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Best practice in the assessment of
bladder function in infants

Luis Guerra, Michael Leonard and Marco Castagnetti

Abstract: The purpose of this article is to review normal developmental bladder physiology in
infants and bladder dysfunction in conditions such as neurogenic bladder, posterior urethral
valves and high grade vesicoureteric reflux. We contrast the classical concept that bladder
function in nontoilet-trained children is thought to be ‘reflexive’ or ‘uninhibited’, with the
results of more recent research showing that infants most commonly have a stable detrusor.
The infant bladder is physiologically distinct from the state seen in older children or adults.
The voiding pattern of the infant is characterized by an interrupted voiding stream due to

lack of proper urinary sphincter relaxation during voiding. This is called physiologic detrusor
sphincter dyscoordination and is different from the pathologic ‘detrusor sphincter dyssynergy’
seen in patients with neurogenic bladder. Urodynamic abnormalities in neonates born with
spina bifida are common and depend on the level and severity of the spinal cord malformation.
Upper neuron lesions most commonly lead to an overactive bladder with or without detrusor
sphincter dyssynergy while a lower neuron lesion is associated with an acontractile detrusor
with possible denervation of the external urinary sphincter. In infants with neurogenic
bladder, the role of ‘early prophylactic treatment (clean intermittent catheterization and
anticholinergics)’ versus initial ‘watchful waiting and treatment as needed’ is still controversial
and needs more research. Many urodynamic-based interventions have been suggested in
patients with posterior urethral valves and are currently under scrutiny, but their impact on
the long-term outcome of the upper and lower urinary tract is still unknown. Cumulative data
suggest that there is no benefit to early intervention regarding bladder function in infants with

high-grade vesicoureteric reflux.
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Introduction

The infant bladder is physiologically distinct from
the state seen in older children or adults. Given
that infants are not yet toilet trained, the assess-
ment of bladder function can be somewhat chal-
lenging because adjuncts such as history and
questionnaires are not easily obtained. Assessment
of infant bladder function has become important
given the realization that high bladder storage
pressures place the upper tracts at risk [McGuire
et al. 1981]. In addition, the association of blad-
der dysfunction with urinary tract pathology such
as vesicoureteric reflux (VUR) and posterior ure-
thral valves (PUVs) has significantly affected
patient management [Abraham et al. 2009;
Chandra ez al. 1996]. It is essential that one keeps

in mind the normal parameters of bladder func-
tion in infancy in order to contextualize findings
from investigations such as urodynamics. In more
direct terms, one would not want to call a normal
finding ‘abnormal’ and then trigger inappropriate
medical treatment or surgical intervention.

The purpose of this article is to review normal
developmental bladder physiology in infants and
the techniques at hand to allow for assessment of
bladder function in this age group. Then we
review pathological bladder physiology in infancy
in the light of specific conditions such as neuro-
genic bladder, PUVs and VUR. We then focus on
the implications of bladder function assessment
on the treatment of these specific conditions. In
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the conclusion, future areas of investigation are
discussed. It is anticipated that this review will
provide the busy clinician with current concepts
in the assessment and management of pathologi-
cal bladder function in infancy in order to better
serve their tiny charges.

Anatomy and neurophysiology of the lower
urinary tract

The lower urinary tract includes the bladder and
the urethra and has two major functions: the stor-
age of urine at low pressure (filling phase) and
intermittent expulsion of urine at an appropriate
time and place (voiding phase). Lower urinary
tract function requires coordinated activity of two
anatomical compartments, the bladder and the
sphincteric mechanism of the bladder outlet. The
bladder is a hollow organ formed of three layers,
including the outer serosa, the inner mucosa and
the intermediate detrusor muscle. The latter is a
syncytium of interlacing smooth muscle bundles.
The fibers of the detrusor extend into the bladder
neck and end in the posterior urethra, where they
form the inner layer of the sphincteric mecha-
nism. The sphincteric mechanism is much more
developed and powerful in male than female indi-
viduals and its mass can further increase under
certain conditions, inducing hypertrophy of the
detrusor muscle such as in infants born with
PUVs. The outer layer of the sphincteric mecha-
nism is formed of striated musculature and is also
called the rhabdosphincter. Next to this mecha-
nism, other factors contribute to maintain conti-
nence, including the elastic properties of the
urethra and the pelvic floor with the levator ani
and coccygeus muscle that support and maintain
the position of the pelvic organs.

The lower urinary tract has sensitive (afferent)
and motor (efferent) innervation. The afferent
activity mediates the desire to void. It starts from
stretch receptors sited in the bladder wall and
reaches the brain via the posterior root of the
sacral cord and the spinothalamic tract.

The efferent innervation includes parasympa-
thetic cholinergic nerves and sympathetic adren-
ergic nerves. The former originate from spinal
segments S2-S4 and provide the main innerva-
tion to the detrusor muscle. They release acetyl-
choline which binds muscarinic receptors (M2 or
M3) to stimulate detrusor contractions. Efferent
sympathetic adrenergic nerve fibers originate
from the spinal cord segment T10-L2. These

nerves provide the main motor control for the
smooth musculature of the bladder neck and pos-
terior urethra. In particular, they release noradren-
aline that binds a1 A adrenoreceptors at this level,
stimulating smooth muscle fiber contractions.
Noradrenaline also influences detrusor activity,
binding P adrenoreceptors sited in this muscle,
which contributes to its relaxation [Franco, 2007].
Parasympathetic and sympathetic nerves are in
close juxtaposition, as they merge in a plexus at
the base of the bladder, and constantly interact.
Finally, the rhabdosphincter is innervated by
somatic pudendal nerve fibers that predominantly
arise from a specific area, known as Onuf’s
nucleus, located in the anterior horn of two seg-
ments of the sacral spinal cord. Rhabdosphincter
activity is also coordinated with detrusor activity.
Its tone increases during the storage phase and
decreases during voiding [Thor, 2003; Thor and
Donatucci, 2004].

In adults, filling is mainly under the control of the
sympathetic nervous system that induces relaxa-
tion of the detrusor and contraction of the bladder
outlet sphincter mechanisms. During filling the
parasympathetic system is inhibited. Voiding is
under the control of the pontine micturition cen-
tre, which coordinates the micturition reflex as fol-
lows. Afferent signals originating from stretch
receptors in the bladder wall ascend via the poste-
rior route and reach the micturition centre via the
periaqueductal grey matter. The centre in turn
activates the parasympathetic nerves, inhibits the
sympathetic ones and sends inputs to Onuf’s
nucleus [Thor, 2003]. Lower urinary tract func-
tion is eventually under the control of the brain.
The cerebral cortex is able to determine voluntary
contractions of the rhabdosphincter and levator
ani to resist micturition and control the trigger
inputs from the pontine micturition centre,
thereby suppressing detrusor contractions.

In infants, this network is not fully developed.The
parasympathetic nerves are not completely inhib-
ited during bladder filling, so that bladder con-
tractions can occasionally occur in this phase, and
detrusor contraction and sphincteric relaxation
are dyscoordinated during micturition, often
resulting in incomplete bladder emptying [Neveus
and Sillen, 2013].

Normal bladder function in infancy
The infantile bladder reflects the nature of the
child who is growing and under constant body
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change and adaptation. The bladder capacity in
the neonatal period is around 10 ml and it
increases significantly in the first year of life.
Bladder function in infants behaves very differ-
ently compared with older children and adults.

Classically, bladder function in nontoilet-trained
children was thought to be ‘reflexive’ or ‘uninhib-
ited’, resulting from a triggered spinal cord reflex
arc without central nervous system (CNS) inhi-
bition. This theory considers that the child voids
when the bladder is full to the point when a spi-
nal reflex is triggered leading to a reflex detrusor
contraction [Hjalmas, 1976]. In contrast to clas-
sic theories, more recent studies have shown that
bladder function in neonates and infants is stable
[Yeung ez al. 1995] or rarely demonstrates insta-
bility [Bachelard ez al. 1999]. Urodynamic stud-
ies in infants showed that their bladders are
frequently stable and do not show or show mini-
mal uninhibited contractions during the filling
phase. A premature contraction at the beginning
of the cystometric phase may be the result of the
catheter or the contact of the filling fluid
[Bachelard ez al. 1999; Neveus and Sillen, 2013].
It is now believed that under ideal conditions,
most infant bladders should be stable and signifi-
cant uninhibited contractions should be consid-
ered abnormal.

Another peculiar characteristic of bladder func-
tion in a healthy infant is the physiologic dyscoor-
dination of the detrusor-sphincteric unit during
micturition. It has been observed that the voiding
pattern of the infant is characterized by an inter-
rupted voiding stream due to lack of proper uri-
nary sphincter relaxation during voiding. This is
consequently accompanied by a higher detrusor
pressure during micturition, especially in boys,
and may be associated with incomplete bladder
emptying. These changes improve as the child
grows and are not commonly seen in older chil-
dren. ‘Dyscoordinated voiding in infancy’ is a
physiologic and transient event that subsides as
the child grows, which is different from the ‘det-
rusor sphincter dyssynergy’ seen in patients with
neurogenic bladder secondary to a neurological
insult to the nervous system. The higher incidence
of urinary tract infection (UTI) and reflux in
male infants may be related to the elevated void-
ing pressures seen in this group [Chandra ez al.
1996; Podesta ez al. 2004]. It has been reported
that the bladder volume at which the infant voids
is not constant and may vary from 30% to 100%
of the expected bladder capacity [Jansson er al

2000; Holmdahl ez al. 1996]. Essentially the blad-
der capacity in children grows from 10 ml in the
neonate to around 48-60 ml in a 9 month old and
will have another period of significant growth in
the third year of life, which will reach 123—-150 ml
[Sillen 2004; Jansson ez al. 2000].

Another piece of evidence against a totally unin-
hibited bladder in nontoilet-trained children
came from natural filling urodynamic studies that
used concomitant polysomnography to assess
sleep pattern during voiding [Yeung ez al. 1995].
It showed that the healthy infant has a stable blad-
der, voids with detrusor sphincter dyscoordina-
tion and most interestingly that voiding never
happens during quiet sleep. The full bladder and
micturition disturb the infant and neonate and
they show signs of cortical arousal; however after
voiding they go back to sleep.

The infantile bladder slowly progresses to the
adult type of bladder which is characterized by
socially conscious and voluntary voiding. This is
achieved through an active learning behavioral
process in which the child develops bladder con-
tinence and micturition control. This process is
the result of the action of the parasympathetic
and sympathetic central nervous systems on the
detrusor and internal urethral sphincter, associ-
ated with voluntary control of the striated mus-
cles of the pelvic floor and external urethral
sphincter [Yeung ez al. 2010].

Assessment of bladder function in infants
and nontoilet-trained children

Challenges assessing bladder function in infants

For obvious reasons, many tools usually employed
for the assessment of bladder function in older
patients cannot be used in infants, such as ques-
tionnaires to assess symptoms or uroflowmetry.
Many congenital anomalies of the urinary tract
are diagnosed in the first year of life, triggered by
an abnormal antenatal ultrasound (US) or UTI.
Some of these congenital conditions may affect
bladder and renal function; that is, massive VUR
associated with high post-void residuals, PUVs
and Prune—Belly syndrome. As upper tract dilata-
tion and renal functional impairment secondary
to prenatal maldevelopment are not uncommon
in infants, it can be difficult to determine to what
extent baseline abnormal renal function and renal
functional deterioration in the first year of life are
due to the bladder dysfunction itself or to the
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natural history of the associated condition. Video
urodynamics has been used for investigation of
selected older toilet-trained children with UTIs
and bladder dysfunction [Glazier er al. 1997;
Hoebeke et al. 2001]. Despite reported small
series of video urodynamics in infants (median
age 9 months) with VUR [Podesta ez al. 2004], its
role in nontoilet-trained infants has not been
determined. Popoff mechanisms to relieve blad-
der pressure may be responsible for inaccuracy in
detrusor pressure measurement. In such sus-
pected cases, video urodynamics may help to
account for this occurrence.

Technical aspects when performing

urodynamics in infants

The general principles applied to perform urody-
namics in older children and adults are also
applied to infants, but some small adjustments
must be made. In order to obtain an accurate uro-
dynamic assessment of bladder function in chil-
dren, one must provide a playful and relaxing
environment for the patient during the test. In
contrast to adults, children may react to an unfa-
miliar situation and not cooperate with the test. It
is important that the professional performing uro-
dynamics acts in a calm and gentle way with the
child and is able to transmit trust to the parents.
Anxious parents may make the child insecure and
noncooperative. There is no need for sedation to
perform urodynamics and most pediatric urolo-
gists agree that this may alter the results.

Cystometry

Getting prepared. Before bringing the child into
the exam room, a quick briefing with the parents
will provide the necessary explanation about what
will happen within the urodynamic suite. It is
important to remember that calm parents during
the exam will result in a more cooperative child
and more accurate results. Relaxing music, a com-
fortable temperature and warm room lights will
make the child more content and cooperative.

Positioning. Urodynamics in older children may
be performed with the patient in either the supine
or sitting position; however, for obvious reasons
infants are normally studied lying supine on the
urodynamics exam table.

Catheters. The choice of urethral catheter is usu-
ally guided by the age of the patient. Infants should
have a 6 or 7 Fr double lumen urodynamics

catheter gently inserted using plenty of lubricant
to minimize the discomfort. Catheters with bal-
loons should not be used. For natural filling uro-
dynamics a 5 Fr suprapubic catheter is utilized. A
rectal catheter or sponge transducer is usually
inserted to measure intra-abdominal pressure.

Filling the bladder. In general room temperature
sterile water at a low filling rate should be used
[Zerin, 1993]. It is interesting to note that a pro-
spective, randomized study comparing 91 chil-
dren with mean age 8.6 years undergoing
urodynamics with room temperature versus pre-
warmed saline infusion showed that the systematic
use of a warm infusion is not necessary on a rou-
tine basis. However, they found that prewarmed
saline infusion is more physiologic in infants and
they recommend its use for children younger than
2 years of age [Chin-Peuckert ez al. 2004]. A filling
rate of 10 ml/min is adequate for most children,
but as a rule of thumb, calculated bladder capacity
divided by 10 can be used [Neveus ez al. 2006].
Most urodynamic machines have an injection
pump with an adjustable filling rate, but the fluid
bag can be placed at 30-40 cm height from the
bladder level and gravity drip can be used. Gas
(CO,) has been described, but it is an irritant to
the bladder and is not commonly used.

Electromyography. There are some reports sug-
gesting the possibility of dysfunctional voiding
present in healthy nontoilet-trained infants [Jay-
anthi et al. 1997]. However, the use of EMG to
rule out detrusor sphincter dyssynergism (DSD)
in healthy infants with lower back stigmata of
occult dysraphism is not well established. The
interpretation of DSD in healthy infants with min-
imal neurologic conditions such as occult dysra-
phism is challenging due to transient detrusor
sphincter dyscoordination, which is nonpathologi-
cal and frequently observed in this age group. This
dyscoordination pattern disappears in older chil-
dren. Despite controversies, in a research and aca-
demic environment, EMG can be used during
urodynamics in infants with established neuro-
pathic lesions, such as open spinal dysraphism, in
order to rule out DSD. Some infants with myelo-
meningocele may present rapid bladder function
deterioration in the first few months of life and
excessive EMG activity during voiding may help
to identify children with high-risk bladders.

Uroflowmetry. Due to the technical challenge in
collecting voided urine from infants in an electronic
scale, uroflowmetry and flow/pressure studies are
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not usually obtained in infants. Custom-made US
flow probes connected to a flowmeter mounted on
the penis have previously been used to assess flow
in infants [Olsen er al. 2010]. Assessing neonates
using this method found that 34% had dyscoordi-
nated flow and that voiding tended to occur with
the child awake [Olsen ez al. 2009].

Video urodynamics. The combination of fluoros-
copy may aid in assessing the presence of reflux or
bladder/urethral anomalies during filling and
voiding. Although this technique may be indi-
cated in older children, in our practice, it has lim-
ited use in infants.

Four-hour observational urodynamics

The four-hour voiding observational test is a non-
invasive method described to assess bladder func-
tion in infants and nontoilet-trained children
[Holmdahl ez al. 1996]. The test consists of a 4 h
observation period of the voiding pattern in an
infant who is free to play in the observation area.
The test tries to reproduce normal life as much as
possible; milk feeding and oral fluid intake are
provided as usual. The diapers are initially
weighed. The infant is observed by the parent
under the surveillance of a trained urodynamics
nurse or urotherapist and as soon as the infant
voids, the diaper is weighed and an US suprapu-
bic bladder scan is done for assessment of post-
void residual. A voiding chart is recorded with the
number of voids, voided volume, bladder capacity
and postvoid residual volumes over 4 h. This test
is easy to perform and can be used to monitor
bladder function in this age group. In addition, it
may help to identify infants who need treatment
or bladder catheterization.

Natural filling cystometry

This test can be done using a suprapubic or ure-
thral catheter. It was previously reported in a
group of 21 children (mean age 5.4 months; 16
boys, five girls) who underwent open pyeloplasty
or nephrectomy [Yeung et al. 1995]. The investi-
gators inserted a 5 Fr suprapubic catheter during
surgery and it was left in place postoperatively for
bladder drainage. With Research Ethics Board
approval, urodynamics were done 3 days after
surgery to ensure bladder activity was restored.
The suprapubic catheter and rectal catheters were
used to measure bladder and rectal pressures dur-
ing the ‘natural filling’ urodynamics using a port-
able ambulatory set connected to a notebook.The

tests were typically started while the children were
sleeping and continued after they were awake.
The authors concluded that the normal infant
bladder was stable and emptied almost com-
pletely, incomplete coordination between the
bladder and sphincter can be normal in infants,
and that micturition never occurs during quiet
sleep in this age group. In another study, the
authors used natural filling urodynamics in 16
boys (mean age 3.4 years) with a history of PUVs
and showed that their bladders had pronounced
instability during the day and were stable at night
[Holmdahl ez al. 1997].

Pathological bladder function in infants and
specific conditions

Given that there are reliable techniques for assess-
ing bladder function in infants with pathological
conditions such as neurogenic bladder and PUVs,
we next examine the role of urodynamic assess-
ment in such clinical situations. This will ulti-
mately impact the clinical decision regarding
whether or not intervention would be beneficial
and what form such intervention would take.
Figure 1 shows the most common pathological
patterns found on urodynamics during infancy.

Urodynamic abnormalities due to spine
malformations

Myelomeningocele. Spinal dysraphism associated
with myelomeningocele is the most common eti-
ology of neurogenic bladder in children and it
accounts for 80-90% of cases. The more severe
cases are usually associated with lower extremity
motor deficits and a complete neurological assess-
ment should be performed. Urodynamic abnor-
malities in these neonates are common and will
depend on the level and severity of the spinal cord
malformation. Detrusor behavior may vary
depending on the presence of either an upper or a
lower motor neuron lesion, which can also be
associated with dyssynergy or denervation of the
urinary sphincter. Neurogenic bladder may be
associated with long-term decrease in renal func-
tion and therefore it is important to obtain a base-
line serum creatinine level as well as to monitor it
over time. Torre and colleagues reported an inci-
dence of up to 20% of some degree of renal
impairment in 502 patients born with spinal dys-
raphism and neurogenic bladder [Torre ez al
2011]. US of the urinary tract should be obtained
shortly after the child is born and repeated after
the myelomeningocele closure. Up to 90% of
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Low bladder compliance

Overactive detrusor

Small capacity and low
bladder compliance

Figure 1. Different urodynamic patterns in infancy.

neonates with spinal dysraphism have normal
upper tracts on US in the first month of life
[Bauer 2008]. However, 15% will have deteriora-
tion of their kidney function later in life and
among them there is a significantly higher inci-
dence of detrusor overactivity on childhood uro-
dynamics (63%) compared with those with
normal function of both kidneys (24%) [Thorup
et al. 2011]. These findings indicate that early
assessment of bladder function is recommended
in order to identify the patients at risk of renal
deterioration and to manage their condition
accordingly. Upper tract abnormalities in a neo-
nate with myelomeningocele are present in 15—
20% of cases and can be secondary to functional
bladder obstruction. A major limitation in obtain-
ing a urodynamic assessment once a child
with open spinal dysraphism is born is the urgent

Large capacity and
underactive detrusor

indication for surgical repair and the contraindi-
cation to lay the child on their back for the urody-
namics. Positioning neonates on their back to
perform this test may increase the chance of com-
plications at the surgical site and skin dehiscence.
For this reason, an US and postvoid residual mea-
surement should be done initially and urodynam-
ics and voiding cystourethrogram (VCUG) can
be performed at around 2 months of life, once the
child can be safely positioned for the test. The
goal of the assessment of the infant with neuro-
genic bladder is to determine risk factors for
upper tract deterioration, such as DSD, VUR,
incomplete emptying with postvoid residual, low
bladder compliance and functional bladder outlet
obstruction. If high postvoid residual is con-
firmed, the child should be started on clean inter-
mittent catheterization (CIC). VCUG rules out
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VUR, PUVs and potential ‘popoff mechanisms’
for bladder pressure relief in high-risk patients. In
a study of 36 infants with myelodysplasia, urody-
namic evaluation showed 50% with DSD, 25%
with synergy and 25% with no activity of the
sphincter; 13 (72%) with dyssynergy developed
hydroureteronephrosis by 2 years of age com-
pared with only 22% among the patients with
synergy and 11% with absent activity [Bauer ez al.
1984]. Infants with DSD are at high risk of dete-
rioration of the urinary tract and should be fol-
lowed closely. Early intervention is recommended
in these patients. Radiological surveillance to
detect upper tract deterioration in children with
neurogenic bladder secondary to spina bifida is
controversial. Kauffman and colleagues reported
on 181 patients who were under radiological sur-
veillance with urodynamics being performed only
when there was upper urinary tract deterioration,
recurrent UTI or urinary incontinence; 79
patients had upper tract deterioration and follow-
up studies after CIC and pharmacologic treat-
ment showed improvement in 69% of the upper
tracts. However, bladder compliance improved in
only 42% [Kaufman er al. 1996]. Furthermore,
children with high-risk neurogenic bladder treated
expectantly have greater chance of requiring
enterocystoplasty compared with those who have
early treatment with CIC and anticholinergics:
41% wversus 17% respectively [Kaefer ez al. 1999].
Children with a history of surgery for myelome-
ningocele closure should have yearly follow up
with urodynamics and US until 5-6 years of age
and then a yearly US. After this age, urodynamics
should be repeated only if tethering of the spinal
cord or a hostile bladder environment is sus-
pected, such as magnetic resonance imaging
(MRI) with low level of the spinal cord conus,
hydronephrosis on the US, severe constipation,
increased urinary accidents or recurrent UTTIs.

Occult spinal dysraphism. Some patients with
milder degrees of spinal cord malformation may
present with an occult or covered spinal dysra-
phism, such as lipomeningocele, split cord mal-
formation, cauda equina lipoma, dorsal dermal
sinus, sacral agenesis, neural enteric cyst or filum
terminale syndrome. These children may have
nerve root compression causing cauda equina or
associated tethering of the spinal cord with clini-
cal symptoms caused by abnormal spinal cord
fixation. When the spinal cord is tethered, there is
a limitation of its motion, which may lead to isch-
emic damage of the neural tissue secondary to
neural root stretching and anaerobic metabolism.

Healthy infants with occult spinal dysraphism are
being diagnosed more frequently due to the wide
use of US for assessment of lower back stigmata,
such as skin dimple/tag, hairy tuft, vascular mal-
formation, sacral dermal sinus or gluteal cleft
deviation. Older children may be diagnosed due
to lower back pain, leg weakness, foot asymmetry,
chronic constipation or urinary incontinence. We
are seeing an increasing number of normal infants
born with significant lower back stigmata of occult
spinal dysraphism who are referred for urological
assessment to rule out bladder dysfunction that
could be associated with a tethered cord. In the
initial assessment of these patients one must
obtain a history of previous urological problems
such as UTI, abnormal voiding, severe constipa-
tion or abnormalities on the prenatal US. Physical
exam will confirm the lower back stigmata and
neurological exam is usually normal. In a study
that assessed 123 infants with occult spinal dysra-
phism, urodynamics were abnormal in 35% versus
11% of the patients who underwent surgery for
tethered cord release compared with those who
did not have surgery (p < 0.002); the most com-
mon urodynamic abnormalities were low bladder
capacity and involuntary detrusor contractions
[Lavallee ez al. 2013]. Children with neurogenic
detrusor overactivity who undergo tethered cord
release have 59% improvement in urodynamics
postoperatively; however the level of the spinal
conus on the MRI does not predict the urody-
namic outcome (Figure 2) [Guerra ez al. 2006].

Anorectal malformation. Imperforate anus is a
condition in which the child has a flattened
perineum with no anal orifice and a possible cuta-
neous fistula. It may appear isolated or associated
with other anomalies such as VATER or VAC-
TERL syndromes. A fistulous communication
with the urinary tract is commonly associated with
a high rectal lesion. Imperforate anus has a 48%
incidence of associated genitourinary anomalies
and the severity of these anomalies is related to the
level of the fistula between the blind-ending rec-
tum and the genitourinary tract. A fistula between
the rectum and the genitourinary tract was pres-
ent in 89% of a series of 244 patients [Rich ez al.
1988], especially in male patients with high ano-
rectal malformation and female patients with clo-
aca. Thirty percent of the neonates with
imperfortate anus have sacral dysplasia [Carson
et al. 1984], which in contrast to sacral agenesis, is
usually not associated with bladder dysfunction. A
report of 90 children with anorectal malforma-
tions, who had 163 urodynamic studies at mean
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Gluteal cleft deviation
{Courtesy Dr Ventureyra CHEO Neurosurgery)
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Figure 2. Lipomeningocele urodynamics pre and post tethered cord release. MRI, magnetic resonance

imaging.

age 17 months, showed normal lower urinary tract
function in 98% (46/52) of the children with nor-
mal sacrum or sacral dysplasia, and severe lower
urinary tract dysfunction in 55% (21/38) of the
patients with marked/partial sacral agenesis. There
was no correlation between the type of sacral
agenesis and a specific urodynamic pattern
[Boemers er al. 1996]. US of the urinary tract is
indicated for the initial assessment of infants with
anorectal malformation in order to rule out con-
genital anomalies. US of the spinal cord before 6
months of life, while the spine is not completely
calcified, can screen for spinal malformation, and
if confirmed, MRI will show details of the abnor-
mal anatomy. Early urodynamic studies in anorec-
tal malformation are indicated when sacral
agenesis is confirmed on the spinal MRI due to
the higher association with neurogenic bladder in
these cases. The most common pattern on urody-
namics of patients with imperforate anus and ano-
rectal malformation is an overactive detrusor due
to an upper motor neuron lesion along with occa-
sional DSD [Boemers ez al. 1996]. However, an
acontractile detrusor (lower motor neuron lesion)

with denervated sphincter on the EMG may be
present [MacLellan and Bauer, 2011]. Posterior
sagittal anorectoplasty may lead to iatrogenic
injury of the pelvic plexus and result in bladder
denervation and acontractile detrusor; however
the incidence of this complication is low [Boemers
et al. 1996]. A specific type of myelodysplasia asso-
ciated with anorectal malformation is seen in the
Currarino syndrome, which includes sacrococcy-
geal anomaly, presacral mass (anterior meningo-
cele, teratoma or cyst) and anorectal malformation.
Urodynamics may show detrusor overactivity and
DSD [Lee et al. 2012]. Table 1 summarizes com-
mon types of urodynamic patterns and treatments
for different conditions in children.

Urodynamic abnormalities due to damage

of the CNS /perinatal ischemia, trauma,
meningitis, tumors)

A number of conditions can affect the CNS in
infants, including perinatal asphyxia, incidents
involving hypoxia to the brain (such as near drown-
ing), encephalitis or meningitis, trauma including
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Table 1. Common types of urodynamic patterns and treatments for different conditions in children.

Category Possible conditions Expected urodynamic pattern Possible treatment in
infancy
Urodynamic Open spina bifida It depends on the level of the neurologic Early prophylactic

abnormalities due
to malformations/
damage of the
lumbar-sacral spine

(Myelomeningocele)

Tethered spinal cord

Anorectal malformation
(imperforate anus,
Currarino syndrome,
VACTERL, sacral
agenesis, etc.)

lesion:
Upper motor neuron lesion: overactive
detrusor and possible DSD
Lower motor neuron lesion: acontractile
detrusor and possible denervation of the
external urinary sphincter
(In general, 50% have DSD, 25% synergy and
25% have no activity of the sphincter) [Bauer
etal. 1984]

Low bladder capacity and overactive detrusor
[Lavallee et al. 2013]

Overactive detrusor due to an upper motor
neuron lesion with occasional DSD. However,
an acontractile detrusor (lower motor neuron
lesion) with denervated sphincter on the EMG
may be present

treatment (clean
intermittent
catheterization and
anticholinergic) versus
initial watchful waiting
and treatment as needed

Tethered cord release

Urodynamic
abnormalities due to
damage of the CNS

Perinatal ischemia
(cerebral palsy)

Safe storage pressure, good compliance and
bladder sensation of fullness in older children.
Overactive detrusor in 52% and DSD in 62%
[Richardson and Palmer, 2009]

No urodynamic-based
treatment generally
recommended in infancy

Urodynamic
abnormalities due
to intrinsic bladder
(detrusor, trigone,
or bladder-neck)
abnormalities

Primary VUR

Posterior urethral valve

In infant males with dilated reflux:
50% had very high bladder pressures
during voiding contractions and DSD, low
bladder capacity and overactive detrusor
activity during filling;
25% of infant males had overdistended,
large-capacity bladders with normal
pressure levels at contraction and
DSD, high residual urine and detrusor
overactivity;
25% of infant males had reasonably normal
urodynamics [Sillen et al. 1996]
(Female infants with dilating VUR were found
to have a pattern consistent with the second
group of infant males)

Infants and young boys: small, poorly
compliant and overactive bladders
Post-pubertal age group: myogenic failure
[Lal et al. 1999]

No urodynamic-based
treatment generally
recommended in infancy

Alpha-blockers and
anticholinergics, bladder-
neck incision, intermittent
catheterization,
vesicostomy

CNS, central nervous system; DSD, detrusor sphincter dyssynergism; EMG, electromyography; VUR, vesicoureteric reflux.

physical brain injury and the shaken baby syndrome,
tumors, toxins, inborn metabolic errors and severe
jaundice. Most patients with these conditions pre-
sent with infantile cerebral palsy. Infantile autism is
another condition that can have similar effects on
the lower urinary tract. It is noteworthy that patients
with CNS damage and autism can present with

associated feeding problems, which may limit their
fluid intake during the day and may cause low urine
output that can at times be confused with urinary
retention. Since the child is not voluntarily control-
ling their voids, CNS lesions have, in general, no
major impact on lower urinary tract function in the
first year of life. These patients can, instead,
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experience difficulties with toilet training [Wu,
2010; Silva et al. 2009], and show signs of severe
lower urinary tract dysfunction with upper urinary
tract deterioration later on in life [Richardson and
Palmer, 2009; Murphy ez al. 2012; Gundogdu ez al.
2013]. The risk of lower wurinary tract
dysfunction increases along with the degree of
motor functional impairment [Bross et al. 2007].
Clinical monitoring of UTTs and periodic US of the
upper urinary tract and bladder should be recom-
mended. Of note, US assessment of bladder wall
thickness does not seem to be a good predictor of
associated dysfunction [Silva er al. 2010].

Cerebral palsy. Children with cerebral palsy present
with a nonprogressive motor disorder caused by a
CNS insult, usually occurring during gestation or
the perinatal period [Jones et al. 2009], which most
often includes perinatal hypoxia. Due to the lack of
continence in a nontoilet-trained infant, cerebral
palsy usually does not merit investigation in this age
group. Older patients will present with dysfunc-
tional voiding symptoms, such as urinary frequency,
incontinence and UTI in 30% of cases [McNeal
et al. 1983; Decter et al. 1987]. Despite voluntary
bladder control, previous series estimated that these
children have a 75% incidence of neurogenic blad-
der, with upper motor neuron pattern the most
common type of dysfunction (neurogenic overactive
bladder) [Bauer, 1991]. In a recent study [Richard-
son and Palmer, 2009], voiding and urodynamic
patterns in 31 children (median age 9.8 years) were
reviewed and showed that 98% (28/31) voided
spontaneously and only 10% (3/31) required CIC.
However, 24 patients (77.4%) were using a diaper.
Seven (22%) children were continent day and night,
12 (38.7%) had daytime incontinence and noctur-
nal enuresis, 11 (35.5%) had daytime incontinence
and only one (3.2%) had nocturnal enuresis. Dur-
ing urodynamics, there was a safe storage pressure
(mean 9.8 cm H,0), good compliance (mean 34.3
ml/cm H,0), sensation of bladder fullness (74%),
uninhibited contractions (52%) and DSD (62%).
Continent children tended to have a larger bladder,
lower bladder pressure at capacity, higher compli-
ance and fewer uninhibited contractions. However,
sphincter activity was similar in both continent and
incontinent groups. The only statistically significant
difference was in bladder sensation, which was
decreased in the incontinent group. Urodynamic
studies have few indications in children with cere-
bral palsy as they are not predictive of continence
and their use is reserved for cases in which high
bladder storage pressure is suspected, including
abnormal urinary tract findings on US.

Urodynamics in intrinsic bladder and urethral
abnormalities (VUR and PUVs)

Vesicoureteric reflux. It has long been recognized
that bladder dysfunction is prevalent in children
with VUR [Seruca, 1989]. In infants, primary
VUR was thought to be due to a congenital defi-
ciency of the subureteric tunnel. However, semi-
nal work by Sillen and others has shown that
infants with VUR also have quantifiable bladder
dysfunction. Sillen and colleagues studied five
female and 11 male infants with dilating VUR by
video cystometry and found three distinctive uro-
dynamic patterns [Sillen er al. 1996]. In infant
males with dilated reflux 50% had very high blad-
der pressures during voiding contractions, low
bladder capacity and overactive detrusor activity
during filling. This pattern was termed a ‘hyper-
contractile bladder’. The authors noted that 25%
of infant males had overdistended, large-capacity
bladders with normal pressure levels at contrac-
tion, high residual urine and detrusor overactivity.
In both of these groups it was noted that increased
pelvic floor activity was seen during voiding, indi-
cating detrusor sphincter dyssynergy. There was a
third group of infant males with reasonably nor-
mal urodynamics, who had voiding pressures min-
imally elevated over that seen in normal children.
Female infants with dilating VUR were found to
have a pattern consistent with the second group of
infant males. It should be noted that an age-
matched control group was not included in this
study. In addition to invasive urodynamic testing,
Sillen observed voiding patterns in 33 male and
eight female infants with dilating reflux and com-
pared them with their urodynamic findings [Sillen
et al. 1999]. The noninvasive assessment included
observation of the voiding pattern for 4 h and reg-
istration of postvoid residual by US after each
void. Number of voids in 4 hours, voided volume,
residual urine and functional bladder capacity
(highest sum of voided volume and residual urine
at one void) were recorded. The aforementioned
hypercontractile urodynamic pattern could clearly
be identified at free voiding by small, frequent
voids with an increased rate of interrupted void-
ing. This same pattern may be seen in 15% of
healthy infants, but the frequency and intensity of
the pattern were more significant in refluxing male
infants. Likewise the urodynamic pattern of high-
capacity bladder could be identified on free void-
ing as increased capacity with increased voided
volume and postvoid residual. Residual urine was
increased in all groups of refluxing infants com-
pared with healthy infants, who were historical
controls [Holmdahl er al. 1996]. Thus, noninva-
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sive observation could preclude the need for inva-
sive studies in this cohort.

Chandra and colleagues studied 39 male and 22
female infants, including 40 with VUR and 21
with no reflux or obstruction [Chandra er al.
1996]. The findings differed strikingly between
genders, although 97% of male and 77% of female
infants had some form of bladder dysfunction.
High voiding detrusor pressures (>40 cm H,O)
were seen in 92% of male and 66% of female
infants, whilst high postvoid residual urine was
seen in 13% of male and 23% of female infants,
and detrusor overactivity was seen in 30% of male
infants. Voiding detrusor pressure was significantly
greater in male than female infants and in male
infants with dilating reflux compared with male
infants with low-grade or no VUR. They followed
up on 15 infants with high voiding detrusor pres-
sures and documented normalization of the uro-
dynamic findings and resolution of reflux in the
majority. Of interest is the fact that Chandra and
colleagues included age-matched controls to put
the findings in refluxing infants in perspective.

Yeung and colleagues studied 42 infants with pri-
mary VUR and found six distinct urodynamic
patterns [Yeung er al. 1998]. They described nor-
mal, normal immature, unstable, inadequate
voiding, dyssynergic and obstructive patterns. Of
those studied, 41% had the normal immature or
dyssynergic patterns, which showed infrequent
detrusor activity during filling, dyssynergic void-
ing with high elevations of detrusor pressure and
pronounced interruptions to the urinary stream.
Podesta and colleagues had findings similar to
Yeung and colleagues when they evaluated 12
infants with VUR and 10 age-matched controls
[Podesta et al. 2004]. He found low bladder
capacities for age in 10 patients and that very few
patients had detrusor overactivity during filling.
In the majority, voiding alternated with peaks of
high detrusor pressure associated with intermit-
tent external sphincter contractions with normal
coordinated micturition. Residual urine was only
seen in three cases. In patients with VUR, reflux
occurred in five during an increase in bladder
pressure and in seven during stable filling. Of
importance, Podesta and colleagues did not find
any significant difference in the cystometric stud-
ies between patients with VUR and controls. They
hypothesized that the pattern of decreased cysto-
metric capacity, normal detrusor activity during
filling and high voiding pressure with sphincteric
overactivity coexistent with normal micturition

represents a developmental stage of normal blad-
der control.

As can be seen from the above data, the results of
these investigators are heterogeneous. This may
be explained by patient selection and urodynamic
technique, such as the use of urethral versus
suprapubic catheter, or in the case of Chandra
and colleagues, the use of CO, cystometry. It is
clear that the infant bladder undergoes normal
developmental changes as the child matures.
Some of these normal physiological changes may
enhance the occurrence of VUR in susceptible
individuals, as similar findings may be seen in
infants without VUR. Of interest, careful observa-
tion of infant voiding patterns over 4 h may pre-
clude the need for invasive studies.

Posterior urethral valves. PUVs cause bladder
outlet obstruction, which may have upstream
effects on the bladder and kidneys. After suc-
cessful valve resection, the bladder may still
demonstrate significant dysfunction. The uro-
dynamic consequences of PUV are varied and
may include normal bladders, overactive blad-
ders, small capacity poorly compliant bladders
and bladders with myogenic failure [Peters and
Bauer, 1990]. In general, the small poorly com-
pliant bladders and overactive bladders are seen
in infants and young boys, whilst those with
myogenic failure are seen in the postpubertal
age group [Lal ez al. 1999]. The group at Bam-
bino Gesu hospital in Rome [De Gennaro ez al.
2000] examined whether the urodynamic pat-
tern from infancy to adolescence changed in a
predictable manner. They studied 30 patients
with PUV and no voiding symptoms with a
mean of 2.8 urodynamic tests over the course of
several years. Bladder dysfunction was found in
70% of boys at their first evaluation and in 60%
at the last. They noted that the urodynamic pat-
tern changed in 25 patients, with hypercontrac-
tility being the pattern most prevalent soon
after valve ablation, and changing to a hypocon-
tractile bladder after puberty. Thus they con-
cluded that detrusor overactivity in infants and
young boys with PUV leads eventually to detru-
sor failure in adolescence. The implications of
bladder dysfunction in patients with valves are
also well known. Poor bladder compliance and
detrusor overactivity were shown to signifi-
cantly correlate with renal functional impair-
ment; however, normal urodynamic findings
did not preclude upper tract deterioration
[Ghanem ez al. 2004].
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It has long been recognized that pressure popoff
mechanisms such as a large bladder diverticulum,
patent urachus, unilateral VUR or urinoma may
have beneficial effects on renal function [Hoover
and Duckett, 1982].This is thought to be the result
of high bladder pressures being buffered and thus
not affecting renal development. There is also evi-
dence that such popoff mechanisms may have a
beneficial effect on detrusor function in boys with
PUV [Kaefer et al. 1995]. Amongst a cohort of 55
boys, popoff mechanisms were present in 39; of
these 34 (87%) had favorable bladder outcomes. In
contrast, of the 16 without such popoff mechanisms,
only nine (55%) had favorable bladder outcomes.
In fact, a direct correlation between the absolute
number of popoff mechanisms and favorable blad-
der outcome was noted, further solidifying the rela-
tionship. In this study, bladder outcome was
evaluated with clinical and urodynamic assessment.

Aside from the use of invasive urodynamics to
assess the valve cohort, the Goteborg group advo-
cated 4 h voiding observation, similar to that
described above by Sillen and colleagues. In their
study, 24 boys younger than 4 years with PUV
were compared with healthy age-matched con-
trols. The number of voids was higher, voided vol-
ume was lower and residual urine volume was
higher in the PUV group. Interestingly, there was
no difference in the pattern of voiding before and
after removal of anatomical obstruction in the
PUV group [Holmdahl ez al. 1998].

Therefore, it can be seen that the bladder in
patients with PUVs may be permanently affected
by the obstruction, even if valve resection occurs
early in life. Furthermore, bladder dysfunction
evolves from a small-capacity, hypercontractile
bladder in infancy to that of myogenic failure in
adolescence. Although the focus of this paper is
the infant, it is important to put the bladder dys-
function seen in PUV in full context.

Implications of urodynamic assessment for
treatment

The detection of signature bladder dysfunction
associated with underlying diagnoses is only of
clinical relevance if management of such dysfunc-
tion benefits the course of the patient. In situa-
tions such as neurogenic bladder and PUVs that
is arguably the case; whilst for VUR the situation
is less convincing. In this section, we examine the
impact of treatment of bladder dysfunction on the
outcome of these varied clinical conditions.

Neurogenic bladder

The importance of urodynamic assessment of the
neurogenic bladder in cases of spina bifida was
brought to the fore by McGuire and colleagues
when they described the concept of detrusor leak
point pressure. They found that if the intravesical
pressure at the time of urethral leakage was 40 cm
H,O or less, VUR was not seen and only 2/20
patients showed ureteral dilatation on imaging
studies. In contrast, in those with leak point pres-
sures above 40 cm H,0, 69% showed VUR and
81% showed wureteral dilatation on imaging
[McGuire er al. 1981]. Since the publication of
this pioneering article, many other studies have
confirmed the risk of high bladder storage pres-
sure to the upper tracts. The important question
that must be posed is whether early intervention
to manage the bladder can improve outcomes
[Morrisroe et al. 2005]. The answer is a resound-
ing ‘yes’, as documented by the group at Boston
Children’s Hospital. They studied 21 newborns
with myelodysplasia with high bladder pressure
and DSD treated prophylactically over 5 years.
They compared them to a group of similar new-
borns with the same findings who were treated
expectantly during the previous 7 years. The pro-
phylactic intervention comprised CIC and oxybu-
tynin. When comparing the intervention group
with the control group, only 8% of the former had
new onset hydroureteronephrosis versus 48% of
controls. There were no significant patient harms
seen with prophylactic therapy. It was the conclu-
sion of these authors that expectant therapy could
no longer be advocated when ‘at risk’ infants are
identified, as the prophylactic treatment is so
effective [Kasabian er al. 1992]. Subsequently,
this strategy has been confirmed to also preserve
renal function [Dik ez al. 2006]. In addition, the
Boston group assessed urological outcomes in
patients with myelodysplasia who were docu-
mented to have high-risk bladders in infancy due
to the presence of DSD or high filling or voiding
pressure. Intervention in this group comprised
intermittent catheterization and anticholinergic
therapy. They were compared with controls with
the same high-risk urodynamic parameters who
did not receive early therapy. The authors found
that the requirement for augmentation cysto-
plasty on long-term follow up was 17% in the
prophylactic treatment group versus 41% in the
observation group. Thus, not only can the upper
tracts be protected by prophylactic therapy, but it
also decreases the future need for bladder aug-
mentation in this group of high-risk infants
[Kaefer ez al. 1999].
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There are other methods one can use to remedy
the hostile bladder in infants with spina bifida.
The most common alternative would be the per-
formance of a cutaneous vesicostomy. This proce-
dure is often performed when management with
intermittent catheterization and anticholinergics
has failed. It has been shown that cutaneous vesi-
costomy can improve or completely resolve
hydronephrosis, decrease the incidence of UTI,
allow for resolution of VUR and lead to improve-
ment or stabilization of renal function [Morrisroe
et al. 2005]. Complications of cutaneous vesicos-
tomy include stomal stenosis, prolapse and blad-
der calculi, and vesicostomies must ultimately be
closed. At the time of closure, intermittent cathe-
terization and anticholinergic therapy may be
indicated, and in some cases bladder augmenta-
tion will be necessary. Although urethral dilata-
tion has also been advocated to improve bladder
storage parameters in patients with neurogenic
bladder, there is not much experience in the neo-
nate [Park ez al. 2001]. Neither bladder augmen-
tation nor supravesical diversion via bowel conduit
should be utilized in the neonate with spina bifida.

In cases of tethered cord, it is generally accepted
that the infant undergo a tethered cord release to
treat their condition. This intervention has been
shown to be beneficial, particularly if performed
prior to 1 year of age [Hsieh er al. 2006]. However,
some infants continue to have bladder dysfunc-
tion and should be managed as described above
for neurogenic bladder.

Posterior urethral valves

The infant with PUVs usually has a small, hyper-
contractile bladder. The intervention of early
transurethral PUV incision goes a long way
towards rehabilitating the bladder by allowing it
to cycle normally. Such normal cycling has been
shown to increase bladder compliance and vol-
ume in infants treated for PUV in the first year of
life [Close et al. 1997]. In situations when the
infant is too small for transurethral incision with
the instruments at hand, cutaneous vesicostomy
is a viable alternative. It has been demonstrated
that short-term outcomes are comparable in neo-
nates treated with either transurethral incision of
PUVs or vesicostomy [Narasimhan ez al. 2004].
In fact, bladder function after vesicostomy closure
was found to be normal in 75% of patients. These
patients underwent vesicostomy at a mean of 15
weeks of age, and although their underlying diag-
noses varied, 31/75 had PUVs [Jayanthi er al.

1995]. Another approach is the use of CIC to
manage the hostile bladder in infants with PUVs.
Holmdahl and colleagues started CIC on 19
infants with pronounced bladder dysfunction in
the setting of PUVs [Holmdahl ez al. 2003]. The
mean age of the patients at the time CIC com-
menced was 8 months. Their bladder dysfunction
was characterized by poor emptying, unsafe pres-
sure levels, high-grade reflux and renal impair-
ment. Only two patients did not continue with
CIC due to parental noncompliance. On follow
up to a median age of 8 years, detrusor instability
decreased, bladder compliance improved and
renal function was minimally improved compared
with an age-matched control group with less
severe bladder dysfunction. There is no signifi-
cant experience with overnight indwelling cathe-
terization to improve bladder function in infants,
although it has proved beneficial in older children
[Koff ez al. 2002].

There has been some interest in the use of
anticholinergic drugs to improve bladder func-
tion and clinical outcomes in infants after PUV
resection. In one study, oxybutynin was started in
18 infants at a mean age of 3.4 months and con-
tinued for a mean of 2.2 years. Initial high void-
ing pressures improved from a mean of 148.5 to
49.9 cm H,O in 15/17 patients. All eight patients
with initial poor bladder compliance demon-
strated improvement on oxybutynin. In addition,
all seven patients with low bladder capacity had
significant improvement in this parameter [Casey
et al. 2012]. Longer-term follow up was lacking
in this series. There is some concern that treat-
ment with anticholinergics may hasten the onset
of myogenic failure, which is the ultimate fate of
many valve bladders [Kim ez al. 1997]. In this
series, the authors noted that 2/21 boys treated
with anticholinergic therapy developed new onset
myogenic failure and required CIC. Glassberg’s
group noted that the development of myogenic
failure in their cohort of 51 patients with PUVs
was uncommon. They noted its occurrence in
3/51 (5.9%) patients who all initially had poorly
compliant bladders and new onset myogenic fail-
ure occurred only after anticholinergic therapy
was initiated. The myogenic failure resolved after
the anticholinergic therapy was discontinued
[Misseri et al. 2002]. Therefore, regarding the
use of anticholinergics in patients with PUVs,
there are some realizable benefits, but the patients
must be carefully watched for the onset of myo-
genic failure. If such an outcome occurs a deci-
sion to start CIC and continue the anticholinergics
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versus stopping the anticholinergics must be
made.

There is emerging experience with the use of al
adrenergic blockers such as terazosin in the man-
agement of poor bladder emptying in patients
with PUVs [Abraham er al. 2009]. However,
experience in infants is lacking. The use of simul-
taneous bladder neck incision at 06:00 at the time
of PUV incision has also been demonstrated to
improve bladder functional outcome versus PUV
incision alone [Kajbafzadeh ez al. 2007]. However,
this was in a cohort of patients of average age 1.6
years at presentation. There are no significant
data at hand for an infant population.

Vesicoureteric reflux

The finding of bladder dysfunction in infants with
VUR has not as yet produced any significant
change to clinical management. It is not com-
monplace to intervene with anticholinergic drugs,
intermittent catheterization or vesicostomy. Sillen
and colleagues documented that treatment of
infants with high bladder capacity, high postvoid
residual and dilating reflux by intermittent cath-
eterization did not influence the spontaneous
resolution rate of VUR [Sillen ez al. 2007]. In
addition, it has been shown that the abnormal
urodynamic findings have a propensity to sponta-
neous resolution, as does the concurrent VUR in
the first 18 months of life [Chandra ez al. 1996].
Thus the impetus to aggressively investigate and
manage the transient bladder dysfunction seen in
infants with VUR has been tempered. Table 1
summarizes different bladder dysfunctions,
expected urodynamic pattern and possible treat-
ment in infants.

Conclusion and area for future

investigations

Although only a modest number of publications
on infant bladder function have appeared in the
literature over the past two decades, significant
new information has been reported. This innova-
tive knowledge has increased our understanding
of normal and abnormal bladder function in
infants and we are currently in a better position to
manage these children. Some issues are still con-
troversial and need more research, such as ‘early
prophylactic treatment (CIC and anticholiner-
gic)’ versus initial ‘watchful waiting and treatment
as needed’ in neonates with neurogenic bladder.
However, more recent evidence seems to point

towards early prophylactic management as a bet-
ter way to maintain adequate renal function and
prevent the need for bladder augmentation. Many
urodynamic-based interventions have been
attempted in infants with PUV and are currently
under scrutiny. However, long-term data are still
lacking to ascertain whether such interventions
influence the natural evolution of the valve blad-
der and the stability of the upper tracts. Conversely,
cumulative data suggest that there is no benefit to
early intervention as regards bladder function in
infants with high-grade VUR. There is a paucity
of studies on long-term outcomes such as renal
function and quality of life specifically related to
infantile bladder dysfunction. Finally, molecular
and genetic research in infant bladder dysfunc-
tion is a frontier still largely unexplored.
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