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Aim: To review our 10 years of experience with the endoscopic treatment of vesicoureteral reflux (VUR) in children, emphasizing the
long-term efficacy of the “combined STING-HIT” technique.

Materials and Methods: A retrospective study was performed including all children with symptomatic VUR undergoing the cystoscopic
injection of bulking agents from January 2013 to December 2022 in our pediatric tertiary referral center. Three different endoscopic
techniques were adopted: the “combined STING-HIT” technique, the STING technique, and the HIT technique. Treatment success was
defined as symptom remission and VUR resolution on the voiding cystourethrogram (VCUG) performed at the 3-month follow-up.
Results: In the study period, 140 (F:M = 64:76) patients and 228 ureters were treated at a median patient age of 3 (2.0-6.0) years. After
a single endoscopic treatment, VUR resolved in 203 (88%) ureters. The VUR resolution rate after a single endoscopic treatment was 95%
(n=70/74) in case of I-1I VUR, 88% (n=87/99) in case of III VUR; 83% (n=38/46) in case of IV VUR; 89% (n=8/9) in case of V VUR
(p-value: 0.174). Overall, one or two endoscopic treatments succeeded in 219 (96%) ureters. The overall VUR resolution rate following one
or two endoscopic treatments was 100% (74/74) in case of I-11 VUR, 93% (n1=92/99) in case of IIl VUR; 96% (n=44/46) in case of IV VUR;
100% (n=9/9) in case of V VUR (p-value: 0.083). Despite not being statistically significant, the VUR resolution rate was higher for the
“combined STING-HIT” technique, both after one (92%: n=110/119; versus 85%; n=62/73 versus 86%; n=31/36; p-value: 0.225) or two
(98%: n=116/119; versus 95%; n=69/73 versus 94%; n=34/36; p-value: 0.469) endoscopic treatments.

Conclusion: The endoscopic approaches were highly successful for the treatment of VUR in children. The “combined STING-HIT”
technique was a safe and effective procedure, being associated with the higher resolution rate.
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Introduction
Vesicoureteric reflux (VUR) consists of the backflow of urine from the bladder to the upper urinary tract due to the
incompetence of the vesicoureteral junction. It is a very common urological anomaly in pediatrics with a reported
incidence of nearly 1-3% of children.'~

Patients with symptomatic VUR present with a wide range of severity and several treatment options have been
described so far.>~’ The main goal of the management of VUR is the preservation of kidney function, by minimizing the
risk of potentially serious consequences, including renal scarring, hypertension, and kidney failure.*” Ranging from
continuous antibiotic prophylaxis to endoscopic, minimally invasive, or open approaches, controversy persists over the
optimal management of VUR in children, particularly about the choice of the most effective treatment techniques and
their best timing.>®
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Thanks to its low invasiveness and morbidity, the cystoscopic injection of bulking agents has become a popular
alternative for the treatment of VUR.>¢%~!!

The first endoscopic technique for the treatment of VUR was named “subureteric Teflon injection” or “STING” procedure.
It was first described by Matouschek in 1981'? and subsequently independently popularized by O’Donnell and Puri in 1984."3
In its original description, a specially designed 5F polyethylene catheter ending in an 18G needle was inserted cystoscopically
2-3 mm below the ureteric orifice and then advanced 0.5 cm into the space behind the intravesical ureter. 0.2—0.5 mL polytef
paste (Ethicon) was then injected into the bladder submucosa to treat the urine reflux.>°

In 2004, Kirsch'* described an alternative endoscopic technique, named the hydrodistension implantation technique
(HIT), in which the lumen of the distal ureter was distended by hydrostatic pressure, and the bulking agent was injected
4 mm into the submucosa of the mid/distal ureteral tunnel at the 6-0’clock position.>

To date, despite several other modifications have been proposed, including the ureteral reposition technique’ !>
and the double-HIT method,'® ' the ideal endoscopic procedure for the treatment of VUR has yet to be identified and the
choice is still dependent on the surgeon’s preference and experience.

Since 2010 in our pediatric tertiary referral center, we have adopted a new technique for the treatment of symptomatic
VUR in children named the “combined STING-HIT” technique. It consists of the injection of the bulking agent into the
submucosa of the intramural ureter followed by a second subureteral implantation of the paste.

The aim of this study was, therefore, to present our retrospective data and compare the efficacy of the conventional
STING and HIT techniques and the “combined STING-HIT” technique.

Patients and Methods

Patient Selection

A retrospective study was performed including all children with symptomatic VUR undergoing cystoscopic injection of
bulking agents from January 2013 to December 2022 in our pediatric tertiary referral center. All patients suffered from
symptomatic and radiologically proven VUR, as defined by the International Reflux Study Committee.?

Indications for the endoscopic treatment of VUR were recurrent febrile urinary tract infections (UTI) resistant to
continuous antibiotic prophylaxis, poor compliance with continuous antibiotic prophylaxis, and severe renal scarring on
the preoperative renal nuclear scan.

According to the Food and Drug Administration (FDA) regulation, the endoscopic treatment was performed in the
case of symptomatic VUR grades I1I-V. The bulking agent was also injected in the contralateral ureter affected by VUR
grade I-1I in the case of bilateral VUR in symptomatic patients.

Patients with secondary VUR or VUR occurring in the setting of other congenital or acquired anomalies of the
urinary tract were also included in the study (eg, isolated bladder diverticula, duplex kidney, ureterocele, posterior
urethral valves, solitary kidney, or neurogenic bladder). Patients were excluded from the study if they lacked exhaustive
clinical and radiological follow-up.

Endoscopic Techniques

All the procedures were performed under general anesthesia. The patient was placed in a lithotomy position and an intravenous
dose of antibiotic was administered. Cystoscopy was performed with a pediatric operative cystoscope (Storz 9.5 Fr) equipped
with an offset lens to allow direct passage of the 3.7 Fr needle in line with the ureter. The bladder was filled with less than half
of its capacity to allow the visualization of the ureteral orifices.

The endoscopic technique (ie, “combined STING-HIT”, STING, HIT) was chosen according to the surgeon’s
preference and experience. Nevertheless, the “combined STING-HIT” technique was preferred in the case of wide-
open ureteral meatus with a short intramural ureteral portion.

When the “combined STING-HIT” technique was adopted, the lumen of the distal ureter was distended by hydrostatic
pressure achieved by placing the irrigation bag 1 meter above the bladder on full flow. The bulking agent was injected, at
the 6 o’clock position, 5 mm into the submucosa of the intramural ureteral portion till it reached a coapt in the ureteral
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tunnel. Then, a subureteral implantation was performed to obtain a “volcano” aspect at the ureteral orifice, as shown in
Figure 1. The STING and the HIT techniques were performed as previously described, as per their original technique.*?

Postoperative Evaluation
Patients underwent an ultrasound scan (US) of the urinary tract 4 weeks after injection of the bulking agent to assess the
status of the associated hydroureteronephrosis and exclude indirect signs of obstruction. A voiding cystourethrogram

Figure | Schematic illustration of the HIT technique (a), STING technique (b), and “combined HIT-STING” technique (c).
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(VCGU) was performed at the 3-month follow-up and, in the case of VUR resolution, the continuous antibiotic
prophylaxis regimen was discontinued. Treatment was considered successful in the case of symptom remission and
VUR resolution on the postoperative VCUG. Renal and bladder ultrasonography were also repeated at the 6, 12, and 24-
month follow-ups to confirm the regression of the associated hydroureteronephrosis.

Statistical Analysis

Descriptive statistics were presented as medians with first and third quartiles (1st-3rd) for quantitative variables and as
absolute frequencies and percentages for qualitative variables. The Shapiro—Wilk test was used to assess the normality of
the distribution of quantitative variables. The Kruskal-Wallis test was employed to compare quantitative variables across
the three patient groups. If a statistically significant difference was found, the Mann—Whitney U-test was used to compare
quantitative variables between two patient groups when data were skewed or limited. For frequency comparisons, the
Chi-square test or Fisher’s Exact test was applied if the expected frequencies were less than 5. The statistical analysis was
conducted using Stata 16 (Stata, College Station, Texas, USA).

Results

Patient Characteristics

In the study period, a total of 140 patients and 228 ureters underwent the endoscopic treatment of VUR at a median
patient age of 3 (2.0-6.0) years. The female-to-male ratio was 0.8.

As shown in Table 1, 74 patients (F:M = 26:48) and 119 (52%) refluent ureterovesical junctions were approached using
the “combined STING-HIT” technique: 6 (5%) grade V, 23 (19%) grade IV, 51 (43%) grade 111, 39 (33%) grade I-II. The

Table | Baseline Characteristics of the Cohort of Patients Included in the Study

Combined STING HIT p-value
HIT-STING Technique Technique
Technique
Patients (n; %) 74 (53%) 44 (31%) 22 (16%)
Ureters (n; %) 119 (52%) 73 (32.0%) 36 (16%)
Patient age at surgery (years) 3.0 (2.0-7.0) 3.0 (2.0-5.0) | 3.5(2.0-6.0) 0.653
Gender:
— Female (n; %) 26 (35%) 27 (61%) I'1 (50.0%) 0.020
— Male (n; %) 48 (65%) 17 (39%) I'1 (50.0%)
Laterality:
— Monolateral 31 (42%) 22 (50%) 12 (55%) 0.491
— Bilateral 43 (58%) 22 (50%) 10 (45%)
VUR grade
— -l (n, %) 39 (33%) 27 (37%) 8 (22%) 0.574
=1l (n, %) 51 (43%) 29 (40%) 19 (53%)
-1V (n, %) 23 (19%) 16 (22%) 7 (19%)
-V(n, %) 6 (5%) I (1%) 2 (6%)
Secondary VUR or VUR associated with other anomalies of the urinary tract (n, %) 22 (29%) 17 (39%) 10 (45%) 0.330
Bulking agent
— Dextranomer/hyaluronic acid (Dx/HA) (n, %) 81 (68%) 67 (92%) 33 (92%) < 0.0001
— Polyacrylate polyalcohol copolymer (PPC) (n, %) 38 (32%) 6 (8%) 3 (8%)
Volume of dextranomer/hyaluronic acid (Dx/HA) injected (mL) 0.9 (0.6-1.1) 1.3 (1.0-1.6) | 0.5 (0.4-0.8) < 0.0001
Volume of polyacrylate polyalcohol copolymer (PPC) injected (mL) 0.7 (0.6-0.8) 1.8 (1.6-2.0) | 0.2 (0.2-0.4) 0.0064
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VUR was unilateral in 31 (42%) and bilateral in 43 (58%) patients. In 52 (71%) patients, the VUR was primary while in the
remaining 22 (29%) it was secondary or associated with congenital or acquired abnormalities of the urinary tract (posterior
urethral valves: n =3; duplex kidney: n = §; isolated bladder diverticula n = 2; solitary kidney: n =4; neurogenic bladder: n =
4; ectopic kidney: n = 1). The bulking agent adopted was the dextranomer/hyaluronic acid (Dx/HA) in 81 (68%) ureters,
while in the remaining 38 (32%) ureters the polyacrylate-polyalcohol copolymer (PPC) was preferred. The median volume
of the Dx/HA injected was 0.9 (0.6—1.1) mL while the median volume of the PPC injected was 0.7 (0.6-0.8) mL.

Forty-four patients (F:M = 27:17) and 73 (32%) refluent ureterovesical junctions were approached using the STING
technique: 1 (1%) grade V, 16 (21%) grade 1V, 29 (40%) grade III, 27 (37%) grade I-1I. The VUR was unilateral in 22
(50%) and bilateral in the remaining 22 (50%) patients. In 27 (61%) patients the VUR was primary while in the
remaining 17 (39%) it was secondary or associated with congenital or acquired abnormalities of the urinary tract
(posterior urethral valves: n = 3; duplex kidney: n = 7; isolated bladder diverticula n = 3; neurogenic bladder: n = 2;
ectopic kidney: n = 2). The bulking agent adopted was the Dx/HA in 67 (92%) ureters, while in the remaining 6 (8%)
ureters the PPC was preferred. The median volume of the Dx/HA injected was 1.3 (1.0-1.6) mL while the median
volume of the PPC injected was 1.8 (1.6-2.0) mL.

Twenty-two patients (F:M =11:11) and 36 (16%) refluent ureterovesical junctions were approached using HIT
technique: 2 (6%) grade V, 7 (19%) grade IV, 19 (53%) grade III, 8 (22%) grade I-II. The VUR was unilateral in 12
(55%) and bilateral in the remaining 10 (45%) patients. In 12 (55%) patients the VUR was primary while in the
remaining 10 (45%) it was secondary or associated with congenital or acquired abnormalities of the urinary tract
(posterior urethral valves: n = 2; duplex kidney: n = 3; neurogenic bladder: n = 2; ectopic kidney: n = 2; epispadias:
n = 1). The bulking agent adopted was the Dx/HA in 33 (92%) ureters, while in the remaining 3 (8%) ureters the PPC
was preferred. The median volume of the Dx/HA injected was 0.5 (0.4-0.8) mL while the median volume of the PPC
injected was 0.2 (0.2-0.4) mL.

No significant differences were found between the 3 groups of patients in terms of gender, age at treatment, and VUR
grade or VUR secondary or associated with other anomalies of the urinary tract.

Outcomes

After a single injection of the bulking agent, VUR resolved clinically and radiologically in 203 (88%) ureters. The VUR
resolution rate after a single endoscopic treatment was 95% (n=70/74) in case of grade I-II VUR, 88% (n=87/99) in case
of grade III VUR; 83% (n=38/46) in case of grade IV VUR; 89% (n=8/9) in case of grade V VUR (p-value: 0.174).

Overall, one or two endoscopic treatments succeeded in 219 (96%) ureters. The overall VUR resolution rate
following one or two endoscopic treatments was 100% (74/74) in case of grade I-II VUR, 93% (n=92/99) in case of
grade III VUR; 96% (n=44/46) in case of grade IV VUR; 100% (n=9/9) in case of grade V VUR (p-value: 0.083).

As shown in Table 2 and Figure 2, the overall resolution rate after a single endoscopic injection of bulking agent was
higher for the “combined STING-HIT” technique as compared to the STING or HIT technique alone (92% vs 85% vs
86%; p-value: 0.225). Similar results were reported after one or two endoscopic treatments. In this case, the “combined
STING-HIT” technique showed a successful rate of 98% compared to the 95% of the STING technique and the 94% of
the HIT technique (p-value: 0.469).

No complications were reported intra- or post-operatively. In the group of children undergoing the STING procedure,
a single patient complained of flank pain, and a worsening hydroureteronephrosis was shown a few days after the
procedure. A double-J stent was placed in situ and the associated hydroureteronephrosis resolved at the urinary
ultrasound scan performed at the 4-weeks of follow-up.

Discussion
Since its first introduction in 1981,'? the endoscopic treatment for VUR in children has increasingly widespread. To
date, many reports have been published reporting highly divergent success rates, varying from 68 to 82%.>*2¢

d,'*!5 and several other

These results mainly depend on the bulking agent adopted,?’ the injection technique employe
predictive factors, including VUR grade at presentation, surgeon’s experience,”® patient gender, and endoscopic

appearance of the mound.'? In terms of surgical expertise, research has demonstrated that prior training significantly
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Table 2 Surgical Outcomes Comparing the 3 Different Endoscopic Techniques

Combined HIT- STING HIT Technique p-value
STING Technique | Technique (n=73 (n=36
(n=119 Ureters; 32%) Ureters; 15.8%)

Ureters; 52%)

Resolution rate after a single endoscopic injection of bulking 110 (92%) 62 (85%) 31 (86%) 0.225
agent (n; %)

Overall resolution rate of the endoscopic treatment (n; %) 116 (98%) 69 (95%) 34 (94%) 0.469

Resolution in case of secondary VUR or VUR associated with 17122 (77%) 12117 (71%) 9/10 (90%) 0.506

other anomalies of the urinary tract (n; %)

Grade |-l VUR, resolution following:
— Ist injection (n; %) 38/39 (97%) 24/27 (89%) 8/8 (100%) 0.248
— 2nd injection (n; %) 1/39 (3%) 3/27 (11%) 0/8 (0%)

Grade Ill VUR, resolution following:

— Ist injection (n; %) 47/51 (92%) 24/29 (83%) 16/19 (84%) 0.645
— 2nd injection (n; %) 2/51 (4%) 2129 (7%) 1119 (5%)
— Ureteroneocystostomy (n; %) 2/51 (4%) 3/29 (10%) 2/19 (11%)

Grade IV VUR, resolution following:

— Ist injection (n; %) 20/23 (87%) 13/16 (81%) 517 (71%) 0.700
— 2nd injection (n; %) 2/23 (9%) 2/16 (13%) 217 (29%)
— Ureteroneocystostomy (n; %) 1/23 (4%) 1716 (6%) 0/7 (0%)

Grade V VUR, resolution following:
— Ist injection (n; %) 5/6 (83%) I/1 (100%) 2/2 (100%) 1.000
— 2nd injection (n; %) 116 (17%) 0/1 (0%) 0/2 (0%)

impacts the procedural outcomes of endoscopic treatment for VUR within pediatric urology fellowship programs. It
has been noted that less experienced pediatric urology fellows may encounter higher failure rates when initially
performing VUR dilation procedures.”® Regarding the surgical technique employed, two main endoscopic
approaches have been popularized so far, including the STING and HIT techniques. Since 2010, in our pediatric
tertiary referral center, a new technique has been developed and increasingly adopted: the “combined STING-HIT
technique”. Further modifications now include the use of proximal and distal intraluminal injections (ie, the double
HIT technique) that result in coaptation of both the ureteral tunnel and orifice.'” ! In this study, we retrospectively
reviewed our data and compared the safety and efficacy of the “combined STING-HIT technique” with the standard
endoscopic treatments of VUR in children, including the STING and the HIT techniques.

Our results showed that the “combined STING-HIT” technique was associated with a resolution rate of 98% of cases (ie,
100 in case of grade V VUR, 96% in case of grade IV VUR, 96% in case of grade III VUR; 100% in case of grade I-II
VUR), replicating and improving the success rate described with the HIT technique by Kirsch et al.'* Worth noting that
24% of patients in our study suffered from high-grade (IV-V) VUR compared to 9% in the study performed by
Kirsch et al.'*

On the other hand, our experience with the STING technique was similar to what was described in the existing
studies,'® with a success rate of 85% of cases after a single endoscopic injection and 95% of cases after one or two
endoscopic treatments. Similarly to what was described by Routh et al,?” we also noted a high-resolution rate by adopting
the HIT technique. This is particularly interesting if we consider that the best results in literature were described when

almost an intra-ureteral injection was performed.
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Figure 2 Baseline characteristics of the cohort of patients included in the study (upper rows) and surgical outcomes comparing the 3 different endoscopic techniques (lower rows).
Notes: *p-value: <0.05; **p-value: <0.01; ***p-value: <0.00; ****p-value: <0.0001.

Based on the above, the higher success of the “combined STING-HIT” procedure after a single (92% of cases) or two
(98% of cases) administrations could be explained by considering that the intra-ureteric injection guaranteed a strong and
stable anti-reflux mechanism and the sub-ureteral injection permitted to coapt of the orifice at low vesical pressure.

The population of patients in our study included children with primary VUR and children with secondary VUR or
VUR associated with other anatomical or functional anomalies of the urinary tract. VUR is the most common anomaly
associated with duplex kidneys and, in 90% of cases, it involves the lower pelvicalyceal pole.*° Previous studies on VUR
in complex duplex systems showed a resolution rate success of 63%, significantly lower than the resolution rates reported
after endoscopic correction in the overall population of children with VUR.?' Ureteral reimplantation was for years the
gold standard for the approach to complex VUR after incision or puncture of ureterocele and in the case of para-ureteral
diverticula. However, in 2007 Chertin et al** reported the results of endoscopic treatment of VUR cases, including 33

patients with ureterocele. Cherwinka et al**> presented Atlanta’s experience with the endoscopic treatment of VUR
associated with para-ureteral bladder diverticula. Bladder dysfunction is associated with VUR>* and has been reported to

be more frequently bilateral.*> We included patients with neurogenic bladder despite this diagnosis correlated with
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treatment failure in the prior series.>® The reason for treatment failure seemed to be the implant displacement due to
uninhibited detrusor contraction in voiding dysfunction.’’

Proving the high success rate of the endoscopic treatment also in the case of secondary VUR or VUR associated with
other anatomical or functional anomalies of the urinary tract, our data, even if limited, showed that these approaches can
be proposed as a first-line treatment also in this high-risk group of patients to avoid open surgery. The association of
a high volume of bulking agent injection, adequate pharmacotherapy, and micturition rehabilitation seemed to be the key
to reducing the failure rate and guaranteeing this high success rate.

The main limits of our study include its retrospective and non-randomization nature, particularly the possibility of
confounding bias due to unidentified factors. A prospective and randomized trial of endoscopic injection techniques
would have strengthened the significance of our findings and the predictive power of our outcome variables.

Conclusion

The endoscopic approaches proved highly effective in treating symptomatic VUR in children, significantly reducing the
necessity for open surgery in most cases. However, lower success rates were observed in cases of higher VUR grades or
when VUR was secondary or associated with other urinary anomalies. The “combined STING-HIT” technique emerged
as a safe and efficient procedure, consistently achieving higher resolution rates whether administered in a single or dual
bulking agent injection.
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