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Abstract
Aim There are scanty data on the rate of abnormal Tc-99 m dimercaptosuccinic acid (DMSA) renal scintigraphy and asso-
ciated factors in children older than 5 years with diagnosis of VUR. We do not have knowledge about which older children 
should undergo DMSA after VUR diagnosis. This study aims to assess the rate of abnormal DMSA findings and associated 
factors in children older than 5 years of age diagnosed with VUR.
Materials and methods We retrospectively reviewed the medical records of 258 children with VUR diagnosed at or older 
than 5 year age. 179 children [42 (23.5%) males and 137 (76.5%) females] with complete data were included. 268 reflux 
units were compared according to gender, bilaterality, grade, reflux phase at voiding cystourethrography, febrile urinary 
tract infection (fUTI), lower urinary tract dysfunction (LUTD), and DMSA findings with uni- and multivariate analysis.
Results The median age was 110 (60–216) months. VUR grades were I, II, and III in 197 (73.6%) units and IV–V in 71 
(26.4%). 138 (51.5%) renal units had abnormal DMSA. VUR grade (p < 0.01), unilaterality (p = 0.048), and fUTI (p = 0.031) 
in univariate but only grade and unilaterality in multivariate analysis are significantly associated with abnormal DMSA. 
Although reflux at filling phase was predominant in high-grade VUR group, reflux at voiding phase (p = 0.006) in low–
medium-grade (1–3) VUR was associated with abnormal DMSA.
Conclusion Children older than 5 years of age diagnosed with VUR should be regarded as a high-risk group for abnormal 
DMSA regardless of gender, unilaterality, grade, reflux phase, fUTI, and LUTD.
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Introduction

The most common congenital urologic disease in children 
with febrile urinary tract infections (fUTI) leading to renal 
impairment is vesicoureteral reflux (VUR) [1]. VUR has an 

expanding body of literature on evaluation, screening, and 
management of the disease [2]. Evaluation and management 
recommendations for VUR are constructed depending on 
gender, age, VUR grade, abnormal Tc-99 m dimercaptosuc-
cinic acid (DMSA) renal scan findings, frequency of fUTI, 
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and lower urinary tract dysfunction (LUTD) in the Ameri-
can Urological Association (AUA), European Association 
of Urology (EAU)-European Society for Pediatric Urology 
(ESPU) guidelines [3, 4]. Briefly, invasive and radiohazard 
diagnostic modalities should be selected wisely to define 
the risk groups, and treatment options should be discussed 
to prevent new renal scarring for the best personalized care.

Studies reported that low-grade VUR, voiding phase 
reflux at VCUG, younger age, infrequent fUTI, absence of 
LUTD, and normal DMSA renal scan could predict higher 
rates of spontaneous resolution until 5 years of age [5–8]. 
Moreover, reports on higher rate of normal DMSA findings 
in low-grade VUR may make DMSA renal scan avoidable 
in some children [9]. However, inconsistent reports on rates 
of DMSA abnormality in VUR ranging from 6–10% [10, 11] 
to 30–60% [12–15] have been published. Interestingly, there 
is not enough information in which older children with VUR 
we can avoid DMSA renal scan. Noticeably, all guideline 
recommendations are principally based on prospective stud-
ies on children diagnosed and followed from small ages. We 
do not know how valid those recommendations are in older 
children whose spontaneous resolution is more unlikely.

In this study, we aimed to evaluate the rate of abnormal 
DMSA renal scintigraphy in children diagnosed with VUR 
at or over 5 years of age and association of characteristics 
such as gender, VUR grade, bilaterality, reflux phase at 
VCUG, fUTI, and LUTD with abnormal DMSA renal scan.

Materials and methods

We reviewed 258 children diagnosed with VUR at and older 
than 5 years of age from June 2014 and December 2019 in 
our clinic. The approval of the local ethics committee was 
obtained (Ethical Number: 09.2020.1175). Informed con-
sent was obtained from parents before the study. In total, 79 
children were excluded due to missing data, other associ-
ated urinary abnormalities leading to secondary VUR such 
as ureterocele, duplicated or ectopic ureter, bladder abnor-
mality, neurogenic LUTD, posterior urethral valve, urethral 
stricture, and urinary stone surgery. A total of 179 children 
who had complete cyclic VCUG and DMSA renal scintigra-
phy data were included in the study. In all cases, VCUG was 
first performed due to fUTI and/or hydroureteronephrosis. 
The Society of Fetal Urology (SFU) grading system was 
used to evaluate hydronephrosis. DMSA renal scintigraphy 
was performed at least 3 months after fUTI in every VCUG 
confirmed VUR case. Each VUR was recorded as a refluxing 
unit in VUR grades by International Reflux Study Classifica-
tion System [16]. Abnormal DMSA renal scan was accepted 
as at least one cortical uptake defect on the affected kidney 
or the differential function of the kidney less than 40% [17].

VCUG was performed under the guidance of the standard 
protocol of the American Academy of Pediatrics [18]. Void-
ing was requested before VCUG in toilet-trained children. 
Then, 6 or 8 Fr non-balloon catheter was inserted into the 
urethra and residual urine volume was drained. The blad-
der was filled at a rate of 10% of expected bladder capacity 
per minute with radiographic contrast at body temperature. 
During filling and voiding, multiple spot images in ante-
rior–posterior, right and left oblique were obtained. Reflux 
phases were recorded as filling and voiding reflux during 
VCUG. After urethral catheter placement, the time period 
that began from the entry of contrast material and last entry 
of the material into the bladder was defined as the filling 
reflux. Reflux during the voiding after the appearance of 
the contrast material within the proximal urethra until the 
completion of the study was defined as the voiding reflux.

All children underwent questioning on storage and void-
ing complaints with Dysfunctional Voiding and Inconti-
nence Scoring System [19], voiding diary for 48 h, and uro-
flowmetry with residual urine measurement. Normal lower 
urinary tract functions were considered as no urgency, no 
daytime wetting, 3–8 times daytime urination with bladder 
volume compatible with estimated bladder capacity accord-
ing to age (EBC), and normal flow curve with normal resid-
ual volume [20]. The EBC was calculated with a formula: 
(age + 2) × 30 [21]. Gender, bilaterality, VUR grade, reflux 
phase at VCUG, fUTI at presentation, LUTD, and findings 
in DMSA renal scintigraphy were recorded.

Statistical analysis

Categorical data were presented with counts and percent-
ages. Normality assumption of the continuous data was 
verified with the Shapiro–Wilk test and data did not show 
normal distribution. Continuous data were presented with 
means and interquartile range (IQR). Chi-square test was 
used to compare categorical variables. Mann–Whitney U 
test was used to compare continuous variables. For all tests, 
a p value less than 0.05 was considered to indicate statistical 
significance. Associated factors were evaluated with logistic 
regression analyses. Statistical analysis was performed using 
Statistical Package for Social Sciences (SPSS) for Windows, 
version 25.0 (IBM Corp., Armonk, NY, USA).

Results

The median age of 179 children (268 reflux units) was 110 
(60–216) months. 42 children (23.5%) were male and 137 
(76.5%) female. VUR grade was I, II, and III in 197 (73.6%) 
units and IV–V in 71 (26.4%) units (Table 1). VUR was 
present unilateral in 90 (50.3%) children and bilateral in 89 
(49.7%). In a total of 268 reflux units, 195 (72.8%) units 
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were refluxing at filling and 73 (27.2%) refluxing at voiding 
phase. There were only 10 children concurrently with fill-
ing on one side and voiding reflux on the other. 138 renal 
units (51.5%) had abnormal DMSA. 58 (42%) renal units 
had single renal cortical defect and 80 (58%) had multiple. 
176 (65.6%) renal units (118 (65.9%) children) had fUTI at 
presentation. 82 (45.8%) children had LUTD (65 overactive 
bladders, 17 dysfunctional voiders). 154 (86%) children were 
started on antibiotic prophylaxis and 72 (40.2%) on anticho-
linergics. All boys were circumcised.

Table 1 shows univariate and multivariate analysis of all 
parameters for abnormal DMSA in all units. In univariate 
analysis, VUR grade (p < 0.01), unilaterality (p = 0.048), and 
fUTI (p = 0.031) are found to be significantly associated with 
abnormal DMSA (Table1). Multivariate analysis showed 
only VUR grade and unilaterality as the significant factors.

In Table  2, children with low–medium-grade reflux 
(Grade I–III) were compared according to abnormal DMSA. 
In univariate analysis, abnormal DMSA rate was signifi-
cantly higher in voiding reflux compared to filling phase 
(52% vs 38%, p = 0.037) but not affected by unilaterality, 
fUTI at presentation, and LUTD. In the multivariate analy-
sis, voiding reflux was the only significant parameter associ-
ated with abnormal findings on DMSA (p = 0.006).

In Table 3, children with high-grade reflux (Grade IV-V) 
were compared according to abnormal DMSA. Although 
fUTI, unilaterality, and LUTD was significant factors for 
abnormal DMSA finding in univariate analysis, only uni-
laterality (p = 0.024) was found to be significant in multi-
variate analysis. Abnormal DMSA scan had 67.6% sensitiv-
ity, 54.3% specificity, 34.8% positive predictive value, and 
82.3% negative predictive value for predicting high-grade 
VUR [Odds Ratio 2.481 (1.402–4.390)].

Discussion

Herein, we aimed to study the rate of abnormal DMSA renal 
scan and associated factors in a specific group of children 
diagnosed with VUR at or older than 5 years of age. Since 
most studies on VUR are composed of children prospec-
tively followed from infancy, evaluation and management 
recommendations for older children (over 5 years of age) 
are vague for timing for DMSA renal scan and management 
options. Literature is lacking in studies focusing on chil-
dren first diagnosed with VUR at older ages. Therefore, we 
believe that this cross-sectional study of a specific group of 
children diagnosed with VUR at an older age with fUTI and/

Table 1  Gender, laterality, VUR 
grade, phase VUR at VCUG, 
fUTI at presentation, LUTD 
according to abnormal DMSA 
renal scan, and multivariable 
regression analysis for 
association of abnormal DMSA 
renal scan in units

Chi-square test were used for statistical analysis
VUR vesicoureteral reflux, fUTI febrile urinary tract infection, LUTD lower urinary tract dysfunction, U 
univariate, M multivariate, OR odds ratio, CI confidence interval

Normal DMSA 
n (%)
n = 130 (48.5%)

Abnormal DMSA 
n (%)
n = 138 (51.5%)

p value
(U)

p value
(M)

OR (95% CI)

Gender
 Boy 34 (52.3) 31 (47.7) 0.481
 Girl 96 (47.3) 107 (52.7)

VUR grade
 1 42 (73.7) 15 (26.3)  < 0.001 Reference
 2 25 (41.0) 36 (59.0) 0.000 5.18 (2.25–11.92)
 3 40 (50.6) 39 (49.4) 0.001 3.77 (1.68–8.47)
 4 16 (42.1) 22 (57.9) 0.000 6.66 (2.52–17.6)
 5 7 (21.2) 26 (78.8) 0.000 18.39 (5.83–58.02)

VUR phase
 Filling 97 (49.7) 98 (50.3) 0.508
 Voiding 33 (45.2) 40 (54.8)

Bilateral VUR
 No 36 (40.0) 54 (60.0) 0.048 0.027 1.89 (1.07–3.33)
 Yes 94 (52.8) 84 (47.2) Reference

fUTI
 No 53 (57.6) 39 (42.4) 0.031 Reference
 Yes 77 (43.8) 99 (56.3) 0.203 1.46 (0.82–2.59)

LUTD
 No 77 (52.4) 70 (47.6) 0.162
 Yes 63 (48%) 68 (52%)
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or hydroureteronephrosis is important to define possible fac-
tors association with abnormal DMSA renal scan.

As seen in Table 1, we found 51.5% as rate of abnor-
mal DMSA in all group which is very high compared to 
10% of RIVUR trial. Abnormal DMSA rates in this specific 
older age group are very high even in low–medium grades 
(Grade 1 (26.3%), Grade 2 (59%), Grade 3 (49.4%), Grade 4 
(57.9%), and Grade V (78.8%)). Clearly, the most important 
factor for abnormal DMSA in our study group is the VUR 
grade. Of course, we can anticipate such high rates of abnor-
mal DMSA findings due to past fUTIs with VUR in the first 
5 years of life. In the literature, older children scar rates are 
similar. Abnormal DMSA was reported in 83.9% (7 with 
a single scar, 7 with multiple lesions, and 12 with reduced 
kidney function) of children (mean age 7.6 years) with late 
diagnosis of VUR (only grade 3-5) [22]. However, it is inter-
esting to note that abnormal DMSA rates in Grade 2-3-4 are 
very similar (49.4–59%) where Grade 1 (26.3%) and Grade 5 
(78.8%) deviate significantly. We can speculate that either a 
downgrading from high to low grades occur even after renal 
scarring occurs or renal scarring risk is similar in Grade 2-4. 
Heterogeneity of mid- and long-term results depending only 

on VUR grades show that more factors could be associated 
with abnormal DMSA even under treatment. In the RIVUR 
trial, both the rate of abnormal DMSA in Grade I, II, III, and 
Grade IV were 7.6%, 4.7%, 10%, and 35.2%, respectively. 
The rates of new scar development at the end of the study 
(2 years) were similar in the prophylaxis (6%) and placebo 
(7%) arms [11]. However, our group is very different from 
RIVUR trial in terms of patient age and rate of abnormal 
DMSA. In this older age group, even grade I VUR have over 
25% risk of having an abnormal DMSA. In our practice, we 
continue to advocate DMSA renal scan in older children 
with any grade of VUR.

We found that reflux grade (p < 0.001) and unilateral 
reflux (p = 0.048) are significant factors for abnormal 
DMSA in all group in multivariate analysis (Table 1). 
There may be more factors other than VUR grade such as 
gender, frequent fUTI, LUTD, and, recently, bladder vol-
umes and reflux phases in VCUG associated with abnor-
mal DMSA. In our study, it is noteworthy to find no associ-
ation of reflux phase with abnormal DMSA. However, we 
noted filling reflux (92.9%) was profoundly predominant in 

Table 2  Gender, laterality, VUR grade, phase VUR at VCUG, fUTI 
at presentation, LUTD according to abnormal DMSA renal scan, and 
multivariable regression analysis for association of abnormal DMSA 
renal scan in units with low–medium-grade VUR (Grade 1–3)

Chi-square test were used for statistical analysis
VUR vesicoureteral reflux, fUTI febrile urinary tract infection, LUTD 
lower urinary tract dysfunction, U univariate, M multivariate, OR 
odds ratio, CI confidence interval

Normal 
DMSA n, 
(%)
n = 107 
(54.3%)

Abnormal 
DMSA n, 
(%)
n = 90 
(45.7%)

p value
(U)

p value
(M)

OR (95% 
CI)

Gender
 Boy 22 (57.9) 16 (42.1) 0.622
 Girl 85 (53.5) 74 (46.5)

VUR phase
 Filling 77 (59.7) 52 (40.3) 0.037 Reference
 Voiding 30 (44.1) 38 (55.9) 0.006 2.65 

(1.32–
5.3)

Bilateral VUR
 No 34 (46.6) 39 (53.4) 0.094
 Yes 73 (58.9) 51 (41.1)

fUTI
 No 42 (59.2) 29 (40.8) 0.306
 Yes 65 (51.6) 61 (48.4)

LUTD
 No 62 (54.9) 51 (45.1) 0.857
 Yes 45 (53.6) 39 (46.4)

Table 3  Gender, laterality, VUR grade, phase VUR at VCUG, fUTI 
at presentation, LUTD according to abnormal DMSA renal scan, and 
multivariable regression analysis for association of abnormal DMSA 
renal scan in units with high-grade VUR (Grade 4–5)

Chi-square test were used for statistical analysis
VUR vesicoureteral reflux, fUTI febrile urinary tract infection, LUTD 
lower urinary tract dysfunction, U univariate, M multivariate, OR 
odds ratio, CI confidence interval

Normal 
DMSA n 
(%)
n = 23 
(32.8%)

Abnormal 
DMSA n 
(%)
n = 48 
(67.2%)

p value
(U)

p value
(M)

OR (95% 
CI)

Gender
 Boy 12 (44.4) 15 (55.6) 0.089
 Girl 11 (25) 33 (75)

VUR phase
 Filling 20 (30.3) 46 (69.7) 0.171
 Voiding 3 (60) 2 (40)

Bilateral VUR
 No 2 (11.8) 15 (88.2) 0.037 0.024 8.47 (1.33–

54.01)
 Yes 21 (38.9) 33 (61.1) Reference

fUTI
 No 11 (52.4) 10 (47.6) 0.020 Reference
 Yes 12 (24) 38 (76) 0.052 4.03 (0.99–

16.45)
LUTD
 No 15 (44.1) 19 (55.9) 0.043 Reference
 Yes 8 (21.6) 29 (78.4) 0.867 1.12 (0.29–

4.41)
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high-grade (IV–V) VUR, whereas 65.4% in low–medium 
(I–III) grades. Then, we divided children into low–medium 
(I–III) and high grades (IV–V) to obtain more homogene-
ous groups. As pointed out in Table 2, we found that void-
ing reflux was strongly associated with abnormal DMSA 
renal scan only in low–medium VUR grades (p = 0.006) 
in the multivariate analysis.

Our findings regarding reflux phase distribution in chil-
dren with all VUR grades are similar to studies focusing 
on reflux phases (filling vs. voiding, 72.7% vs 27.3%) [6, 
23]. However, interestingly, filling reflux (92.9%) was very 
highly predominant in high-grade VUR (abnormal DMSA 
with 67.6%) as seen in Table 3. The rate of filling reflux 
was 74.2% in the study of Lee JN et al. [6], and 66.2% in 
Han DS et al. [23]. Moreover, discrepancy in rates of void-
ing reflux in low–medium (33.7%) and high VUR grades 
(9.1%) was also noted by another study [23]. Spontaneous 
reflux resolution and endoscopic surgical success rates are 
also claimed to increase in voiding reflux [5, 6, 23]. Fill-
ing reflux with small bladder capacity in young children 
was also reported to be a predictor for breakthrough fUTI 
in a univariate analysis [24]. However, we observed that 
filling reflux (92.9%) is a typical characteristic of high-
grade VUR (IV–V) and high-grade VUR is already associ-
ated with higher abnormal DMSA rate (67.6%) (Table 3). 
Therefore, on the contrary of the report by Alexander et al. 
[24], we found that that voiding reflux is significantly asso-
ciated with abnormal DMSA only in low–medium VUR 
grades (p = 0.006). We believe that reflux phase is an 
uncountable entity changing with VUR grade, and hence, 
DMSA renal scan should be performed in older children 
regardless of reflux phase.

Although LUTD has been reported as a factor for fre-
quent fUTI and low spontaneous resolution, we could not 
show an association between LUTD and abnormal DMSA 
in all VUR grades (p = 0.719) in our group (Table 1). Lee 
et al. retrospectively studied 94 children with 136 renal units 
with a mean age of 54.26 ± 37.31 months [6]. Majority of 
their study group consisted of high-grade VUR (63.9%) and 
filling reflux (74.3%). Authors could not show a correla-
tion of LUTD with endoscopic treatment success and reflux 
phase. Moreover, we noted that gender has no association 
in abnormal DMSA in low–medium VUR grades (Table 2) 
and high VUR grades (Table 3). This could be a reflection 
of higher resolution rate in males with high-grade reflux in 
younger ages [25] and older females are more prone to fre-
quent fUTI [15]. We believe that our older age group is valu-
able to test the association of gender and LUTD to abnor-
mal DMSA, since LUTD evaluation can be more accurately 
performed and long-term results in gender could be better 
comprehended. We believe that DMSA renal scan should be 
performed in older children regardless of gender and LUTD 
presence.

Another interesting finding in our study is that unilateral 
VUR is an independent risk factor for abnormal DMSA in 
VUR patients (Table 1, p = 0.027). We found that this associa-
tion is more significant in high-grade VUR (Table 3, p = 0.024, 
OR (95% CI) = 8.47 (1.33–54.01). However, this finding can 
be due to congenital dysplastic kidney. It has been suggested 
that unilaterality is not associated with renal scarring [11]. We 
believe that DMSA renal scan should be performed regardless 
of uni or bilaterality of VUR in older children.

Another point in the current study is the unclear impact of 
fUTI in abnormal DMSA. We took into account fUTI only 
as the presentation symptom of children, since past fUTI his-
tory is unreliable due to missing medical records. There are 
solid data that scarring occurs due to fUTI as the rationale of 
renal scarring pathophysiology [11, 15]. Older age group may 
be regarded different than younger age in terms of fUTI and 
scarring association where the renal scarring occurs mostly 
in first 2 years of age [15]. Moreover, one of the predisposing 
factors for breakthrough fUTI is frequent fUTI before VUR 
diagnosis [26, 27]. In our group, 65.6% of renal units presented 
with fUTI (Table 1) and this rate was 70.4% in high-grade 
VUR (Table 2) and 63.9% in low–medium VUR (Table 3). 
We can conclude that fUTI continue in the majority, but, as 
seen in multivariate analysis in Tables 2 and 3, it is probably 
not an independent factor for low–medium and high VUR 
grades (p = 0.4, p = 0.052) at older age group, since scarring 
has already occurred. We strongly believe that lack of fUTI 
at presentation should not prevent DMSA renal scan in older 
children.

Our study suffers from being a cross-sectional study of 
medical records in a specific group. Unfortunately, we do not 
have the data of the incidence of dysplastic renal abnormalities 
and fUTI-associated scarrings. Moreover, we have no proof for 
downgrading of high-grade VUR to low–medium in the first 
5 years of age. Also, we have no insight about the possible 
changes in reflux phases and LUTD as the bladder enlarges 
and voiding matures with age. We did not compare the abnor-
mal DMSA findings with grade of hydronephrosis, renal 
cortical thickness, and anterior–posterior diameter of renal 
pelvis. Follow-up of patients with normal DMSA renal scans 
and high-grade VUR were not evaluated because of the cross-
sectional nature of the study. Other limitations of the study 
are the relatively small number of patients and the absence of 
follow-up data. However, this study points out that older age 
children with late diagnosed VUR should be regarded as a 
high-risk group due to high rates of abnormal DMSA findings.

Conclusion

We, herein, report that children older than 5 years of age 
diagnosed with VUR suffer from abnormal findings on 
DMSA in over half of cases. Children older than 5 years of 
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age should be regarded as a high-risk group for abnormal 
DMSA renal scan findings regardless of gender, bilateral-
ity, grade, reflux phase at VCUG, fUTI at presentation, and 
LUTD.

Funding The authors declared that this study received no financial 
support.

Declarations 

Conflict of interest No conflict of interest was declared by the authors.

References

 1. Skoog SJ, Peters CA, Arant BS, Copp HL, Elder JS, Hudson RG 
et al (2010) Pediatric vesicoureteral reflux guidelines panel sum-
mary report: clinical practice guidelines for screening siblings 
of children with vesicoureteral reflux and neonates/infants with 
prenatal hydronephrosis. J Urol 184(3):1145–1151

 2. Hajiyev P, Burgu B (2017) Contemporary management of vesi-
coureteral reflux. Eur Urol Focus 3(2–3):181–188

 3. Radmayr C, Bogaert G, Dogan H, Kočvara R, Nijman J, Stein R 
(2019) EAU guidelines on paediatric urology. In: Radmayr C, 
Bogaert G, Dogan H, Kočvara R, Nijman J, Stein R (eds) EAU 
Guidelines, edition presented at the annual EAU Congress Bar-
celona. EAU

 4. Peters CA, Skoog SJ, Arant BS, Copp HL, Elder JS, Hud-
son RG et al (2010) Summary of the AUA guideline on man-
agement of primary vesicoureteral reflux in children. J Urol 
184(3):1134–1144

 5. Arsanjani A, Alagiri M (2007) Identification of filling ver-
sus voiding reflux as predictor of clinical outcome. Urology 
70(2):351–354

 6. Lee JN, Lee SM, Ha Y-S, Kim BS, Kim HT, Kim T-H et al (2016) 
VUR timing on VCUG as a predictive factor of VUR resolution 
after endoscopic therapy. J Pediatr Urol 12(4):255 e1–e6

 7. McMillan ZM, Austin JC, Knudson MJ, Hawtrey CE, Cooper 
CS (2006) Bladder volume at onset of reflux on initial cystogram 
predicts spontaneous resolution. J Urol 176(4S):1838–1841

 8. Garcia-Roig M, Ridley DE, McCracken C, Arlen AM, Cooper CS, 
Kirsch AJ (2017) Vesicoureteral reflux index: predicting primary 
vesicoureteral reflux resolution in children diagnosed after age 24 
months. J Urol 197(4):1150–1157

 9. Scherz HC, Downs TM, Caesar R (1994) The selective use 
of dimercaptosuccinic acid renal scans in children with vesi-
coureteral reflux. J Urol 152(2 Pt 2):628–631

 10. Garin EH, Olavarria F, Nieto VG, Valenciano B, Campos A, 
Young L (2006) Clinical significance of primary vesicoureteral 
reflux and urinary antibiotic prophylaxis after acute pyelone-
phritis: a multicenter, randomized, controlled study. Pediatrics 
117(3):626–632

 11. Mattoo TK, Chesney RW, Greenfield SP, Hoberman A, Keren R, 
Mathews R et al (2016) Renal scarring in the randomized inter-
vention for children with vesicoureteral reflux (RIVUR) trial. Clin 
J Am Soc Nephrol 11(1):54–61

 12. Pennesi M, Travan L, Peratoner L, Bordugo A, Cattaneo A, 
Ronfani L et  al (2008) Is antibiotic prophylaxis in children 

with vesicoureteral reflux effective in preventing pyelonephri-
tis and renal scars? A randomized, controlled trial. Pediatrics 
121(6):e1489–e1494

 13. Montini G, Rigon L, Zucchetta P, Fregonese F, Toffolo A, Gobber 
D et al (2008) Prophylaxis after first febrile urinary tract infection 
in children? A multicenter, randomized, controlled, noninferiority 
trial. Pediatrics 122(5):1064–1071

 14. Craig JC, Simpson JM, Williams GJ, Lowe A, Reynolds 
GJ, McTaggart SJ et  al (2009) Antibiotic prophylaxis and 
recurrent urinary tract infection in children. N Engl J Med 
361(18):1748–1759

 15. Brandström P, Nevéus T, Sixt R, Stokland E, Jodal U, Hansson S 
(2010) The Swedish reflux trial in children: IV renal damage. J 
Urol 184(1):292–297

 16. Lebowitz R, Olbing H, Parkkulainen K, Smellie J, Tamminen-
Möbius T (1985) International system of radiographic grading of 
vesicoureteric reflux. Pediatr Radiol 15(2):105–109

 17. Nakamura M, Moriya K, Mitsui T, Tanaka H, Nonomura K (2009) 
Abnormal dimercapto-succinic acid scan is a predictive factor 
of breakthrough urinary tract infection in children with primary 
vesicoureteral reflux. J Urol 182(4 Suppl):1694–1697

 18. Frimberger D, Mercado-Deane MG (2016) Establishing a standard 
protocol for the voiding cystourethrography. Pediatrics. https:// 
doi. org/ 10. 1542/ peds. 2016- 2590

 19. Akbal C, Genc Y, Burgu B, Ozden E, Tekgul S (2005) Dysfunc-
tional voiding and incontinence scoring system: quantitative 
evaluation of incontinence symptoms in pediatric population. J 
Urol 173(3):969–973

 20. Austin PF, Bauer SB, Bower W, Chase J, Franco I, Hoebeke P 
et al (2016) The standardization of terminology of lower urinary 
tract function in children and adolescents: update report from the 
standardization committee of the International Children’s Conti-
nence Society. Neurourol Urodyn 35(4):471–481

 21. Koff SA (1983) Estimating bladder capacity in children. Urology 
21(3):248

 22. Doğan ÇS, Koyun NS, Aksoy GK, Çekiç B, Savaş M, Çomak E 
(2018) Delayed diagnosis of primary vesicoureteral reflux in chil-
dren with recurrent urinary tract infections: diagnostic approach 
and renal outcomes. Turk J Urol 44(6):498

 23. Han DS, Cambareri G, Alagiri M, Chiang G (2019) Reflux timing 
is a predictor of successful endoscopic treatment of vesicoureteral 
reflux. Urology 124:237–240

 24. Alexander SE, Arlen AM, Storm DW, Kieran K, Cooper CS 
(2015) Bladder volume at onset of vesicoureteral reflux is an inde-
pendent risk factor for breakthrough febrile urinary tract infection. 
J Urol 193(4):1342–1346

 25. Sillé U, Bachelard M, Hansson S, Stokland E (2004) Spontane-
ous resolution of high grade infantile vesicoureteral reflux. J Urol 
172(2):694–699

 26. Arlen AM, Alexander SE, Wald M, Cooper CS (2016) Computer 
model predicting breakthrough febrile urinary tract infection 
in children with primary vesicoureteral reflux. J Pediatr Urol 
12(5):288 e1–e5

 27. Hidas G, Billimek J, Nam A, Soltani T, Kelly MS, Selby B et al 
(2015) Predicting the risk of breakthrough urinary tract infections: 
primary vesicoureteral reflux. J Urol 194(5):1396–1401

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1542/peds.2016-2590
https://doi.org/10.1542/peds.2016-2590

	Abnormal DMSA renal scan findings and associated factors in older children with vesicoureteral reflux
	Abstract
	Aim 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




