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ABSTRACT
Background: If untreated, paediatric neurogenic bladder can cause renal failure and urinary 
incontinence. It is usually caused by neural tube defects such as myelomeningocele. Children 
with a neurogenic bladder should be monitored from birth and management should aim to 
preserve renal function and achieve social continence. This article outlines the management 
options appropriate for these children in resource-poor settings.
Assessment: In most low- and middle-income countries, a general lack of awareness of the 
neurological effects on the urinary tract results in late presentation, usually with urological 
complications even when spina bifida is diagnosed early. Physical examination must include 
neurological examination for spinal deformities and intact sacral reflexes. About 90% of children 
with occult spinal dysraphisms will have cutaneous sacral lesions. The work-up includes urinalysis, 
serial ultrasound of the urinary tracts and urodynamics. Urodynamic assessment is essential for 
the diagnosis and prognosis of the paediatric neurogenic bladder. In poorly resourced settings, 
simple eyeball urodynamics can be performed in the absence of a conventional urodynamic 
set-up.
Treatment: Clean intermittent catheterisation (CIC), the mainstay of treatment, is most suitable 
for resource-poor settings because it is effective and inexpensive. Antimuscarinic drugs such as 
oxybutynin complement CIC by reducing detrusor overactivity. Intravesical injection of Botox 
and bladder augmentation surgery is required by a small subset of patients who fail to respond 
to combined CIC and oxybutynin therapy.
Conclusion: Children with neurogenic bladder in resource-poor settings should have early 
bladder management to preserve renal function and provide social continence.

Abbreviations: CIC: clean intermittent catheterisation; MMC: myelomeningocoele; UTI: 
urinary tract infection; DSD: detrusor sphincter dyssynergia; PVR: post-void residual; UDS: 
urodynamic studies; EMG: electromyography; CMG: cystometogram; Pdet: detrusor pressure; 
Pabd: abdominal pressure; Pves: intravesical pressure; VUR: vesicoureteric reflux; ACE: antegrade 
continence enema

Introduction

A neurogenic bladder is a dysfunctional urinary bladder 
caused by disease of the central or peripheral nervous 
system involved in the control of micturition.

Congenital neural tube defects such as myelomenin-
gocele (MMC) are the most common cause of paediatric 
neurogenic bladder dysfunction. It may also result from 
sacral agenesis, anorectal malformations, sacrococcygeal 
teratoma, transverse myelitis and traumatic spinal cord 
injury.

Neurogenic bladder leads to renal failure in 50% of 
untreated patients by the age of 5 years, and this is the 
main cause of mortality in these children [1].

The main objectives of management are therefore to 
preserve renal function and to achieve social continence. 
This is usually attained through clean intermittent cathe-
terisation (CIC) and oral anticholinergic medication.

This article outlines the essential investigations and 
treatment options appropriate for these children in 
resource-poor settings.

Pathophysiology

The normal function of the lower urinary tract is stor-
age of urine at low bladder pressure and continence, 
followed by periodic, complete voluntary voiding.

Bladder storage and voiding of urine are, respectively, 
under sympathetic (T10–L2) and parasympathetic (S2–
S4) nervous control. Therefore, the autonomic nervous 
system controls bladder function while the somatic 
nervous system controls the external urinary sphincter, 
allowing continence.

A neurogenic bladder is caused by a spinal reflex arc 
that occurs when the bladder becomes autonomous 
from higher centres [2].
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visualise the spinal cord for lesions before these children 
are 3 months old when their vertebral bones ossify. At 
this age, there is a good correlation between ultrasound 
and MRI findings, although MRI provides a better defini-
tion of the spinal pathology [4,5].

At initial evaluation of the child, if there is an open 
spinal lesion, surgical closure takes precedence over uro-
logical investigations. However, urological investigations 
can be undertaken while the child is being prepared for 
surgery on a closed spinal cord lesion. The ability of the 
child to empty his/her bladder is determined by meas-
urement of residual urine volume with ultrasound or 
catheter after the child voids or leaks spontaneously, 
or with a Valsalva manoeuver. If the child cannot empty 
the bladder, 3-hourly CIC is commenced. If ultrasound 
demonstrates hydronephrosis, dilated ureters or blad-
der wall thickness, a micturating cystourethrogram 
is performed to detect vesicoureteral reflux (VUR) or 
bladder outlet obstruction. Neonates wait until they are 
2–3 months old when cystometry for bladder pressures 
can be undertaken safely but in older children, cystom-
etry is done as early as possible.

When cystometry shows elevated detrusor filling and/
or voiding pressures or high-pressure detrusor overac-
tive contractions, anticholinergic medication is added to 
CIC to ensure storage of urine at low detrusor pressures 
whilst minimising voiding pressures. It is important to 
repeat cystometry three months later to ensure that the 
CIC and anticholinergic therapy is adequately reducing 
bladder pressures and abolishing detrusor overactiv-
ity [3]. A repeat ultrasound of the kidneys and bladder 
should also be performed especially if hydronephrosis 
or reflux was present initially.

Investigation

The basic urological work-up includes urinalysis and cul-
ture to identify infection, serial ultrasound of the urinary 
tracts with post-void residual urine volume (PVR) and 
urodynamics. Ultrasound of the urinary tracts with meas-
urement of PVR is important for initial assessment and 
for follow-up. The frequency of ultrasound examinations 
for follow-up is determined by what is known of bladder 
dysfunction and hence the perceived risk of upper tract 
damage. It is recommended to repeat ultrasound every 
6 months and repeat UDS yearly or sooner if the child’s 
urinary symptoms worsen or when ultrasound shows 
changes in the upper urinary tract [3]. This is impor-
tant in the first 2 years of life when these children are at 
increased risk of developing tethering of the spinal cord 
owing to periods of rapid growth [3]. After 2 years until 
the end of the adolescence growth spurt, ultrasound can 
be performed yearly for hydronephrosis, residual urine 
volume and changes in bladder wall thickening. A UDS 
is performed if any of these changes is noted. Follow-up 
ultrasounds can be performed at two-year intervals once 
the growth velocity has diminished in adolescence.

The neurogenic bladder is also influenced by the pres-
ence of the Arnold-Chiari malformation which results in 
hydrocephalus and affects the brainstem and pontine 
mesencephalic centre, areas that are involved in control 
of lower urinary tract function.

The differing growth rates of the vertebral bodies and 
the elongating spinal cord are a dynamic influence on 
the neurogenic bladder which further confounds the 
clinical picture.

Therefore, the neurological lesion produced in spina 
bifida influences lower urinary tract function in many 
ways and cannot be predicted only by examination of 
the spinal abnormality or the neurological function of 
the lower extremities.

As a result, urodynamic evaluation in the first 
2–3  months after birth is now the standard of care in 
most paediatric centres because it provides a clear pic-
ture of the effects of the neurological lesion on the lower 
urinary tract and also predicts the risk of future urinary 
tract deterioration in infants [3].

It is important to identify these children early and 
institute treatment prophylactically to preserve renal 
function even in poorly resourced settings.

Initial evaluation and management

Children with neurogenic bladder should be monitored 
from birth whenever possible. In most low- and mid-
dle-income countries (LMIC), either owing to a lack of 
awareness of the neurological effects on the urinary tract 
or inadequate resources, follow-up of the neurogenic 
bladder may not occur even when spina bifida is diag-
nosed early. These children may therefore present late 
with palpable bladder, chronic renal failure and urinary 
tract infection (UTI) or urinary incontinence.

A good medical history including a bladder diary and 
a thorough physical examination usually results in an 
accurate diagnosis. Neurological examination for spinal 
deformities and intact sacral reflexes is important. An 
anal wink reflex is elicited by stroking the skin around 
the anus. The bulbocavernosus reflex is elicited by feel-
ing for contraction of the anal sphincter over a gloved 
finger inserted into the anus when the glans penis in 
males or the clitoris in females is squeezed. The absence 
of these reflexes suggests an interruption of the sacral 
reflex arc. However, an intact sacral reflex does not neces-
sarily ensure coordinated detrusor and sphincter activity, 
and lack of reflex sphincter relaxation during detrusor 
contraction (detrusor sphincter dyssynergia, DSD) causes 
bladder outlet obstruction and eventual upper renal 
tract damage.

About 90% of children with occult spinal dysraphisms 
will have cutaneous sacral lesions such as a hair patch, a 
dimple, a dermal vascular malformation or an abnormal 
gluteal cleft. When the diagnosis is doubtful in a poorly 
resourced setting where magnetic resonance imaging 
(MRI) may not be readily available, ultrasonography can 



282   P. O. M. MAISON AND J. LAZARUS

Urodynamic assessment is essential for the diagnosis 
and prognosis of the paediatric neurogenic bladder. It is 
used to identify infants at risk of upper tract deteriora-
tion who require prophylactic measures and to plan the 
treatment of incontinence.

Urodynamic studies evaluate the storage and 
emptying functions of the bladder. UDS can be sim-
ple and non-invasive (bladder diary and flow rate) or 
invasive (cystometrogram and video-urodynamics). A 
cystometrogram measures the relationship between 
bladder filling and pressure. Parameters used to char-
acterise the bladder are capacity, compliance, detrusor 
activity and detrusor leak point pressure.

Risk factors signalling a poorer prognosis include 
reduced bladder capacity for age, poor compliance, 
elevated detrusor leak point pressure (>40 cm H2O) and 
electromyography (EMG) features of functional bladder 
outlet obstruction (detrusor sphincter dyssynergia).

Compliance is defined as the increase in detrusor 
pressure per unit of volume (V/P). It is a measure of the 
distensibility of the bladder and measures the amount of 
fluid that is needed for a unit rise in the detrusor pressure 
during bladder filling. Normally the bladder has good 
compliance and may be filled to normal capacity with 
very little increase in detrusor pressure.

Multi-channel cystometography (CMG) is the compo-
nent of UDS that measures the bladder pressure through 
a catheter in the bladder, and intra-abdominal pressure 
via a catheter in the rectum. Because the bladder is an 
intra-abdominal organ, the pressure recorded in the 
bladder is a combination of the pressure created by the 
activity of the detrusor muscle itself and the pressure 
exerted on the bladder by the intra-abdominal pressure. 
Hence, changes in bladder pressure represent a change 
in detrusor pressure (Pdet) or a change in abdominal 
pressure (Pabd). Therefore, multichannel cystometog-
raphy approximates the actual pressure exerted in the 
bladder by the activity of the detrusor muscle alone 
(Pdet). The Pdet is obtained by measuring total intra-
vesical pressure (Pves) with a bladder pressure catheter, 
intra-abdominal pressure (Pabd) with a rectal or vaginal 
catheter and then electronically subtracting Pabd from 
Pves using a dedicated computer based system.

This may also be performed by the so-called eye-
ball urodynamics technique using a simple burette 
and three-way stopcock apparatus in poorly resourced 
settings [6]. Pressure measurements in cm H2O during 
bladder filling and at leak point or when the child voids 
help to assess bladder compliance and the risk of upper 
tract damage.

Alternatively, single-channel CMG using a single cath-
eter in the bladder to measure pressure during filling 
may be performed in low-resource centres to reflect 
bladder compliance. UDSs should be used early in the 
management and repeated to avoid upper tract dete-
rioration. Paediatric patients with congenital causes of 

neuropathic bladder should first undergo UDSs in the 
first 2–3 months after birth [3].

During follow-up, if the child develops new onset wet-
ting or is seen to need CIC more frequently in order to 
remain dry, UDS should be performed as these indicate 
potential changes in lower urinary tract function. These 
are likely to develop during the adolescent growth spurt 
owing to the increased risk of tethering of the cord.

Micturating cystography is performed to confirm or 
exclude VUR, bladder outflow obstruction or bladder 
configuration. This is best undertaken in combination 
with simultaneous urodynamic examination.

Nuclear renogram, glomerular filtration rate estima-
tion and serum creatinine level can be used to assess kid-
ney function. The child with recurrent febrile UTI should 
also have a nuclear renogram for renal scarring, espe-
cially when he/she has VUR. In situations where reno-
gram is not readily available, serum creatinine estimation 
and serial ultrasound of the kidneys for renal growth 
assessment may be helpful. However, it is important 
to note that abnormal serum creatinine and poor renal 
growth on ultrasound are late indicators of renal damage 
in children. Renal ultrasound can also be undertaken to 
detect renal scars in the absence of a renogram although 
renal ultrasound has a low sensitivity for detecting renal 
scarring across all age groups [7].

Treatment

The primary goals of the management of paediatric 
neurogenic bladder are to normalise vesical pressure, 
preserve renal function and achieve social continence.

CIC is the mainstay of treatment of children with 
neurogenic bladder. In poorly resourced settings, CIC 
is usually performed with a reusable catheter which is 
cleaned after each use and reused for about one week. 
It is therefore relatively inexpensive, safe, very effective 
and hence most suitable for resource-poor settings 
[8]. It is also easy to teach and perform. It is most effi-
cacious when commenced in infancy and undertaken 
by the child’s caregivers until the child is old enough to 
be taught self-catheterisation. Most of these children 
require not only the normal education of children with-
out disabilities but also therapy and basic education in 
living skills. However, many LMIC lack the resources and 
expertise to provide such education for these children 
[8]. It is therefore important to teach self-catheterisa-
tion before the child starts school so that he/she can 
self-catheterise whilst at school.

Antimuscarinic drugs such as oxybutynin comple-
ment CIC by reducing detrusor overactivity. They block 
muscarinic bladder receptors, causing relaxation of the 
bladder smooth muscle and are well established as the 
first-line pharmacotherapeutic agents for paediatric and 
adult neurogenic bladder. When combined with CIC, the 
development of renal damage is reduced in about 90% 
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cholinergic neurons to inhibit acetylcholine release 
and hence cause bladder paralysis by a marked reduc-
tion in bladder contractions. This results in an increase 
in average maximum bladder capacity and detrusor 
compliance, and a decrease in the mean maximal det-
rusor pressure. When CIC is continued, continence and 
a reduced need for oral oxybutynin can be achieved in 
some patients after Botox injection. The Food and Drugs 
Authority (FDA) recommends a maximum dose of 200 IU 
for detrusor overactivity associated with a neurological 
condition [15]. At cystoscopy, at least 20 injections of 
the drug are administered into the detrusor muscle at 
different sites above the level of the trigone.

Given that it is relatively expensive and repeated 
injections may be required, Botox might not be readily 
available for most children in poorly resourced settings.

When conservative management fails, surgical 
options are employed to enlarge the bladder (augmenta-
tion cystoplasty), thus increasing its capacity and reduc-
ing bladder pressures. A temporising vesicostomy can be 
performed for very small infants with high bladder pres-
sures until they are ready for augmentation cystoplasty. 
Many options are available for augmentation cystoplasty. 
Auto-augmentation of the bladder, ureterocystoplasty 
and enterocystoplasty are available options. However, 
ileocystoplasty is the most commonly performed pro-
cedure because it consistently provides satisfactory 
outcomes [16].

Auto-augmentation involves excision or incision of 
the detrusor muscle over the bladder dome to create, 
in effect, a large diverticulum. Although it avoids the 
potential complications of enterocystoplasty, the urody-
namic outcome in terms of reduced detrusor overactivity 
and increased bladder capacity is rather less impressive. 
Moreover, in the long-term, the outcome worsens owing 
to fibrosis and contraction of the diverticulum.

Ureterocystoplasty is the procedure of choice when-
ever a suitably dilated ureter is available. The ureter is 
opened along its full length and anastomosed to the 
bivalved bladder as a clam patch. Ipsilateral nephrec-
tomy is performed if the kidney is non-functioning. 
However, if the kidney whose distal ureter has been 
used for ureterocystoplasty is a functioning kidney, it 
must be drained by a transuretero-ureterostomy. The 
addition of urothelial tissue to the bladder avoids most 
of the complications of ileocystoplasty. Unfortunately, 
it is not common to obtain a suitably dilated ureter for 
use in such cases and it rarely provides sufficient volume 
increase in the long term.

Enterocystoplasty remains the principal means of 
bladder augmentation despite the morbidity associ-
ated with prolonged exposure of intestinal epithelium 
to urine. This is because it commonly requires the use of 
ileum, ileocaecum or sigmoid colon which is universally 
available and the urodynamic outcomes are mostly con-
sistent and satisfactory.

of children and about 85% achieve social continence, 
avoiding the need for urological procedures such as 
bladder augmentation, bladder neck reconstruction or 
urinary diversion [9].

Oxybutynin chloride is administered orally at 0.2 mg/
kg/bodyweight every 8 hours [10]. The usual dose for 
paediatric patients over 5 years of age is one 5-mg tablet 
two times a day and the maximum recommended dose 
is one 5-mg tablet three times a day [10].

Long-term treatment is safe in children, including 
newborns [11]. Side-effects of anticholinergic agents 
include facial flushing and dizziness, blurred vision, dry 
mouth and constipation. The potential for cognitive 
impairment with oxybutynin is of significant concern, 
particularly as these children are neurologically vulner-
able [12].

For patients in whom side-effects are not tolerated, 
oxybutynin may be administered in the same dosage 
by the intravesical route [10]. The serum levels of oxy-
butynin after intravesical administration are as high 
as when taken orally [2]. However, when administered 
intravesically, first-pass liver metabolism which pro-
duces the metabolites phenylcyclohexylglycolic acid and 
N-desethyloxybutynin is circumvented and a reduced 
side-effects profile is observed. Phenylcyclohexylglycolic 
acid is pharmacologically inactive and is the major 
metabolite while the pharmacological activity of 
N-desethyl-oxybutynin is similar to that of oxybutynin 
chloride. Side-effects are predominantly thought to be 
mediated by the metabolite N-desethyl oxybutynin [13].

In most LMIC, there is no commercially available 
preparation of oxybutynin for intravesical use, requiring 
families to create their own solutions. It is easy to crush 
the tablet, dilute in sterile H2O (5 mg/5 ml) and admin-
ister twice per day [13]. It is administered after CIC and 
left intravesically for 3–4 h or until the next CIC. In the 
absence of sterile water, parents can be requested to use 
cooled boiled water. However, the inconvenience of the 
preparation is often cited as a reason for discontinuation, 
accounting for 25% of drop-outs [14].

Tolterodine, an alternative anticholinergic agent, is 
equally efficacious with fewer side-effects. However, 
unlike oxybutynin which is readily available, it may not 
be accessible to most patients in LMIC.

A subset of children fails to adequately respond to 
combined CIC and anticholinergic therapy. These chil-
dren characteristically have ongoing urinary incon-
tinence and an increased risk of upper-tract damage 
unless they have a wide open bladder neck.

In these children, intravesical injection of botulinum 
toxin A (Botox) is usually employed as a temporising 
measure prior to possible augmentation cystoplasty. The 
duration of the urodynamic efficacy of Botox injection is 
approximately 6–9 months, after which repeat injections 
are necessary. This neurotoxin produced by Clostridium 
botulinum binds to the pre-synaptic nerve endings of 
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(ACE) procedure should be considered. Usually, an 
appendix stoma is fashioned on the skin at the right iliac 
fossa to create a catheterisable channel to the bowel. 
The bowel can then be flushed with water through a 
catheter inserted into the appendix stoma and the con-
tents emptied through the anus into the toilet. Utilising 
the Mitrofanoff principle to provide continent catheter 
access to the proximal or distal colon, the ACE procedure 
enables the colon to be regularly and fully evacuated.

If the ACE fails or is deemed not suitable, a permanent 
colostomy remains an acceptable option.

Conclusion

Children with neurogenic bladder require lifelong sur-
veillance and treatment to preserve renal function and 
provide social continence. Early diagnosis and active man-
agement of the bladder is required and should be pro-
vided for these children even in resource-poor settings.
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