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Purpose of the review: Vesicoureteral reflux (VUR) is a common pathology
encountered in pediatric urology. If left untreated, this condition can lead to
infectious complications, hypertension and loss of renal function by scars.
There is a trend for minimally invasive procedures to minimise treatmentrelated complications. Endoscopic subureteral injection of bulking agent in the
treatment of VUR is an example of minimally invasive options. Several bulking
agents have been studied and the perfect agent has not yet been discovered.
Polyacrylamide hydrogel is a relatively new agent used to treat VUR and its use
will be reviewed.
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Recent findings: Three modern studies from a Canadian group have
evaluated the use of polyacrylamide hydrogel for endoscopic injection to treat
VUR. The first study reported a cure rate of 81.2% without major complication.
In the second study, injection of polyacrylamide hydrogel was compared to
dextranomer hyaluronic acid and no significant difference was observed, with
overall success rate of 73.1% and 77.5% respectively. The third trial evaluated
the long-term efficacy and safety of polyacrylamide hydrogel with a 36-month
follow-up. Overall success at 3 months was 70.7% and no patient had de novo
hydronephrosis or calcification of the agent at 36 months.
Conclusion: Polyacrylamide hydrogel seems to be a safe and effective
alternative bulking agent in the treatment of VUR. The contribution from other
centers to validate those data would be valuable.

Introduction
Vesicoureteral reflux (VUR) is frequently encountered in
pediatric urology practice and overall estimated prevalence is
between 1 and 3 %1,2. The clinical correlation of retrograde flow of
urine with pyelonephritis was first described in the 1950s-1960s
by Hutch3. Nowadays, renal scarring and loss of renal function due
to VUR with UTI is well established. Moreover, the leading cause
of hypertension in children and young adult is renal scarring
or dysplasia secondary to VUR4. The objectives to manage this
pathology aim to prevent recurrent febrile UTIs, prevent renal
injury and minimize the morbidity associated with different
treatment options and follow-up5. Management options are:
active surveillance, continuous antibiotic prophylaxis, endoscopic
injections of bulking agents and open, laparoscopic or robotic
ureteral reimplantation5,6.

Endoscopic injection of bulking agents has been the subject
of several publications during the last three decades and is now
a well-accepted surgical option7-10. In 1984, Puri and O’Donnell
reported for the first time, treatment of VUR in piglet by
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intravesical injection of polytetrafluoroethylene (PTFE,
Teflon®)11. Several bulking agents have been studied
since then, including dextranomer hyaluronic acid (Dx/
HA, Deflux®)12, polyacrylate-polyalcohol copolymer (PPC,
Vantris®)13, polydimethylsiloxane (Macroplastique®)14,
polytetrafluoroethylene (PTFE, Teflon®)15, bovine
collagen16, calcium hydroxyapathite17 and autologous
materials like chondrocytes18, fat19 and blood10,20. More
recently, polyacrylamide hydrogel (PAHG, Bulkamid®) has
been evaluated for the treatment of VUR by endoscopic
injection21. The perfect bulking agent has not yet been
identified, but should be biocompatible, nontoxic, nonantigenic, non-migratory, causing minimal inflammation,
no calcification and keeping its shape and volume22. This
article will review the use of polyacrylamide hydrogel as
an alternative bulking agent in endoscopic treatment of
children with VUR.

Endoscopic Treatment of VUR

Endoscopic injection of bulking agent is an attractive
option for surgeons and patients/family. This procedure
is less invasive than ureteral reimplantation, the operative
time is shorter, no incision is needed and the intervention
is usually made as an outpatient procedure. Endoscopic
injection of biocompatible agent is believed to reduce reflux
by adding a wall support to the ureter and narrowing the
ureterovesical junction, without causing obstruction8. In a
randomized clinical trial, Garcia-Aparicio et al. concluded
that endoscopic injection of Dx/HA and Cohen’s ureteral
reimplantation were of similar effectiveness at five years
follow-up23. Several studies compared the efficacy of
ureteral reimplantation vs endoscopic injection in VUR, but
conclusions remain controversial, especially for low-grade
VUR23-25. In general, ureteral reimplantation offers higher
success rates than endoscopic injection but comes with
more morbidities.

O’Donnell and Puri described the Subureteral Teflon
Injection (STING) technique in 198415. In this technique, a
bulking agent was injected 2-3 mm below the ureteral orifice
with an 18-gauge needle through a 14 French cystoscope.
In 2004, Kirsh et al. introduced the Hydrodistension
Implantation Technique (HIT) where a submucosal
injection is made within the ureteral orifice at the 6 o’clock
position26. Nowadays, the double HIT technique is the
most popular among urologists27. In this method, the first
injection is made within the ureteral tunnel, reducing the
lumen proximally, and a second injection is performed in
the distal tunnel to narrow the ureteral orifice28. If needed,
additional injections with the STING technique can be made
after a double HIT method28. Studies have shown better
results with HIT and double HIT techniques, but a greater
volume of bulking agents was needed, further increasing
the cost of the procedure27-31.
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In 2001, dextranomer hyaluronic acid (Dx/HA),
commonly called Deflux®, obtained FDA approval for
endoscopic treatment of VUR and became the most widely
used bulking agent7,8. Success rate are ranging between
68% and 92% and better success rates correlate with lower
grade of VUR7. A systematic review conducted by Routh et
al. in 2010 revealed an overall success rate of 77%, which
means that about one quarter of treated patients will need
additional procedures32.

PAHG has been widely injected around the urethra for
the treatment of female stress urinary incontinence. A
systematic review conducted by Kasi et al. concluded that it
was an effective and safe treatment option22. Treatment of
VUR by endoscopic injection of PAHG obtained approval in
Canada in October 2017, which is currently the only country
to have given this approval33. Three contemporary studies
have evaluated the use of PAHG injections in endoscopic
treatment in VUR21,34,35.

Cloutier et al. in 2013 was the first group to publish
pediatric management of VUR with PAHG in the English
scientific literature21. In this series, 40 patients (30 females,
10 males) underwent endoscopic injection of PAHG to treat
VUR. Children with unilateral or bilateral VUR, primary
or secondary reflux, first or second injection, previous
surgical procedure and duplicated systems were included.
Patients with neurogenic bladder and/or untreated voiding
dysfunction were excluded. Preoperative evaluation
included VCUG, renal bladder ultrasound (RBUS) and
DMSA scan when deemed necessary. A single skilled
surgeon performed the double HIT technique with patients
under general anesthesia. Follow-up included VCUG, RBUS
3 month postoperatively and RBUS 1 year postoperatively.
A total of 69 refluxing renal units were treated. When
using up to 2 injections, the overall cure rate, defined as
grade 0 reflux, was 81.2%. A total of 6 refluxing renal
units underwent a second injection. This cure rate differed
according to the grade, ranging from 60% for grade V to
100% for grade I. One patient suffered from pyelonephritis
3 weeks after surgery and no patient had evidence of
obstruction after a mean follow-up of 12 months. Results
were interpreted as comparable to the outcomes of Dx/HA,
but limitations were relatively short follow-up and absence
of comparative group.

A second trial from the same group was published by
Blais et al. in 201534. The aim of this study was to compare
the efficacy of PAHG and Dx/HA in endoscopic treatment of
VUR. For this purpose, a single center and single surgeon
prospective non-randomized study was designed. Patients
under 18 years of age with grade I to IV VUR confirmed by
VCUG were included. Exclusion criteria were grade V VUR,
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previous endoscopic treatment, active infection, untreated
dysfunctional elimination syndrome, neurogenic bladder
and history of bladder exstrophy. The choice of the agent
was based on product availability and alternate use of the
two bulking agents was promoted. A total of 45 patients
were included in each group, 78 refluxing renal units in the
PAHG group and 71 in the Dx/HA. The overall success rate
after the first injection was 73.1% with PAHG and 77.5%
with Dx/HA (p = 0.54) at the 3-month VCUG. One patient
in each group suffered from febrile UTI after surgery. In the
Dx/HA group, 2 patients developed symptomatic ureteral
obstruction and one needed temporary ureteral stenting.

The last trial from the same institution was published
by Ramsay et al. in 2017 and evaluated the long-term
results and safety of PAHG in endoscopic treatment of
VUR35. A prospective single-surgeon study was designed
to evaluate PAHG in endoscopic treatment of grade I to
V VUR. Patients were included in this trial after exiting
previous studies. All children had a VCUG and RBUS prior
to surgery. DMSA scan was performed only when it was
considered necessary. The same double-HIT technique
was performed. Follow-up included VCUG and RBUS at 3
months, followed by RBUS at 12 and 36 months. To avoid
unnecessary radiation and invasive manipulation, VCUG
was not systematically repeated at one and three year.
Success was defined by the absence of both VUR and de
novo or worsening hydronephrosis. Authors looked at the
complications to assess the safety of the procedure, such as
calcification of the injected agent and febrile UTIs. A total of
76 patients (53 females, 23 males) with a median age of 45
months were included. The median volume of PAHG injected
per refluxing renal unit was 1.0 ml, with volumes ranging
from 0.6 to 2.5 ml. Overall success rates at 3 months were
70.7% for grades I to V and 72.6% when excluding grade V.
Success rates were higher for patients with a duplicated renal
system (87.5%), history of renal reimplantation (100%)
and history of previous injection with another agent (80%).
Only 2 patients experienced febrile UTI and only one had
persistent VUR at the 3-month VCUG. At the 36-month RBUS
follow-up, no patient had developed de novo or worsening
hydronephrosis or calcification of the bulking agent and no
case of ureteral obstruction were reported.

The only trial from a different group regarding the use
of PAHG for endoscopic injection of VUR is a 1999 Russian
article for which only the abstract is available in Pubmed36.
In this study, 11 patients underwent 16 surgeries with
Interfall injection, a PAHG variant. The success rate for
VUR was 75%, 80% and 50% for grade II to IV, respectively.
After discussion with the senior author, it was confirmed
that more patients were also treated, but unfortunately, no
data was collected.
All these studies show an interesting new purpose
for PAHG. Its use in VUR treatment appears safe, with
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few reported febrile UTIs and no evidence of ureteral
obstruction following the injection. Also, because PAHG
is a nondegradable water-based polymer gel with high
viscoelasticity and without small particles, it decreases
the long-term risk of migration and calcification22,37. A
25% volume reduction after injection of Dx/HA has been
described, leading to an increase in the quantity of bulking
agent used38,39. The volume of PAHG has been shown to
be stable several years after cosmetic surgeries, which is
also promising for long-term results40,41. As previously
mentioned, Routh et al. reported in their meta-analysis an
overall success rate of 77% 3 months after one injection of
Dx/HA32. Blais et al. obtained a success rate of 77.5% with
Dx/HA, which was similar to Routh et al.’s results. However,
these results were not significantly different from the rates
obtained with PAHG. Ramsay et al. reported a median
injected volume of PAHG of 1.0 ml per refluxing renal unit,
with volumes ranging from 0,6 ml to 2,5 ml. In a recent
article, Moore and Bolduc compared polydimethylsiloxane
(Macroplastique®) with Dx/HA and they reported a
median volume of 1.0 ml for both agents with a range from
0.5 to 2.6 ml and 0.5 to 2.8 ml respectively42. Since the mean
volume of bulking agent used to inject a refluxing renal unit
was very similar for all the bulking agents, the price per ml
of each different agent may have a direct impact on the cost
of the procedure. In Canada, 1.0 ml of PAHG costs 15-20%
less than the same amount of Dx/HA35.

Conclusion

Vesicoureteral reflux is a major concern in pediatric
urology and management aim to prevent consequences
without creating new comorbidities. Efforts have been
made to found minimal invasive treatments and endoscopic
injection of bulking agent is one of them. Among all agents
studied, dextranomer hyaluronic acid remains the most
popular. Polyacrylamide hydrogel has been studied as an
alternative bulking agent and showed comparable results
at 3 years follow-up. Furthermore, no ureteral obstruction
and no calcification of injected PAHG were observed.
These complications are two major concerns for pediatric
urologists. PAHG is therefore an attractive alternative
bulking agent for VUR treatment. The contribution of
other centers to evaluate the use of PAHG for endoscopic
injection of VUR would be valuable. Moreover, additional
studies are needed to evaluate the longer-term efficacy and
safety of PAHG in VUR.
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