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Abstract Objective: Vesicoureteral reflux (VUR) index is a simple, validated tool that reli-
ably predicts significant improvement and spontaneous resolution of primary reflux in children.
The aim of this study was to evaluate and compare the ureter diameter ratio (UDR) and VUR
index (VURx) of patients treated with endoscopic injection (EI) and ureteroneocystostomy
(UNC) methods in the pediatric age group due to primary VUR.
Methods: Patients under the age of 18 years old who underwent EI and UNC with the diagnosis
of primary VUR between January 2011 and September 2021 were determined as the
participants. The UDR was assessed using voiding cystourethrography, and the VURx score
was determined prior to treatment based on hospital records included in the study.
Results: A total of 255 patients, 60 (23.5%) boys and 195 (76.5%) girls, with a mean age of 76.5
(range 13.0e204.0) months, were included in the study. EI was applied to 130 (51.0%) patients
and UNC was applied to 125 (49.0%) patients due to primary VUR. The optimum cut-off for the
distal UDR was obtained as 0.17 with sensitivity and specificity of 73.0% and 63.0%, respec-
tively. The positive and negative predictive values were 66.0% and 70.0%, respectively.
Conclusion: When the UDR and VURx score are evaluated together for the surgical treatment
of primary VUR in the pediatric age group, it is thought that it may be useful in predicting the
clinical course of the disease and evaluating surgical treatment options.
ª 2024 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction

Vesicoureteral reflux (VUR) is one of the most common
urological diagnoses in the pediatric age group. While the
incidences of VUR in the general pediatric population are
0.4%e1.8%, the incidences in children with a history of
febrile urinary tract infection rise to approximately
30%e40% [1]. Voiding cystourethrography (VCUG) provides
the diagnosis and grading of VUR [2]. Ureterovesical junc-
tion anatomy plays an important role in the development of
primary VUR [2]. Although many factors play a role in the
clinical course of VUR, the most determining factor in
predicting regression or improvement of reflux is still the
degree of reflux. Distal ureter dilatation may be a deter-
mining factor in the clinical course of primary VUR
compared to upper urinary tract dilatation [3]. Major fac-
tors affecting the decision for anti-reflux surgery are the
risk of pyelonephritis, new renal parenchymal scar forma-
tion, and the degree of ongoing VUR [4]. Surgery is indi-
cated to preserve kidney function in children with
persistent VUR, recurrent urinary tract infections (UTIs), or
intermittent progression of renal scarring. In recent years,
endoscopic injection (EI) has become the first treatment for
children with VUR due to its high success rates and very low
incidences of complications [5].

The aim of this study was to compare ureter diameter
ratio (UDR) and VUR index (VURx) of patients treated with
ureteroneocystostomy (UNC) and EI method due to primary
VUR in the pediatric age group, and discuss in the light of
current literature.

2. Patients and methods

2.1. Patients and design

We evaluated patients under 18 years of age who under-
went EI and UNC method with the diagnosis of primary
stroke between January 2011 and September 2021. Written
consents were obtained from the parents of all patients for
the publication of patient information. Demographic
characteristics of the patients, reflux time on VCUG, de-
gree and the side of VUR, constipation and urinary incon-
tinence were recorded. The VUR was graded by a
radiologist through VCUG, International Reflux Study clas-
sification system for children before the treatment. The
UDR was calculated by measuring the largest ureter
diameter in the pelvis in the pre-treatment VCUG in mil-
limeters and dividing this measurement result by the dis-
tance from the bottom of the L1 vertebral body to the top
of L3. The highest VUR grade was used in the analysis of the
UDR in bilateral reflux cases. The timing of VUR in VCUG
was determined as filling or voiding. The patients included
in the study were divided into two groups as EI group and
UNC group. The reflux grading of the cases in both groups
were performed by VCUG. The reflux grades of the patients
in both groups were evaluated as grades IeIII VUR and
grades IVeV VUR. The demographic data of the patients
who had UNC and EI, the VURx, and UDR results were
compared. For this study, the permission of Cukurova
University Ethics Committee with the decision number 118
dated 7 January 2022 was obtained.
438
2.2. Inclusion criteria

Patients who underwent EI and open surgery for primary
VUR and whose UDR and VURx could be calculated by VCUG
before treatment were included in the study.

2.3. Exclusion criteria

Cases with neurogenic bladder, ectopic ureter, ureter-
ocele, accompanying ureteropelvic or ureterovesical junc-
tion obstruction, missing clinical information, and the UDR
not calculated with VCUG before the procedure were
excluded from the study.

2.4. Statistical analysis

Categorical variables were represented using numerical
values and percentages, whereas continuous variables were
summarized using measures such as mean, standard devi-
ation (SD), and median, depending on the specific context.
Chi-square test was used to compare categorical variables
between the groups. The normality of distribution for
continuous variables was confirmed with the ShapiroeWilk
test. For comparison of continuous variables between two
groups, ManneWhitney U test was used. An analysis of the
characteristic curve was conducted to identify the most
effective threshold for the UDR. Logistic regression analysis
was performed to determine the likelihood of undergoing
UNC. In univariate analysis, variables significant at the
p<0.25 level were entered in logistic regression analysis.
All analyses were performed using SPSS statistics version
20.0 (IBM Corp, Armonk, NY, USA). The statistical level of
significance for all tests was considered to be less than
0.05.

3. Results

A total of 255 patients, 60 (23.5%) boys and 195 (76.5%)
girls, with a mean age of 76.5 (SD 42.6) months, were
included in the study. One hundred and thirty (51.0%)
patients had EI and 125 patients (49.0%) had UNC because
of primary VUR. While 88 (67.7%) of the patients who had
EI were grades IeIII VUR, 42 (32.3%) patients were grades
IVeV VUR; 57 (45.6%) patients who had UNC were grades
IeIII VUR, and 68 (54.4%) patients were grades IVeV VUR.
UNC was performed in 21 (16.2%) of 130 patients who
underwent EI due to the lack of regression in the degree of
reflux and the occurrence of recurrent UTIs.

The demographic information of the patients who had
UNC and EI, as well as the VURx, is presented in Table 1.
When the UNC and EI groups were compared, age, gender,
body mass index, complete blood count, blood creatinine
level, incidence of renal scarring, and technetium-99m-
labeled dimercaptosuccinic acid are presented in Table 2.
Results were not significant.

The comparison of EI and UNC groups according to the
degree of reflux in the pre-treatment VCUG revealed that
the incidence of grades IeIII reflux was 67.7% (nZ88) in the
EI group and 45.6% (nZ57) in the UNC group. The incidence
of grades IVeV reflux was 32.3% (nZ42) in the EI group and
54.4% (nZ68) in the UNC group. The grades IeIII reflux



Table 1 The demographic information of the patients and
VURx.

Variable Score

Gender
Girl 1
Boy 0

VUR timing
Early-moderate filling 3
Late filling 2
Voiding phase 1

Ureteral abnormality
Yes 1
No 0

VUR incidence
Grades IeIII 0
Grades IVeV 1

VUR, vesicoureteral reflux; VURx, VUR index.

Table 3 Comparative results of EI and UNC groups.

Variable EI (nZ130) UNC (nZ125) p-Value

Location <0.001
Right 36 (27.7) 15 (12.0)
Left 54 (41.5) 26 (20.8)
Bilateral 40 (30.8) 84 (67.2)

Bilateral reflux <0.001
No 90 (69.2) 41 (32.8)
Yes 40 (30.8) 84 (67.2)

Constipation 0.093
No 107 (82.3) 92 (73.6)
Yes 23 (17.7) 33 (26.4)

Urinary incontinencea <0.001
No 96 (75.0) 33 (26.8)
Yes 32 (25.0) 90 (73.2)

Reflux incidence <0.001
Low-grade 88 (67.7) 57 (45.6)
High-grade 42 (32.3) 68 (54.4)

Reflux time 0.138
Voiding phase 73 (56.2) 55 (44.0)
Filling phase 57 (43.8) 70 (56.0)

EI, endoscopic injection; UNC, ureteroneocystostomy.
Note: data are presented as n (%).

a Information regarding urinary incontinence could not be
obtained in the post-procedure follow-up of a total of four
patients.
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incidence was significant in favor of the EI group, and the
grades IVeV reflux incidence was significant for the UNC
group (p<0.001) (Table 3).

The incidence of unilateral reflux was 69.2% (nZ90) in
the EI group, 32.8% (nZ41) in the UNC group; the incidence
of bilateral reflux was 30.8% (nZ40) in the EI group, 67.2%
(nZ84) in the UNC group. The incidence of bilateral reflux
was statistically significant in favor of the UNC group
(p<0.001) (Table 3).

While 56.2% (nZ73) of the patients in the EI group had
reflux in the VCUG during the voiding phase, 56.0% (nZ70)
of the patients in the UNC group had reflux in the filling
phase. There was no statistical significant difference
Table 2 Findings of the patients who had EI and UNC because

Variable EI (nZ130)

Age, month 68.0 (13.0e190.0)
Distribution age
�24 months 18 (13.8)
>24 months 112 (86.2)

Height, cm 116.1�21.5
Weight, kg 28.5�12.9
BMI, kg/m2 20.07 (11.11e21.6
Gender
Boy 36 (27.7)
Girl 94 (72.3)

Hemoglobin, g/dL 11.9�1.3
Blood urea nitrogen, mg/dL 12.9�8.1
Blood creatinine, mg/dL 0.5�0.5
Renal scarring incidence
No 73 (56.2)
Yes 57 (43.8)

Kidney function distribution, %
Right kidney 51.6�20.1
Left kidney 48.4�20.1

EI, endoscopic injection; UNC, ureteroneocystostomy; BMI, body mas
Note: data are presented as median (range), n (%), or mean�standar
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between the two groups in terms of the time of reflux on
voiding cystography (pZ0.138) (Table 3).

The prevalence of constipation was 17.7% (nZ23) in the
EI group, and 26.4% (nZ33) in the UNC group. There was
not any statistically significant difference between both
of primary vesicoureteral reflux.

UNC (nZ125) p-Value

72.0 (25.0e204.0) 0.835
0.801

0
125 (100.0)
112.5�22.5 0.191
24.6�11.9 0.120

7) 16.64 (12.10e19.67) 0.175
0.110

24 (19.2)
101 (80.8)
12.2�1.5 0.139
14.2�8.2 0.160
0.5�0.4 0.958

0.428
64 (51.2)
61 (48.8)

49.6�21.3 0.610
50.1�21.2 0.748

s index.
d deviation.



Table 5 Multivariate logistic regression analysis results of
the patients who had UNC after EI (nZ21).

Variable OR (95% CI) p-Value

Age (>24 months) 0.99 (0.37e2.64) 0.981
Gender (girl) 2.09 (0.87e5.03) 0.099
Bilateral reflux 4.90 (2.45e9.79) <0.001
Urinary incontinence 8.88 (4.45e17.76) <0.001
UDR (�0.17) 5.53 (2.62e11.66) <0.001
VUR (high-grade) 1.67 (0.73e3.81) 0.223
Constipation 1.06 (0.46e2.45) 0.888
Reflux time (filling) 0.51 (0.23e1.14) 0.100

OR, odds ratio; CI, confidence interval; UNC, ureteroneocysto-
stomy; EI, endoscopic injection; UDR, ureteral diameter ratio;
VUR, vesicoureteral reflux.
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groups for constipation prevalence (pZ0.093). The inci-
dence of urinary incontinence concomitant with con-
stipation was 25.0% (nZ32) in the EI group and 73.2%
(nZ90) in the UNC group. The incidence of urinary incon-
tinence concomitant with constipation was statistically
significant in favor of the UNC group (p<0.001) (Table 3).

The mean UDR in grades IeIII reflux cases was 0.14 (SD
0.06) in the EI group and 0.19 (SD 0.09) in the UNC group; in
grades IVeV reflux cases, it was calculated as 0.21 (SD 0.09)
in the EI group and 0.26 (SD 0.08) in the UNC group. The
UDR was significant in favor of the group UNC when EI and
UNC groups were compared (p<0.001) (Table 4 and Fig. 1).

The receiver operator characteristic curve analysis
revealed good discriminatory power for UDR in predicting
units, with an area under the curve of 0.750 (95% confi-
dence interval [CI]: 0.690e0.810, p<0.001) (Fig. 2). The
optimal cut-off for the UDR was obtained as 0.17 with a
sensitivity and specificity of 73.0% and 63.0%, respectively.
The positive and negative predictive values were 66.0% and
70.0%, respectively.

The mean UDR value of 21 patients who had UNC due to
reflux that did not improve in the follow-up after EI treat-
ment was calculated as 0.25 (SD 0.12).

The mean VURx score in grades IeIII reflux patients was
2.4 (SD 0.7) in the EI group and 2.6 (SD 0.7) in the UNC
group; it was calculated as 3.5 (SD 0.7) in the EI group of
grades IVeV reflux patients and 3.9 (SD 0.7) in the UNC
group. The VURx was significant in favor of the UNC group
when EI and UNC groups were compared for VURx (p<0.001)
(Table 4).

As a result of multivariate logistic regression analysis of
the findings of 21 patients who had UNC during follow-up
after EI treatment, bilateral reflux (ORZ4.90, 95% CI:
2.45e9.79, p<0.001), presence of urinary incontinence
(ORZ8.88, 95% CI: 4.45e17.76, p<0.001), and UDR (�0.17)
(ORZ5.53, 95% CI: 2.62e11.66, p<0.001) were important
factors for UNC (Table 5).

4. Discussion

A review of the literature has highlighted the need for
individualized and selective treatment in the treatment
of children with VUR during the last decade [6]. While the
current VUR grading system mainly focuses on the
radiographic appearance of the upper tract, primary VUR
treatment success depends on the structure of the ure-
terovesical junction. The UDR which is used to measure
Table 4 VURx score and UDR comparison between EI and UNC

Variable EI

Grades IeIII Grades IVeV p-Va

VURx score 2.4�0.7 3.5�0.7 <0.
UDR 0.14�0.06 0.21�0.09 <0.
UDR <0.
<0.17 67 (76.1) 14 (33.3)
�0.17 21 (23.9) 28 (66.7)

VUR, vesicoureteral reflux; VURx, VUR index; EI, endoscopic injectio
Note: data are presented as mean�standard deviation or n (%).
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the vesicoureteral structure more objectively has become
one of the most researched parameters in recent years
for predicting surgical outcomes as well as spontaneous
regression or resolution of reflux [7e9].

Helmy et al. [9] reported that UDR alone was superior to
the degree of reflux in predicting EI success. The same
study showed a significant relationship between the EI
success rate and UDR, and reported that the degree of
reflux was not a significant predictor of success after EI.
Arlen et al. [10] reported an increased permanent VUR
score by 2.6 for increased UDR.

Mendez et al. [11] in their study evaluating clinical
factors for successful endoscopic correction of primary
VUR, reported that UDR is the main factor determining
outcome. Cooper et al. [12] reported that 2.4 times more
surgical intervention is required in case of increased UDR in
primary reflux.

In our study, UDR was found to be significantly lower in EI
group than in UNC group (Fig. 1). In addition, UDR was
significantly higher in patients who failed injection therapy
and underwent open surgery (p<0.001). Our study revealed
that UDR was significant in favor of the UNC group in cases
of low-grade and high-grade primary VUR who underwent EI
and UNC (p<0.001). In our study, the optimal cut-off for the
distal UDR was obtained as 0.17. Sensitivity was 73.0% and
specificity was 63.0%; positive and negative predictive
values were 66.0% and 70.0%, respectively (Fig. 2).

Reflux occurring earlier at the beginning of the bladder
filling phase of VCUG has been associated with anatomically
inadequate ureteral orifices [13]. Reflux detected in the
early phase during VCUG has lower resolution rates [14].
groups.

UNC

lue Grades IeIII Grades IVeV p-Value

001 2.6�0.7 3.9�0.7 <0.001
001 0.19�0.09 0.26�0.08 <0.001
001 <0.001

27 (47.4) 7 (10.3)
30 (52.6) 61 (89.7)

n; UNC, ureteroneocystostomy; UDR, ureter diameter ratio.



U
re

te
ra

l d
ia

m
et

er
 ra

tio

EI UNC

**

0.0

0.1

0.2

0.3

0.4

0.5

0.6
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In our study, although the time to detect reflux was
higher in the UNC group in both the filling phase and the
voiding phase in the EI group, there was no statistical dif-
ference between the two groups (pZ0.138) (Table 3).

Han et al. [15] reported that the success rate of EI was
3.2 times higher in patients with reflux in the voiding phase.
Lee et al. [16] suggested that high-grade VUR patients with
reflux during the voiding phase may experience a similar
success rate for EI compared with low-grade VUR patients.

The VURx is a simple computational index that in-
cludes initial voiding cystography finding, patient sex,
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and reliably predicts resolution and spontaneous resolu-
tion of primary reflux in children [15]. Kirsch et al. [14]
showed that the VURx significantly predicted the time to
radiological VUR resolution. The reflux recovery rate was
reported as 11.1% in patients with a VURx score of 5e6
and 88.9% in patients with a VURx score of 2e4 [14]. One
study reported earlier surgical treatment in patients with
a high VURx score [17].

In our study, when the VURx results of low-grade and
high-grade VUR patients in the EI and UNC groups were
compared, it was shown that the VURx score was signifi-
cantly higher in favor of the UNC group (p<0.001)
(Table 4).

The term bladderebowel dysfunction (BBD) is used to
describe lower urinary tract symptoms accompanying
bowel discomfort, such as constipation and/or encopresis
[18]. In a meta-analysis of the literature, the prevalence of
BBD was found to be higher in UTI patients without VUR
than in the general population [19,20].

Also, there was a strong association between recurrent
UTI and BBD. Patients with primary VUR with BBD have a
higher risk of UTI than patients with VUR alone [21]. The
American Urological Association guidelines on primary VUR
management have shown that the presence of BBD signifi-
cantly delays the healing of VUR [22,24]. The Swedish study
showed that patients with both VUR and BBD are at
increased risk of kidney damage after treatment and their
association should be investigated in patients with VUR
[23,24].

Although there was no statistically significant difference
in the incidence of constipation between the two groups in
our study (pZ0.093), the incidence of urinary incontinence
was significant in favor of the UNC group (p<0.001).

Furthermore, as a result of multivariate logistic regres-
sion analysis, bilateral reflux, presence of urinary inconti-
nence, and higher UDR were important factors for UNC
(Table 5).

5. Study limitations

Our study has a few deficiencies and limitations. Our study
was designed as retrospective and had limited number of
patients. We believe that the result of the evaluation of the
distal UDR and VURx together in pediatric patients diag-
nosed with primary VUR requires a prospective study with a
larger number of patients to draw an exact conclusion.

6. Conclusion

The optimum management of the patients with primary
VUR remains to be contradictory. The decision of which
patient group would benefit from conservative treatment
and which group would need surgical treatment is the most
important part of management. When the increased distal
UDR and VURx are evaluated together for surgical treat-
ment of primary VUR in the pediatric group, it is believed
that it may be useful in prediction of the clinical course of
the disease and evaluation of the surgical treatment
options.
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