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Abstract

Vesicoureteral reflux (VUR) is one of the most common patholo-
gies encountered in pediatric urology. Better understanding of the
evolution of VUR and new endoscopic surgical techniques in the
last decades have led to major changes in the management of this
pathology. However, the treatment algorithm remains complex
and is composed of a wide variety of options, from active surveil-
lance to surgical treatment. Herein, we propose to review treatment
options for VUR in order to help clinicians make the right treatment
decision for the right patient.

Introduction

Vesicoureteral reflux (VUR) is the retrograde flow of urine
from the bladder to the upper urinary tract. It is the end
result of several anomalies related to the functional integrity
of the ureter, the dynamics of the bladder, and the anatomic
composition of the ureterovesical junction (UVJ). Clinical
presentation is variable, but most patients are either asymp-
tomatic (hydronephrosis) or present with pyelonephritis.
Treatment options can be divided into medical and sur-
gical management. Conservative therapy is based on two
principal approaches: active surveillance and antibiotic pro-
phylaxis. Surgical management of VUR can be done with
either endoscopic treatment or open/laparoscopic/robotic
surgical techniques. However, many aspects related to the
identification, followup, and management of VUR are still
controversial. We propose a review of the different treatment
options available for VUR.

Active surveillance

Clinical management of VUR is complex and should be
individualized. Treatment does not always confer any true
clinical benefit in selected children. The main health con-

cern in patients with VUR is the occurrence of febrile urinary
tract infection (UTI) or pyelonephritis, which may lead to
renal scarring, hypertension, and renal insufficiency. On the
other hand, VUR has a high rate of spontaneous resolution,
especially in young patients and low-grade VUR. Keeping
this in mind, the goals of treatment are to minimize over-
treatment in patients with low risk of UTI and to prevent
renal scarring. Many studies and guidelines have tried to
better identify the minority of children in whom VUR is
significant enough to warrant early treatment. However, as
stated earlier, management of VUR remains complex and
individualized. When a patient and his or her parents choose
to attempt active surveillance, it is essential to counsel the
family about the management of UTI risk factors.

Bladder and bowel training is the mainstay of conserva-
tive treatment. In 2010, the American Urological Association
(AUA) developed guidelines particularly addressing the
association of bladder and bowel dysfunction (BBD) and
VUR.! Their meta-analysis showed a lower rate of VUR self-
resolution, an increased risk of UTI, and a decreased rate
of successful correction of reflux after surgery in children
with non-treated BBD. Children experiencing bladder dys-
function should go through bladder retraining in order to
ensure regular and complete emptying of the bladder and
low-pressure voiding. A voiding routine can help remind the
child to void regularly. Position adopted by the children (feet
well-positioned) during voiding is also critical to permit pel-
vic floor muscle relaxation. Moreover, biofeedback may be
used in the pediatric population to gain better awareness and
voluntary control over pelvic floor muscles.? Antimuscarinic
therapy may also be needed to stabilize overactive bladder
if associated symptoms are clearly identified.

Constipation is a symptom of BBD that is common in
patients with VUR and increases the risk of UTI;? thereby,
it should be addressed aggressively. Maintaining a good
level of hydration prevents constipation and contributes
to the prevention of UTI, as it stimulates more frequent
micturition. A diet rich in fibers may help in obtaining
soft stools. Persistent constipation should be treated with
laxatives. It is the authors’ preference to use polyethylene
glycol when constipation is not resolved with appropriate
diet and hydration.
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Circumcision may also be part of the conservative man-
agement in children younger than one year of age, as it
decreases UTI risks. According to the AUA: “The estab-
lished reduction in UTI, however, coupled with the risk of
UTI in infants with VUR, prompted the panel to consider
circumcision an option in the management of the infant
boy with VUR.”!

Antibiotic prophylaxis

Traditionally, continuous antibiotic prophylaxis (CAP) was
the first-line therapy for most patients in order to prevent
febrile UTIs and renal scarring. A recent shift to early sur-
gical treatment has been seen due to the emerging success
of endoscopic injection therapy. However, even if VUR can
be corrected successfully with minimally invasive therapy,
reflux correction is not mandatory in all patients. Eighty per-
cent of low-grade and 50% of Grade Ill reflux will resolve
spontaneously without treatment.> Daily low dose of CAP is
used in order to maintain sterile urine and prevent renal scar-
ring occurring in the setting of febrile UTL. It may also offer
more time for reflux to resolve spontaneously, avoiding the
morbidity associated with surgical treatment. Recent studies
showed conflicting evidence on the effectiveness of CAP
for the prevention of UTI. In the RIVUR study, prophylaxis
reduced the risk of febrile or symptomatic UTI recurrence
by 50% compared to placebo.* On the other hand, some
studies demonstrated lack of effectiveness of CAP to prevent
pyelonephritis recurrences, renal scarring, and UTIL.> Still,
the AUA and the European Association of Urology (EAU)
guidelines consider CAP a reasonable option for initial ther-
apy for the majority of children with VUR."”

While prescribing CAP to pediatric patients, a few con-
siderations must be taken into account. Sulfamethoxazole
(SMX) and nitrofurantoin should not be prescribed in children
younger than two months of age because of their hepatic
immaturity. Antibiotic dosage must consistently be adjusted
to children’s growth and weight. Moreover, CAP should be
given at night in the toilet-trained children, allowing longer
concentrations of antibiotic in urine. CAP is usually stopped
as soon as VUR resolution is documented. In our practice,
CAP is also reassessed after acquisition of toilet-training
because it represents a critical period for development of
UTI. UTlIs are less likely to occur with appropriate bowel and
bladder habits. It is also believed that after the age of five,
kidneys become less susceptible to scarring due to infec-
tion.> We now see a trend toward early discontinuation of
CAP in the literature and promotion of active surveillance.?
The Canadian Pediatric Society no longer routinely recom-
mends CAP for Grades Il reflux and suggests reassessing
CAP every 3—6 months to decrease occurrence of adverse
events and microbial resistance.

Indications

As with CAP, the indications for surgical treatment of VUR
remain controversial. The goal in selecting patients for sur-
gical treatment is to identify the ones who are unlikely to
spontaneously resolve VUR and the ones at higher risk for
pyelonephritis and renal scarring. Patients’ age, gender,
history of UTIs, renal status, grade of VUR, social status,
patients’ preferences, and the probability and timing of
spontaneous resolution of VUR may help identify high-risk
patients. Surgical repair is commonly offered to patients
who suffer from breakthrough UTIs despite the use of CAP.
Patients presenting with persistent high-grade reflux, particu-
larly if bilateral, or new renal scars are also candidates for
surgical treatment. Moreover, surgery is a reasonable option
in patients with restricted access to healthcare services or
poor compliance to non-surgical treatment. A subset of girls
with persistent VUR after puberty will undergo corrective
surgery, as reflux in adult females carries an increased pro-
pensity for maternal and fetal morbidity during pregnancy,
especially with presence of scars/dysplasia.’ Finally, patient
and family’s preferences may affect the decision to undergo
a surgical treatment after discussion and informed consent.

Endoscopic injection

The role of endoscopic injection therapy is rapidly evolving
since the techniques and the bulking agents are constantly
improving. The goal of endoscopic injection of VUR is to
create a solid support behind the intravesical ureter with-
out impeding the normal flow of urine from the kidneys to
the bladder. This support allows elongation of the intra-
mural tunnel of the ureter. Indications for endoscopic injec-
tion therapy are now applied to a wider range of patients,
extending the indications to more complexes cases. High-
risk groups like Grade IV VUR, duplicated systems, or previ-
ous treatment failures are now considered eligible for endo-
scopic management, but they may have a lower expected
success rate.'® Before attempting endoscopic injection, it
is important to make sure patients are compliant to behav-
ioural therapy, as voiding dysfunction may increase the risk
of treatment failure and recurrent UTI."" Endoscopic treat-
ment of VUR has many advantages: high success rates, day
surgery, absence of scar and short postoperative recovery,
low risk of significant postoperative complications, safety of
injectable materials, and low cost. Endoscopic injection of
VUR is now considered a first-line surgical treatment for low-
grade reflux despite the fact that it may not be as effective as
ureteral reimplantation, especially for high-grade VUR, and
that long-term efficacy is still unknown. Finally, endoscopic
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injection has been shown to be effective in adults with VUR.
It remains a good surgical option for patients with VUR and
breakthrough UTI after puberty.'?

Injection technique

Endoscopic injection of VUR is usually performed as a day
surgery. The cystoscopy is first performed with the patient
under general anesthesia and lithotomy position. The injec-
tion is done with a needle that is placed through the operat-
ing channel of the cystoscope. The material needed (needle,
injecting syringe) may differ from the chosen bulking agent
and its manufacturer. The three most popular techniques
described in the literature are the subureteral Teflon injec-
tion (STING), the hydrodistention technique (HIT), and the
double hydrodistention technique (double-HIT). STING
technique was the first to be described. The technique con-
sists of the injection of bulking agent, regardless of the agent,
into the detrusor muscle immediately beneath the ureteral
orifice at the six o’clock position. With the HIT, the ureter
is distended with irrigation fluid from the cystoscope and
the injection is made within the ureteral orifice, beneath
the mucosa. The double-HIT is similar, but two injections
are performed. A first injection is performed more proxim-
ally, within the ureteral tunnel, and a second injection more
distally, just under the ureteral orifice.

Many series tried to determine the optimal technique,
however, the results are inconsistent. Regardless of the tech-
nique used, it is recommended to avoid multiple punctures
and to wait 20-30 seconds with the needle in place after
the injection to avoid agent leakage. The appearance of the
mound is predictive of the volume of bulking agent to inject.
The preferred appearance is a volcano shape with adequate
coaptation of the ureteral orifice and correction of the previ-
ous hydrodistention. At the end of the procedure, the mound
is inspected and the bladder is emptied. After the surgery,
patients can immediately return to their normal activities.
Followup usually includes an ultrasound to rule out de novo
hydronephrosis/obstruction. A voiding cystourethrography
is performed in select cases.

Bulking agents

Several bulking agents have been described for the endo-
scopic treatment of VUR. Teflon was the first agent used,
with many series showing high success rates; one study
even showed a higher overall success over cross-linked
bovine dermal collagen, Deflux, and autologous blood.'?
However, Teflon has never obtained U.S. Food and Drug
Administration (FDA) approval because of concerns of par-
ticle migration.

Cross-linked bovine collagen has been the subject of
many trials, revealing inconsistent success rates and high
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relapse rates.' ' The variable degree of ingrowth of native
fibroblasts, the shrinkage of the bulking agent, and the
reported immunological reactions after injection of colla-
gen are reasons why cross-linked bovine collagen has been
abandoned by most centres.

Injection of autologous material is appealing, as they
behave as free grafts with the absence of foreign materi-
als. Blood, chondrocytes, fat, and myoblasts were studied.
Fat and chondrocytes showed high rates of long-term VUR
recurrence.'®'® On the other hand, blood has not been
largely studied and the experimental use of myoblasts in
pigs failed."

Calcium hydroxyapatite, a synthetic agent with identical
chemical composition to teeth and bone, was investigated
in animals and humans. Only few studies are available in
the literature and reported success rates are widely vari-
able.?02" Further studies with larger cohorts and longer
followup are needed.

Polydimethylsiloxane (PDMS, Macroplastique®) and dex-
tranomer/hyaluronic acid (Dx/HA, Deflux®) are two popular
bulking agents. PDMS has gained popularity in the treat-
ment of VUR because of its low risk of migration due to its
large particle size, composition, texture, and the absence of
shrinkage. It was FDA-approved for transurethral injection of
stress urinary incontinence in 2006, but used for more than
25 years in Europe and since the late 90s in Canada. Many
urologists have recorded their success rate with PDMS. Herz
et al have shown an overall success rate of 81% after a single
injection at an average followup of 18 months.?> A review
reported an overall success rate at one year, two years’, and
nine years’ followup of 86-93%, 80-92%, and 77-100%
respectively.?> However, a specific gun for the injection of
PDMS is needed to ensure high pressure during injection
and it is technically more difficult to inject.

On the other hand, Dx/HA is the only FDA-approved
bulking agent for endoscopic injection of VUR in children.
Depending on the reflux grade, the overall success rate
reported in the literature ranges from 68— 92%.2* A system-
atic review has shown an overall success rate per ureter of
77% at three months, while a German study noted a success
rate of 81.5% at three months.?>?¢ Many groups have com-
pared the results obtained with a single injection of PDMS
vs. Dx/HA copolymer for VUR endoscopic treatment. The
results are variable, ranging from no difference to a better
success rate with PDMS.%

Two agents have been recently introduced for the
endoscopic injection of VUR: polyacrylate-polyalcohol
copolymer (PPC, Vantris®) and polyacrylamide hydrogel
(PAHG, Bulkamid®). A multicentre survey showed a success
rate of 93.8% after a single injection of PPC.? Patients were
monitored with ultrasound and voiding cystourethrogram.
Most renal refluxing units had higher-grade VUR (55.8%
Grade Ill and 19.5% Grade V) and most patients (60%)
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were followed for more than two years. Moreover, PPC and
Dx/HA have been compared in many trials.?*=' Endoscopic
injection of PPC resulted in higher success rates. However,
concerns have been raised with PPC regarding a high rate
of ureteral obstruction. Finally, only few published series are
available on PAHG.?** The success rate with this bulking
agent appears promising, but more trials are needed prior
to extensive use.

Complications

The rate of major complications with VUR endoscopic injec-
tion is low. Hematuria can occur following injection. It is
usually mild. When it happens intraoperatively, it is recom-
mended to empty the bladder and to gently apply the tip of
the cystoscope at the bleeding site until the bleeding stops.
UTI may also occur. Most patients already have a history of
UTI and are at high risk of recurrence. It is of great import-
ance to obtain a urine culture prior to surgery and to treat
bacteriuria.

De novo contralateral VUR can also occur after sur-
gery. The rate of contralateral low-grade VUR is reported
at 4.5-7%.%

Obstruction is one of the most common complications
reported in the literature. It may manifest by renal colic,
de novo hydroureteronephrosis, UTI, or lower urinary tract
symptoms. Many treatments have been described to treat
ureteral obstruction: ureteral stenting, percutaneous neph-
rostomy, ureteral reimplantation, balloon dilatation, and
nephroureterectomy. However, it is often transient.

Finally, the implanted agent can become calcified. This
can lead to hematuria, intermittent back pain, necrosis of the
bladder mucosa, erosion of the bulking agent, and wrong
diagnosis of distal ureteral lithiasis. Long-term impact of this
condition are still misunderstood, however, several non-
diagnostic ureteroscopies are expected to be performed
despite positive imaging if adult urologists are not aware
of this possible complication or of the fact that the patient
underwent VUR injection at a younger age.

Ureteral reimplantation

Multiple surgical techniques have been described fol-
lowing the initial report of Hutch. Landmark refinements
of Hutch’s surgery include the transvesical advancement
technique (Politano-Leadbetter),*® Paquin,® the extravesi-
cal Lich-Grégoir,*®3? the distal tunnel advancement (Glenn-
Anderson),*® and the transtrigonal technique (Cohen).*' These
procedures can be classified on the base of the approach
use (intravesical, extravesical, or combined) and the position
of the submucosal tunnel (suprahiatal or infrahiatal). The
best procedure remains individualized according to patient’s
condition and surgeon’s experience/preference.

Regardless of the type of procedure, many surgical
principles may be followed to obtain a good success rate.
Successful surgery includes creation of a sealed tension-
free ureteral anastomosis, preservation of the delicate blood
supply to the distal ureter, creation of a submucosal tun-
nel length five times longer than the diameter of the ureter
over a firm backing, delicate handling of the bladder, and
an adequate anastomosis preventing stenosis, twisting, and
wrong angulation of the ureter. Prophylactic antibiotics are
generally administered before the induction of general anes-
thesia. Some surgeons perform cystoscopy at the beginning
of the procedure. Cystoscopy can be helpful in identifying
subtle anomalies such as diverticula and small ureterocele.
The contralateral UV can also be examined with hydrodis-
tention to detect occult VUR. After cystoscopy, the patient is
positioned supine. A Pfannenstiel incision is usually used to
gain access to the bladder. Then, the steps differ according
to the technique used.

The Politano-Leadbetter and Paquin techniques are classi-
fied as suprahiatal repair. The goal of the Politano-Leadbetter
technique is to create a new hiatus superior to the original
hiatus by an intravesical approach. The tunnel is directed
toward the trigone, medial to the original hiatus. This pro-
cedure allows the creation of a long tunnel, which is opti-
mal in case of high-grade reflux or large ureter. Paquin’s
reimplantation combines the extravesical and intravesical
dissection. The new hiatus is created from outside the blad-
der. The combined approach and the possibility to create a
long tunnel make it a suitable approach for dilated ureters,
complex cases, and previously failed reimplantations.

The techniques described by Glenn-Anderson and Cohen
are classified as infrahiatal and intravesical. In the Glenn-
Anderson procedure, the ureter is advanced distally toward
the bladder neck. However, because the distance between
the hiatus and the bladder neck is short, it limits the length
of the tunnel. Cohen’s technique overcomes this limitation.
The tunnel is directed across the trigone toward the contral-
ateral bladder wall.

Finally, the extravesical approach has the advantage of
minimizing hematuria and bladder spasms frequently seen
with the intravesical approaches. The main concern with the
extravesical approach is the transient voiding inefficiency
that may be seen in children with bilateral reimplantation.*
The hypothesis for this dysfunction is that the disruption
of nerves during the detrusorotomy could alter detrusor
contractility. Transient voiding dysfunction has also been
described with cases of more extensive dissection by intra-
vesical approaches

Transperitoneal laparoscopic extravesical and intravesi-
cal ureteral reimplantations have been reported by several
groups. Laparoscopic extravesical techniques seem to be
especially beneficial in the adolescent and adult popula-
tions. However, transvesical laparoscopic approach is more
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challenging, with long operative time, small working space,
long learning curve, and difficulty in obtaining secure clos-
ure at the bladder wall level at the time of port removal.*
Robot-assisted laparoscopic ureteral reimplantation (extra
and intravesical) has been more and more adopted in North
America. However, a wide range of success rates and many
variations in the surgical technique are reported. More stud-
ies are needed to define the costs and benefits of robot-
assisted laparoscopic ureteral reimplantation over the gold
standard open approach, which can now also be performed
in a “mini reimplantation” fashion.

Complications

As with endoscopic injection, UTI, hematuria, contralat-
eral VUR, and obstruction have been reported with ureteral
reimplantation. Obstruction occurs at an estimated rate of
1%.** Initial management usually includes derivation with
an indwelling catheter or percutaneous nephrostomy. Early
transient obstruction is frequently due to edema of the UV]J.
On the other hand, persistent obstruction is often due to
stenosis or kinking of the ureter and may need a repeat
reimplantation. The rate of de novo contralateral reflux is
5-18% in open series.>> This reflux is usually low-grade
and may resolve spontaneously. Transient voiding dys-
function, as stated earlier, may also occur after surgery. It
usually resolves spontaneously within 1-2 weeks. Insertion
of a Foley catheter or intermittent catheterization may be
required until resolution of urinary retention.

Conclusion

VUR is a complex pathology that is still not fully understood.
Observation, continuous antibiotic prophylaxis, endoscopic
injection of a bulking agent, and ureteral reimplantation
are all valuable options to treat this condition. The goals
of treatment are to prevent renal scarring while avoiding
unnecessary invasive procedures. In this context, individ-
ualized treatment is of great importance. The future may
yield more knowledge on the natural history of VUR and
improvements in treatment procedures.
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