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Abstract

Introduction: Variability in the success rates for the endoscopic 
correction of vesicoureteral reflux (VUR) has prompted a debate 
regarding the use of routine postoperative voiding cystourethro-
gram (VCUG). This study examines the predictive performance of 
intraoperative mound morphology (IMM) and the presence of a 
postoperative ultrasound mound (PUM) on radiologic success, as 
well as investigates the role of using these two predictive factors as a 
composite tool to predict VUR resolution after endoscopic treatment.
Methods: This retrospective study included children with pri-
mary VUR who underwent endoscopic correction with a double 
hydrodistension-implantation technique (HIT) and dextranomer/
hyaluronic acid copolymer. IMM was assessed intraoperatively. 
The presence of a PUM and VUR resolution were assessed by 
postoperative ultrasound (US) and VCUG, respectively. Radiologic 
success was defined as VUR resolution.
Results: A total of 70 children (97 ureters) were included in the 
study. The overall radiologic success rate was 83.5%. There was 
no statistically significant association between radiologic success 
and IMM (85.2% with excellent and 87.5% with “other” morphol-
ogy; p=0.81). The sensitivity and specificity of PUM for radiologic 
success in this study was 98% and 71%, respectively, while the 
sensitivity and specificity of the combined prediction model were 
81.9% and 85.7%, respectively.
Conclusions: We objectively demonstrated that IMM was a poor 
predictor of radiologic success and should be used with caution. 
In addition, the performance of a combined prediction model was 
inferior to the presence of a PUM alone. As such, selective use of 
postoperative VCUG may be guided solely by the presence of a PUM.

Introduction

The endoscopic correction of vesicoureteral reflux (VUR) is a 
safe and minimally invasive alternative to ureteral reimplan-
tation in a select population. However, unlike the consis-

tently high success rates of 90–100% with ureteral reimplan-
tation,1,2 the success rates of endoscopic repair are highly 
variable, ranging from 44–100%.3-5 Therefore, the American 
Urological Association (AUA) continues to recommend rou-
tine voiding cystourethrogram (VCUG) following endoscopic 
correction of primary VUR.3

However, there is morbidity associated with a VCUG; it 
is an invasive test that exposes children to ionizing radia-
tion and causes emotional and physical distress.6 As such, 
some authors have advocated for a selective or “watch and 
see” approach, only performing a postoperative VCUG after 
a urinary tract infection (UTI).7,8 In order to circumvent the 
routine use of postoperative VCUG, a number of clinical 
and radiologic factors have been proposed in the literature 
to predict the success of endoscopic VUR correction. 

The two most extensively studied predictive factors include 
the intraoperative mound morphology (IMM) and the presence 
of a postoperative ultrasound mound (PUM).5,9-12 However, 
the evidence for the predictive performance of these two 
factors are conflicting, as each factor has multiple proposed 
limitations.13-15 We hypothesized that a stratification model 
combining these two factors may circumvent the limitations 
of using IMM and PUM individually.

The objectives of this study were to examine the predic-
tive values of IMM and PUM on radiologic success and to 
test if the combined use of IMM and PUM is superior to 
either factor in predicting VUR resolution post-endoscopic 
VUR correction. 

Methods

This retrospective study was approved by our institutional 
review board (IRB #150856). Children (age less than 18 
years) with primary VUR who underwent primary endo-
scopic correction between October 2008 and October 2013 
were screened for inclusion. Patients with neurogenic blad-
ders, posterior urethral valves, ureteroceles, para-ureteral 
diverticula, previous anti-reflux surgery, and those with-
out intraoperative documentation of mound morphology, 
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postoperative ultrasound (US) or postoperative VCUG were 
excluded from the analysis. 

Preoperative evaluation

Preoperative evaluation included a comprehensive his-
tory and physical exam with particular attention paid to 
the presence of bladder and bowel dysfunction (BBD). In 
toilet-trained children, BBD was diagnosed clinically by the 
presence of urinary urgency, frequent or infrequent voiding, 
incontinence, and constipation. In non-toilet-trained chil-
dren, BBD was defined as less than one bowel movement 
per day. Patients with BBD were treated aggressively prior 
to surgical intervention. 

All children included in this study underwent preopera-
tive renal bladder US and VCUG. Preoperative factors, such 
as VUR grade, hydronephrosis, hydroureter, and ureteral 
duplication were documented. The indications for endo-
scopic correction included breakthrough UTI and persistent 
VUR despite conservative management. 

Surgical technique

After induction of general anesthesia, a cystoscopic survey 
was performed. The bladder was then filled to half capac-
ity and the ureters were hydrodistended. All children were 
treated endoscopically using the double hydrodistension-
implantation technique (double HIT) with dextranomer/
hyaluronic acid copolymer (Deflux®, Q-Med Scandinavia) 
as previously described.16

The injected volume in each ureter and IMM were record-
ed. Excellent IMM was strictly defined as having a charac-
teristic “volcano” appearance with a coapted ureteral orifice 
at the summit that did not hydrodistend (Fig. 1A),16,17 while 
“other” morphology was any appearance that did not fit this 
definition. The injected volume per ureter was stratified into 
<1 mL and >1 mL groups. Children were discharged home 
on antibiotic prophylaxis until a postoperative VCUG was 
obtained at 12 weeks.

Followup

Patients underwent postoperative renal bladder US and 
VCUG at six and 12 weeks, respectively. Postoperative imag-
ing was reviewed first by pediatric radiologists, and again by 
the authors (ZW and AW). The presence of a postoperative 
mound on bladder US was defined as an echogenic nod-
ule at the site of the ureterovesical junction (Figs. 1B, 1C). 
Radiologic success was defined by the absence of VUR on 
postoperative VCUG. Postoperative UTIs (febrile/symptom-
atic) were documented on followup.

Statistics

The combined prediction model was defined as follows: chil-
dren with both an excellent IMM and the presence of a PUM 
were categorized into the favourable group, whereas those 
with “other” IMM and/or the absence of a PUM were con-
sidered unfavourable. Demographic, intraoperative, and post-
operative variables were compared using the Mann-Whitney 
U-test for continuous variables and Fischer’s exact test for 
categorical variables. Sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) were 
calculated and presented as a percentage. Statistical analy-
sis was performed with SPSS Statistics for Windows (Version 
24.0. Armonk, NY: IBM Corp.). Statistical significance was set 
at p<0.05 with all reported p-values being two-sided.

Results

A total of 101 consecutive children treated endoscopical-
ly for VUR met the inclusion criteria. Thirty-one children 
were excluded due to prior surgery or incomplete data. 
The remaining 70 children with 97 refluxing ureters were 
included in the final analysis. Demographic data of the study 
population is summarized in Table 1. The mean age at sur-
gery was 4.2±3.4 years with 58 females and 12 males. The 
mean followup was 22.6±2.3 months with a median of 16.1 
months (range 2.6–75.7). There were 71 (73.2%) ureters with 
low-grade VUR (I–III) and 26 (26.8%) with high-grade VUR 
(IV–V). VUR was bilateral in 27 children (55.7% of ureters) 
and BBD was present preoperatively in 27 (32.5%). 

Preoperative, intraoperative, and postoperative factors are 
compared and summarized in Table 2. The overall radiologic 

Fig. 1. Intraoperative and postoperative mound assessment. (A) Excellent 
intraoperative mound morphology with a characteristic volcano-appearance. 
(B) Ultrasound mound with protrusion into the bladder. (C) Ultrasound mound 
without protrusion into the bladder.
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success rate for the study population was 83.5%. Excellent 
IMM was observed in 81 (83.5%) ureters, while PUM was 
visualized in 85 (87.6%) ureters on the first followup US 
obtained at a median of 42 days (range 12–112) postopera-
tively. Higher radiologic success (95.3% vs. 16.7%; p<0.001) 
was demonstrated in the presence of a PUM. Additionally, 
this study found that none of the children with a PUM who 
had persistent VUR postoperatively developed a recurrent 
UTI within the followup period. 

The radiologic success rate was significantly higher in chil-
dren with low-grade VUR compared to high-grade (91.5% 
and 69.2%; p=0.031). Meanwhile, radiologic success was sta-
tistically less common in males compared to females (62.5% 
vs. 90.1%; p=0.023). There was no statistically significant 
association between radiologic success and IMM (85.2% with 
excellent and 87.5% with “other” morphology showed VUR 
resolution; p=0.81) or injected volume (80.6% and 91.3%; 
p=0.16). Similarly, there was no differences between the 
radiologic success of children with or without BBD (91.1% 
vs. 81.5%; p=0.282), although there was a trend towards 
improved success in the absence of BBD. 

Table 3 compares the sensitivity and specificity of PUM 
for radiological success between our study and those in the 
literature. In this study, the presence of a PUM was 97.5% 
sensitive and 71.4% specific for radiologic success. In our 

proposed combined prediction model, the favourable group 
had a significantly higher radiologic success rate than the 
unfavourable group (97.1% vs. 55.6%; p<0.001); the sensi-
tivity, specificity, PPV, and NPV of the combined prediction 
model were 81.9%, 85.7%, 97.1%, and 44.4%, respectively. 
The predictive performance of IMM, PUM, and our com-
bined prediction model are summarized in Table 4. While 
the combination of IMM and PUM improved specificity and 
PPV over PUM, PUM had superior sensitivity and NPV when 
used in isolation. 

Discussion

O’Donnell et al first described the endoscopic correction of 
VUR in 1984.18 The procedure has since become an effec-
tive alternative to ureteral reimplantation.19,20 The AUA VUR 
Guideline Update Committee, extracting outcome data from 
131 articles involving 17 972 patients, reported an overall 
radiologic success rate of 83%.3 This correlates well with our 
overall radiological success rate of 83.5%. However, more 
importantly, the AUA Committee found that the success rates 
for endoscopic VUR correction varies widely depending on 
the definition of treatment success, as wells as with various 
preoperative and intraoperative factors.21-23 This prompted 

Table 1. Population characteristics and radiologic success 
vs. failure

Variables Ureters (%) Radiologic success (%)

n=97 Success 
(n=83)

Failure 
(n=14)

p

Mean age at 
surgery ± SD 
(years)

4.2±3.2 4.3±3.4 3.4±2.2 0.098

Gender 0.011

Female 81 (83.5) 73 (90.1) 8 (9.9)

Male 16 (16.5) 10 (62.5) 6 (37.5)

Circumcised males 4 (25) 2 (50) 2 (50) 0.604

VUR grade 0.049

I 8 (8.2) 7 (87.5) 1 (12.5)

II 14 (14.4) 12 (85.7) 2 (14.3)

III 49 (50.5) 46 (93.9) 3 (6.1)

IV 19 (19.6) 14 (73.7) 5 (26.3)

V 7 (7.2) 4 (57.1) 3 (42.9)

VUR laterality 0.515

Unilateral 43 (44.3) 36 (83.7) 7 (16.3)

Bilateral 54 (55.7) 47 (87.1) 7 (12.9)

Collecting system 0.222

Single 82 (84.5) 72 (87.8) 10 (12.2)

Duplex 15 (15.5) 11 (73.3) 4 (26.7)

BBD 0.282

Present 27 (32.5) 22 (81.5) 5 (18.5)

Absent 56 (67.5) 51 (91.1) 5 (8.9)
BBD: bladder and bowel dysfunction; SD: standard deviation; VUR: vesicoureteral reflux.

Table 2. Univariate analysis of predictors of radiologic 
success

Variables Ureters 
(%)

Radiologic success rate  
(% total)

(n=97) Success 
(n=83)

Failure 
(n=14)

p

Preoperative factors
VUR grade 0.010

Low (I-III) 71 (73.2) 65 (91.5) 6 (8.5)

High (IV-V) 26 (26.8) 18 (69.2) 8 (30.8)

Intraoperative factors
Volume of bulking agent 
injected

  0.199

<1 mL 36 (43.9) 29 (80.6) 7 (19.4)

≥1 mL 46 (56.1) 42 (91.3) 4 (8.7)

Intraoperative mound 
morphology

1.000

Excellent 81 (83.5) 69 (85.2) 12 (14.8)

Other 16 (16.5) 14 (87.5) 2 (12.5)

Postoperative factors
Ultrasound mound 
visualization

<0.001

Mound present 85 (87.6) 81 (95.3) 4 (4.7)

Mound absent 12 (12.4) 2 (16.7) 10 (83.3)

Combined classification 
model

<0.001

Favourable 70 (72.2) 68 (97.1) 2 (2.9)

Unfavourable 27 (27.8) 15 (55.6) 12 (44.4)
VUR: vesicoureteral reflux.
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the AUA to recommend routine postoperative VCUG after 
endoscopic correction. 

Given that a VCUG is not a benign procedure, some 
authors have advocated for selective use of postoperative 
VCUG based on factors that predict treatment success21 or 
forego a postoperative VCUG until the patient develops a 
repeat UTI.7,8 Multiple studies have investigated the predic-
tive value of IMM and PUM visualization to circumvent the 
need for routine postoperative VCUG; however, the results 
have been conflicting.5,7-12 

Excellent IMM has been cited as an index for technical 
success since the inception of endoscopic VUR correction.18 
Following FDA approval of dextranomer/hyaluronic acid 
copolymer, Lavelle et al retrospectively examined 52 children 
who underwent endoscopic correction of VUR with the STING 
technique and this novel bulking agent. The authors found 
higher success rates when IMM had a “volcano” appearance 
compared to “other” morphology (87% vs. 53%; p=0.004).10 
Similarly, Yucel et al concluded that a satisfactory mound 
was the most important factor predicting radiologic success 
in children undergoing endoscopic correction with either a 
STING or HIT technique. The authors demonstrated an 81% 
success rate for satisfactory intraoperative mounds compared 
to 36% for “other” morphologies (p<0.0001); and, using mul-
tivariate logistic regression, showed that a satisfactory mound 
was 11.5 times more likely to succeed (odds ratio [OR] 11.5; 
95% confidence interval [CI] 5.6–23.8; p<0.0001).9 

However, the adequacy of IMM is often plagued by sub-
jectivity and possibly assessor bias. This was demonstrated 
in a survey of 96 pediatric urologists using 15 intraopera-
tive mound images by Hidas et al, who reported an aver-
age probability of 66% in predicting radiologic success 
or failure based on morphology alone.15 Some proposed 
explanations for the discrepancies between IMM and radio-
logic outcomes include postoperative mound shrinkage, 
reshaping, and migration.11,13,15 

Several authors have also investigated the value of PUM 
visualization as a predictor for radiologic success. It is postu-

lated that the presence of a mound on postoperative imaging 
implies positional stability and that mound characteristics 
would be indicative of retained volume. In one of the earliest 
reports, Herz et al reported that the detection of polydime-
thysiloxane (Macroplastique) implants on followup US was 
89% sensitive and 86% specific for successful correction of 
VUR.24 Lee et al, on multivariate analysis, demonstrated an 
OR of 6.05 (CI 2.99–12.21; p<0.001) for radiological suc-
cess with the presence of a PUM.12 The authors reported a 
sensitivity and specificity of 79.5% and 59.3%, respectively. 
McMann et al, examining 986 ureters, showed that the pres-
ence of a PUM had a sensitivity of 90% and specificity of 
27% for radiologic success.11 

Conversely, some have refuted the predictive value of a 
PUM. VUR resolution was not statistically different among 
patients with or without PUM in a study by Ellsworth et 
al.25 However, it is difficult to generalize these findings, as 
the authors did not report the technique used and includ-
ed children with repeat procedures. Likewise, Zamilpa et 
al reported poor sensitivity (38%), specificity (67%), and 
overall accuracy (55%) of PUM as a predictor of successful 
endoscopic correction.14 Lastly, a long-term study by Ozcan 
et al evaluated the performance of a PUM in predicting 
radiologic success after endoscopic correction with a STING 
technique. The authors concluded that PUM was not a reli-
able predictor due to mound shrinkage with time (mean 
followup of 2.2 years).26 

Additionally, the predictive performance of various char-
acteristics of PUM on radiologic success have been investi-
gated. Zambaiti et al reported that PUM height was predic-
tive of radiologic success with a sensitivity and specificity 
of 100% and 66%, respectively, using a height cutoff of 9.8 
mm.27 Park et al graded the PUM (1–3) and found more 
pronounced and protruding PUMs to be more predictive of 
radiologic success.28 More recently, the use of an intraopera-
tive US-assisted approach for endoscopic VUR correction 
was investigated. The authors found that this approach led to 
increased intraoperative accuracy in positioning the bulking 
agent, as well as improved a surgeon’s ability to achieve an 
ideal IMM.29 However, all these variations on the use of an 
US mound to predict endoscopic success require dedicated 
US protocols, global acceptance by radiologists, and/or spe-
cialized equipment. 

Table 3. Sensitivities and specificities of radiologic success 
based on postoperative ultrasound mound

Study Study 
period

Sample 
size 

(ureters)

Sensitivity 
(%)

Specificity 
(%)

This study 2008–2013 97 98 71

Ellsworth et al25 2003–2008 46 63 28

McMann et al11 2001–2005 612 90 27

Park et al28 2008–2009 36 73 44

Kajbafzadeh et al30 2003–2010 341 94 22

Lee et al12 2005–2010 149 80 50

Ozcan et al26 1996–2003 36 44 50

Zamilpa et al14 2005–2008 261 38 67

Zambaiti et al27 2013–2015 53 100 66

Table 4. Statistical performance of IMM, PUM, and the 
combined classification model

Variables Sensitivity 
(%)

Specificity 
(%)

PPV NPV

Excellent IMM 83.1 14.3 85.2 12.5

Present PUM 97.5 71.4 96.4 83.3

Favourable - combined 
model

81.9 85.7 97.1 44.4

IMM: intraoperative mound morphology; NPV: negative predictive value; PPV: positive 
predictive value; PUM: postoperative ultrasound mound. 
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The stratification of children to avoid routine postopera-
tive VCUG has been previously investigated.7,21 Arlen et al 
studied 222 children and stratified them into low- or high-
risk groups for treatment failure using preoperative clini-
cal and radiologic risk factors. Children aged less than two 
years, with ≥3 preoperative febrile UTIs, documented BBD, 
and those with grades IV–V VUR were classified as high-risk 
for treatment failure.21 The authors found that children with 
any of the aforementioned risk factors were 13 times more 
likely to have radiologic failure. However, unlike Arlen et 
al, this study investigated the combination of a procedural 
(IMM) and postoperative (PUM) factor rather than preopera-
tive risk factors. 

Overall, the majority of these previous studies evaluating 
the predictive performance of IMM and PUM on radiologic 
success include a significant proportion of children treat-
ed with a STING technique, as well as the use of varying 
bulking agents. In this study, we examine a homogenous 
population of children with primary VUR treated exclusively 
with a double HIT technique using dextranomer/hyaluronic 
acid copolymer. Although the sensitivity and specificity vary 
widely between studies examining the predictive role of PUM 
(sensitivity ranged from 38–100%, while specificity ranged 
from 22–67%), our results (sensitivity 97.5% and specificity 
71.4%) fell within these previously reported ranges. 

Furthermore, to our knowledge, this study is the first 
to objectively demonstrate a poor correlation between an 
excellent IMM and radiologic success (87.5% of mounds 
observed as “other” were eventually found to be success-
fully treated). In this study, we also explored the use of a 
combined prediction model comprising both the presence 
of a PUM and excellent IMM to predict radiologic success. 
Although we demonstrated a higher radiologic success rate 
in children classified into the favourable vs. unfavourable 
group (97.1% vs. 55.6%; p<0.001), the sensitivity of this 
combined prediction model was lower than the use of PUM 
alone (81.9% vs. 97.5%, respectively), implying that the 
model was an inferior screening tool, which may be largely 
due to the poor predictive performance of IMM. 

What we found in our study was excellent radiologic 
success when a PUM was present vs. absent (95.3% vs. 
16.7%; p<0.001); a success rate of 95.3% based on ureters 
with a PUM is comparable to the success rates of ureteral 
reimplantation. Following the same rationale for excluding 
a postoperative VCUG in ureteral reimplantation, one may 
argue that we can selectively forgo routine postoperative 
VCUG in children with PUM post-endoscopic correction. 
Furthermore, the presence of a PUM showed excellent sen-
sitivity and PPV in predicting radiologic success. Based on 
the results of this study, if the use of postoperative VCUG 
was limited to individual ureters without a PUM, the mor-
bidity of a VCUG would be spared 87.6% of the time, while 
only missing 4.7% of ureters that had radiologic failure. If 

these children subsequently develop a UTI, a VCUG may 
be performed at that time. 

Limitations

The interpretation of this study requires consideration of 
several limitations. The retrospective nature introduces 
inherent bias (e.g., detection bias); this is compounded by 
the relatively small sample size, which also predisposes the 
results to type I and type II errors. The small sample size 
also limits our ability to perform subgroup analyses and 
logistic regression. 

Furthermore, although the subjectivity of an ideal IMM 
may never be eliminated, it was minimized in this study with 
the use of a strict definition for excellent appearance; the 
high proportion of excellent IMM was the result of an active 
effort by the surgeon to achieve this appearance through 
repeated injections. Lastly, as there are no dedicated US 
protocols in our institution. Postoperative ultrasounds were 
performed without specific indications to locate PUM; as 
such, less obvious PUM may have been missed. 

Conclusion

This study examined the predictive performance of IMM and 
PUM, as well as a combined prediction model on children 
with primary VUR corrected using a double HIT technique 
with dextranomer/hyaluronic acid copolymer. We found 
IMM to be a poor predictor of radiologic success and should 
be used with caution as an index for technical success. As 
a result of the poor predictive value of IMM, a combined 
prediction model was not found to be a useful screening tool 
to predict radiologic success compared to the presence of 
PUM alone. Although prospective studies will be required 
for more definitive conclusions, our study suggests that selec-
tive use of postoperative VCUG may be guided solely by the 
presence of a PUM. 

Competing interests: The authors report no competing personal or financial interests related to 
this work. 
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