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INTRODUCTION

Vesicoureteral reflux (VUR) is a significant risk factor 
for pyelonephritis and renal scarring. VUR can occur 
through a defective ureterovesical junction (UVJ) or an 
overwhelmed normal UVJ mechanism such as in bladder 
dysfunction of congenital, acquired, or behavioral etiology. 
The former is termed primary reflux, the latter secondary. 
Many etiologic factors may coexist in any given patient; 
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as such, the classifications are not considered mutually 
exclusive. In all cases, the treatment goal is to eliminate 
urinary tract infections (UTIs) and preserve renal function.

Common causes of neurogenic bladder dysfunction in 
children are neurospinal dysraphisms such as spina bifida, 
sacral agenesis, tethered cord, and spinal cord injury [1]. Up 
to a third of children with neurogenic bladder have VUR 
[2,3]. Those affected may have detrusor external sphincter 
dyssynergia and/or poor bladder compliance, leading to 
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high bladder storage and voiding pressures. A commonly 
accepted view is that VUR in neurogenic bladder represents 
a secondary type of reflux whereby the primary cause is 
elevated bladder pressures rather than a defective UVJ [1,4,5]. 
Other theories regarding etiology in this population point to 
chronic infections, which may weaken the valve mechanism, 
and anatomic disruptions such as bladder trabeculations 
and diverticula occurring near the ureteral orifice [2,6]. The 
latter is postulated to prevent the passive compression of 
the submucosal ureteral tunnel, which plays a major role 
in reflux prevention [7]. Dysfunctional voiding can also 
perpetuate reflux, making secondary VUR of all grades less 
likely to resolve with age compared to primary VUR [8,9].

In the neurogenic bladder the initial management typi
cally involves clean intermittent catheterization (CIC) with 
or without prophylactic antibiotic therapy in combination 
with an anticholinergic agent [10]. In children with VUR 
refractory to conservative measures, management includes 
surgery with ureteral reimplantation, bladder augmentation, 
or a combination of  treatment modalities. The decision 
regarding choice in surgery is determined predominantly by 
the degree of trabeculation, urethral pressure, and bladder 
dynamics [6]. It is well known, for example, that ureteral 
reimplantation alone into a noncompliant highpressure 
bladder is associated with a high VUR recurrence rate [11]. 
In select cases, however, ureteral reimplantation may alone 

suffice. Alternatively, some clinicians have advocated for 
bladder augmentation without ureteral reimplantation, 
arguing that improvement in bladder compliance should 
allow VUR to resolve [6,12]. Realistically, a variety of surgical 
and endoscopic options can be pursued, and management 
decisions should ultimately be tailored to the individual 
patient. Fig. 1 summarizes the management algorithm.

INITIAL MANAGEMENT

Timing of  CIC initiation is cliniciandependent and 
may start in the newborn period if  evidence of detrusor 
sphincter dyssynergia or significantly elevated leak point 
pressures are found given the high potential for upper 
tract deterioration in these scenarios [1,5]. Many clinicians 
favor early CIC to expectant management when both are 
options. With CIC, bladder pressures can be sustained in an 
acceptable range, while high pressure dyssynergic voiding 
may be avoided, and there is arguably a greater likelihood 
that the child’s bladder will grow normally with improved 
longterm dynamics [1,13]. In fact, CIC and medical therapy 
alone is associated with up to a 30%–50% resolution of VUR 
within 2–3 years [1,14]. Favorable outcomes have been seen 
more often in children who start CIC earlier. Abnormal 
bladder remodeling due to persistently elevated bladder 
pressures is difficult if  not impossible to reverse without 
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Fig. 1. Algorithm for management of vesicoureteral reflux (VUR) in neurogenic bladder. CIC, clean intermittent catheterization.
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aggressive measures later on [1]. The child and parent also 
become more adaptable to the routine when started at a 
young age.

The main downside to CIC is increased rates of bacte
riuria, though there appears to be fewer symptomatic UTIs 
when CIC is implemented correctly [15,16]. CIC also relies 
heavily on the availability of an able and willing family 
member to perform the technique. A large portion of 
patients who worsen on CIC are those who did not adhere to 
regular catheterizations [14]. 

NONAUGMENTED BLADDERS

Ureteral reimplantation alone is an acceptable inter
vention for nonaugmented patients when there is 
adequate bladder capacity and compliance. Surgery in 
these bladders can be technically difficult and bloody, with 
an increased risk of  ureteral obstruction especially with 
intravesical techniques. High relapse rates of VUR have 
been described when this was attempted otherwise. With 
a highly compliant (>7 mL/cmH2O) bladder with preserved 
capacity (% EBC [estimated bladder capacity]>70%), even 
high grades of reflux have been successfully treated with 
ureteral reimplantation alone [6,11]. The reduction of bladder 
pressures in patients who undergo reimplantation is felt to 
be essential for favorable outcomes, and for this reason CIC 
and anticholinergics are commonly implemented following 
surgery [14]. More recently the use of alpha blockers has 
shown some promise in reducing bladder pressures via 2 
mechanisms. As expected a reduction in outlet resistance 
lowers intravesical pressures but there has been evidence 
that vesical volumes can be increased by nonselective alpha 
blockers (ClinicalTrials.gov identifier: NCT00549939).

With regard to ureteral reimplantation technique, a 
number of approaches exist. The PolitanoLedbetter tech
nique was the first described for management of primary 
VUR and was the predominant technique performed prior 
to the description of the crosstrigonal technique by Cohen 
in 1977 [7,17]. The latter is now considered the gold standard 
in uncomplicated VUR and the most commonly performed 
technique in the United States and Europe. The role for 
other techniques including the LichGregoire extravesical 
technique and GlennAnderson technique has been poorly 
described in neurogenic bladder to date.

PolitanoLedbetter technique involves creation of a new 
ureteral hiatus cranial to the original hiatus, then tunneling 
the ureter through the submucosal layer down towards 
the original orifice. The creation of a new hiatus carries a 
greater risk for ureteral kinking [7]. Cohen crosstrigonal 

technique preserves the original hiatus of the ureter. The 
ureter is tunneled through a submucosal layer across 
the trigone bringing its new location closer to that of the 
contralateral ureteral orifice. The disadvantage is that this 
procedure makes it exceedingly difficult to access the ureter 
in retrograde manner in the future. In neurogenic bladder 
patients, the Cohen crosstrigonal technique has produced 
successful results dating back to the late 1970s, with the 
primary advantages being simplicity due to decreased need 
for extravesical dissection, reduced risk of ureteral kinking, 
and increased space with which to create an adequate 
length submucosal tunnel particularly in smaller bladders 
[7]. In patients that have developed bladder trabeculations, 
the trigone is typically spared from distortion [18]. The 
crosstrigonal technique is also advantageous in this subset 
of patients [19]. While the Cohen crosstrigonal technique 
approaches a 100% success rate for primary VUR, its success 
in secondary VUR is cited as only approximately 85%–96% 
[11,20].

ENDOSCOPIC ANTIREFLUX PROCEDURES

Despite the very high success rates of  open ureteral 
reimplantation in primary VUR, endoscopic antireflux 
sur gery such as with subureteral injection of  Deflux 
(dextranomer/hyaluronic acid) has been popularized due to 
relative ease of use and substantially reduced morbidity. 
Its role in secondary VUR is evolving, though it has drawn 
appeal for similar reasons. Success rates for these procedures 
in neurogenic bladder patients has been reported at 
anywhere from 53% to 86%, which are lower than success 
rates in primary VUR [21,22]. Exact data is difficult to 
extrapolate as historically, various bulking agents have been 
studied and compared. What has been concluded is that 
this procedure is generally less effective in higher grades 
of  reflux and typically produces transient rather than 
permanent successes. Patients do require longterm followup 
due to the potential for late VUR recurrences [21]. However, 
these shortcomings are offset in that the procedure requires 
substantially reduced operative time, involves minimal 
complexity, and patients can be seen in the outpatient 
setting with no associated hospital stay, minimal pain, and 
minimal complications [11,21]. Additionally, if  reflux fails 
to resolve, the injection does not preclude the patient from 
having a definitive surgery, and for the most part, should 
not make a definitive surgery more difficult to perform 
[11,21,23]. Unfortunately, there have been numerous reports 
by surgeons that significant difficulties can be encountered 
in some patients due to the bulking agents causing fibrotic 
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reactions encasing the ureter (the senior author included).
Very limited studies have suggested similar selection 

criteria for intervention with endoscopic VUR surgery as 
with ureteral reimplantation in neurogenic bladder patients. 
Namely, bladder capacity should be adequately preserved 
and compliance should be near normal [24]. This minimally 
invasive procedure has historically proven to be resilient 
despite moderately compromised bladder compliance [11,21]. 
Particular challenges are seen in those with trabeculated 
bladders whose ureteral orifices may not be identifiable 
or may be patulous from bladder distortion. Postprocedure 
complications such as obstruction at the UVJ have been 
more common in neurogenic bladders compared to non
neurogenic bladders [23,25]. Despite the risks, benefits may 
be substantial in this patient population, and some advocate 
for endoscopic antireflux surgery to be considered before 
resorting to open surgeries when CIC fails [22].

AUGMENTED BLADDERS

In patients who have highgrade reflux in the setting 
of a dysfunctional neurogenic bladder, augmentation cys
toplasty is typically performed with ureteral reimplan
tation [6]. Reimplantation of the ureters into a thickwalled 
bladder is technically challenging, and adds operative 
time and morbidity to an already complex augmentation 
surgery. Some have argued that if detrusor pressures can 
be lowered with augmentation alone, there may not be a 
role for concurrent antireflux surgery [12,18,26]. This theory 
was initially supported by several small series. Nasrallah et 
al. [18] demonstrated in 14 patients with varying degrees of 
reflux from grade II to V, poor bladder capacity (functional 
capacity of  40–210 mL), and poor compliance (leak point 
pressure >40 and <80 cmH2O) that reflux resolution could be 
achieved with augmentation alone, at least during a follow
up period of 72 months. Later studies with increased number 
of patients and longer followups reinforced these findings 
[12,27]. It has been postulated that persistence of reflux post 
operatively in these patients may simply be a measure of 
the quality of  the augmentation surgery, similar to the 
persistence of incontinence following these surgeries [18].

The downside of  an augmentationonly method of 
management is that it does not account for other mecha
nisms that may factor into VUR in these patients such 
as UVJ incompetence f rom surrounding distortions 
(trabeculations or diverticula) or from chronic infection. 
After enterocystoplasty, bacteriuria is common and risk of 
infection remains significant [6]. It is unclear whether these 
factors play a role when VUR persists after augmentation 

surgery. Longterm complications of  augmentation cysto
plasty are also not insignificant, and include reduced bone 
mineral density and osteoporosis [28] along with bladder 
calculi. Bladder rupture is another risk that can potentially 
lead to death in these patients. Decision to proceed with this 
major surgery should be weighed heavily against the risks 
and benefits.

More recently, there have been studies demonstrating 
efficacy of intradetrusor botulinumA toxin when combined 
with Deflux subureteral injection to target elevated pre
ssures and reflux using minimally invasive techniques [24]. 
Additional studies will be needed to determine whether 
these are safe interventions that can produce durable results 
in the longterm.

CONCLUSIONS

Compared to primary VUR, secondary VUR in neuro
genic bladder patients is less likely to spontaneously resolve, 
less likely to be cured with antireflux surgery independent 
of technique or surgical approach. The common denominator 
that likely separates this patient population from achieving 
the success rates of  the primary VUR population is 
suboptimal bladder dynamics. Whether reflux in neurogenic 
bladder is addressed by CIC/anticholinergics, selective 
and nonselective alpha blockers, ureteral reimplantation, 
endoscopic surgery, or bladder augmentation alone, the 
key to improved outcomes appears to be optimization or 
preservation of adequate bladder capacity and compliance. 
The risks and benefits of  management options must be 
weighed with consideration of each individual case.
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