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Preventing Kidney Injury in Children with Neurogenic Bladder Dysfunction
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ABSTRACT

The most common cause of neurogenic bladder dysfunction (NBD)
in newborn infants is myelomeningocele. The pathophysiology almost
always involves the bladder detrusor sphincter dyssynergy (DSD), which
if untreated can cause severe and irreversible damage to the upper and
lower urinary tracts. Early diagnosis and adequate management of NBD
is critical to prevent both renal damage and bladder dysfunction and to
reduce chances for the future surgeries. Initial investigation of the affected
newborn infant includes a renal and bladder ultrasound, measurement of
urine residual, determination of serum creatinine level, and urodynamics
study. Voiding cystogram is indicated when either hydronephrosis or
DSD is present. The main goal of treatment is prevention of urinary
tract deterioration and achievement of continuance at an appropriate
age. Clean intermittent catheterization (CIC) in combination with
anticholinergic (oxybutynin) and antibiotics are instituted in those
with high filling and voiding pressures, DSD and/or high grade reflux
immediately after the myelomeningocele is repaired. Botulium toxin-A
injection into detrusor is a safe alternative in patients with insufficient
response or significant side effects to anticholinergic (oral or intravesical
instillation) therapy. Surgery is an effective alternative in patients with
persistent detrusor hyperactivity and/or dyssynergic detrusor sphincter
despites of the CIC and maximum dosage of anticholinergic therapy.
Children with NBD require care from a multidisciplinary team approach
consisting of pediatricians, neurosurgeon, urologist, nephrologists,
orthopedic surgeon, and other allied medical specialists.

Keywords: Anticholinergic, botulinum toxin, chronic kidney
failure, clean intermittent catheterization, neurogenic bladder
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INTRODUCTION

Neurogenic bladder dysfunction (NBD) can develop as a
result of a lesion at any level in the nervous system. However, the
commonest cause of NBD is myelomeningocele.!¥ Other causes
of NBD involving the spinal cord include, spina bifida occulta,
lipomeningocele, sacral agenesis, and tethered spinal cord
associated with imperforated anus, and cloacal malformations.!'!

The incidence of meyelomeningocele ranges from 0.3 to
4.5/1,000 births in the general population. If the myelomeningocele
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is present in one child in a family, the chance of
having a sibling with the same condition is 2-5%. The
prevalence of this condition appears to be higher in
the offspring of mothers who had folic acid deficiency
during pregnancy.” However, folic acid replacement
during the pregnancy did not decrease the disease
prevalence. Currently no genetic markers have been
linked to the presence of myelomeningocele.

At birth, most newborns with spina bifida
have a normal upper urinary tract. However,
the majority will develop deterioration of renal
function and bladder-wall changes without
adequate  management.[*8!  Early  proactive
management improves upper urinary tract function
and reduces the need for surgery in patients with
spina bifida.”!% Progressive renal damage is due
to high detrusor pressures both throughout the
filling and emptying (poor compliance bladder)
as well as superimposed detrusor contractions
against a closed sphincter or detrusor sphincter
dyssynergia (DSD).[*') Many children with NBD
experience recurrent urinary infections, which can
increase the risk for renal impairment. NBD-related
kidney scarring has long been considered as the
cause of substantial long-term morbidity in the form
of hypertension and chronic kidney disease.!?!

To prevent renal damage, NBD must be treated
immediately after birth following closure of the
back lesion.”!® Remarkable progress has been
made in the medical treatment of children with
the NBD over the past few decades.!!>¢!"13] These
advances are primarily due to the discovery of
newer medications, the better understanding
of the pathophysiology of NBD, the increased
application of urodynamics study during infancy,
and the functional classification of NBD into
low- and high-risk groups.t!:141¢l

The use of a multidisciplinary team approach
especially, one that incorporates increased data
sharing using the enhanced health information
technology, such as electronic records and electronic
data transmission have made it possible to both
safely and effectively eliminate incontinence and
protect the upper urinary tract, and improve the
patient’s outcome and quality of life. The team
includes pediatricians and other specialists from
urology, neurosurgeon, nephrology, orthopedics,
and physical medicine and rehabilitation.!'”)

This review  focuses on diagnosis,
pathophysiology, and treatment of NBD in the

newborn with spina bifida that have evolved in
recent years.

PATHOPHYSIOLOGY

During normal voiding, the sphincter relaxes
as the detrusor muscle contracts to allow
unobstructed urinary flow. Spinal cord injury
can lead to dyssynergy so that the sphincter is
closed when the detrusor contracts, creating high
pressures within the bladder but low flow rates.
An increased intravesical pressure, the leak-point
pressure (the bladder pressure at which urethral
leakage occurs), or detrusor external sphincter
dyssynergia are now recognized as significant risk
factors of subsequent upper and lower urinary
tracts deterioration. When the detrusor filling
pressure exceeds 40 cm H,O ureteral drainage into
bladder deteriorates, leading to hydronephrosis and
vesicoureteral reflux (VUR), recurrent urinary tract
infections due to bladder residue, and ultimately
renal insufficiency.[*1114.15.18,19]

Based on urodynamic studies, four subtypes
of the NBD have been identified for defining the
underlying the pathophysiology and treatment
plan in affected children as follows: [11:15.16.20]

e Sphincter overactivity causing functional
obstruction combined with a detrusor
inactivity or a bladder that does not generate
a contraction (type A). The result is that the
bladder will not empty fully (urine retention)

e Another possible diagnosis is DSD, in which
increased sphincter activity occurs during
detrusor contraction (type B). This finding is
significant because DSD has been associated
with an increased risk of upper urinary tract
deterioration in over 60% of patients! &1

e Sphincter denervation with no resistance
to urine flow combined with detrusor
inactivity (stasis) (type C). In this type the
bladder leaks due to both large bladder
capacity (stasis) and incompetent sphincter

e Sphincter denervation combined with detrusor
hyperactivity (type D). In this type the bladder
leaks due to detrusor hyperreflexia with detrusor
hypertrophy and loss of bladder compliance.

Diagnostic evaluation
Although diagnosis of NBD in neonates with
meningocele is obvious, recognition becomes more
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difficult in those with spina bifida occulta because
most of the children have no clinical manifestation
of this disease other than the cutaneous lesion.*!!
The lumbosacral cutaneous lesions often signify an
underlying bony and/or spinal cord malformation.
The symptoms of difficulty emptying the bladder,
slow stream while staining to void, frequency,
and urgency that are highly suggestive of a NBD
in older children are often absent or cannot be
articulated during infancy.

In the newborn period, these infants appear
normal with no lower extremity abnormalities,
except for the lumbosacral cutaneous lesions.
With time, they may develop difficulty in toilet
training or urinary infection. Lower extremity
neurologic deficits including urinary and/or
fecal incontinence develop as the child grows
and become evident around the time of puberty
when growth spurt causes increased traction on
the spinal cord. Toilet-trained young children may
start wetting again; complain of abdominal pain,
dysuria or urinary incontinence.!!l

When evaluating a child with NBD, a detailed
history regarding previous urinary infection,
trauma, voiding diary, and bowel habits should be
obtained. Physical examination should include a
thorough neurologic evaluation including, perianal
sensation, anal sphincter tone reflexes in the
sacral level, and deep tendon reflexes in the lower
extremities.

Initial investigation in newborns should
include urinalysis with urine culture, catheterized
measurement of urine residual after voiding, renal,
and bladder ultrasound, determination of serum
creatinine level, and urodynamic studies combined
with  urethral sphincter electromyography
(EMQG).®!1L14 Voiding cystography is indicated
when hydronephrosis is present or urodynamic
studies suggest risk to the upper urinary tract
from an increased detrusor pressure at capacity or
bladder sphincter dyssynergy.41113!

Urodynamics study should be carried out
as soon as possible after birth to identify the
high groups and individualized treatment
planning based on the type of dysfunction.['620
The urodynamic study if properly performed,
even in the newborn, provides measurement
of post-voiding residual urine volume, bladder
capacity, compliance, bladder filling, and voiding
pressures, and urine flow rate. The EMG reveals
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the relationship between detrusor contractions
and the urinary sphincter and allows recognition
of the different subtypes of NBD.* The normal
end filling pressure (the change in bladder filling
pressure between emptying and storage) should
be less than 10 cm H,O while the normal voiding
pressure varies from 55 cm to 80 cm of H,O in
boys and from 40 cm to 65 cm in girls."*!!! The
findings are considered normal when there is an
appropriate capacity, good compliant bladder, and
an increase in sphincter activity during filling and
complete silencing during emptying.

Detrusor overactivity is defined as any
short-lived pressure rise of greater than 15 cm H,O
from baseline before capacity is reached.*!¢! Risk
factors are elevated detrusor filling pressure, DSD
or high voiding or leaking pressures above 40 cm
H.0 at capacity.??"

The most common abnormal findings in the
newborn infant is the failure of the sphincter to
relax during a detrusor contraction or DSD (type B)
which is usually associated with VUR and recurrent
urinary infections while extensive denervation of
the sphincter without contractions of the detrusor
muscle (type C) is the most common abnormality
in older children.!'!

Urodynamic testing may produce artificial
information because of mechanical factors (such
as elevated leak pressure or inability to void due
to the catheter-induced bladder-outlet obstruction)
and fast bladder filling rates above the natural
filling leading to detrusor hypertonicity.?”! To avoid
this rate of infusion should be set at 10% of the
expected bladder capacity for age.[¥! The expected
normal bladder capacity (EPC) in milliliters is
calculated using the following formulae: EPC =
age (in years) + 30 x 30.4

The newborns should be evaluated at 3, 6 and
12 months. A renal ultrasound, urinalysis, and
urodynamics study are obtained at each visit when
indicated. After 6 months of age, the imaging
modality is magnetic resonance imaging of the
spine.

Management

The primary goal of treatment is to identify the
lower urinary tract abnormalities that contribute
to NBD and to highlight strategies to preserve
the upper urinary tract integrity and provide
continence at an appropriate age.*10:13.23.24]
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Most infants with spina bifida present with
elevated detrusor filling pressure, high leak-point
pressure, and dyssynergic sphincter, dangerous
combinations, which can cause severe and
irreversible renal and damage.*'Y To prevent renal
damage treatment should start immediately after
birth by Clean Intermittent Catheterization (CIC)
and pharmacological suppression of detrusor
overactivity.>? CIC in combination with
anticholinergic (oxybutynin) and antibiotics are
instituted in those with high filling and voiding
pressures, DSD and/or high grade reflux,
immediately after closure of the back lesion.[!323

In patients with a high filling pressure and
continuous leaking (type A), the CIC alone is
the first-choice treatment to empty the bladder
effectively. CIC is performed, 4-5 times a day.
Sterile technique to empty bladder is necessary to
avoid bladder infection. Starting CIC in newborns
has led to easier acceptance by parents and
children and reduced upper tract deterioration.
The parent assumes the responsibility for bladder
emptying when the child is unable to perform
catheterization.!!]

When the DSD with high voiding and emptying
pressures (>40 cm H,O) present (type B),
anticholinergic medications, such as oxybutynin,
tolterodine,  propiverine or trospium in
combination with CIC can successfully lower the
filling and emptying pressures through suppression
of detrusor overactivity and converting the NBD
type B to type A, which has to be emptied with
CIC.[6.24]

Oxybutynin  hydrochloride is the most
commonly used anticholinergic agent in newborns
and infants.[7?2252¢] The usual dose regimen of oral
oxybutyninis 0.3-0.6 mg/kg per day in three divided
doses. Intravesical instillation of oxybutynin has
been shown to be a highly efficacious, reliable,
and well-tolerated therapy for children who fail
to response or have significant systemic adverse
effects to oral oxybutynin therapy.!?’3%

Alpha-adrenergic blockers have been used to
facilitate bladder emptying in patients with NBD.
However, their use is considerably limited by their
undesirable systemic side effects.BU Likewise,
tricyclic antidepressants, such as imipramine and
amitriptyline hydrochloride, are not widely used
due to their serious cardiovascular and systemic
toxic effects.

Botulinum toxin-A is a safe alternative in
the management of detrusor hyperreflexia in
children with insufficient response or significant
systemic side effects to anticholinergic therapy.!**%
Endoscopicinjections of botulinum toxin A (Botox)
10 U/kg (maximum 300 U) into the detrusor blocks
release of acetylcholine at the neuromuscular
junction causing transient smooth muscle paralysis
and improving urinary incontinence.3! Patients
may be considered for reinjection when the clinical
effect of the previous injection diminishes (median
6-12 months in most patients). Repeat injections
of botulinum toxin A have been shown to be safe
and do not lead to increased risk of fibrosis in the
bladder wall.

CIC and surgical procedures are used in children
with an incompetent sphincter and acontractile
bladder detrusor (type C) while CIC combined
with anticholinergics and bladder-outlet surgery
are used in those with incompetent sphincter and
detrusor overactivity (type D).[36:37

When medical treatment fails, surgical
procedures need to be considered to achieve
continence. Various bladder outlet surgeries
including injection of bulking agents at the bladder
neck, transurethral sphincterotomy, artificial
sphincter implantation, urethral and bladder neck
procedures have been used to increase resistance,
but no one procedure is ideally suited for every
patient.*®4! Bowel augmentation onto the bladder
are frequently used for bladder augmentation;
however, post-surgical complications including
mucus production, recurrent urinary infections,
stone formation, and the risk for late occurrence
of cancer in the augmented segment limit its
application.?

Electrostimulation of the sacral nerve have
been used in children for treatment of overactive
bladder and urinary incontinence and may offer
a valuable option to a definitive surgery.*>*4
The technique is safe and more effective than
the conservative treatment for incontinence.!344
Engineered bladder tissue and a stem cell therapy
for bladder enlargement are currently under
evaluation, and the preliminary results have been
promising.!

All the febrile urinary tract infections must
be treated with antibiotics as soon as possible.
Patients with recurrent symptomatic urinary
infections who have reflux should be treated with
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prophylactic antibiotics. Asymptomatic bacteriuria
is common but does not require treatment. NBD
children also experience chronic constipation with
bowel incontinence, which can be treated with
mild laxatives, such as mineral oil, retrograde or
antegrade or enemas.

CONCLUSIONS

Spina bifida is the most common cause of
NBD in children. The pathophysiology almost
always involves dyssynergia between the bladder
detrusor musculature and external bladder
sphincter, which if untreated can adversely affect
bladder function and cause secondary damage
of the upper urinary tract. Early diagnosis and
adequate management during infancy can prevent
both renal damage and bladder dysfunction and
to achieve urinary continence at an appropriate
age.

Initial baseline evaluation should include, renal
and bladder ultrasonography, urinalysis with urine
culture, and determination of serum creatinine
level urodunamiic studies shortly after birth
followed by voiding cystography if indicated.

Treatment strategies must focus on protecting
the wupper tract, maintaining a low-pressure
reservoir, achieving complete bladder emptying
and safe urinary continence. CIC combined with
anticholinergics (oral or intravesical) is the first-line
of therapy in newborns with NBD. Endoscopic
injection of botulinum toxin is considered for
patients who fail or cannot tolerate the adverse
effects of anticholinergic therapy while surgical
procedures with CIC are instituted in those when
DSD, elevated leak point pressure, and/or reflux
grade 3 or higher are present. Electrostimulation of
the sacral nerve and artificial tissue engineering for
bladder augmentation may offer a valuable option
instead of a definitive surgery in the future.
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