patients with spina bifida and found that it improved 
urodynamic parameters, urgency-frequency, urinary 
incontinence, and bowel function. Most of their 
patients with spina bifida, however, needed computed 
tomographic guidance for lead placement because 
of their abnormal sacral anatomy.48 To further eval-
uate the efficacy of sacral neuromodulation in patients 
with neurogenic bladder, Leichti et al49 conducted a 
sham-controlled, double-blind, multicenter study that 
included 3 patients with spina bifida. Most patients 
in this study, including 2 patients with spina bifida, 
had more than 50% improvement in bladder diary 
variables.49 Based on extrapolation from these small 
studies, sacral neuromodulation can be added to the 
armamentarium of surgical options for select patients 
with spina bifida for whom medical management fails.

BLADDER AUGMENTATION
Bladder augmentation, with or without a concomitant 
catheterizable channel and bladder neck procedure, 

remains the recommended treatment for bladder 
dysfunction when medical management fails. Bladder 
augmentation has many risks, however, with a 
reported 44% 10-year risk of reoperation.50 Although 
advances in the bladder augmentation procedure 
have been limited to date, it is possible that the 
procedure could be improved with tissue engineering 
in the future. In an effort to circumvent the complica-
tions from bladder augmentation with gastrointestinal 
segments, Joseph et al51 designed a study in which 
autologous cell–seeded biodegradable scaffolds were 
used for bladder tissue regeneration over a 5-year 
period. Unfortunately, results from phase II trials using 
engineered bladder tissue have been disappointing. 
Neither bladder compliance nor bladder capacity 
was clinically or statistically improved at 12-month 
or 36-month follow-up.51 In addition, all participants 
experienced adverse events, with 4 patients experi-
encing bowel obstruction or bladder rupture.51

Although surgery has been shown to improve urinary 
continence, enhanced quality of life (QOL) remains 
debatable. In a study investigating health-related QOL 
via Quality of Life Assessment in Spina Bifida ques-
tionnaires completed by children 8 to 17 years of 
age with spina bifida, researchers found that urinary 
incontinence is negatively associated with health-re-
lated QOL, with increasing magnitude from ages 10 
to 17 years.52 Researchers found that higher levels of 
incontinence were associated with lower health-re-
lated QOL.52 In addition, QOL and bladder symp-
toms have recently been analyzed and compared in 
patients with spina bifida who catheterize by urethra 
or catheterizable channel after bladder reconstruc-
tion.53 This cross-sectional analysis at a spina bifida 
center found that patients catheterizing by channel 
reported few bladder symptoms, although this finding 
was not statistically significantly associated with 
improved overall or bladder-related QOL.53

BOWEL MANAGEMENT
Optimization of bladder function must occur simulta-
neously with optimization of bowel function. If patients 
have difficulty emptying the rectum, they will experi-
ence an increase in bladder overactivity. The Spina 
Bifida Association recently published guidelines to 
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standardize bowel management for patients with 
spina bifida.54 Bowel management historically involved 
the use of suppositories, polyethylene glycol 3350, 
or rectal (antegrade) enemas. One downside of 
rectal enemas is that patients need assistance to 
perform them. To address this problem, the Peristeen 
enema system (Coloplast) was introduced. This tran-
sanal irrigation device has been shown to be effec-
tive in improving bowel management for individuals 
with neurogenic bladder and enables the patient to 
perform enemas independently.54,55 With personalized 
training on system use, patients show greater adher-
ence and therefore improved symptoms, well-being, 
comfort, and self-sufficiency.56,57 Navina, another tran-
sanal irrigation system, has shown similar success to 
the Peristeen system.58 By increasing adherence to 
their bowel regimen, patients should be more likely 
to experience improvement in bladder overactivity. In 
addition to improved bowel function, bowel manage-
ment has the potential to improve QOL. A recent 
study reported improved QOL, assessed by patients 
and their parents, in domains such as physical and 
emotional well-being, self-confidence, family, friends, 
and daily routine at school.59

As advances continue in treatment and outcomes 
for patients with spina bifida, a newer obstacle to 
overcome is the availability of and access to transi-
tional care for this population with complex needs. 
Pediatric multidisciplinary clinics are a gold standard 
for the treatment of children with spina bifida, but 
successful transition to adult care remains difficult to 
achieve.60 Aging patients have evolving challenges 
in addition to continence issues, including repro-
ductive system concerns such as sexual function, 
fertility, and pregnancy; orthopedic concerns; and, 
ultimately, functional independence and QOL.60 The 
Transition Readiness Assessment Questionnaire 
has been adopted to guide the transition process.61 
Variations of transitional programs have been estab-
lished at institutions wherein patient readiness is typi-
cally assessed at about age 12 to 14 years according 
to the 2018 guidelines for the care people with spina 
bifida, individual transition plans are enacted, and the 
responsibilities for the patient are gradually increased 
as they switch to adult clinics.62 A national survey of 

urologic health care professionals (HCPs) who are 
members of the Spina Bifida Association Network 
and American Urological Association Working Group 
on Urologic Congenitalism identified the top 3 obsta-
cles to successful transition from pediatric clinics as 
lack of resources to organize and execute a special-
ized adult-only multidisciplinary clinic, inability to 
identify adult HCPs to staff the clinic, and the belief 
that such a clinic is not necessary.63 The same 
surveyed population believed that the top resources 
needed to facilitate transition of care are develop-
ment of care guidelines, improved HCP collaboration, 
improved access and advocacy, and development 
of an advanced training pathway for HCPs.63 Some 
headway has been made in safely transitioning pedi-
atric patients to HCPs focusing on adults; however, 
there is still much work to be done.

Conclusion
The management of pediatric neurogenic bladder for 
patients with spina bifida has come a long way, and 
improvements continue to be made, particularly in the 
prenatal period. As newer medications arrive on the 
scene and we learn ways to improve patient compli-
ance with studies and treatments, outcomes will 
continue to improve.

References
1. Church PT, Castillo H, Castillo J, et al. Prenatal counseling: 

guidelines for the care of people with spina bifida. J Pediatr 
Rehabil Med. 2020;13:461-466. doi:10.3233/PRM-200735

2. Jakab A, Payette K, Mazzone L, et al. Emerging magnetic res-
onance imaging techniques in open spina bifida in utero. Eur 
Radiol Exp. 2021;5(1):23. doi:10.1186/s41747-021-00219-z

3. Blount JP, Bowman R, Dias MS, Hopson B, Partington MD, 
Rocque BG. Neurosurgery guidelines for the care of people 
with spina bifida. J Pediatr Rehabil Med. 2020;13:467-477. 
doi:10.3233/PRM-200782

4. Etchegaray A, Cruz-Martínez R, Russo RD, et al. Outcomes of 
late open fetal surgery for intrauterine spina bifida repair after 
26 weeks. Should we extend the Management of Myelome-
ningocele Study time window? Prenat Diagn. 2022;42(4):495-
501. doi:10.1002/pd.6119

5. Brock JW 3rd, Carr MC, Adzick NS, et al. Bladder func-
tion after fetal surgery for myelomeningocele. Pediatrics. 
2015;136(4):e906-e913. doi:10.1542/peds.2015-2114



60 Reviews in Urology   |   2024, Vol 23, Issue 3

Pediatric Neurogenic Bladder

6. Zaccaria L, Daugherty M, Grant C, et al. Comparison of risk of 
anticholinergic utilization for treatment of neurogenic bladder 
between in utero or postnatal myelomeningocele repair. J 
Pediatr Urol. 2021;17(4):525.e1-525.e7. doi:10.1016/j.jpu-
rol.2021.04.023

7. Brock JW 3rd, Thomas JC, Baskin LS, et al. Effect of pre-
natal repair of myelomeningocele on urological outcomes 
at school age. J Urol. 2019;202(4):812-818. doi:10.1097/
JU.0000000000000334

8. Macedo A Jr, Ottoni SL, Garrone G, et al. In utero myelome-
ningocoele repair and urological outcomes: the first 100 cases 
of a prospective analysis. Is there an improvement in bladder 
function? BJU Int. 2019;123(4):676-681. doi:10.1111/
bju.14639

9. Parizi JLG, Leal da Cruz M, Andrade MC, et al. A compar-
ative analysis of bladder pattern of patients who underwent 
in utero versus postnatal myelomeningocele repair. J Urol. 
2020;203(1):194-199. doi:10.1097/JU.0000000000000521

10. Gerber JA, Stocks BT, Zhu H, et al. Prevalence of high-risk 
bladder categorization with prenatal and postnatal myelome-
ningocele repair types. Neurourol Urodyn. 2021;40(3):829-
839. doi:10.1002/nau.24629

11. Miller JL, Groves ML, Baschat AA. Fetoscopic spina bifida 
repair. Minerva Ginecol. 2019;71(2):163-170. doi:10.23736/
S0026-4784.18.04355-1

12. Routh JC, Cheng EY, Austin JC, et al. Design and method-
ological considerations of the Centers for Disease Control 
and Prevention Urologic and Renal Protocol for the Newborn 
and Young Child with Spina Bifida. J Urol. 2016;196(6):1728-
1734. doi:10.1016/j.juro.2016.07.081

13. Tanaka ST, Paramsothy P, Thibadeau J, et al. Baseline urinary 
tract imaging in infants enrolled in the UMPIRE protocol for 
children with spina bifida. J Urol. 2019;201(6):1193-1198. 
doi:10.1097/JU.0000000000000141

14. Le HK, Cardona-Grau D, Chiang G. Evaluation and long-term 
management of neurogenic bladder in spinal dysraphism. 
Neoreviews. 2019;20(12):e711-e724. doi:10.1542/neo.20-
12-e711

15. Joseph DB, Baum MA, Tanaka ST, et al. Urologic guidelines 
for the care and management of people with spina bifida. J 
Pediatr Rehabil Med. 2020;13(4):479-489. doi:10.3233/PRM-
200712

16. Tanaka ST, Yerkes EB, Routh JC, et al. Urodynamic charac-
teristics of neurogenic bladder in newborns with myelome-
ningocele and refinement of the definition of bladder hostility: 
Findings from the UMPIRE multi-center study. J Pediatr Urol. 
2021;17(5):726-732. doi:10.1016/j.jpurol.2021.04.019

17. Weaver JK, Weiss DA, Aghababian A, et al. Why are pediatric 
urologists unable to predict renal deterioration using urody-
namics? A focused narrative review of the shortcomings of the 
literature. J Pediatr Urol. 2022;18(4):493-498. doi:10.1016/j.
jpurol.2022.05.015

18. Tiryaki S, Tekin A, Avanoglu A, Franco I, Ulman I. A pilot study 
assessing average detrusor pressure garnered from area 
under a urodynamic curve: Evaluation of clinical outcomes. 
J Pediatr Urol. 2022;18(3):325.e1-325.e9. doi:10.1016/j.
jpurol.2022.02.012

19. Wang HS, Cahill D, Panagides J, Nelson CP, Wu HT, Estrada 
C. Pattern recognition algorithm to identify detrusor overactiv-
ity on urodynamics. Neurourol Urodyn. 2021;40(1):428-434. 
doi:10.1002/nau.24578

20. Hobbs KT, Choe N, Aksenov LI, et al., Machine learning 
for urodynamic detection of detrusor overactivity. Urology. 
2022;159:247-254. doi:10.1016/j.urology.2021.09.027

21. Cooper CS, Steinberg RL, Thomas LJ, et al. Neurogenic 
bladder monitoring using the cystomanometer and cystoelas-
tometer. J Pediatr Urol. 2020;16(2):182-188. doi:10.1016/j.
jpurol.2019.12.014

22. Cooper CS, Bonnett MA, Ortman CE, Juhr D, Storm DW, 
Lockwood GM. Pilot study of a home use cystomanom-
eter in patients with a neurogenic bladder. J Pediatr Urol. 
2022;18(4):466-468. doi:10.1016/j.jpurol.2022.05.023

23. Huen KH, Chamberlin JD, Macaraeg A, et al. Home bladder 
pressure measurements correlate with urodynamic storage 
pressures and high-grade hydronephrosis in children 

24. Bortolini T, Lucena IRS, da Silva Batezini NS, et al. Can dy-
namic ultrasonography replace urodynamics in the follow-up 
of patients with myelomeningocele? A prospective concurrent 
study. Neurourol Urodyn. 2019;38(1):278-284. doi:10.1002/
nau.23846

25. Hwang M, Back SJ, Van Batavia J, Tierradentro-Garcia LO, 
Darge K, Zderic SA. Ultrasound-estimated bladder weight 
correlates with videourodynamic studies in neurogenic 
bladder dysfunction. J Ultrasound Med. 2023;42(1):17-26. 
doi:10.1002/jum.15995

26. Cascio S, Doyle M, McMahon O, Kelly G. Urinary tract 
imaging in infants with spina bifida: a selective approach to 
a baseline DMSA. J Pediatr Urol. 2021;17(3):396.e1-396.e6. 
doi:10.1016/j.jpurol.2021.02.004

27. Nayak S, Bawa M, Kanojia RP, Pal A, Jain A, Samujh R. TIMP-
2 as a noninvasive urinary marker for predicting neurogenic 
bladder in patients under follow-up for spina bifida. Neurourol 
Urodyn. 2021;40(1):168-175. doi:10.1002/nau.24528

28. Burgos Lucena L, López Pereira P, Martínez Urrutia MJ, 
Lobato Romera R, Rivas Vila S. Influence in the outcome of 
neuropathic pediatric patients after early treatment. Actas 
Urol Esp (Engl Ed). 2022;46(1):28-34. doi:10.1016/j.acu-
roe.2021.01.012

29. Hobbs KT, Krischak M, Tejwani R, Purves JT, Wiener JS, 
Routh JC. The importance of early diagnosis and manage-
ment of pediatric neurogenic bladder dysfunction. Res Rep 
Urol. 2021;13:647-657. doi:10.2147/RRU.S259307

30. Franco I, Hoebeke P, Baka-Ostrowska M. Long-term efficacy 
and safety of solifenacin in pediatric patients aged 6 months 
to 18 years with neurogenic detrusor overactivity: results from 
two phase 3 prospective open-label studies. J Pediatr Urol. 
2020;16(2):180.e1-180.e8. doi:10.1016/j.jpurol.2019.12.012

31. Kroll P. Pharmacotherapy for pediatric neurogenic bladder. 
Paediatr Drugs. 2017;19(5):463-478. doi:10.1007/s40272-
017-0249-x

32. Kim JK, De Jesus MJ, Lee MJ, et al. β3-adrenoceptor agonist 
for the treatment of bladder dysfunction in children: a system-
atic review and meta-analysis. J Urol. 2022;207(3):524-533. 



61Reviews in Urology   |   2024, Vol 23, Issue 3

Pediatric Neurogenic Bladder

doi:10.1097/JU.0000000000002361
33. Yuanzhuo C, Liao P, Chi Z, Boya L, Deyi L. The efficacy and 

safety of mirabegron for adult and child patients with neuro-
genic lower urinary tract dysfunction: a systematic review and 
meta-analysis. Neurourol Urodyn. 2022;41(5):1056-1064. 
doi:10.1002/nau.24928

34. Aoki K, Momose H, Gotoh D, et al. Video-urodynamic effects 
of vibegron, a new selective β3-adrenoceptor agonist, on 
antimuscarinic-resistant neurogenic bladder dysfunction 
in patients with spina bifida. Int J Urol. 2022;29(1):76-81. 
doi:10.1111/iju.14720

35. Kato T, Mizuno K, Nishio H, Yasui T, Hayashi Y, et al. Uro-
dynamic effectiveness of a beta-3 adrenoreceptor agonist 
(vibegron) for a pediatric patient with anticholinergic-resistant 
neurogenic detrusor overactivity: a case report. J Med Case 
Rep. 2021;15(1):86. doi:10.1186/s13256-020-02564-w

36. Burki T, Abasher A, Alshahrani A, et al. Complications and 
patient satisfaction with urethral clean intermittent catheteriza-
tion in spina bifida patients: comparing coated vs uncoated 
catheters. J Pediatr Urol. 2019;15(6):646-650. doi:10.1016/j.
jpurol.2019.10.001

37. Madero-Morales PA, Robles-Torres JI, Vizcarra-Mata G, et al. 
Randomized clinical trial using sterile single use and reused 
polyvinylchloride catheters for intermittent catheterization with 
a clean technique in spina bifida cases: short-term urinary 
tract infection outcomes. J Urol. 2019;202(1):153-158. 
doi:10.1097/JU.0000000000000244

38. Naqvi S, Clothier J, Wright A, Garriboli M. Urodynamic 
outcomes in children after single and multiple injections for 
overactive and low compliance neurogenic bladder treated 
with abobotulinum toxin A. J Urol. 2020;203(2):413-419. 
doi:10.1097/JU.0000000000000540

39. Softness KA, Thaker H, Theva D, Rajender A, Cilento BG 
Jr, Bauer SB. Onabotulinumtoxin A (Botox): a reasonable 
alternative for refractory neurogenic bladder dysfunction 
in children and young adults. Neurourol Urodyn. 
2021;40(8):1981-1988. doi:10.1002/nau.24778

40. Wu SY, Chang SJ, Yang SSD, Hsu CK. Botulinum toxin injec-
tion for medically refractory neurogenic bladder in children: a 
systematic review. Toxins (Basel). 2021;13(7). doi:10.3390/
toxins13070447

41. Austin PF, Franco I, Dobremez E, et al. OnabotulinumtoxinA 
for the treatment of neurogenic detrusor overactivity in chil-
dren. Neurourol Urodyn. 2021;40(1):493-501. doi:10.1002/
nau.24588

42. Danacioglu YO, Keser F, Ersoz C, et al. Factors predicting 
the success of intradetrusor onabotulinum toxin-A treatment 
in children with neurogenic bladders due to myelomenin-
gocele: the outcomes of a large cohort. J Pediatr Urol. 
2021;17(4):520.e1-520.e7. doi:10.1016/j.jpurol.2021.02.020

43. Madec FX, Suply E, Forin V, et al. Repeated detrusor injection 
of botulinum toxin A for neurogenic bladder in children: a long 
term option? Prog Urol. 2022;32(5):319-325. doi:10.1016/j.
purol.2021.10.010

44. Overland MR, Leva NV, DiSandro M, Copp HL. Feasibility of 
awake intravesical botulinum toxin injection in pediatric neu-
rogenic bladder. J Urol. 2022;208(3):702-710. doi:10.1097/
JU.0000000000002709

45. Ladi-Seyedian SS, Sharifi-Rad L, Kajbafzadeh AM. Botuli-
num toxin type A therapy: intravesical injection or electro-
motive drug administration. Urology. 2020;142:190-194. 
doi:10.1016/j.urology.2020.04.104

46. Bowen DK, Meyer T, Rosoklija I, et al. Botulinum toxin in 
patients at-risk for bladder augmentation: durable impact or 
kicking the can? Neurourol Urodyn. 2022;41(6):1406-1413. 
doi: 10.1002/nau.24962

47. Rehfuss, A., et al. Utilization of augmentation cystoplasty for 
myelomeningocele patients remained stable over the past 
decade. Urology. 2020;142:195-199. doi:10.1002/nau.24962

48. Chen G, Liao L, Deng H. The effect of sacral neuromodu-
lation in ambulatory spina bifida patients with neurogenic 
bladder and bowel dysfunction. Urology. 2021;153:345-350. 
doi:10.1016/j.urology.2020.11.075

49. Liechti MD, van der Lely S, Knüpfer SC, et al. Sacral neuro-
modulation for neurogenic lower urinary tract dysfunction. 
NEJM Evid. 2022;1(11):EVIDoa2200071. doi:10.1056/EVI-
Doa2200071

50. Szymanski KM, Misseri R, Whittam B, et al. Additional 
surgeries after bladder augmentation in patients with spina 
bifida in the 21st century. J Urol. 2020;203(6):1207-1213. 
doi:10.1097/JU.0000000000000751

51. Joseph DB, Borer JG, De Filippo RE, Hodges SJ, McLo-
rie GA. Autologous cell seeded biodegradable scaffold for 
augmentation cystoplasty: phase II study in children and 
adolescents with spina bifida. J Urol. 2014;191(5):1389-1395. 
doi:10.1016/j.juro.2013.10.103

52. Szymanski KM, Cain MP, Whittam B, Kaefer M, Rink RC, 
Misseri R. Incontinence affects health-related quality of life 
in children and adolescents with spina bifida. J Pediatr Urol. 
2018;14(3):279.e1-279.e8. doi:10.1016/j.jpurol.2018.02.021

53. Hirsch J, Halstead NV, Meyer T, et al. Quality of life and 
bladder symptoms in adolescents and young adults with 
spina bifida who catheterize via urethra vs catheteriz-
able channel. J Urol. 2024;212(2):362-371. doi:10.1097/
JU.0000000000004013

54. Alhazmi H, Trbay M, Alqarni N, et al. Long-term results using 
a transanal irrigation system (Peristeen®) for treatment of 
stool incontinence in children with myelomeningocele. J 
Pediatr Urol. 2019;15(1):34.e1-34.e5. doi:10.1016/j.jpu-
rol.2018.08.013

55. Gordon T, Vandersteen DR, Dryjanski L, Carpenter J. Efficacy 
of Peristeen® transanal irrigation system for neurogenic bowel 
in the pediatric population. J Pediatr Urol. 2019;15(6):645.
e1-645.e9. doi:10.1016/j.jpurol.2019.09.023

56. Lallemant-Dudek P, Cretolle C, Hameury F, et al. Multicentric 
evaluation of the adherence to Peristeen® transanal irrigation 
system in children. Ann Phys Rehabil Med. 2020;63(1):28-32. 
doi:10.1016/j.rehab.2019.04.003



62 Reviews in Urology   |   2024, Vol 23, Issue 3

Pediatric Neurogenic Bladder

57. Patel S, Hopson P, Bornstein J, Safder S. Impact of transanal 
irrigation device in the management of children with fecal 
incontinence and constipation. J Pediatr Gastroenterol Nutr. 
2020;71(3):292-297. doi:10.1097/MPG.0000000000002785

58. Baaleman DF, Wegh CAM, Hoogveld MTA, Benninga MA, 
Koppen IJN. Transanal irrigation in children: treatment 
success, quality of life, adherence, patient experience, and 
independence. J Pediatr Gastroenterol Nutr. 2022;75(2):166-
172. doi:10.1097/MPG.0000000000003515

59. Radojicic Z, Milivojevic S, Lazovic JM, Becanovic S, Ko-
rićanac I, Milic N. The impact of bowel management on the 
quality of life in children with spina bifida with overactive 
bladder and detrusor sphincter dyssynergia. J Pediatr Urol. 
2019;15(5):457-466. doi:10.1016/j.jpurol.2019.05.005

60. Reynolds RA, Vance EH, Shlobin NA, Bowman R, Ros-
seau G. Transitioning care for adolescents with spina bifida 
in the US: challenges for management. Childs Nerv Syst. 
2023;39(11):3123-3130. doi:10.1007/s00381-023-05955-8

61. Shlobin NA, Yerkes EB, Swaroop VT, Lam S, McLone DG, 
Bowman RM. Multidisciplinary spina bifida clinic: the Chi-
cago experience. Childs Nerv Syst. 2022;38(9):1675-1681. 
doi:10.1007/s00381-022-05594-5

62. Patel SK, Staarmann B, Heilman A, Mains A, Woodward J, 
Bierbrauer KS. Growing up with spina bifida: bridging the 
gaps in the transition of care from childhood to adulthood. 
Neurosurg Focus. 2019;47(4):E16. doi:10.3171/2019.7.FO-
CUS19441

63. Agrawal S, Slocombe K, Wilson T, Kielb S, Wood HM. Uro-
logic provider experiences in transitioning spina bifida patients 
from pediatric to adult care. World J Urol. 2019;37(4):607-
611. doi:10.1007/s00345-019-02635-8

Article Information
Published: September 13, 2024.
Conflict	of	Interest	Disclosures: The authors declare 
that they have no competing interests.
Funding/Support: The authors declare that no grants 
were involved in supporting this work.
Author	Contributions: The authors contributed equally 
to this work.
Data	Availability	Statement: No new data were gener-
ated for this review.


