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Abstract 

Background Vesicoureteral reflux (VUR) is a common condition associated with childhood urinary tract infection 
(UTI) that can lead to chronic renal failure and hypertension. Various anti-reflux treatments were advocated, with vari-
ous degrees of morbidity and success. The purpose of this study is to analyze and compare the results of modified 
Gil-Vernet anti-reflux surgery and bulking agent injection in children with unilateral high-grade reflux.

Methods The study involved 179 patients who underwent surgical interventions for primary VUR from February 2013 
to September 2019. Data on baseline demographics, preoperative symptoms, radiological imaging studies, and post-
operative outcomes were analyzed. Treatment goal was defined as when no VUR or downgrading was detected 6 
months or later after the intervention.

Results A total of 128 patients underwent modified Gil-Vernet anti-reflux surgery and 51 patients underwent 
dextranomer/hyaluronic acid (Dx/HA) injection with mean VUR grading of 4.3 in both groups (P = 0.687). The overall 
VUR resolution rates were significantly higher in modified anti-reflux surgery rather than Dx/HA injection (86% vs. 
68%, P = 0.021). Dx/HA injection was associated with shorter operation time (21 ± 8 min vs. 57 ± 11 min, P = 0.01), 
and shorter hospital stay (0.34 ± 0.22 days vs. 3.50 ± 0.50 days, P < 0.001). No major complications were identified 
in both groups.

Conclusions Dx/HA injection has a significantly shorter operation time, lower postoperative analgesic usage, 
and shorter hospital stay, modified Gil-Vernet anti-reflux surgery is associated with significantly higher VUR downgrad-
ing and resolution rates than Dx/HA injection, particularly in the higher grade VUR.
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1  Background
Vesicoureteral reflux (VUR) is the most common con-
genital urologic disorder, characterized by abnormal 
flow of urine from the bladder to the ureter and renal 
pelvis through a malfunctioning vesicoureteral junction. 
According to studies, VUR ranges between 0.4 and 1.8% 
of the general pediatric population, and approximately 
30% of children with urinary tract infections have VUR 
in further evaluations [1, 2]. In most cases, VUR does 
not cause any symptoms and is detected prenatally in 
children with hydronephrosis or postnatally following 
the development of symptomatic urinary tract infection 
(UTI) [3]. Furthermore, precise VUR prevalence is una-
vailable because cystography is not performed in healthy 
children due to ethical concerns [4].

In general, VUR can be either primary or secondary to 
defective vesicoureteral junction development, neuro-
genic bladder dysfunction, and high intravesical pressure 
and posterior urethral valves [5]. One or more episodes 
of urinary reflux can cause renal scarring, resulting in 
pyelonephritis and an increased risk of hypertension, 
decreased renal function, and impaired somatic growth 
[6]. Observation, antibiotic prophylaxis, endoscopic 
injection, and ureteral reimplantation are the four pri-
mary treatment choices for patients with VUR [7].

It has been known that VUR spontaneously resolves 
over time. However, observation and medical treatment, 
including behavioral modification and urotherapy with or 
without antibiotic therapy only deemed appropriate for 
patients with a low risk of renal injury (i.e., males with 
low-grade VUR) [8].

Endoscopic and surgical intervention may be benefi-
cial in cases of medical treatment failure, recurrent UTI, 
persistent VUR, and the formation of new renal paren-
chymal scars, as well as in patients who do not comply 
with treatment and whose VUR is clinically less likely to 
resolve (as in patients with high-grade reflux, older age, 
and female gender) [9, 10].

Consequently, despite the high prevalence of VUR in 
children, there is no consensus on the optimal therapeu-
tic approach. Better identification of children at risk of 
renal scarring, robust data regarding potential therapies, 
and an improved VUR grading system is required for 
continued treatment advancement.

In the present study, the success rate of both modified 
Gil-Vernet anti-reflux surgery and bulking agent injec-
tion groups are evaluated in a non-randomized group of 
unilateral high-grade VUR at two-year follow-up.

Fig. 1 A 3Fr ureteral catheters were passed through both ureters, B ureteral approximation by modified Gil-Vernet technique
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2  Methods
The document of all patients with unilateral high-grade 
VUR (grade four/ and five) from February 2013 to Sep-
tember 2019 who were referred to the Labbafinejad hos-
pital, Tehran-Iran, and had been indicated for surgical 
intervention were included.

2.1  Inclusion and exclusion criteria
The criteria for surgical or endoscopic intervention were 
as follows: Impaired renal function, development of new 
parenchymal scars, breakthrough UTI despite antibiotic 

prophylaxis and poor compliance with conservative med-
ical treatment by patients and/or parents, lack of suffi-
cient cooperation.

Diagnosis of VUR was established by voiding cystoure-
thrography, and severity of VUR was determined using 
the International Reflux Study classification [11]. This 
classification system is based on the appearance of the 
ureteral orifice during cystoscopy and classifies VUR into 
five grades ranging from grade one (mildest) to grade five 
(most severe). Grade one reflux involves reflux only into 
the distal ureter, while grade five reflux involves reflux 
with ureteral dilatation and tortuosity. Downgrading was 
defined as a reduction in the reflux grade, while achiev-
ing a state of complete absence of reflux was considered 
a cure.

The exclusion criteria were: history of previous failed 
open or endoscopic anti-reflux surgery at the affected 
side, secondary VUR, duplex system, single kidney, overt 
spinal dysraphism, evidence for a pop-off mechanism of 
a high-grade VUR, untreated overt bladder or bowel dys-
function (diagnosed based on the urodynamic study test), 
and bilateral VUR.

2.2  Procedures
The preoperative evaluation included urine analysis and 
culture, sonography of the kidneys, and urinary tract. 
Finally, the decision on the surgical approach or bulking 
agent injection was made by the parents.

In the modified Gil-Vernet group, a short Pfannen-
stiel skin incision was made. The bladder was opened 
in the midline, and 3 French (Fr) ureteral catheters were 
passed through both ureters; a horizontal mucosal inci-
sion was made in the trigone (between ureteral ori-
fices), and medial sides of both ureters were dissected 
gently to mobilize enough both ureters. The medial wall 
of both ureters were sutured by two 5–0 Vicryl sutures 
and approximated to each other in the midline. The ure-
teral orifices were checked for proper efflux of urine; 
the incised trigonal mucosa was sutured longitudinally 
by separate 5–0 vicryl sutures. The bladder and wound 

Table 1 Demographics and pre- and postoperative findings of 
the patients

N/S; not significant, Dx/HA; dextranomer/hyaluronic acid, U/C; urine culture, UTI; 
urinary tract infection

Total modified 
Gil-Vernet 
group

Dx/HA group P-value

Sex

 Female 123 82 41 N/S

 Male 56 46 10

Age (mean ± SD) 3.69 ± 1.0 3.7 ± 1.1 3.6 ± 0.9 N/S

Grading

 4 120 87 33 N/S

 5 59 41 18

Duration 
of surgery (min, 
mean ± SD)

49 ± 12 57 ± 11 21 ± 8 0.01

Duration of hos-
pitalization (days, 
mean ± SD)

2.94 ± 1.30 3.50 ± 0.50 0.34 ± 0.22  < 0.001

Complications

 Dysuria 89 (50%) 73 (57%) 16 (31%) 0.011

 Fever 10 (6%) 8 (6%) 2 (4%) N/S

 Pyuria 43 (24%) 32 (24.8%) 11 (21.4%) N/S

 Hematuria 68 (38%) 57 (45%) 8 (14%) 0.014

 U/C 34 (19%) 26 (20%) 8 (14%) N/S

 Febrile UTI 11 (6%) 8 (6%) 3 (5%) N/S

 Flank pain 16 (8%) 10 (7%) 6 (11%) N/S

Table 2 DRNC results for all patients

RRUs; renal refluxing units, N/S; not significant, Dx/HA; dextranomer/hyaluronic acid, VUR; vesicoureteral reflux, DRNC; direct radionuclide cystography

DRNC after 18 months Number of RRUs modified Gil-Vernet 
n = 128

Dx/HA
n = 51

P-value

Total Cure 147 (82%) 112 (86%) 35 (68%) 0.021

Downgrade 32 (18%) 16 (14%) 16 (32%) N/S

VUR grade 4 Cure 99 (83%) 76 (87.3%) 23 (70%) N/S

Downgrade 21 (17%) 11 (12.7%) 10 (30%) N/S

VUR grade 5 Cure 48 (82%) 36 (88%) 12 (67%) 0.039

Downgrade 11 (18%) 5 (12%) 6 (33%) N/S
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were closed, suction drainage, and a Foley catheter was 
inserted (Fig. 1).

In the injection group, we have used dextranomer/
hyaluronic acid (Dx/HA), (Deflux, Q-Med Scandina-
via, Uppsala, Sweden) bulking agent, all injections were 
administered with an 8–10 Fr pediatric rigid cystoure-
throscope under general anesthesia. The bulking agent 
was injected through a 3.7-Fr flexible catheter inserted 
into the ureteral lumen with the intraureteral hydrodis-
tention technique at 6 o’clock (The injection was car-
ried out until the shape of the ureteral orifice changed 
to a slit-like mound.). Then, the efflux of urine through 
the ureter was checked [12]. Both procedures were per-
formed by the same surgeon (F.S).

Patients were evaluated after treatment for early and 
delayed (more than one month) complications such as 
lower urinary tract symptoms (LUTS), unexplained fever, 
UTI, and hydronephrosis, which were considered indica-
tions for patient reevaluation.

The response to both procedures was monitored 
and recorded 18 months following surgery by direct 

radionuclide cystography (DRNC). Ultrasound scan 
was repeated at one day, first week, one month, 6- and 
12-month postoperation and repeated each year as 
routine.

Parents were fully informed about both approaches, 
advantages, and disadvantages, and written informed 
consent was signed by the parents.

The ethical committee of the Urology and Nephrology 
Research Center of Shahid Beheshti University of Medi-
cal Sciences approved the protocol of study with an ethi-
cal code as IR.SBMU.UNRC.REC.1397.15.

2.3  Statistical analysis
The statistical analysis was performed with SPSS statis-
tics version 26.0 (SPSS Inc., IBM Company, Chicago, IL, 
USA). Ordinal variables were compared using independ-
ent t-test and Mann–Whitney U-test. Categorical nomi-
nal variables were compared with Fisher’s exact test and 
Chi-square test as appropriate. A P-value of less than 
0.05 was considered statistically significant.

Fig. 2 A retrograde ureterogram in a 3.5-year-old boy with VUR grade 4 before surgical intervention B DRNC showing complete cure after surgical 
treatment in the same patient
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Fig. 3 A retrograde ureterogram in a 2.5-year-old girl with VUR grade 4 before Dx/HA injection B DRNC showing complete cure after Dx/HA 
injection

3  Results
In this study, the outcomes of 179 eligible children (179 
renal refluxing units) with mean age 3.69 ± 1.0 years old 
(ranged from 1 to 7 years) after modified Gil-Vernet anti-
reflux surgery and Dx/HA injection were evaluated and 
compared. Among the patients, 120 (67.5%) had reflux 
grade 4, while 59 patients had reflux grade 5. Table  1 
shows the demographics and pre- and postoperative 
findings of the patients.

In the Gil-Vernet group and the Dx/HA injection 
group, the VUR resolution rate was 86% and 68%, respec-
tively (P = 0.021). The duration of surgery was (57 ± 11 
vs. 21 ± 8 min, P ≤ 0.001) for the modified Gil-Vernet and 
endoscopic injection, respectively, and the duration of 
hospitalization in patients with modified Gil-Vernet and 
the Dx/HA injection group was (3.50 ± 0.50 vs. 0.34 ± 0.22 
days, P = 0.01) (Table 2).

Dysuria was reported by 73 (57%) patients in the modi-
fied Gil-Vernet group and 16 (31%) patients in the Dx/
HA injection group, and hematuria was founded in 57 
(47%) patients in the modified Gil-Vernet group and 11 
(22%) patients in the Dx/HA injection group, both of 

which were statistically significant (P = 0.011 & P = 0.014, 
respectively) (Table  1). However, all bothersome symp-
toms resolved gradually with or without medication 
three weeks after the operation.

Within 18 months of treatment, all patients underwent 
DRNC to assess the success rate. In the modified Gil-Ver-
net group, 112/128 (86%) patients were completely cured, 
while in the Dx/HA injection group, 35/51 (68%) patients 
were completely cured. VUR had been downgraded in 
other patients in these groups. A subgroup analysis was 
carried out according to the grade of VUR (Table 2).

Among patients with grade 4 VUR, there was a com-
plete response to modified Gil-Vernet in 76 out of 87 
(87.3%), while the rate was 70% in the Dx/HA group 
(shown in Figs. 2 and 3). In addition, there was a down-
grading of VUR (partial response) in 12.7% (11/87) and 
30% (10/33) of the modified Gil-Vernet and injection 
groups, respectively (Table 2).

Among the patients with reflux grade 5, 88% (36/41) 
in the modified Gil-Vernet group and 67% (12/18) in the 
Dx/HA injection group showed complete resolution, 
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while the rest had reduced grade findings (Table 2, shown 
in Figs. 4 and 5).

3.1  Follow-up
After two-year follow-up, five patients in Dx/HA group 
required re-treatment by reinjection, with four of them 
fully treated and one with downgrading severity. None 
of the patients required open surgical treatment such as 
ureteral reimplantation. In modified Gil-Vernet group, 
three patients who required re-treatment received a 
bulking agent injection, with two patients being com-
pletely cured and one with downgrading severity.

4  Discussion
VUR is a common urological problem in children. As the 
child grows and the submucosal ureter lengthens, most 
cases resolve spontaneously, so conservative treatment is 
recommended in the lower grades of VUR, with surgical 
treatment reserved for failure of conservative treatments 
[8]. Higher grades of reflux, on the contrary, have a lower 
chance of spontaneous healing, and patients are likely to 
develop more complications at an early age [9, 13]. For 
higher grades of VUR, most physicians prefer surgical 

intervention, which includes open or laparoscopic sur-
gery, as well as endoscopic treatment.

It is important to note that there are no universally 
agreed upon gold standards for the treatment of VUR. 
Various surgical approaches, such as ureteral reimplan-
tation and the endoscopic method, are recommended 
as surgical treatments of choice, with varying degrees of 
success and morbidity. However, because of the disparity 
in research findings in different grades, there is a general 
agreement for higher grades of VUR to be treated inva-
sively by surgical approaches or endoscopic injection of 
bulking agents.

According to the safety and effectiveness of O’Donnel’s 
biocompatible injection methods, endoscopic treatment 
of VUR has gained popularity since its first report in 1981 
by Matouschek, and a large number of interventions 
related to VUR are now performed through endoscopic 
injection each year [14, 15].

Following modified Gil-Vernet surgery, common 
complications include dysuria, pyuria, hematuria, flank 
pain, and a febrile UTI [16]. However, only dysuria 
and hematuria were found to be significantly higher 
in the modified Gil-Vernet group than in the Dx/HA 

Fig. 4 A retrograde ureterogram in a 3.5-year-old child with VUR grade 5 before surgical intervention B DRNC showing complete cure after surgical 
treatment in the same patient
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injection group in our study. There was no major com-
plication according to Clavien-Dindo classification of 
surgical complications in either group, implying that 
both procedures are safe to perform. Although Dx/HA 
treatment was linked to less postoperative pain and a 
shorter hospital stay, success rates were lower, particu-
larly in higher-grade VUR.

Chertin et al. [17] reported 68–92% success for endo-
scopic bulking agents depending on VUR grade. Further-
more, according to a recent meta-analysis, the resolution 
rate of mild-to-severe VUR following treatment with Dx/
HA was 76% [18]. Harper et al. [19] recently reported an 
85% success rate in children with mild-to-moderate VUR 
who underwent endoscopic injection of Dx/HA with 
a follow-up period of more than 10 years. In a study by 
Friedmacher et  al. in 2018, 851 children with grades 4 
and 5 VUR, including 415 children with unilateral VUR 
underwent endoscopic injection of Dx/HA. After the first 
injection, 70.4% of patients with VUR grade 4 and 61.9% 
of patients with VUR grade 5 were treated and reported 
an overall success rate of 69.5% [20]. Leung et al. recently 
differentiated the resolution rate of VUR following Dx/
HA injection according to the grade of the affected ure-
ter at 60-month follow-up, which was 63% grade 3, 40% 
grade 4, and 70% grade 5 [21]. In a study conducted by 

Qahtani on children with high-grade VUR, the endos-
copy group had a success rate of 58%, and 17% of the 
cases were downgraded to low-grade VUR [22].

Moradi et al. conducted a study in 2018, in which 183 
patients with 290 renal refluxing units of high-grade 
VUR underwent Gil-Vernet anti-reflux surgery, which 
reported a 95% cure rate and 5% downgrade of reflux 
in a long time follow-up [23]. In a study conducted by 
Mirshmirani et  al. In 2010, 72 patients with 104 renal 
refluxing units underwent Gil-Vernet anti-reflux surgery, 
with results showing a 96% complete cure and 4% down-
grading of reflux [24]. Also, in a study by Irani et al., 30 
patients with 46 renal refluxing units with mild-to-severe 
VUR underwent Gil-Vernet surgery and were followed 
up for an average of 18 months, with 95.6% complete 
recovery and 4.4% reduction in grade [25].

If treatment success is measured by downgrading VUR, 
the success rate is significantly higher in the modified 
Gil-Vernet group than in Dx/HA injection (86% vs. 68%, 
P = 0.021). Subgroup analyses across the different VUR 
grades also revealed that in grade 4 and grade 5 VUR, 
the modified Gil-Vernet group had significantly higher 
downgrading and resolution rates than the Dx/HA injec-
tion group.

Fig. 5 A retrograde ureterogram in a 4-year-old child with VUR grade 5 before Dx/HA injection B DRNC showing complete cure after Dx/HA 
injection in the same patient
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There are limitations to the current study that should 
be addressed: First, it has the usual limitations of a 
retrospective study compared to a prospective study 
design. Second, the biodegradable nature of bulking 
agents may result in recurrences after longer follow-up 
periods, therefore studies with longer follow-up times 
and larger sample size are recommended. Third, in the 
current study, the incidence of reflux in the counterside 
ureter has not been evaluated. The last one is the cul-
tural and economic bias in favor of surgery among par-
ents in our country.

Both surgical approaches of modified Gil-Vernet anti-
reflux surgery and endoscopic injection of Dx/HA both 
of which are safe and effective in the treatment of uni-
lateral high-grade VUR. While Dx/HA injection has a 
significantly shorter operation time, lower postopera-
tive analgesic usage, and shorter hospital stay, Gil-Ver-
net anti-reflux surgery is associated with significantly 
higher VUR downgrading and resolution rates than Dx/
HA injection at two-year follow-up.
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