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Vesicoureteral Reflux and Renal Scarring in Children 
with Acute Pyelonephritis: the Role of Late 6-month 
Dimercaptosuccinic Acid Renal Scan

Purpose: The aim of this study is to evaluate the clinical utility of late 6-month 
dimercapto-succinic acid (DMSA) renal scan in predicting vesicoureteral reflux 
(VUR) and long-lasting renal scars in children with first acute pyelonephritis (APN). 
Methods: A retrospective case study of children admitted with APN from January 
2010 to July 2017 was performed. The study included patients with voiding cysto-
urethrography (VCUG) and acute and late 6-month DMSA scan. We analyzed the 
clinical, laboratory and imaging findings of patients with and without late cortical 
defects at 6 months and those with or without VUR.
Results: Among 145 children with APN, 50 (34.5%) had cortical defects on the late 
DMSA renal scan and 60 (41.4%) showed VUR. Thirteen of 38 (34.2%) children un-
dergoing 18-month DMSA renal scan showed a long-lasting renal scars. Compared 
with children without late cortical defects, patients with late 6-month cortical de-
fects had a higher incidence of VUR and long-lasting renal scars, and relapse of UTI 
(all P<0.05). In a multivariable analysis, both high-grade VUR and relapse of UTI 
were independently correlated with the presence of late 6-month cortical defects 
(P<0.05). Late cortical defects and relapse of UTI were also associated with the 
presence of VUR (P<0.05). Only the late 6-mo cortical defects was an independent 
predictor of long-lasting renal scars in children with APN (P<0.05).
Conclusion: An abnormal late 6-month DMSA renal scan may be useful in identi-
fying VUR and long-lasting renal scars in children diagnosed with APN.
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Introduction 

Urinary tract infection (UTI) is the most common bacterial infection in 
childhood and approximately 10% to 15% of cases lead to renal scarring1). 
Vesicoureteral reflux (VUR) is a relatively common urological anomaly in 
children, leading to renal scarring and ultimately chronic/end-stage kidney 
disease2-4). However, the diagnosis of UTI is sometimes challenging because 
of nonspecific clinical features, especially in infants5). Variable imaging studies 
are used to effectively evaluate and manage UTI, renal VUR, and renal scar-
ring6). Each imaging modality has advantages and limitations, which makes 
it difficult to determine the best imaging tool for the evaluation of UTI in 
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children. Renal bladder ultrasonography (RBUS) is a non-
invasive, inexpen sive and radiation-free tool for diagnosing 
UTI but results vary depending on the examiner. The ac-
curacy of RBUS also depends on the children’s age and is 
low in children aged younger than 1 year7). Voiding cystou-
rethrography (VCUG) is the most reliable modality avail-
able to evaluate VUR; however, it is invasive and expensive, 
and is also as sociated with the risk of radiation exposure 
to patients. VCUG also requires urethral catheterization 
and carries the risk of iatrogenic UTI both with (2%) and 
without (6–22%) antibiotic prophylaxis8-10). The 99mTc-di-
mercaptosuc cinic acid (DMSA) renal scan is the most sensi-
tive technique available for the detection of acute cortical 
defects and long-lasting renal scars but it also increases the 
risk of ra diation exposure11). 

Currently, two major approaches are available for asses-
sing and managing febrile UTI in children. The American 
Academy of Pediatrics (AAP) clinical practice guidelines 
for the diagnosis and management of febrile UTIs recom-
mend RBUS for the detection of serious complications in 
acute phase12). However, DMSA renal scan is not recom-
mended as part of routine evaluation in acute febrile UTI. 
VCUG is indicated if RBUS reveals hydronephrosis, renal 
scarring, or other findings that suggest either high-grade 
VUR or obstructive uropathy13). In contrast to the bottom-
up approach, the top-down approach recommends DMSA 
renal scan during the first febrile UTI and a late DMSA scan 
if the first scan is positive14). DMSA renal scan is the clinical 
gold standard for identifying acute cortical defects or renal 
scarring. Therefore, it is recommended during acute and 
follow-up phases of febrile UTIs. VCUG is indicated when 
DMSA scan reveals acute cortical defects15). This finding is 
highly debated due to the radiation burden16,17).

Given the controversy associated with the current practice 
guidelines for evaluating UTI in children, we analyzed the 
clinical indications for DMSA renal scan and VCUG in 
children with febrile UTI. In the present study, we hypo-
thesized that renal cortical defects in the late 6-month 
DMSA scan predict VUR and long-lasting renal scars in 
children with febrile UTI. The aim of this study is to inves-
tigate the clinical utility of late DMSA scan in detecting 
VUR and long-lasting renal scars in children with first 
episode of APN.

Materials and methods

1. Study population and design 
A retrospective case analysis of children admitted with 

first febrile UTI from January 2010 to July 2017 was per-
formed. A total of 492 patients aged between 1 month and 
12 years were included. The inclusion criteria were: i) cor-
tical defects in acute DMSA scan, and ii) treatment with 
both VCUG and late 6-month DMSA scan. The exclusion 
criteria were: i) underlying congenital anomalies of kidney 
and urinary tract except VUR and uretero-pelvic junction 
stenosis, ii) acute kidney injury (AKI), and iii) underlying 
chronic kidney disease (CKD). 

2. Definition 
Febrile UTI was defined by the presence of pyuria, posi-

tive urine culture, and fever >38℃. Urine culture was de-
fined as positive if ≥ 5×104 colony forming units/mL of a 
single species18) were detected in a sample obtained via 
urethral catheterization for non toilet-trained infants and 
midstream clean-catch specimens or a sterile bag for toilet- 
trained children. APN was defined in patients with cortical 
defects on acute DMSA renal scan. Late cortical defects was 
defined as cortical defects on late DMSA scan 6 months 
after acute febrile UTI. Long lasting renal scars were de-
fined as cortical defects on repeated DMSA scan at least 18 
months after acute febrile UTI. Cortical defects were de-
fined by the presence of focal or diffuse areas of decreased 
cortical uptake, with preservation of the renal contour1). 
High-grade VUR was defined as grade IV–V VUR and 
low-grade VUR was defined as grade I–III VUR in VCUG.

3. Laboratory and radiological assessments
We divided patients into two groups according to the 

presence of late cortical defects or VUR, respectively. Cli-
nical, laboratory and imaging findings were analyzed in 
patients with or without late 6-month cortical defects and 
in those with or without VUR. Clinical findings included 
sex, age and fever duration before the initiation of treat-
ment for UTI. Laboratory findings included initial white 
blood cell (WBC) counts and C-reactive protein (CRP) 
levels. 
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4. Statistics 
Continuous variables are expressed as mean±standard 

deviation and categorical variables are described using fre-
quencies and proportions. Differences between popu-
lations were analyzed using Chi-square test and Mann-
Whitney U test. To identify the factors that predict late 
cortical defects, VUR, high-grade VUR, and long-lasting 
renal scars, factors correlating significantly with those of 
univariable logistic regression analyses (P<0.05) were 
entered into multivariable logistic regression analyses19). 
We calculated the odds ratios including 95% confidence 
interval (CI), and P values <0.05 were considered statistic-
ally significant. Data were analyzed using IBM SPSS soft-
ware version 20.0 for Windows (SPSS Inc., Chicago, IL, 
USA). 

Results

1. Patient characteristics 
Among 492 children with febrile UTIs, a total of 145 pa-

tients with APN were finally enrolled in the present study. 
A total of 269 patients were found without APN in the acute 
DMSA scan. Patients who were not subjected to acute 
DMSA (n=1) scan were excluded. Patients diagnosed with 
underlying congenital anomalies of kidney and urinary 
tract included 2 cases of kidney agenesis, 1 case of ectopic 

kidney, 1 case of renal hypoplasia, 1 case of horseshoe 
kidney, and 1 case of duplicated kidney. Children without 
VCUG (n=1) and late 6-month DMSA scan (n=70) were 
excluded from those diagnosed with APN (n=216) (Fig. 1). 
The mean age of enrolled patients was 7.7±16.0 months, 
with a preponderance of males (66.9%). The mean fever 
duration was 2.3±2.2 days. Seventy-four children (51.0%) 
had hydronephrosis and 48 children (33.1%) had APN on 
RBUS (51 hydronephrosis only, 25 APN only, 23 both hyd-
ronephrosis and APN). Among children with APN, 50 
patients (34.5%) showed cortical defects in late 6-month 
DMSA scan (old defect 44/50, new defect 6/50). Among 145 
patients, DMSA scans at least 18 months after acute febrile 
UTI were performed in 38 cases, and 13 children (34.2%) 
showed long-lasting renal scars (old defect 12/13, new defect 
1/13). VUR was found in 60 of 145 patients (41.4%). Among 
them, 46 cases were high-grade (grade IV–V). During a 
mean follow-up of 14.5±17.9 months, 43 children (29.7%) 
showed UTI relapse. 

2. Comparison of patients with and without late 6-
      month cortical defects  
Among 145 patients with APN, 50 patients were assigned 

to the late cortical defects group and 95 patients were as-
signed to the group with early defects alone. The mean age 
was higher in the group with late 6-month cortical defects, 
compared to the group with early defects alone (P<0.001). 

Fig. 1. Study design and patient enrollment. UTI, Urinary tract infection; CAKUT, congenital 
anomaly of kidney and urinary tract; VUR, vesicoureteral reflux; DMSA, dimercapto- succinic 
acid; APN, acute pyelonephritis; VGUG, voiding cystourethrography.
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Sex distribution and fever duration did not differ between 
the two groups. Hydronephrosis and APN on RBUS were 
more frequently found in the group of patients with late 
cortical defects, compared to the group with early defects 
alone (P<0.05). VUR and high-grade VUR (IV–V) were 
also frequently detected in the group with late cortical de-
fects (both P<0.05). The proportions of patients with long-
lasting renal scars (≥18 months) and UTI relapse were 
higher in the group with late cortical defects (both P<0.05). 
Serum WBC and CRP levels were also higher in the group 
with late cortical defects than in those with early defects 
(both P<0.05) (Table 1). 

3. Comparison of patients with and without VUR
Among 145 patients with APN, 60 patients had VUR. 

There were no differences of age, gender distribution, and 
fever duration in children with and without VUR. While 
the proportion of hydronephrosis on RBUS was not diffe-
rent between the two groups, that of sonographic APN was 
higher in patients with VUR than in those without VUR 

(P<0.05). Abnormal sonographic findings including hydro-
nephrosis and APN were higher in patients with VUR (P< 
0.05). The VUR group showed a higher incidence of late 6- 
month cortical defects, compared to children without VUR 
(P<0.05). However, the prevalence of long-lasting renal 
scars did not differ between children with and without 
VUR among those diagnosed with APN. The follow-up 
duration was longer in the VUR group and the relapse of 
UTI was higher in the VUR group (P<0.05). Serum CRP 
level was higher in the VUR group (P<0.05) while serum 
WBC concentration was not different between the two 
groups (Table 2).

4. Univariable and multivariable logistic regression 
      analyses
The univariable logistic regression analysis revealed a 

correlation of hydronephrosis and APN on RBUS, high-
grade VUR, UTI relapse for 18 months after APN, and high 
serum CRP levels with the presence of late 6-month cor-
tical defects, respectively. However, in the multivariable 
analysis, the presence of high-grade VUR and relapse of 
UTI within 6 months independently predicted the incid-
ence of late cortical defects (P<0.05) (Table 3). A diagnosis 

Table 1. Clinical and Laboratory Data according to the Presence 
of Late Cortical Defects in 6-month DMSA Scans of Patients 
with Acute Pyelonephritis

Late cortical 
defect (N=50)

Early defect 
only (N=95) P

Female, n (%) 12/50 (24.0) 36/95 (37.9) 0.091*

Age (months) 10.4±22.1 6.3±11.6 <0.001†

Fever duration (days) 2.3±2.6 2.4±2.0 0.272†

Hydronephrosis on US, n (%) 33/50 (66.0) 41/95 (55.4) 0.009*

APN on US, n (%) 23/50 (46.0) 25/95 (26.3) 0.017*

VUR, n (%) 35/50 (70.0) 25/95 (26.3) <0.001*

Low-grade VUR (I–III), n (%) 7/50 (14.0) 7/95 (7.4) 0.199* 

High-grade VUR (IV–V), n (%) 28/50 (56.0) 18/95 (18.9) <0.001*

Renal scar at 18 months, n (%) 11/21 (52.4) 2/17 (11.8) 0.009*

  Old defect, n (%) 11/11 (100.0) 1/2 (50.0) 0.015*

  New defect, n (%) 0/11 (0.0) 1/2 (50.0) 0.015*

Relapse, n (%) 25/50 (50.0) 18/95 (18.9) <0.001*

  Relapse within 6 mo, n (%) 20/25 (80.0) 9/18 (50.0) <0.001*

  Relapse within 18 mo, n (%) 24/25 (96.0) 16/18 (88.8) <0.001*

Follow-up duration (months) 21.7±23.5 11.0±13.0 0.001†

WBC at diagnosis (/μL) 18,126±6,598 16,137±6,423 0.050†

CRP at diagnosis (mg/dL) 10.0±6.9 7.3±5.9 0.014†

Data are presented as mean±SD (or interquartile range) or numbers (%).
*Chi-square test.
†Mann-Whitney U test.
Abbreviations: DMSA, dimercapto-succinic acid; US, ultrasonography; 
APN, acute pyelonephritis; VUR, vesicoureteral reflux; WBC, white blood 
cells; CRP, C-reactive protein.

Table 2. Clinical and Laboratory Data according to the Presence 
of VUR

VUR (n=60) no VUR (n=85) P
Female, n (%) 21/60 (35.0) 27/85 (31.8) 0.683*

Age (months) 10.2±21.9    8.2±17.5 0.501†

Fever duration (days) 2.8±2.7 2.3±2.0 0.132†

Hydronephrosis on US, n (%) 36/60 (60.0) 38/85 (44.7) 0.070*

APN on US, n (%) 26/60 (43.3) 22/85 (28.1) 0.028*

Abnormal findings on US, n (%) 47/60 (78.3) 52/85 (61.1) 0.045*

Late cortical defect at 6 months, 
 n (%)

35/60 (58.3) 15/85 (17.6) <0.001*

Renal scar at 18 months, n (%) 11/29 (37.9) 2/9 (22.2) 0.386*

Follow-up duration (months) 23.1±22.8 11.6±15.4 <0.001*

Relapse, n (%) 32/60 (53.3) 11/85 (12.9) <0.001*

Relapse within 6 months, n (%) 23/60 (38.3) 6/11 (54.5) <0.001*

Relapse within 18 months, n (%) 31/60 (51.6) 9/11 (81.8) <0.001*

WBC at diagnosis (/μL) 17,404±7,106 16,458±5,856 0.598†

CRP at diagnosis (mg/dL) 10.0±7.2 7.3±5.4 0.014†

Data are presented as mean±SD (or interquartile range) or numbers (%).
*Chi-square test.
†Mann-Whitney U test. 
Abbreviations: VUR, vesicoureteral reflux; US, ultrasonography; APN, acute 
pyelonephritis; WBC, white blood cells; CRP, C-reactive protein.
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of APN on RBUS, abnormal findings on RBUS, late cor-
tical defects, relapse of UTI within 6 months, and increased 
serum CRP levels showed a positive correlation with the 
presence of VUR. Late cortical defects, UTI relapse within 
6 months, and high serum CRP were also independently 
correlated with the presence of VUR (P<0.05) (Table 4). 
Late cortical defects and UTI relapse within 6 months 
independently predicted the presence of high-grade VUR 
(P<0.05). Hydronephrosis and high levels of serum CRP 
were also associated with high-grade VUR in univariable 
analyses; however, they were not independent predictors 
of high-grade VUR (Table 5). The incidence of APN on 
RBUS, late 6-month cortical defects, and relapse of UTI 
within 6 months post-APN correlated with long-lasting 
renal scarring in the univariable analyses. However, only 
the late 6-month cortical defects were independently asso-

ciated with long-lasting renal scars (P<0.05). Both low- and 
high-grade VUR did not predict the emergence of long-
lasting renal scars (Table 6). 

Discussion

In this study, we found that an abnormal late 6-month 
DMSA renal scan after first UTI was useful in identifying 
VUR and long-lasting renal scars in children with APN. 
Late 6-month cortical defects and UTI relapse within 6 
months were independently associated with the presence 
of high-grade VUR as well as VUR. Conversely, high-grade 
VUR and relapse of UTI independently predicted the in-
cidence of late cortical defects at 6 months. Late 6-month 
cortical defects also independently predicted long-lasting 

Table 4. Univariable and Multivariable Logistic Regression Analyses of Factors associated with VUR 

Variables
Univariable Multivariable

Odds ratio (95% CI) P Odds ratio (95% CI) P
Female sex 1.157 (0.574–2.329) 0.684

Age 1.017 (0.994–1.041) 0.150

Fever duration 1.171 (0.999–1.372) 0.051

Hydronephrosis on US 1.855 (0.949–3.627) 0.071

APN on US 2.190 (1.083–4.430) 0.029 1.217 (0.477–3.103) 0.681

Abnormal findings on US 2.294 (1.080–4.873) 0.031 1.415 (0.539–3.713) 0.481

Late cortical defect at 6 months 6.533 (3.062–13.941) < 0.001 3.920 (1.708–8.996) 0.001

Relapse for within 6 months 8.185 (3.073–21.80) < 0.001 5.324 (1.828–15.502) 0.002

WBC 1.000 (1.000–1.000) 0.368

CRP 1.085 (1.026–1.148) 0.005 1.065 (1.001–1.132) 0.047

Abbreviations: CI, confidence interval; US, ultrasonography; APN, acute pyelonephritis; WBC, white blood cells; CRP, C-reactive protein.

Table 3. Univariable and Multivariable Logistic Regression Analyses of Factors Underlying Late Cortical Defect

Variables
Univariable Multivariable

Odds ratio (95% CI) P Odds ratio (95% CI) P
Female 0.518 (0.240–1.118) 0.094

Age 1.016 (0.994–1.038) 0.163

Fever duration 0.998 (0.854–1.167) 0.985

Hydronephrosis on US 2.557 (1.254–5.212) 0.010 1.993 (0.888–4.473) 0.094

APN on US 2.385 (1.161–4.898) 0.018 2.027 (0.878–4.678) 0.098

Low-grade VUR (I–III) 2.047 (0.675–6.206) 0.206

High-grade VUR (IV–V) 5.444 (2.550–11.623) <0.001 3.167 (1.357–7.391) 0.008

Relapse within 6 months 6.370 (2.617–15.508) <0.001 3.618 (1.349–9.702) 0.011

WBC at diagnosis 1.000 (1.000–1.000) 0.083

CRP at diagnosis 1.068 (1.012–1.128) 0.018 1.038 (0.976–1.103) 0.238

Abbreviations: CI, confidence interval; US, ultrasonography; APN, acute pyelonephritis; VUR, vesicoureteral reflux; WBC, white blood cells; CRP, C-reactive 
protein.
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renal scars persisting longer than 18 months. These findings 
suggest that the relapse of UTI, high-grade VUR, and late 
6-month cortical defects are correlated with each other in 
children with APN, and that the cortical defects in the late 
6-month DMSA scan may predict high-grade VUR and 
long-lasting renal scars formation in children with their 
first APN.

UTI results in long-lasting renal scarring in approxima-
tely 10% to 15% of cases1,20). The goal of imaging studies in 
children with UTIs is to identify possible urinary tract 
abnormalities that may predispose children to additional 
recurrent UTIs and renal scarring. In the present study, we 
found that 35% of patients with APN developed late cortical 
defects at 6 months after the initial episode of UTI and 65% 
of patients with APN experienced resolution of the renal 
defects. Approximately 33% of children who underwent 

DMSA renal scan more than 18 months later showed long-
lasting renal scars, and VUR was found in 41.4% patients 
with APN. There were 43 children (29.7%) who had expe-
rienced UTI relapse. Among these children, 67.4% had 
experienced relapse within 6 months after initial UTI and 
93% had experienced relapse within 18 months after initial 
UTI. The proportion of patients developing long-lasting 
renal scars, VUR and UTI relapse was consistent with 
other studies. Lin et al21) reported that about 38–57% child-
ren diagnosed with APN develop long-lasting renal scar-
ring. Among children who had UTI, between 25% and 40% 
were found to show VUR22). The incidence of recurrent 
UTI in children has been reported to vary from 10 to 30% 
in other studies23,24). Since most of the acute cortical lesions 
disappear in children with febrile UTIs, it is necessary to 
reconsider acute DMSA scans for all children with febrile 

Table 6. Univariable and Multivariable Logistic Regression Analyses of Variables associated with Long-lasting Renal Scar Formation

Variables
Univariable Multivariable

Odds ratio (95% CI) P Odds ratio (95% CI) P
Female 0.533 (0.116–2.456) 0.420

Age 0.969 (0.908–1.034) 0.338

Fever duration 0.766 (0.491–1.194) 0.239

Hydronephrosis on US 1.477 (0.377–5.785) 0.576

APN on US 4.781 (1.125–20.319) 0.034 3.326 (0.615–18.003) 0.163

Cortical defect at 6 months 8.250 (1.498–45.429) 0.015 7.333 (1.106–48.612) 0.039

Low-grade VUR (I–III) 0.468 (0.082–2.667) 0.392

High-grade VUR (IV–V) 2.864 (0.694–11.824) 0.146

Relapse within 6 months 10.56 (2.167–51.420) 0.004 7.066 (0.994–50.230) 0.051 

WBC at diagnosis 1.000 (1.000–1.000) 0.474

CRP at diagnosis 1.036 (0.931–1.154) 0.513

Abbreviations: CI, confidence interval; US, ultrasonography; APN, acute pyelonephritis; VUR, vesicoureteral reflux; WBC, white blood cells; CRP, C-reactive 
protein.

Table 5. Univariable and Multivariable Logistic Regression Analyses of Variables Correlated with High-grade VUR 

Variables
Univariable Multivariable

Odds ratio (95% CI) P Odds ratio (95% CI) P
Female sex 0.720 (0.336–1.544) 0.399

Age 0.993 (0.968–1.018) 0.567

Fever duration 1.014 (0.866–1.187) 0.862

Hydronephrosis on US 2.344 (1.135–4.838) 0.021 1.366 (0.450–4.148) 0.582

APN on US 1.699 (0.819–3.522) 0.154

Abnormal findings on US 2.453 (1.065–5.652) 0.035 1.344 (0.379–4.769) 0.647

Delayed cortical defect at 6 months 5.444 (2.550–11.62) <0.001 3.157 (1.368–7.287) 0.007

Relapse within 6 months 6.263 (2.602–15.08) <0.001 3.935 (1.496–10.345) 0.005

WBC 1.000 (1.000–1.000) 0.323

CRP 1.074 (1.016–1.136) 0.011 1.057 (0.995–1.122) 0.074 

Abbreviations: CI, confidence interval; US, ultrasonography; APN, acute pyelonephritis; WBC, white blood cells; CRP, C-reactive protein.
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UTIs as part of routine evaluation recommended by the 
current top-down approach20,25). However, it is apparent 
that the incidence of long-lasting renal scarring and VUR 
is relatively high in children diagnosed with their first 
APN. In a retrospective case analysis of 103 children<2 
years of age with first UTI, Swerkersson et al reported the 
relationship between late DMSA scan and VUR or long-
lasting renal scars in children26). Children were divided 
into 2 groups according to the findings of late DMSA renal 
scan performed at least 90 days after the acute UTI. There 
were no differences between groups regarding sex or age; 
however, the initial CRP level and incidence of VUR was 
higher in the group with renal damage during the late 
DMSA scan. In a follow-up DMSA scan after a minimum 
of 2 years, long-lasting renal scars developed in 19.4% of 
children with late cortical defects. In another study, DMSA 
scans were acquired 4–6 months after the APN in children 
and nearly half of the patients carried one or more late renal 
scars. The distribution of sex, CRP level and leukocytosis 
did not differ according to the presence of renal scars; how-
ever, VURs were more frequently found in children with 
renal scars27). In the present study, abnormal sonographic 
findings including both hydronephrosis and APN, the fre-
quency of VUR, long-lasting renal scars, UTI relapse, and 
higher levels of initial CRP was greater in children with late 
6-month cortical defects, compared with those without late 
cortical defects. High-grade VUR and UTI relapse were 
found to be independent risk factors for late 6-month cor-
tical defects. While the significance of acute DMSA renal 
scan appears to be limited, the late DMSA scan is recom-
mended for children with recurrent UTIs and/or VUR.

According to the AAP guidelines, RBUS is preferred as 
the initial imaging tool for evaluating UTI in children. 
However, the usefulness of ultrasonography in detecting 
renal cortical defects and VUR is disputed. In the present 
study, APN was detected via renal sonography only in 33% 
of children with APN who were evaluated with a DMSA 
renal scan. Hydronephrosis was found only in 60% of 
children with VUR, and the incidence of hydronephrosis 
did not differ between the VUR and non-VUR groups. 
While the frequency of abnormal sonographic findings in-
cluding hydronephrosis and APN was higher in the VUR 
group, the difference was not apparently elevated. Consi-
stent with our study, abnormal RBUS findings such as pye-

localyceal fullness or increased parenchymal echogenecity 
were not correlated with cortical defects detected via DMSA 
renal scan in 425 children with APN7). In a retrospective 
case review of 130 children with first UTI, Alshamsan et al 
28) showed that the sensitivity, specificity, positive and nega-
tive predictive values of RBUS for predicting VUR were 
50%, 76.9%, 52.6% and 75%, respectively, and the results of 
an abnormal RBUS did not alter the management of pati-
ents with febrile UTI. In our present study, APN and ab-
normal findings on RBUS, late 6-month cortical defects, 
long-lasting renal scars, relapse of UTI, and higher initial 
CRP were correlated with VUR in univariable logistic re-
gression analyses. Hydronephrosis detected only in renal 
sonography was not associated with the presence of VUR. 
In multivariable logistic regression analyses, late 6-month 
cortical defects and UTI relapse were independent risk 
factors for VUR and high-grade VUR, respectively. There-
fore, it is questionable whether VCUG is indicated only in 
patients with abnormal findings on RBUS, as suggested by 
the AAP guidelines. In one study comparing RBUS and late 
6-month DMSA scan in febrile UTI patients, the sensitivity 
of abnormal RBUS and late 6-month DMSA scan for the 
diagnosis of high-grade VUR was 50% and 87.5%, respec-
tively29). Thus, it is unclear whether RBUS has robust sensi-
tivity for the detection of APN and VUR in children with 
febrile UTI. The VCUG tests based on RBUS finding (bot-
tom-up approach) require further validation and refine-
ment.

Moreover, children showing late 6-month cortical defects 
were at a high risk for the development of long-lasting renal 
scars in the present study. Although the presence of APN 
in RBUS, late 6-month cortical defects, and UTI relapse 
within 6 months after APN were correlated with long-
lasting renal scars in the univariable analyses, only late 
cortical defects was independently associated with long-
lasting renal scars. The relapse of UTI was a potential risk 
factor for long-lasting renal scars (P=0.051); however, due 
to the small number of patients, the results apparently lack 
reliability. These findings suggest that late DMSA scan may 
be more beneficial than other imaging studies in predicting 
the emergence of long-lasting renal scars in children with 
febrile UTIs. 

In summary, late 6-month cortical defects and VUR, 
which can be independently predicted in children with 
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APN, and recurrent UTI, may be associated with the pre-
sence of late cortical defects and VUR. Renal cortical de-
fects in late 6-month DMSA scan may also independently 
predict the persistence of long-lasting renal scars in children 
with APN. APN on RBUS does not appear to predict the 
incidence of acute cortical defects established with DMSA 
renal scan and hydronephrosis on RBUS may not be corre-
lated with the presence of VUR in children with APN. Thus, 
there may be some limitations in determining VCUG tests 
based on abnormal RBUS according to the current AAP 
guidelines12). The late DMSA renal scan may be better than 
initial renal sonography for predicting VUR, especially if 
remnants of cortical defects are found in the renal scan 6 
months later after APN. When patients or their caregivers 
refuse or hesitate to perform VCUG, the late DMSA scan 
is a handy tool in determining the performance of VCUG. 
Late DMSA renal scan is also recommended for patients 
with VUR or with UTI relapse within 6 months after first 
febrile UTI. If the late DMSA scan reveals a cortical defects 
in children with first febrile UTI, a long-term follow-up of 
patients for at least 18 months is required to evaluate pa-
tient recovery.  

This study has some limitations. First, it is a small retro-
spective study conducted in a single center and involves a 
small number of patients undergoing 18-mo DMSA scans 
due to follow-up loss. In the future, larger, multicenter, pro-
spective studies are needed to elucidate the role of late 
DMSA renal scan in predicting VUR and permanent renal 
scarring in children with febrile UTIs. Second, there may 
be a selection bias because not all patients with febrile UTI 
were enrolled and only patients with both late DMSA scan 
and VCUG findings were selected as subjects. Third, the 6- 
and 18-mo DMSA scans revealed old and new cortical de-
fects, which cannot be defined as simply late cortical defects 
or long-lasting renal scars. 

In conclusion, the presence of cortical defects in late 6- 
month DMSA renal scan may independently predict the 
presence of VUR, high-grade VUR, and long-lasting renal 
scars in children with their first febrile UTI.The relapse of 
UTI, high-grade VUR and late cortical defects might be 
closely associated with APN in children. Acute DMSA 
renal scan can be omitted in a few patients with febrile 
UTIs while late renal scan might be needed in other high-
risk children. Further studies are needed to develop tailored 

and individualized management plans for children with 
their first febrile UTIs.
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