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Delayed diagnosis of primary vesicoureteral reflux in children with 
recurrent urinary tract infections: Diagnostic approach and renal 
outcomes
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ABSTRACT
Objective: In this study, we aimed to assess renal outcomes of delayed diagnosis of dilating primary vesico-
ureteral reflux (VUR) following recurrent febrile urinary tract infections (fUTIs) and its diagnostic imaging 
procedures. 

Material and methods: The medical records of patients who underwent ultrasonography (US), non- acute 
dimercaptosuccinic acid (Tc-99mDMSA) scintigraphy and voiding cystourethrography (VCUG), and who 
were older than 2 years at the time of VUR diagnosis were retrospectively reviewed. 

Results: A total of 32 children (female, n=27: 84.4%)  with a mean age of 7.67±3.34 years at the time of  
diagnosis of VUR  were included in the study. Grade III, IV, V  VUR were found in 22%, 69%, and 9% 
of the patients,  respectively. At the time of VUR diagnosis, abnormal US findings were detected in 75% 
of the cases. Tc-99mDMSA detected abnormalities in 83.9% (7 with a single scar, 7 with multiple lesions, 
12 with reduced kidney function) of the patients. Estimated glomerular filtration rate of 3 patients with 
bilateral grade IV VUR was <75 mL/min/1.73 m2. In 5 patients (16%), VUR could not be predicted by 
US+DMSA scintigraphy (Grade IV VUR in 3 and Grade III in 2 cases ). The sensitivity in predicting VUR 
was 75.00% (95% CI: 56.60-88.54) and 83.87% (95% CI: 66.27-94.55), respectively, for US alone and com-
bined US+DMSA. 

Conclusion: VCUG should be performed routinely in addition to US and non-acute DMSA in all children 
referred with recurrent fUTIs. Awareness of childhood UTI in public and healthcare personnels should be 
increased in order to refer  these patients at a early stage  to pediatric urology and nephrology units.
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Introduction

Renal damage associated with primary vesico-
ureteral reflux (VUR) consists of two distinct 
and sex- related groups namely groups with  
congenital dysplasia or acquired postinfectious 
scarring. While congenital dysplasia occurs 
mainly in males who frequently present ante-
natally or in infancy, the other group includes 
predominantly female patients who usually 
present in older ages, and who are predisposed 
to recurrent pyelonephritis and subsequent re-
nal scarring. Over time, substantial scarring 

may lead to long-term complications such as 
hypertension, proteinuria, renal failure which 
is collectively known as reflux nephropathy 
(RN).[1,2] Although early detection and manage-
ment of VUR in these patients improve renal 
outcomes, RN is still a common cause of child-
hood end- stage renal disease (ESRD) in de-
veloping countries. Low socioeconomic status 
of patients, their parents’ and healthcare per-
sonnel’s insufficient awareness of urinary tract 
infection (UTI) and reflux, late referral to the 
pediatric urology and nephrology centers are 
considered as potential risk factors for RN in 
these regions.[3]
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In this retrospective cohort study, we aimed; (i) to assess  de-
mographic and clinical characteristics (ii) efficiency of their di-
agnostic imaging tests and (iii) to investigate renal outcomes of 
delayed dilating primary VUR (Grade III-V VUR) diagnosis in 
children referred due to recurrent febrile urinary tract infections 
(fUTIs). 

Material and methods

Medical records of the patients with VUR diagnosis who were 
followed at the Pediatric Nephrology Unit of Antalya Training 
and Research Hospital between September 2011 and February 
2017, were reviewed retrospectively. The patients with second-
ary VUR, primary Grade I-II VUR, congenital renal dysplasia 
and those who were younger than 2 years at the time of VUR 
diagnosis despite an anamnesis of fUTIs were excluded from 
the study. Thus, study population consisted of 32 children aged 
≥2 years who were diagnosed with dilating primary VUR during 
assessment for recurrent fUTIs. 

Confirmed fUTI (a body temperature of >38.5oC) was defined 
as the presence of both pyuria (>5 WBC/per high-power field 
in centrifuged urine or positive leukocyte esterase on dipstick 
test) and positive urine culture, which was considered as growth 
of ≥105 colony-forming units/mL (CFU) in a midstream speci-
men or ≥50 000 CFU/mL of a single bacterium in catheterized 
specimen. The presence of fever accompanied by symptoms of 
UTI and pyuria in a patient without urine culture results, was 
considered as non-confirmed fUTI. The diagnosis of recurrent 
fUTIs was based on previous culture-confirmed UTIs in addi-
tion to a detailed history provided by their parents, however, it 
was unclear whether some UTIs were febrile. 

Urinary tract ultrasonography (US), voiding cystourethrography 
(VCUG), non-acute dimercaptosuccinic acid (Tc-99m DMSA) 
scintigraphy - except for one patient with stage IIIB chronic 
kidney disease (CKD)- were obtained from all patients at the 
time of their presentation. Age at the time of VUR diagnosis 
was defined as patient age at the first VCUG. Renal scintigraphy, 
US, and VCUG results were recorded. Abnormal US findings 
related to VUR were considered as hydronephrosis and/or hy-
droureteronephrosis, pelvic or ureteral wall thickening, absence 
of corticomedullary differentiation, and cortical abnormalities 
such as cortical thinning, irregularity or hyperechoic cortex. Ac-
quired renal scarring on DMSA scintigraphy was defined as one 
or more focal areas of diminished uptake of DMSA associated 
with contour deformation. Additionally, ≤44% loss of differen-
tial function was considered as reduced kidney function.[4] The 
patients with abnormal DMSA scintigraphy were divided into 
3 groups: group 1 consisted of the patients with a single scar, 
group 2 with multiple scars, and group 3 with reduced kidney 
function. The accuracy  of US, DMSA scintigraphy  and com-

bined US+DMSA studies to predict VUR (test positivity) was 
assessed.  Vesicoureteral reflux was graded by using the sys-
tem of the International Reflux Study in Children.[5] If VCUG 
showed bilateral VUR, the highest VUR grade was utilized for 
analysis. Estimated glomerular filtration rate (eGFR) was calcu-
lated by the Schwartz formula[6] and CKD was classified accord-
ing to the Kidney Disease Outcomes Quality Initiative Guide-
line.[7] Children with dysfunctional voiding were evaluated by 
uroflow/electromyogram. All children received  continuously  
antibiotic prophylaxis until surgical repair of VUR , and if nec-
cessary, anticholinergic medications. 

Statistical analysis
All statistical analysis were performed using IBM Statistical 
Packages for the Social Sciences (IBM SPSS Statistics; Ar-
monk, NY, USA) for Windows 21.0. Continuous variables were 
expressed as mean ± standard deviation for normally distributed 
data and as median and interquartile range (IQR) for non-nor-
mally distributed data. Sensitivity value and positive likelihood 
ratio (LR+) of US and DMSA scintigraphy for predicting VUR 
were calculated. Kruskal –Wallis test was performed for com-
parison among groups and a p value <0.05 was considered sta-
tistically significant.

Results

A total of 32 patients (including 27 (84.4%) female)  with a 
mean age of 10.49±3.42 years and a median follow-up period 
of 1.70 (IQR; 1.3-4.1) years were included in the study. Mean 
age at VUR diagnosis was 7.67±3.34 years. The reflux was uni-
lateral in 15 (46.8%) and bilateral in 17 (53.2%) patients. Grade 
III, IV, V VUR were found in 22%, 69%, and 9% of the chil-
dren, respectively. Additional urological abnormalities included 
horseshoe kidney, contralateral ectopic kidney, duplication of 
collecting system, and bladder diverticulum in one patient each. 
Demographic and clinical characteristics of patients were given 
in Table 1. All of the boys in the study were circumcised.

Each patient had experienced at least 3 confirmed fUTIs and 
many of them had also non-confirmed fUTIs. Elapsed time af-
ter the last documented UTI varied from 1 month to 6 months. 
Ten patients (31%) reported symptoms of bladder and/or bowel 
dysfunction, such as constipation, daytime wetting, withhold-
ing maneuvers, frequency, infrequency, and urgency. Abnormal 
US and renal scintigraphy findings were found in 24/32 (75%) 
and 26/31 (83.9%) children, respectively. There were 7 patients 
(26.9%) in group 1, 7 (26.9%) in group 2, and 12 (46.2%) in 
group 3 as assessed according to the presence of DMSA anoma-
lies. Although not statistically significant, present age and age at 
VUR diagnosis tended to be higher in patients with reduced kid-
ney function when compared with the other two groups (Table 
2, p>0.05). Three children with normal US had renal damage 
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as detected on DMSA. In 5 (16%) children, VUR could not be 
predicted by the combined US and DMSA scintigraphy (Grade 
IV VUR in 3 and Grade III in 2 patients). The sensitivity and LR 

(+) in predicting VUR were 75.00% (95%CI: 56.60-88.54), and 
0.75, respectively, for US alone and 83.87% (95% CI: 66.27-
94.55), and 0.84, respectively, for both DMSA alone and com-
bined US+DMSA (Table 3).

At the time of presentation, eGFR was determined as <75 mL/
min/1.73m2 in 3 (9.3%) patients with bilateral Grade IV VUR 
(stage II CKD in 2 and stage IIIB in 1 patient). A total of 2 pa-
tients developed hypertension (1 patient with stage II CKD and 
1 with bilateral multiple scars). Proteinuria was not detected 
during follow-up period.

Discussion

In the studies conducted in our country before 2000, RN was 
reported as the most common cause of pediatric CKD. Since 
then, the data reflecting the current morbidity of RN are limited.
[3] In the present study, the renal outcomes of 32 patients (mean 
age at VUR diagnosis; 7.67±3.34 years) with dilating primary 
VUR and recurrent UTIs were assessed. In accordance with the 
literature, there was a predominance of female patients (84%) in 
our cohort. Multiple scars and reduced kidney function on non-
acute DMSA scintigraphy were detected in 26.9% and 46.2% of  
the patients, respectively, and 4 (13%) patients had late sequelae 
of reflux such as hypertension and/or renal failure at presenta-
tion. In a multi-center study from Turkey in 2005, Bek et al.[3] 
investigated epidemiology of childhood CKD. In their study 
(n=282), primary VUR accounted for 18.5% of the cases, which 
was the leading cause of CKD. The mean age at VUR diagnosis 
was 8.3±4.9 years. The patients with RN were not examined in 
a separate diagnostic category, however, the authors speculated 
that the cause of CKD was more likely to be primary VUR with 
recurrent UTIs rather than congenital dysplasia, because of the 
old age at the time of diagnosis and a slight female predomi-
nance. In another study from Turkey in 2011, Alparslan et al.[8] 
examined 242 children with pre-dialysis CKD, with a mean age 
of 8.5±4.7 years at the time of diagnosis. Similarly, the main 
cause of CKD was urologic diseases, mostly primary VUR.

Contrary to these results from our country, VUR diagnosis associ-
ated with CKD has been established early in life (<1 year old) in 
other countries, which is associated with better renal outcomes.
[9-11] Especially in girls, early detection and treatment of primary 
VUR following UTIs may preserve renal parenchyma, or at least, 
prevent its progression to ESRD during childhood.[11,12] 

The diagnosis and management of childhood primary VUR re-
mains controversial. Imaging algorithms used to evaluate the 
children who experienced the  first episode of fUTI depend on 
two approaches; bottom-up or top-down. The bottom-up ap-
proach recommends using urinary tract US and VCUG first to 
detect VUR. However, in this method, since only 30-40% of the 

Table 1. Demographic and clinical characteristics of 
patients
Female /male (n) 	 27/5

Mean age (year) 	 10.49±3.42

Mean age at VUR diagnosis (year) 	 7.67±3.34

Median follow-up period (year) (IQR) 	 1.70 (1.3-4.1)

VUR grade (n,%)*

Grade III 	 7 (22)

Grade IV 	 22 (69)

Grade V 	 3 (9) 

Type of additional urinary anomaly (n, %) 

Contralateral ectopic kidney+ Grade IV VUR 	 1 (3.1)

Unilateral urethral diverticulum + Grade IV VUR 	 1 (3.1)

Horseshoe kidney + Grade IV VUR 	 1 (3.1)

Duplication of collection system + grade IV VUR 	 1 (3.1)

Abnormalities detected on DMSA scintigraphy (n=31, %) 

Absence of scar 	 5 (15.6) 

Single scar 	 7 (21.9)

Multiple scars 	 7 (21.9) 

Reduced kidney function 	 12 (37.3)

Renal failure (n, %) 	 3 (9.4)
*If VUR was bilateral, maximum degree of reflux was taken into consideration. 
VUR: vesicoureteral reflux; DMSA: dimercaptosuccinic acid

Table 2. Patient characteristics according to abnormal 
DMSA results
	 Group 1	 Group 2	 Group 3 
Parameters 	  (n=7) 	 (n=7)	 (n=12)	 p

Current age (year)	 9.25±3.43 	 9.17±2.44 	 11.95±3.39	  0.126

Age at VUR 	 6.85±2.74 	 5.91±1.34	  8.57±3.67	  0.370 
diagnosis (year) 

P values for comparison across all groups were obtained from Kruskal–Wallis. 
VUR: vesicoureteral reflux; DMSA: dimercaptosuccinic acid

Table 3. Diagnostic value of US, DMSA scan, and 
combined US+DMSA for predicting VUR sensitivity (%) 
(95% CI) positive likelihood ratio
US alone 	 75.00% (56.60-88.54) 0.75 

DMSA alone 	 83.87% (66.27-94.55) 0.84 

Combined (US+DMSA) 	 83.87% (66.27-94.55) 0.84

US: ultrasonography; DMSA: dimercaptosuccinic acid 
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children who experienced  first fUTI have reflux, a significant 
proportion of these children are subjected to  unnecessary ure-
thral catheterization and radiation exposure. Alternatively, the 
traditional top-down approach recommends performing US, and 
DMSA scintigraphy to determine whether there is an acute re-
nal parenchymal involvement at the time of fUTI. Only those 
with parenchymal involvement detected on acute-phase DMSA 
imaging are referred for a VCUG in addition to delayed DMSA 
(≥6 months after fUTI) to evaluate permanent scarring.[13,14] 

Although the diagnosis of dilating VUR is missed in a small 
subgroup of children at risk of developing severe kidney dam-
age, some studies have supported this strategy having high sen-
sitivity, specificity, and negative predictive value for predicting 
clinically significant VUR.[15-17] However, conclusions from two 
meta-analyses have demonstrated that acute-phase DMSA scin-
tigraphy for predicting VUR was not accurate enough in children 
with fUTI.[18,19] In addition, it should be emphasized that there is 
no certain distinction between radiologically revealed  congeni-
tal renal dysplasia and parenchymal inflammatory changes as-
sociated with acute pyelonephritis in young children. Therefore, 
the defects resulting from congenital dysplasia may be mistak-
enly identified as acute pyelonephritis on initial DMSA imaging. 

Similarly, in the recently published guidelines, there is no con-
sensus on what imaging studies are indicated when assessing the 
children with recurrent UTIs.[20] In the current study, the patients 
who had been referred after an acute pyelonephritis episode was 
already treated by primary physicians or pediatricians, and over-
all imaging tests (US, VCUG, and DMSA scintigraphy) were 
used in all patients at presentation. A single DMSA scintigra-
phy was performed ≥1 month after the last documented fUTI to 
exclude reflux early and avoid additional UTI episodes before 
delayed DMSA was obtained. In accordance with this imaging 
strategy, some studies reported that a single DMSA study (≥3 
months after the latest episode of fUTI) was used in children 
referred for assessment of the first or recurrent episodes of fUTI.
[21,22] The recent pediatric guidelines published by The European 
Association of Urology and European Society for Paediatric 
Urology have also recommended that DMSA scanning should 
be performed within 1–2 months of the UTI episode, except for 
neonates.[23]

In line with the literature, US alone had a low diagnostic value 
for prediction of VUR in our study. Although US and DMSA 
together had a higher sensitivity rate (83.87%) for predicting 
VUR, it failed in 5 (16%) patients. In addition, we did not find 
any correlation between the severity of abnormal DMSA find-
ings and current age, age at VUR diagnosis, however, older age 
and a greater initial renal impairment were reported as risk fac-
tors for progression to ESRD in children with VUR.[24] We think 
that this result might be attributable to wide distribution of pa-
tients’ age and small sample size. 

Our study has several limitations. Because of short follow-up 
period, small number of patients, its retrospective and single 
center design, multi-center prospective studies are needed to 
detect the prevalance, management and prognosis of RN in our 
country. Because the number of males was too small for sta-
tistical analysis, we did not compare demographic and clinical 
characteristics between male and female patients.

In conclusion, although our results do not reflect national data, 
primary VUR with recurrent UTIs seems to be a still important 
cause of renal damage in childhood. Therefore, we tried to draw 
attention to RN that is a preventable cause of pediatric ESRD. 
In our country, majority of children with recurrent UTIs have 
already been treated in primary and secondary health care cen-
ters before admiting to pediatric urology and nephrology units. 
Increasing awareness of UTIs in public and among healthcare 
personnels and earlier referral of these patients may decrease 
the incidence of reflux- induced ESRD in children. Especially 
in developing countries, individualized management strategies, 
also including patient’s socioeconomic status, should be taken 
into consideration when evaluating a child at risk of VUR. Ul-
trasonography and DMSA scintigraphy together do not seem to 
be good enough to predict dilating VUR with recurrent fUTIs. 
Therefore, VCUG should be performed routinely in addition to 
US and non- acute DMSA scintigraphy.
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