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The Embryologic and Neural Basis 
for Normal Micturition

A discussion of abnormalities of micturi-
tion should begin with a review of the voiding 
cycle, an explanation of how this complicat-
ed reflex changes during the course of normal 
development, and then an explanation of how 
it is altered in response to specific patholog-
ic stresses. We will begin with a brief over-
view of the embryologic development of the 
bladder and colon at the 4th–6th weeks of fe-
tal development [2]. During this critical time 
frame, the embryo undergoes a critical par-
tition of the cloaca into the bladder and the 
rectum. The bladder begins to develop in the 
anterior half of the former cloaca, where-
as the rectum develops in the posterior half. 
In addition, during this time frame, the ure-
thra begins its migration to the normal peri-
neal position in females. In males, the ure-
thra elongates and ultimately reaches its final 
anatomic location at the tip of the glans in a 
process that is androgen dependent. At the 
same time that this partition is developing, 
the wolffian ducts serve as the origin of the 
ureteral buds, which make contact with the 
primitive metanephric blastema. As a result 
of complex reciprocal cytokine signaling be-
tween the ureteral bud and the blastema, the 
ureter, collecting system, and kidney develop 
[3, 4]. A ureteral bud that takes off too far 
from its normal spot on the wolffian duct will 
be more likely to insert abnormally into the 
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T
he most important information a 
radiologist can tell a patient, par-
ent, and urologist about dysfunc-
tional voiding is that there is an 

anatomic basis for the child’s incontinence. 
Although this statement seems obvious, the 
reality is that pediatricians and pediatric 
urologists see many patients with problems of 
bowel and bladder control; epidemiologic 
survey data suggest that 3% of 5- to 7-year-
old children experience diurnal incontinence. 
However, the incidence of an abnormal ana-
tomic finding among all these children with 
bladder or bowel dysfunction is low—rang-
ing from 1% to 2% [1]—even at a center 
where many pediatric patients are referred. 
Diagnosing a structural anomaly that ac-
counts for urinary incontinence is even less 
likely today than it was 30 years ago because 
of early detection on prenatal sonography.

In this article, we aim to delineate the 
role that imaging plays in the evaluation 
of otherwise healthy children who present 
with dysfunctional voiding. These patients 
present with a variety of symptoms, and 
thus the indications for imaging will vary 
according to the mode of presentation (i.e., 
a presentation centered around inconti-
nence vs infection). Children with known 
anatomic diagnoses such as spina bifida or 
spinal cord injury have voiding dysfunc-
tion, but their imaging requirements have 
already been well described.
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OBJECTIVE. Imaging children with dysfunctional voiding remains a challenge because 
98% of these children have normal anatomy. Identifying the 1–2% of children who do have 
an anatomic basis for incontinence is important; this article focuses on how pediatric urolo-
gists use imaging for the evaluation of patients with this condition.

CONCLUSION. Imaging a patient with dysfunctional voiding can provide findings that 
will allow an accurate diagnosis and lead to optimal management. The key for the pediatric 
urologist is using imaging studies judiciously because the diagnostic yield is low. If every pa-
tient with dysfunctional voiding who presents to the clinic undergoes imaging, there will be 
little gain. Understanding in which patients to try imaging sooner versus trying medical and 
behavioral management first is a function of experience. 
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urinary tract and may result in either high-
grade reflux or an ectopic ureter [5].

This brief summary of embryology is im-
portant to understanding pediatric voiding 
dysfunction for two important reasons. First, 
the common embryologic origin of the blad-
der and the rectum mean that these organs 
also share some overlapping neural path-
ways. Second, the embryologic origin of the 
ectopic ureter is important to keep in mind 
especially in the evaluation of the inconti-
nent female. An ectopic ureter that leads to 
incontinence is seen only in women because 
the wolffian duct bypasses the external stri-
ated sphincter in its path along the lateral 
wall of the vagina.

Both the bladder and the rectum have sen-
sory and motor functions that are derived 
from S2, S3, and S4 sacral segments. This 
shared sensory overlap accounts for the re-
lationship between constipation and voiding 
dysfunction. The scientific basis for this as-
sociation may be found in experimental and 
clinical studies. Dual fluorescent studies 
have been performed in rodents to perform 
retrograde neural tracing. In one such exper-
iment, examination showed that half of the 
neurons within Barrington’s nucleus have an 
origin in the bladder and one fourth have a 
rectal origin but that one fourth have senso-
ry input from both the rectum and the blad-
der [6] (Fig. 1). Similar findings have been 
noted in the sensory afferent neurons within 
the dorsal horns of S2, S3, and S4 sacral seg-
ments. Although such a study describes the 
anatomic circuit, other studies show the neu-
rophysiology of the relationship between a 
distended rectum and bladder function. In an 
experimental study of a rat model, investiga-
tors placed a balloon catheter in the rectum 
and a suprapubic tube to allow cystometry 
[7]. They found that inflation of the balloon 
led to rectal wall distention that, in turn, al-
tered the cystometry and resulted in urinary 
frequency and a diminished voiding pressure 
[7]. Similar findings were noted in a human 
study in which rectal distention by a balloon 
altered the urodynamic tracing [8].

A basic review of the neural circuitry that 
regulates the lower urinary tract during the 
filling phase of the voiding cycle is shown in 
Figure 2. In 1925, Barrington [9] described a 
cluster of neurons within the brainstem that 
served to coordinate the firing of the detru-
sor muscle. During filling, the afferent neu-
ron signals from the bladder that are activat-
ed with bladder distention send projections 
to the dorsal horn of the second, third, and 

fourth spinal cord segments [10–12]. Some 
of these neurons also project to higher cen-
ters in the brainstem (Barrington’s nucle-
us) and cerebral cortex. These fibers con-
vey the sense of fullness that trigger a desire 
to void. Some of these sensory neurons also 
synapse with an interneuron in the S2, S3, 
and S4 sacral segments that serves to con-
nect the sensory neurons in the dorsal horn 
with the motor neurons in the anterior horn 
of these same segments and complete a clas-
sic reflex circuit. However, during the filling 
cycle, the interneuron’s ability to fire is sup-
pressed by a steady stream of tonic inhibitory 
signaling that emanates from the neurons in 
Barrington’s nucleus. The primary inhibito-
ry neurotransmitter released by Barrington’s 
nucleus is glutamate [13, 14], although exper-
imental studies suggest that other neurotrans-
mitters play a role. The stress neuropeptide 
corticotrophin-releasing factor may also 
serve to inhibit the voiding reflex [15, 16].

In addition to the suppression of the void-
ing reflex arc during filling, there is also a si-
multaneous activation of neurons that stimu-
late the striated external sphincter complex 
and the smooth muscle of the bladder neck. 
These sphincter complexes will gradual-
ly tighten with bladder filling and thus pre-
vent inadvertent leakage. The external striat-
ed sphincter is under volitional control and is 
innervated by the pudendal nerve, which also 
arises from the S2, S3, and S4 sacral seg-
ments. In contrast, the smooth-muscle fibers 
of the bladder neck, which form a shutterlike 
sphincter, are under control of sympathetic 
neurons that emanate from the thoracolum-
bar chain of ganglia. All of these nerves are 
active during bladder filling and signal these 
striated (external sphincter) or smooth (in-
ternal sphincter) muscles to generate tension 
and thus contribute to outlet resistance.

These relationships change during the 
voiding phase of the cycle as shown in Fig-
ure 3. As the child reaches a point at which 
the sensory signals alert the cortex that it is 
time to void, the cortex initiates a signal to 
Barrington’s nucleus that removes the tonic 
inhibitory output that has suppressed the ac-
tivity of the sacral interneuron. As this inter-
neuron is activated and becomes capable of 
firing, the sacral reflex arc is completed, and 
the motor neurons found in the anterior horn 
of the S2, S3, and S4 sacral segments are ac-
tivated. These parasympathetic cholinergic 
neurons give rise to motor fibers within the 
pelvic nerve that travel to peripheral ganglia 
within the bladder wall. Cholinergic post-

ganglionic fibers travel to the motor endplate 
that impinges on the smooth muscle and de-
liver acetylcholine into the cleft. On binding 
to the muscarinic receptors expressed on the 
surface of the smooth-muscle fibers, contrac-
tion is initiated and maintained.

Categories of Voiding Dysfunction
Normal efficient voiding takes place when 

the firing of the detrusor muscle is coordi-
nated with the simultaneous relaxation of the 
striated external and the smooth-muscle in-
ternal sphincters. Failure of either of these 
two sphincters to relax results in less effi-
cient voiding. Children with voiding dysfunc-
tion present with a broad spectrum of symp-
toms and the incontinence may be associated 
with symptoms ranging from constipation to 
severe fecal soiling, cystitis, or even pyelone-
phritis [1]. On occasion, these patients present 
with intermittent lower abdominal pain that is 
caused by underlying constipation.

The rare presentation of a failure to re-
lax the internal sphincter in conjunction 
with the firing of the detrusor muscle will 
be discussed first. This voiding phenotype 
has been well described by Combs et al. [17] 
and accounts for less than 5% of the patients 
evaluated in our voiding clinic [17]. These 
patients are typically adolescents who are 
very anxious and present with a prolonged 
urinary stream. A uroflow study will show a 
steady but very prolonged void with a dimin-
ished peak flow. If videourodynamic studies 
of these patients are performed, the follow-
ing findings will be present: First, there will 
be an elevated voiding pressure; second, the 
electrical motor activity of the pelvic floor 
will be silenced during voiding as measured 
by surface patch electrodes (because by def-
inition the striated external sphincter is re-
laxed during voiding); and, third, the blad-
der neck will fail to open and funnel during 
voiding (Fig. 4A). Because the bladder neck 
fibers are under the control of adrenergic 
neurons, these patients respond nicely to 
medical management with α-blockers and 
many clinicians may opt to try this therapy 
first. In managing males with this suspect-
ed diagnosis, it is essential to distinguish 
this subset of patients from those who have 
an underlying anatomic diagnosis such as a 
urethral stricture (Fig. 4B). Some urologists 
may opt to treat with an α-blocker first to see 
if there is improvement. If there is no change 
in the flow rate, then retrograde urethrogra-
phy or voiding cystourethrography (VCUG) 
is indicated to rule out a urethral stricture.
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The failure to relax the striated external 
sphincter that results in the classic picture of the 
neurogenic bladder is typically seen in patients 
with anatomic abnormalities such as spina bifi-
da, a spinal cord injury, or bladder compression 
by a tumor. These patients often present with 
incontinence or urinary tract infections, and 
the bladder often undergoes significant hyper-
trophy. This hypertrophy results from the work 
done as the bladder attempts to empty against 
the resistance arising from the external sphinc-
ter that is firing simultaneously. This hypertro-
phy can ultimately result in severe bladder wall 
fibrosis and a loss of bladder compliance, which 
results in high storage pressures that compro-
mise the upper urinary tract and that, in ex-
treme cases, can lead to end-stage renal disease. 
However, a failure to relax the striated exter-
nal sphincter can also be seen in dysfunctional 
voiding in the absence of any overt spinal cord 
abnormality and is a common finding in chil-
dren presenting with urinary incontinence.

Hinman and Baumann [18] first described 
a population of patients with extreme void-
ing dysfunction who presented with urinary 
and fecal incontinence associated with blad-
der wall hypertrophy. They reported that a 
subset of these patients showed compromise 
of their upper urinary tracts. Later, Allen and 
Bright [19] described urodynamic patterns 
of dysfunctional voiding in otherwise neuro-
logically intact children. These patients were 
observed to be high achievers who exhibit-
ed a tendency toward perfectionism. An ex-
ample of such a patient is shown in Figure 
5A, which shows the external sphincter is 
firing in conjunction with voiding. The post-
void image of this patient shows a highly tra-
beculated bladder and left-sided reflux (Fig. 
5B). Ochoa and Gorlin [20] described a pop-
ulation of patients with a voiding phenotype 
that resembled that described by Hinman 
and Baumann [18], but this group of patients 
were characterized by two distinct features: 
first, their attempts to smile resulted in a gri-
mace (and hence this constellation is referred 
to as the “Ochoa urofacial syndrome”); and, 
second, this voiding phenotype is inherited 
following Mendelian genetics [20, 21]. Ge-
netic mapping studies performed of the origi-
nal patient cohort described by Ochoa [21] in 
Columbia have shown that this gene is found 
in the region of the human genome where 
the proteolytic enzyme heparanase is local-
ized [22, 23]. Familial cohorts have been de-
scribed in other geographic areas [24].

Because the external striated sphincter is 
under volitional control in patients with no 

spinal cord abnormalities, urologists came 
to understand that the treatment of these pa-
tients should aim to teach patients how to re-
lax their external sphincter in conjunction 
with voiding and should treat the underlying 
constipation. From this work came the real-
ization that biofeedback therapy has a role in 
treating children with dysfunctional voiding 
who have no underlying anatomic basis for 
their presentation.

Wenske et al. [25, 26] have also pointed 
out that not all children with dysfunction-
al voiding who present with an intermittent 
urinary flow rate will prove to have detru-
sor sphincter dyssynergia. They reported ev-
idence showing that some of these patients 
may present with an intermittent urinary 
flow rate and a normal relaxation of the ex-
ternal sphincter, which led them to conclude 
that these patients may have an underpow-
ered detrusor sphincter. This hypocontrac-
tile detrusor muscle has been given several 
eponyms such as the “lazy bladder” or the 
“bladder holder.” Typically, patients will 
present with urinary incontinence. This sub-
set of patients will void infrequently (1–3 
times per day), will often present with uri-
nary tract infections or incontinence, and 
will have a large bladder capacity [27].

Diagnosis and Measurement
The diagnosis of pediatric dysfunctional 

voiding is primarily based on a careful his-
tory and physical examination in conjunction 
with a urinalysis. For many children, a uri-
nary tract infection will be the primary mode 
of presentation and is a manifestation of the 
underlying voiding dysfunction. In particular, 
the history should focus on whether the child 
has ever achieved continence, the frequency of 
urination, the pattern of wetting, and whether 
the child has a history of urinary tract infec-
tions or a history of underlying constipation. 
Numerous studies point to the strong associ-
ation between constipation and urinary tract 
infection and dysfunctional voiding [27]. It is 
common to see children present to our void-
ing dysfunction clinic with urinary inconti-
nence that responds quickly when the under-
lying constipation is treated successfully.

In recent years, we have modified our ap-
proach to these patients by incorporating a 
symptom score sheet that the child and par-
ents fill out together. This questionnaire was 
developed by Akbal et al. [28] and with some 
slight modifications was validated in our pa-
tient population [29]. This voiding symp-
tom score has been used in our Dysfunction-

al Outpatient Voiding Education (DOVE) 
Center to grade and follow voiding dysfunc-
tion symptoms. The score can range from 0 
(normal) to 35 (severe voiding dysfunction); 
when validated in our patient population, the 
average score at presentation was 12.4 points 
and 30% of the patients had a score of less 
than or equal to 8 points. This measurement 
tool is important for several reasons. First, 
it can serve to function as a resource allo-
cator in terms of the patient’s time and ef-
fort needed to achieve continence. The co-
hort of patients whose score is less than or 
equal to 8 points at presentation can often 
be successfully managed with a single visit 
that involves education about how the blad-
der works, treatment of low-grade constipa-
tion, and a recommendation of timed voiding 
with good water intake. If this group of pa-
tients can be successfully managed with one 
office visit in 80% of the cases, then the cli-
nician has more time to focus on the more 
challenging subset of patients whose scores 
are higher. We also think that the score 
serves as a valuable tool for deciding which 
patients need to undergo imaging and when 
imaging should be performed. Patients who 
respond to the simple treatment and whose 
scores drop to normal will be spared imag-
ing studies. On the other hand, patients for 
whom simple treatment fails to yield an im-
provement are exactly the group of patients 
in whom the yield for diagnostic imaging 
will be higher.

Another useful objective measure in the 
evaluation of these patients is urinary flow 
rate. Obtaining a urinary flow rate is a sim-
ple noninvasive test performed by having the 
child void in a commode equipped with a 
digital scale that drives its output to a com-
puter. The resulting flow pattern is helpful in 
establishing whether there is a rise and fall 
in the flow rate that might be indicative of 
striated external sphincter dyssynergia. The 
postvoid residual can also be assessed non-
invasively using a bedside bladder scanner.

Treatment of Voiding Dysfunction
Patients will respond to a spectrum of 

treatments that includes timed voiding, an-
tibiotic prophylaxis, treatment of constipa-
tion, anticholinergic medication, and bio-
feedback. Biofeedback is an office-based 
procedure that is performed by placing patch 
electrodes over the perineum and teach-
ing the child how to squeeze and then re-
lax these muscles; the child is then coached 
to void while focusing on relaxation of this 
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muscle group. In recent years, the biofeed-
back system contains a video screen with an 
interactive game to capture the child’s atten-
tion and reward the successful void that is 
accompanied by relaxed perineal muscula-
ture [30]. Does this therapy work? Our re-
cent review of 55 patients who underwent 
biofeedback in our voiding dysfunction clin-
ic revealed that the average daytime voiding 
symptom score dropped by 4.3 points and 
that 50% of the patients developed a nor-
mal bell-shaped uroflow curve after an av-
erage of 2.5 sessions [31]. Despite this im-
provement, it is important to remember that 
biofeedback requires time and effort on the 
part of the patient and family. We must re-
member that if a child is entered into a bio-
feedback treatment regimen but in fact has 
an anatomic abnormality, valuable time and 
resources will be lost. Although the yield for 
anatomic diagnoses at imaging may be low, 
there is a time when these patients should 
undergo imaging.

In extreme cases that fail to respond to 
simple treatment, it may be necessary to 
start clean intermittent catheterization (CIC) 
to teach the child how to optimally relax the 
striated external sphincter [32]. A case study 
of CIC management is shown in Figure 6 in 
which a 9-year-old girl presented with recur-
rent urinary and fecal incontinence. Find-
ings on an initial ultrasound were normal. 
However, despite multiple rounds of biofeed-
back therapy and treatment of her constipa-
tion, the urinary incontinence persisted with 
a voiding symptom score of 27. An MRI ex-
amination of her spine showed normal find-
ings. A videourodynamic study showed el-
evated storage pressures and a high voiding 
pressure of close to 100 cm H2O, and active 
electromyography activity was seen dur-
ing voiding. Fluoroscopy showed the clas-
sic “spinning top” findings, which are char-
acteristic of detrusor sphincter dyssynergia. 
At this point, the decision was made to 
teach the patient CIC; with CIC treatment, 
her voiding symptom score improved from 
27 to 1. 

For some of our patients, CIC is used as 
a temporary measure and normal voiding 
function returns as the child learns to spon-
taneously relax the external sphincter. Al-
though this invasive approach to achieving 
continence is needed in few patients, it is in 
exactly this group of resource-consuming 
patients for whom imaging is most indicated 
to rule out all other possible anatomic causes 
of incontinence.

Which Patients With Voiding 
Dysfunction Should Undergo Imaging 
and When and How to Image?

Healthy children with no other comorbidi-
ties and voiding dysfunction do not need to 
undergo imaging at presentation. The like-
lihood of finding abnormal anatomy that is 
responsible for urinary incontinence is be-
tween 1% and 2% [1]. Hence, imaging these 
children as soon as they present to the void-
ing dysfunction clinic is likely to result in 
many low-yield studies that do not add val-
ue. On the other hand, it is even more wor-
risome to see patients who have been treated 
with behavioral or medical management for 
years who are then shown to have an anatom-
ic basis for incontinence. So how does one 
approach these patients when patients with 
aberrant anatomy present as the proverbial 
needle in the haystack?

We begin an evaluation with a basic his-
tory and physical examination and measure-
ment of the voiding symptom score. For pa-
tients with a low score (≤ 8 points) with no 
history of urinary tract infections, one may 
treat clinically with education about how the 
bladder works, timed voiding, increased wa-
ter intake, and treatment of constipation and 
safely omit imaging studies. In these cas-
es, it is critical to ensure that the family un-
derstands that the child must return to the 
clinic if this simple treatment fails to yield 
progress and achieve continence. However, 
sometimes imaging the urinary tract is im-
portant in terms of achieving “buy in” from 
the parent who, after months or even years of 
frustration, is convinced that there must be 
something physically wrong with the child. 
Normal imaging findings help these parents 
accept the fact their child does not have an 
anatomic abnormality and can respond to the 
more time-consuming behavioral and medi-
cal management strategies.

Some patients need imaging soon after pre-
sentation to the voiding dysfunction clinic. 
These patients are children with a history of 
urinary tract infection. Imaging these patients 
is needed to rule out structural anomalies such 
as reflux that would alter medical management.

Another group for whom imaging is indi-
cated is young females who by history have 
never achieved continence and whose fam-
ily notes continuous wetting. These com-
plaints should trigger clinical suspicion of an 
ectopic ureter; in most of these patients, ul-
trasound will suffice as the screening study. 
Patients are less likely to present with these 
findings today because prenatal sonography 

will detect the hydroureteronephrosis asso-
ciated with an ectopic ureter, and these chil-
dren are managed starting in the neonatal 
period. When imaging an older patient with 
a history that is suspicious for an ectopic ure-
ter, findings of hydroureteronephrosis that 
extend below the bladder neck or the finding 
of a duplex system indicates the need for ad-
ditional imaging. 

It is also important to remember that, in 
rare cases, ultrasound may fail to detect an 
ectopic ureter especially if it is linked to an 
atrophic poorly functioning kidney. This 
failure of ultrasound happens rarely but 
is illustrated by the case presented in Fig-
ure 7. This patient presented as a 7-year-old 
girl with a long-standing history of day and 
night wetting and a voiding symptom score 
of 21. Although she was constipated, she and 
her family described her as voiding at reg-
ular intervals without urgency. Findings on 
renal bladder ultrasound were normal, and 
her uroflow rate was a perfect bell-shaped 
curve with no postvoid residual noted. At the 
clinic, she was prescribed polyethylene gly-
col 3350 (MiraLAX, Bayer HealthCare) for 
constipation and given voiding logs. Because 
her symptoms persisted, MR urography was 
performed: It revealed a right upper pole du-
plication with a dysplastic segment that was 
contributing a filtrate, which entered a non-
dilated ureter that ultimately terminated in 
the urethra and accounted for her symptoms 
(Figs. 7A and 7B). After undergoing a right 
upper pole partial nephrectomy and distal 
ureterectomy, she became continent.

Another indication for imaging early is the 
patient who presents with a sudden onset of 
wetting or a patient who shows other comor-
bidities. Figure 8 shows images of a 7-year-
old boy with mild autism who had achieved 
daytime continence at 4 years old but had 
never achieved nighttime control. In recent 
months, his parents had noted polydipsia and 
polyuria, and he progressively lost daytime 
urinary control. His voiding symptom score 
was 12 at presentation. Given this constella-
tion of findings, ultrasound was performed 
at the first visit. Ultrasound revealed bilater-
al hydroureteronephrosis (Figs. 8A and 8B) 
and a thickened bladder wall. He underwent 
VCUG, which revealed a highly trabeculat-
ed bladder wall and poor visualization of 
the urethra (Fig. 8C). These findings suggest 
the possible diagnoses of posterior urethral 
valves or Hinman syndrome. On the basis 
of these imaging findings, the decision was 
made to perform a cystoscopic evaluation, 
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and the diagnosis proved to be posterior ure-
thral valves. One year later, he was continent 
day and night with a voiding symptom score 
of 0, and imaging showed a complete return 
to normal. We were able to evaluate his pre-
natal imaging, and there were no findings on 
that study to suggest any anomalies of the 
urinary tract. This case serves to remind us 
that we can place only so much reassurance 
on the statement that prenatal imaging find-
ings were normal; in most of these types of 
presentations, the prenatal imaging is nor-
mal. Some lesions such as posterior urethral 
valves are progressive, so the ultrasound 
findings will become apparent only once the 
hydronephrosis has developed. In our series 
of patients with posterior valves, almost one 
fourth presented with postnatal clinical find-
ings of infection or incontinence [33].

Some patients undergo imaging for a fe-
brile urinary tract infection and that imaging 
examination reveals reflux, which sudden-
ly becomes the central focus of physicians. 
In fact, most cases of reflux are low grade 
(grades I–III) and reflux often is associat-
ed with constipation and voiding dysfunc-
tion. It is critical to remember that treating 
the underlying voiding dysfunction is actu-
ally going to treat the reflux in most of these 
cases [34, 35]. Numerous studies have also 
shown that reflux surgery carries a high-
er failure rate if there is underlying voiding 
dysfunction [36, 37]. These concepts are il-
lustrated in the case presented in Figure 9: 
a 6-year-old girl who presented with a clini-
cal history of daytime wetting, constipation, 
and a febrile urinary tract infection. Her 
initial VCUG study showed a spinning-top 
urethra (Fig. 9A) (implying underlying de-
trusor sphincter dyssynergia), signs of bilat-
eral high-grade reflux (Figs. 9B and 9C), and 
mild bladder wall trabeculation and consti-
pation. This group of radiographic findings 
should encourage a urologist to start antibi-
otic prophylaxis (which has been shown to 
be beneficial especially in cases of bowel and 
bladder dysfunction [38]), treat the underly-
ing constipation, obtain a urinary flow study, 
and consider the use of biofeedback therapy 
if the urinary flow rate is interrupted. With 
these measures, this patient’s reflux resolved 
1 year later (Fig. 9D).

It is also important to detect the presence 
of spinal cord abnormalities such as a teth-
ered cord. Tethered cord often is not detected 
in young patients because of “normal” find-
ings on physical examination of the spine, 
and patients present later with urinary incon-

tinence or constipation. Obviously it is easier 
for the clinician to order MRI with confidence 
when the incontinent child presents with a 
markedly aberrant sacral finding, but even in 
the setting of a normal spine, history must be 
considered as well. If behavioral modification 
and anticholinergic medication fail, the pa-
tient may be found to have cord tethering on 
MRI of the spine. If a tethered cord is detect-
ed on MRI, cystometry may show uninhibit-
ed contractions, and neurosurgical release of 
the cord tether will often improve the voiding 
dysfunction. The diagnostic yield of spinal 
MRI in the setting of a normal physical exam-
ination is extremely low [39]; however, in a 
highly selected series, there will be a yield of 
positive findings despite normal findings on 
sacral examination [40]. We must stress that 
these studies are ordered for patients years af-
ter initial presentation and are not appropriate 
for the individual who presents to the voiding 
clinic for the first time.

Conclusions
In summary, imaging children with dys-

functional voiding can provide findings that 
will allow an accurate diagnosis and lead to 
optimal management. The key for the pedi-
atric urologist is using imaging studies judi-
ciously because the diagnostic yield is low. 
If every patient who presents to the clinic 
undergoes imaging, there will be little gain. 
Understanding in which patients to try im-
aging sooner versus trying medical and be-
havioral management first is a function of ex-
perience. We hope that an algorithm will be 
developed in the years ahead that will opti-
mize the use of imaging in the management 
of these patients. For now, we must be con-
tent with the illustrations of individual cases 
of when imaging should be considered and 
how helpful it can be in select circumstances.
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Fig. 1—Division of cloaca by urorectal septum gives rise to bladder and rectum, but there is overlap in sensory 
output from these organs. This overlap is shown on fluorescent photomicrograph obtained at retrograde 
tracing study in rat model in which modified pseudorabies virus–expressing green fluorescent protein is 
injected in bladder, and modified pseudorabies virus–expressing β-galactosidase is injected in rectum. 
Beta-galactosidase expression is detected with antibody coupled to red fluorophore. Sensory projections 
to Barrington’s nucleus can be seen: About half stain green (arrowheads) (bladder afferent neurons), one 
fourth stain red (rectal afferent neurons), and one fourth stain yellow (arrows) (common afferent neurons). 
These results show that neurons are receiving afferent input from both rectum and bladder. (Reprinted with 
permission from [41]: Rouzade-Dominguez ML, Miselis R, Valentino RJ. Central representation of bladder 
and colon revealed by dual transsynaptic tracing in the rat: substrates for pelvic visceral coordination. Eur J 
Neurosci 2003; 18:3311–3324)
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Fig. 2—Chart shows bladder filling phase of voiding cycle. During bladder filling 
phase, afferent neurons from bladder sense bladder distention and convey these 
signals to interneurons in S2, S3, and S4 sacral segments; Barrington’s nucleus (BN), 
which is located in pons; and cortex. During filling phase, interneurons are shut down 
by neural input from Barrington’s nucleus. Cortical inhibition drives Barrington’s 
nucleus during this phase. As a result of this inhibition, there is no stimulation of 
parasympathetic neurons that give rise to pelvic nerve. Bladder storage is also 
facilitated by stimulation of pudendal nerve, which stimulates striated external 
sphincter and sympathetic nerves arising from lumbodorsal ganglia that stimulate 
bladder neck. Green dot = facilitation of neurotransmission, purple dot = pelvic nerve, 
red dot = inhibition of neurotransmission, blue dot = interneuron.

Fig. 3—Chart shows bladder emptying phase of voiding cycle. During emptying 
phase, afferent neurons from bladder sense bladder distention and convey these 
signals to cerebral cortex. Cerebral cortex emits signal to Barrington’s nucleus 
(BN). Barrington’s nucleus removes inhibitory signal to interneurons in S2, S3, 
and S4 sacral segments, which completes sacral reflex arc and allows voiding 
to proceed once motor neurons of pelvic nerve are activated. In coordinated 
manner, there is also simultaneous inhibition of pudendal nerve (to relax external 
striated sphincter) and of sympathetic fibers (to allow relaxation and funneling 
of bladder neck). Red dot = inhibition of neurotransmission, purple dot =  pelvic 
nerve, green dot = facilitation of neurotransmission, blue dot = interneuron.

A

Fig. 4—Dyssynergia of bladder neck smooth 
muscle during voiding is rare cause of voiding 
dysfunction. (Reprinted from [17]: The Journal of 
Urology, Vol. 173 [issue 1], Combs AJ, Grafstein N, 
Horowitz M, Glassberg KI, “Primary bladder neck 
dysfunction in children and adolescents. I. Pelvic 
floor electromyography lag time: a new noninvasive 
method to screen for and monitor therapeutic 
response,” pages 207–210, Copyright 2005, with 
permission from Elsevier) 
A, Fluoroscopic image obtained during urodynamic 
study of 14-year-old girl with dyssynergia (arrow) of 
bladder neck smooth muscle. 
B, Fluoroscopic image of 9-year-old boy with 
dyssynergia of bladder neck smooth muscle. In 
males, dyssynergia (arrow) of bladder neck smooth 
muscle must be differentiated from urethral stricture, 
which can present in similar manner.B

A

Fig. 5—Radiographic findings in 8-year-old boy with 
Hinman syndrome.
A, Fluoroscopic image during voiding 
cystourethrogram. Large trabeculated bladder 
results from repeated episodes of voiding against 
contracting external sphincter (arrow).
B,Postvoid fluoroscopic image, bladder 
trabeculations and diverticula suggest high-pressure 
voiding. In addition, there was reflux into left system 
late in voiding phase (not shown).
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A B
Fig. 6—9-year-old girl who presented with chronic wetting and constipation. Videourodynamic study revealed high voiding pressure of nearly 100 cm H2O.
A, Electromyogram shows very active pelvic floor (arrows). 
B, Activity detected at electromyography correlated with simultaneous firing of external sphincter (arrow) noted on fluoroscopic image. Multiple rounds of biofeedback 
failed; continence was ultimately achieved with regimen of clean intermittent catheterization. Before initiation of this aggressive approach, patient underwent MRI of 
urinary tract and lumbar spine to rule out tethered cord. This case is less severe form of Hinman syndrome.

A
Fig. 7—Ectopic ureter in 7-year-old girl with normal ultrasound findings. Most ectopic ureters will present with abnormal ultrasound findings. Ultrasound typically 
shows hydroureteronephrosis and dilated ureter dropping below bladder neck. (Reprinted with permission from [2]: Lambert SM, Zdreic SA. Chapter 21: embryology of 
the female urogenital system and clinical applications. In: Cardozo L, Staskin D, eds. Textbook of female urology and gynecology, vol. 1. Abingdon, UK: Taylor and Francis, 
2009:172–184)
A, Ultrasound image of right kidney. Ultrasound image shown in inset depicts normal findings. Because this child was continuously wet but had normal voiding diary and 
normal urinary flow rate, decision was made to perform MR urography.
B and C, MR urographic images show small dysplastic right upper pole segment that drains into hypoplastic ureter; hypoplastic ureter inserts into urethra.
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B

A

Fig. 8—In evaluating young males with incontinence, radiologists should consider posterior urethral valves in differential diagnosis. This 7-year-old boy with mild autism 
presented with worsening daytime incontinence, polyuria, and polydipsia. (Reprinted with permission from [42]: Zderic SA, Canning DA. Posterior urethral valves. In: 
Canning DA, Docimo S, Khoury A, eds. The Kelalis-King-Belman textbook of clinical pediatric urology, 6th ed. Boca Raton, FL: CRC Press, 2016 [in press])
A and B, Ultrasound images show bilateral severe hydroureteronephrosis.
C, Voiding cystourethrogram shows findings suggestive of either severe Hinman syndrome or posterior urethral valve: trabeculated bladder, small diverticulum, and 
poor opacification of urethra. Cystoscopy was performed and proved valve was incised. One year after cystoscopy, patient was continent day and night, and ultrasound 
showed complete resolution of hydronephrosis.
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C

A

Fig. 9—6-year-old girl who presented with clinical 
history of daytime wetting, constipation, and febrile 
urinary tract infection. Dysfunctional voiding and 
vesicoureteral reflux are often seen together, and 
vesicoureteral reflux is critical diagnosis to make. 
Patients with reflux and voiding dysfunction are 
highest risk for recurrent urinary tract infections and 
benefit most from prophylaxis. 
A, Voiding cystourethrogram shows that voiding is 
associated with firing of external sphincter (arrow). 
B and C, Fluoroscopic images during voiding show 
bilateral high-grade reflux results from high-pressure 
voiding. 
D, Fluoroscopic image during videourodynamic 
imaging obtained 1 year after antibiotic suppression, 
treatment of constipation, and biofeedback shows 
that reflux has resolved.

D

B

F O R  Y O U R  I N F O R M A T I O N

This article is available for CME and Self-Assessment (SA-CME) credit that satisfies Part II requirements for 
maintenance of certification (MOC). To access the examination for this article, follow the prompts.
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