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Abstract 

Background: Vesicoureteral reflux (VUR) is a common finding in pediatric age group. Here in we explored the pos-
sible risk factors that affect the rate of resolution in patients with primary unilateral VUR under conservative treatment.

Methods: Between 2006 and 2014, we retrospectively evaluated all VUR patients and included only patients with 
primary unilateral VUR. Records were reviewed for patient age at diagnosis, antenatal history, patient gender, mode 
of presentation, side, and grade of VUR, associated hydronephrosis (HN) on renal ultrasound, presence of scarring 
and split function on dimercaptosuccinic acid (DMSA) scan. Clinical and radiological outcomes were assessed. Both 
univariate and multivariate analysis were conducted.

Results: A total of 68 patients with primary unilateral VUR were included (32 boys and 36 girls) with a mean age of 
10 months (range 1–32). Antenatal HN was detected in 50% of patients. In 15 cases (22%), VUR was of high grade 
(IV–V). Associated HN was evident in 39 patients (57%). DMSA scans showed renal scarring in 16 patients (23%). After a 
mean follow-up of 7 years, VUR resolved in 49 patients (72%). Significant predictors for VUR resolution were VUR grade, 
DMSA split function and associated high-grade HN. High-grade HN with VUR was the only significant independent 
risk factor.

Conclusions: The rate of resolution in primary unilateral VUR under conservative treatment is significantly affected 
by VUR grade, DMSA split renal function and the presence of associated HN. Association of high-grade HN with VUR 
carries a low chance for spontaneous resolution.
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1  Background
Vesicoureteral reflux (VUR), or the retrograde flow of 
urine from the bladder into the ureter, is an anatomi-
cal and functional disorder that can lead to a significant 
morbidity from both acute urinary tract infection and 
reflux nephropathy sequelae [1, 2]. The primary VUR is 
defined as reflux due to anatomical or functional defect 
at the vesicoureteric junction [3].

VUR is a common finding in pediatric age with the risk 
of repeated UTIs and renal scarring. Among normal chil-
dren, the prevalence of VUR ranges from 0.5 to 3%, while 
in children with reported UTI, the level increases to 
30–40% [2, 4]. Clinical presentation is variable and most 
children with VUR present with antenatal HN or present 
later with clinical UTI.

The objectives of VUR patient management are pre-
vention of febrile UTIs, prevention of renal injury, and 
reduction of treatment morbidity [4, 5]. Different treat-
ment options for VUR include conservative therapy, 
endoscopic injection of several bulking agents and 
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ureteral implantation via different surgical approaches [1, 
6, 7].

Early randomized, controlled trials comparing anti-
reflux surgery with antimicrobial prophylaxis showed 
no significant differences in the rates of recurrent UTI 
and renal scarring; nevertheless, the lack of a placebo or 
observation group precluded confirmation that either 
surgery or prophylaxis was effective [8].

Conservative treatment is intended to prevent febrile 
UTI associated with VUR based on the understanding 
that in the absence of UTI, VUR will not affect the kid-
ney. Its rationale is that most VUR resolves over time, 
especially in young patients with low-grade reflux due to 
elongation and maturation of the ureterovesical junction 
as the child grows [1, 3, 6].

Several studies have shown that spontaneous VUR res-
olution depends on multiple factors such as patient’s age 
at presentation, gender, VUR grade, laterality and timing 
of reflux, mode of clinical presentation, and the existence 
of anatomic abnormalities or associated voiding dysfunc-
tion [1, 9–12].

In our study, we explored the possible risk factors that 
could influence the rate of resolution in patients with pri-
mary unilateral VUR under conservative treatment.

2  Methods
We retrospectively reviewed the medical records of all 
patients diagnosed with VUR between 2006 and 2014 
after receiving the approval of the institutional review 
board at our hospital. Only patients with primary uni-
lateral VUR have been included, whereas patients with 
bilateral VUR, secondary VUR, associated urinary anom-
alies, patients who underwent prior surgical interven-
tion for VUR, and patients who missed follow-up were 
excluded from the study.

Records were reviewed for patient age at diagnosis, 
antenatal history, patient gender, mode of presentation, 
side and grade of VUR, associated hydronephrosis (HN) 
on renal ultrasound, presence of renal scarring and split 
renal function (SRF) on dimercaptosuccinic acid (DMSA) 
scan. The society for fetal urology (SFU) grading system 
was used to classify HN into low grade (SFU grade 1 and 
2) or high grade (SFU grade 3 and 4) [13].

Vesicoureteral reflux was diagnosed with micturating 
cystourethrogram (MCUG) in all children and graded 
according to the International Classification System [1, 
14]. For statistical analysis, the VUR grades were then 
classified as mild/moderate (grades I–III) and severe 
(grades IV–V).

All UTIs were confirmed by quantitative urine culture 
results in addition to evidence of pyuria and/or bacte-
riuria according to clinical guidelines from The Ameri-
can Academy of Pediatrics [15]. For neonates born at 

our institution with antenatal HN, antibiotic prophylaxis 
was initiated using amoxicillin at doses of 100  mg/day. 
Starting at 3  months of age, the drug used for chemo-
prophylaxis was nitrofurantoin (1–2  mg/kg/day) or tri-
methoprim (1–2  mg/kg/day) [12]. The same protocol 
of prophylaxis was applied to all other patients referred 
from other hospitals with VUR diagnosis. After the age 
of toilet training, we stopped the antibiotic prophylaxis 
in all boys and in girls with low-grade VUR and these 
cases were not excluded from our study. This issue also 
depended on the family compliance with CAP.

Follow-up of patients was carried out every 3 months 
in the first 2 years and every 6 months thereafter by clini-
cal examination, renal bladder ultrasound, and urine 
analysis at each visit. Urine cultures were performed 
if there were any suspected symptoms of UTI’s. If any 
febrile urinary tract infection was documented, it was 
recorded. Additional follow-up imaging studies included 
either VCUG or DMSA were done when necessary. A 
new VCUG was requested 1–2  years from initiation of 
conservative management to assess VUR resolution while 
a follow-up DMSA scan was indicated if patient devel-
oped repeated febrile UTIs or any renal abnormalities 
in RBUS during follow-up. Indications for surgical inter-
vention were breakthrough repeated febrile UTIs (two or 
more attacks), deterioration of SRF > 5% on DMSA scans 
or development of new renal scarring.

Clinical and radiological outcomes were assessed in 
relation to patients’ variables on initial presentation. Pri-
mary outcomes were status of reflux at last clinical fol-
low-up; resolution, persistence or the child underwent 
surgical intervention, and time to resolution. We consid-
ered downgrading of high-grade reflux to grade I or II as 
resolution while grade I and II were considered complete 
resolution when VUR disappeared; otherwise, if per-
sisted, it was considered persistent. We choose a cutoff 
of 40% for SRF based on our mean SRF that was nearly 
40%. Also, from previous studies in which a SRF below 
40% means that there is a renal function impairment.

2.1  Statistical analysis
Statistical analysis was performed using SPSS version 
22 (SPSS Inc., Chicago, IL, USA). Values are shown as 
mean ± SD unless otherwise reported. Both univariate 
and multivariate analyses were conducted. For categori-
cal variables, Chi-square test was executed. A univariate 
survival analysis using a log-rank test was performed to 
identify predictors of reflux resolution. Estimates from 
Kaplan–Meier were used to demonstrate the effect of 
VUR grade, side, presentation mode, gender, associated 
HN and SRF on initial DMSA over the study period on 
the VUR resolution rate. To adjust for other significant 
characteristics, a Cox proportional hazards model was 
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utilized. Only variables that showed a statistically signifi-
cant effect on survival were included in the multivariate 
analysis. A p value of less than 0.05 was considered statis-
tically significant.

3  Results
A total of 68 patients with primary unilateral VUR were 
enrolled in the study (32 boys and 36 girls) with a mean 
age at diagnosis of 10 ± 8.5 months (range, 1–32). In 50% 
of patients, antenatal HN was observed, while the other 
half presented with UTI. VUR was of high grade (IV–V) 
in 15 patients (22%). Associated HN of various grades 
was evident in 39 patients (57%). DMSA scans showed 

renal scarring in 16 patients (23%) and a mean split func-
tion of 39% ± 12 (range, 21–59). Patients’ demographics 
and imaging characteristics are shown in Table 1. 

After a mean follow-up of 7.5 ± 3 years (range, 3–16), 
VUR was resolved in 49 patients (72%) with a mean time 
for resolution of 2.5 ± 1.2  years (range, 1–5). Surgical 
intervention was necessary in 11 patients (16%) during 
conservative treatment due to repeated breakthrough 
febrile UTIs in 6 and deterioration of SRF and/or devel-
opment of new renal scarring in 5.

Univariate analysis showed that VUR grade (low vs. 
high), DMSA split renal function on initial assessment 
and associated HN were significant predictors for VUR 

Table 1 Patient demographics, imaging characteristics and  clinical outcome of  68 children with  primary unilateral 
vesicoureteral reflux

* Significant

p value was calculated using Chi-Square test

Variable at initial 
presentation

Number = 68 Percentage (%) Resolution no. (%) Persistent no. (%) p value

Gender

 Boy 32 47 24 (75) 8 (25) 0.610

 Girl 36 53 25 (69) 11 (31)

Mode of presentation

 Antenatal HN 34 50 29 (85) 5 (15) 0.092

 UTI 34 50 20 (59) 14 (41)

VUR side

 Right 29 43 22 (76) 7 (24) 0.547

 Left 39 57 27 (69) 12 (31)

VUR grade

 Grade I 11 16 9 (82) 2 (18) 0.048*

 Grade II 22 32 18 (81) 4 (19)

 Grade III 20 30 15 (75) 5 (25)

 Grade IV 8 12 4 (50) 4 (50)

 Grade V 7 10 3 (43) 4 (57)

VUR group

 Low grade 53 78 42 (79) 11 (21) 0.021*

 High grade 15 22 7 (46) 8 (54)

Renal scarring on DMSA

 No scars 52 76.5 40 (77) 12 (23) 0.107

 Renal scars 16 23.5 9 (56) 7 (44)

Split renal function

 Above 40% 57 84 44 (77) 13 (23) 0.032*

 Below 40% 11 16 5 (45) 6 (55)

Renal US

 No HN 29 43 24 (83) 5 (17) 0.027*

 Hydronephrosis 39 57 25 (64) 14 (36)

Fate of VUR

 Resolution 49 72%

 Persistent 8 12%

 Surgery 11 16%
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resolution (Figs. 1, 2, 3). Besides, when we divided associ-
ated HN into low- and high-grade HN; the presence of 
high-grade HN was correlated significantly with a low 
probability of VUR resolution (p = 0.015), Fig.  4. Mean-
while, the patient’s age at diagnosis, gender, mode of 
presentation, VUR side and presence or absence of renal 
scarring on DMSA were not statistically significant fac-
tors in the prediction VUR resolution (Table 1).

The presence of associated high-grade HN with VUR 
was the only significant independent risk factor affecting 
the resolution rate on multivariate analysis (Table 2).

4  Discussion
Patients with VUR demonstrate a wide range of severity, 
and a good percentage of reflux patients do not develop 
renal scars and do not need any intervention as VUR 

Fig. 1 Kaplan–Meier curve showing the incidence of VUR resolution 
stratifying by the grade of VUR

Fig. 2 Kaplan–Meier curve showing the incidence of VUR resolution 
stratifying by the DMSA split function

Fig. 3 Kaplan–Meier curve showing the incidence of VUR resolution 
stratifying by the presence of associated HN

Fig. 4 Kaplan–Meier curve showing the incidence of VUR resolution 
stratifying by the grade of associated HN
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tends to resolve spontaneously over time [4, 7]. Improved 
ability to predict individualized early reflux resolution 
will assist the parent and physician with VUR manage-
ment decisions. In our study, we aimed to identify the 
potential prognostic factors that affect primary VUR res-
olution in a cohort of conservatively managed patients.

The main objective of VUR treatment is to avoid the 
occurrence of febrile UTIs and subsequent renal scarring 
[2, 4]. Conservative therapy requires  diligent waiting, 
intermittent or continuous antibiotic prophylaxis, and 
bladder rehabilitation in cases with bladder dysfunction 
[1].

In 2015, de Bessa et  al.’s meta-analysis findings 
endorsed continuous antibiotic prophylaxis (CAP) in all 
children with VUR regardless of reflux grade. For asymp-
tomatic patients, the correct length of antibiotic proph-
ylaxis is uncertain. Annual performance of a VCUG 
control is a choice. Prophylaxis may be discontinued if 
VUR is not observed in the control imaging after the first 
year. If breakthrough infections occur under this antibi-
otic prophylaxis, surgical treatment should be attempted 
[16].

In our study, spontaneous resolution including 
improvement was 72%, persistent VUR in 12% while the 
surgical intervention was indicated in 16%. Comparable 
results were reported in the Arlen et al. 2016 study where 
spontaneous resolution including improvement was 
56.5%, persistent VUR in 26% while surgical intervention 
was necessitated in 17.5% [17].

A decreasing incidence of VUR with age reflects spon-
taneous resolution in many patients. As expected, VUR 
grade was significantly associated with resolution. Chil-
dren with high-grade VUR have a higher risk of renal 
scarring after a febrile UTI, and the possibility of spon-
taneous VUR resolution is low [10]. VUR has a high 
spontaneous resolution rate within the first 4–5 years of 
life (80% VUR grade III, 30–50% VUR grade IV–V). The 
anatomic maturation probability is highest during these 
years [4, 10].

The rate of spontaneous resolution depends not only 
on the degree of reflux, but also on clinical presentation, 
patient age, sex, laterality, and associated LUT dysfunc-
tions [10, 12]. Several variables were identified as negative 
predictive factors for VUR resolution [11, 12]. Sjostrom 
and her colleagues evaluated the predictive factors for 
the resolution of congenital high-grade VUR in infants 
[11]. They reported an overall spontaneous reflux reso-
lution rate of 38%, including cases downgraded to grade 
I to II. Variables that were substantially associated with 
VUR resolution were breakthrough febrile UTI, bladder 
dysfunction, higher grade of reflux, and renal abnormal-
ity. There were no differences in VUR resolution depend-
ing on gender, or prenatal or postnatal diagnosis. These 
findings were consistent with our current study.

Knudson et al. analyzed the predictive factors for spon-
taneous primary VUR resolution and found that initial 
VUR grade, bladder volume at reflux onset, age at diag-
nosis and history of prenatal HN were independent fac-
tors affecting VUR resolution rate [18]. After an average 
follow-up of around 2 years, 60% achieved spontaneous 
resolution (64% for grade I–III vs. 17% for grades IV and 
V). Those findings were also comparable to our study in 
terms of high spontaneous VUR resolution rate.

In their study, they found that VUR during the filling 
phase of VCUG or passive VUR is a negative predic-
tor for VUR resolution. When bladder volume at VUR 
onset was greater than 50% of predicted bladder capac-
ity, improved resolution was observed. They also found 
that VUR resolution was higher in patients with prena-
tal HN than those presented later, and this might due to 
patients with early VUR diagnosis are more likely to have 
transient VUR that resolves rapidly. After early infancy 
period, the VUR chance for resolution will be like those 
presenting at older age. They also compared children 
younger versus older than 2 years of age and they found 
that diagnostic age is an important factor affecting the 
annual resolution rate of VUR; however, the overall reso-
lution rate was not significantly affected [18].

Table 2 Multivariate analysis of factors predicting resolution in 68 children with primary unilateral vesicoureteral reflux

* Significant

Statistical analysis using Cox proportional hazards model

Factor B SE Exp (B) 95% CI for Exp (B) p value

Lower Upper

Associated hydronephrosis 1.79 0.59 5.97 1.84 19.39 0.003*

Hydronephrosis grade 0.69 0.32 1.99 1.07 3.69 0.026*

VUR grade group low versus high 1.91 1.11 6.75 0.77 59.29 0.085

Split function on DMSA 1.01 0.54 2.76 0.96 7.94 0.060
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Similar to our study findings, spontaneous resolu-
tion rates have been shown to be significantly higher 
in grade I–III VUR, whereas high-grade reflux is much 
less likely to resolve irrespective of long-term monitor-
ing and antibacterial therapy [11]. In their long-term 
follow-up, Schwab et  al. 2002 recorded a 68% overall 
rate of VUR resolution and found that grades I to III 
VUR resolved at the same rates and significantly more 
rapidly than grades IV to V (76% vs. 35%) [19].

Spontaneous VUR resolution was observed in 25 
out of 56 renal units (45%) after a median follow-up 
of 5.5 years of conservative treatment in another study 
by Silva et al. 2006; 75% for moderate reflux (I–III) and 
37% for severe reflux (IV–V) [12]. Furthermore, Estrada 
et  al. conducted a study of 2462 VUR patients and 
found an overall resolution rate of 51% [55% for grades 
I–III vs. 32% for grade IV and V]. They reported that 
VUR resolution is influenced by a combination of fac-
tors that include gender, age at presentation, laterality 
and grade of reflux, ureteral anatomy and mode of pres-
entation [10].

Yeung et  al. reported that 70% of the cases of mild 
reflux and 43% of the cases of severe reflux resolved 
by 15  months of follow-up [20]. A low-resolution rate 
has been reported for grade V reflux [0–30%] during 
a follow-up of 2–5  years, whereas grade IV was often 
reported to have a resolution rate of more than 50%. In 
contrary, Garcia Roig and colleagues reported that high-
grade (IV or V) reflux was not associated with a resolu-
tion at any point [9].

The presence of renal damage is an additional variable 
examined in relation to spontaneous resolution of VUR 
[10, 12, 21]. Among 506 Brazilian children with VUR, 
Silva et al. performed a multivariate study and found that 
VUR resolution was predicted among other variables by 
the absence of renal scars [12]. The survival study found 
that VUR resolves in only 17% of children with renal 
damage versus 62% of children without renal damage. 
In our study, we discovered that kidneys with split renal 
function less than 40% had a lower VUR resolution rate 
than those above 40% (77% vs. 45%).

The presence of associated HN with VUR was also 
studied. In the classical study of Edwards et  al., VUR 
was resolved in more than 80% of undilated ureters but 
only in 40% of dilated units after 7–15 years of follow-up 
[22]. In our research, we observed that VUR associated 
with HN has a lower probability of resolution than non-
dilated systems.

We recognized from previous studies that impaired 
bladder function adversely affected VUR resolution rate, 
we likewise did not use voiding dysfunction as a factor in 
our statistical analysis, and we omitted children with sec-
ondary VUR because of underlying bladder pathology.

There should be recognition of several limitations of 
our study. It is a retrospective analysis and selection bias 
can occur because the decision on care relied on the 
choice of pediatric urologists and parents. The sample 
size was relatively small because our center has a medium 
volume that could predispose the results to statistical 
errors of type I and type II and restricted our ability to 
perform subgroup analyses. We excluded patients with 
bladder dysfunction from the study based on clinical 
history, but some patients with irregular bladder func-
tion may not have been detected and included in our 
research. Nonetheless, we believe that in the treatment 
of unilateral primary VUR, our study provided valuable 
information to enable risk stratification. By identifying 
the predictive factors, pretreatment counseling could 
be also improved. Patients with high-grade VUR associ-
ated with high-grade HN might benefit from early active 
intervention to minimize the need for repeated VCUG 
and protect future renal damage.

5  Conclusions
The rate of resolution in primary unilateral VUR under 
conservative treatment is significantly affected by the 
grade of VUR, split renal function on DMSA and the 
presence of high-grade HN. Association of high-grade 
HN with VUR carries a low chance for spontaneous reso-
lution. These factors are very useful in parent counseling.
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