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Implication for health policy/practice/research/medical education:
DMSA (99mTc dimercaptosuccinic acid)  renal  scintigraphy  should  be  considered  as  a  gold  standard  method  for  evaluating  
the  pediatric  urinary tract infection.  Therefore  voiding cystourethrogram should  be  recommended  only  in  patients  with  
abnormal  DMSA  scan.
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Introduction: Acute pyelonephritis is a common disease in children leading to permanent renal 
function impairment due to renal scarring with the risk of later hypertension. 
Objectives: The aim of this study was to assess the role of initial 99mTc dimercaptosuccinic acid 
(DMSA) scintigraphy for detecting the early renal parenchymal damage in children with the first 
episode of acute pyelonephritis (APN).
Patients and Methods: This study was conducted among 161 hospitalized children with the 
first clinically episode of APN from January 2008 to April 2013 in pediatric clinical research of 
development center in Qom, Iran. DMSA renal scintigraphy, ultrasonography (US), erythrocyte 
sedimentation rate (ESR), urine analysis and culture were performed in all patients. DMSA renal 
scan and voiding cystourethrogram(VCUG) was done within 15 days and one month after the 
diagnosis of APN using the standard protocol, respectively. 
Results: Children with the first episode of acute pyelonephritis aged 1 month to 12 years were 
enrolled in this study. There were no statistically significant correlations between initial decreased 
uptake detected by DMSA renal scan with age, gender, body temperature, CRP levels or ESR. The 
positive and negative predictive values (PPV, NPV) of diminished uptake on DMSA renal scans for 
detecting the presence of VUR on VCUG were (43.2%) and (93.3%), respectively. 
Conclusion: Children with a normal DMSA renal scan during their the first episode of UTI rarely 
have VUR. Avoidance of VCUG in children with negative DMSA renal scans could significantly 
eliminate the use of this potentially traumatic test.
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Introduction
Acute pyelonephritis is a common disease in children 
leading to permanent renal function impairment due 
to renal scarring with the risk of later hypertension. 
Sometimes diagnosis of urinary tract infection (UTI) is 
difficult because the clinical and laboratory findings are 
nonspecific. According to the previous meta-analysis, the 
incidence of renal scarring following acute pyelonephritis 
(APN) was from 26.5% (Australia) to 49.0% (Asia) (1). 

There are several risk factors for renal scar in children 

after UTI including age, gender, recurrent infection, degree 
of fever, treatment delay and presence of vesicoureteral 
reflux (VUR). In addition, uropathogenic bacteria, host 
defense factors and genetic susceptibility are considered 
as other probable factors. The effect of inflammatory 
mediators on scar formation has been studied previously 
(2).

The diagnosis of APN is conducted by clinical and 
laboratory findings. Before 2006, voiding cystourethrogram 
(VCUG) was recommended by pediatric societies for all 
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children with the first episode of UTI (3), but according 
to 2007 guideline published by the National Institute of 
Health and Clinical Excellence, invasive procedure for 
detecting VUR was obviated (4). Accordance to 2011 
American Academy of Pediatrics (AAP) guideline, VCUG 
is not necessary for all children with the first episode of 
UTI (5). 

Technetium 99 dimercaptosuccinic acid (DMSA) is 
considered as the current gold standard for the detection 
of renal parenchymal involvement (6). DMSA renal 
scintigraphy is the most sensitive and reliable method for 
detecting APN and renal scars in pediatric population 
(7-9). Specificity of this method for detecting the APN 
is 100 % (8). Therefore, DMSA should be considered to 
manage the first episode of childhood febrile UTI, rather 
than sonography or VCUG (10,11). Sensitivity of DMSA 
scan for differentiation between APN and cystitis is about 
90%, using DMSA scintigraphy (12). Normal DMSA 
has high negative predictive value for rule out the high 
degrees of VUR (grades 3 to 5). On the other hand, when 
the initial DMSA is normal, the occurrence of renal scar 
is rare (12). In patients with symptomatic UTI, VCUG 
should be considered to determine the presence of VUR. 
There are controversial issues about the treatment of renal 
abnormalities which are detected by VCUG (13). Because 
the identification of VUR in patients with negative DMSA 
finding is rare, performing VCUG has been proposed only 
in patients with abnormal DMSA (13).

Objectives
We carried out a prospective study of 161 Iranian children 
referred to pediatric medicine research center with first 
clinically episode of APN for assessing the relationship 
between DMSA findings with clinical, laboratory and 
sonographic findings and to find the role of DMSA scan 
for early diagnosis of APN. 

Patients and Methods
Study population
This prospective study was conducted among 161 
hospitalized Iranian infants and children (31 boys and 130 
girls) aged 1 month to 12 years (mean age: 35.37 months) 
with a first clinically suspected episode of APN. The study 
was carried out in pediatric medicine research center from 
January 2008 to April 2013.

Tc-99m DMSA renal scintigraphy, ultrasonography 
(US), erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), white blood cell count (WBC), urine 
analysis and culture and VCUG were conducted for all 
patients. 

Inclusion criteria
Evidence of APN included high fever (>38.5℃), dysuria, 
abdominal pain, vomiting, and ≥10 leukocytes/mL in 
high power field (HPF) examination of urine and positive 
urine culture.

Exclusion criteria
Previous history of UTI, concurrent urogenital 
abnormality or uropathy except VUR were considered as 
exclusion criteria. 

All patients received a standardized clinical examination 
including abdominal and lumbar palpation, temperature 
and blood pressure measurement. Laboratory tests 
including complete blood count, ESR, CRP were 
performed for all patients. All children with proven 
UTI underwent ultrasonography. DMSA renal scan and 
VCUG was done within 15 days and one month after the 
diagnosis of APN using a standard protocol, respectively 
(14,15). APN was diagnosed by high fever (≥38.5℃), 
ESR ≥20 mm/h, CRP≥ 10 mg/L, WBC ≥ 15000/mm3, 
pyuria ≥10 cell/ HPF of urine and positive urine culture 
(16). Culture of ≥105

 colony-forming units/ml of a single 
urinary tract pathogen in midstream urine or 5×104 colony 
in urine obtained by catheter, since more than one colony 
of gram negative bacteria in suprapubic urine sample 
were considered as positive culture. Sonographic data 
including decreased or increased cortical echogenicity 
or reduced cortico-medullary differentiation with or 
without focal or diffuse renal enlargement, irregularity of 
renal outlines and decreased in parenchymal mass were 
considered as APN findings. Abnormal DMSA scan was 
determined by the presence of renal scars, focal or diffuse 
areas with decreased radionuclide uptake or thinning the 
renal cortex. On DMSA scan, APN was defined by the 
presence of focal or diffuse areas with decreased uptake 
of radionuclide or diffusely reduced uptake in an enlarged 
kidney.

Renal scarring was determined by the presence of 
decreased radionuclide uptake (17-19).

Ethical issues
Human rights were respected in accordance with the 
Helsinki Declaration 1975, as revised in 1983. The study 
protocol was approved by the research ethics committee 
of pediatric medicine research center of Qom University 
of Medical Sciences and Health Services (Ref #D/24/185). 
This paper is part of M.D, thesis of Mojtaba Sabahi 
Fakher (#93-01-01-8260), in conducted in department of 
nephrology of this university.

Statistical analysis
The descriptive statics were expressed as mean ± SD. 
The statistical analysis was performed using SPSS 16.0. 
Accordingly paired t test, was applied to assess of variants. 
P value ≤ 0.05 was considered significant.

Results
A total of 161 Iranian infants and children, 19.7 % boys 
(n=31) and 81.3 % girls (n=130), were enrolled in this 
study. Their median age was 36.37 months with age 
distribution one month to 12 years. DMSA scintigraphy 
showed changes consistent with APN in 86.3 % (n=139) 
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of patients. The sensitivity and specificity DMSA scan 
for diagnosing of UTI was 86% and 91% respectively, 
but it cannot differentiate between the injury by UTI 
and congenital kidney damage. While we had excluded 
the patients with underline kidney disease and also the 
patients with history of previous UTI, we considered all 
cases of abnormal DMSA as APN.
Frequency of clinical and laboratory finding of patients is 
shown in Table 1. 
 Since, many cases but not all patients with APN have fever, 
however in patients without fever, the diagnosis of APN 
was conducted by other clinical presentation and positive 
urinary culture. Relationship between the findings of 
DMSA scan and gender, age, fever, urinary symptoms, 
ESR and CRP level, ultra-sonographic finding, presence 
and VUR grading are indicated in Table 2. 
There was no significant relationship between fever, 
urinary symptoms, ESR and CRP level and severity 
of DMSA abnormality, whereas DMSA findings were 
significantly higher in females and also in patients with 
VUR. Relation of abnormal DMSA finding and VUR was 
presented in Figure 1. 

Renal ultrasonography
Abnormal renal ultrasound results were seen in 20 (12.4%) 
children. In all patient within this group, DMSA results 
were abnormal since VUR was detected in their VCUG.

DMSA scintigraphy
DMSA scans were performed during 7 to 14 days after 
admission (median of 10 days). Abnormal DMSA scan 
results were found in 139 (86.3%) children. Among them, 
117 (72.7%) were shown mild abnormality. In 42(26%) 

patients with mild DMSA abnormality, VUR were detected 
while only one patient with normal scan had VUR.
Within 52 children with negative urine culture and clinical 
and laboratory evidence of UTI, the DMSA scan showed 
parenchymal involvement in 84.6% of them (n=44).

Vesicoureteral reflux 
VCUG was performed in all patient after obtaining a 
negative urine culture, since VUR was presented in 64 
children (39.8%). High grade of VUR (grades 3 to 5) was 
diagnosed in 57 cases (35.5%). Forty-one patients had 
VUR grade 3. Eight children showed VUR grade 5, and 8 
of them were presented in grade 4. 

Discussion
The aim of this study was to determine the role of DMSA 
scan in early diagnosis of APN and detection of VUR 
by comparing the results of DMSA and VCUG. We also 
sought to determine the correlation between clinical, 
laboratory and ultra-sonographic data with DMSA 
finding.

In our study 19.3% and 80.7% of patients with first APN 
were male and female respectively.

According to other studies results, positive DMSA 
finding in girls was significantly more than boys (19,20). 
In this study, evidence of APN was detected in 86.3% of 

Table 1. Frequency of clinical and laboratory finding in patients

Frequency Percent

Fever 96 59.6
Urinary symptoms 85 52.8

Hematuria 50 31.1

Pyuria 129 80.1

High CRP 68 42.2

High ESR 90 55.9

Positive urine culture 109 67.7

APN sonographic changes 20 12.4

APN DMSA Finding 139 86.3

VUR 64 39.8

Grade 1 0 0

Grade 2 7 4.3

Grade 3 41 25.5

Grade 4 8 5
Grade 5 8 5

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation 
rate; APN, acute pyelonephritis; DMSA, dimercaptosuccinic acid; VUR, 
vesicoureteral reflux.

Table 2. Relationship between DMSA finding and clinical and laboratory 
data

DMSA abnormality
P value

Positive Negative
Male 21 (67.7%) 10 (32.3%)

˂ 0.05
Female 118 (90.8%) 12 (9.2%)
High fever 83 (86.5%) 13 (13.5%) 0.956
Urinary symptoms 78 (91.8%) 7 (8.2%) 0.034
Hematuria 43 (86%) 7 (14%) 0.934
Pyuria 113 (87.6%) 16 (12.4%) 0.349
Leukocytosis 38 (86.4%) 6 (13.6%) 0.995
Positive CRP 57 (83.8%) 11 (16.2%) 0.428
High ESR 81 (90%) 9 (10%) 0.127
Positive urine culture 95 (86.3%) 44 (31.7%) 0.661
Escherichia coli 65 (82.3%) 14 (17.7%)

 0.542

Klebsiella spp. 12 (100%) 0
Staphylococcus aureus 2 (100%) 0
Proteus spp. 6 (100%) 0
Pseudomonas aeruginosa 5 (100%) 0
Citrobacter spp. 3 (100%) 0
Others 2 (100%) 0
APN sonographic finding 20 (100%) 0  0.057
VUR 63 (98.4%) 1 (1.6%) 0.0001
Grade 1 76 (78.4%) 21 (21.6%)
Grade 2 6 (85.7%) 1 (14.3%)  0.0006
Grade 3 41 (100%) 0
Grade 4 8 (100%) 0
Grade 5 8 (100%) 0

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation 
rate; APN, acute pyelonephritis; DMSA, dimercaptosuccinic acid; VUR, 
vesicoureteral reflux.
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patients on DMSA finding that was similar to the rate 
of earlier reports (12,19). VUR was found in 39.8% of 
children with first UTI. 

Although one patient had VUR despite normal DMSA 
scan, the VUR was graded as mild. It means that in the 
presence of normal DMSA, probability of high grade VUR 
is low. If we regard a small number of patient with low 
grade VUR (grades 1 and 2), VCUG could be omitted 
in the presence of normal DMSA, which is potentially 
traumatic. 

We found, parallel to increased reflux grading, 
abnormal DMSA finding was increased significantly. 
Therefore, children with high grade of VUR (more than 
grade 3) will get benefit from antimicrobial prophylaxis, 
because previous report showed in the presence of high 
grade VUR (grades 3 and more), the risk of APN will be 
high (21), however using antimicrobial agents in VUR 
grades 1 or 2 is challenging (22-24). Regarding the study 
by Friedman et al, presence of UTI with non E. coli agents 
was associated with higher reflux grading; however in our 
study, this correlation was not found (25).

According to the Jodal and Rosenberg, most patients 
with abnormal DMSA scan had VUR. According to the 
study by Abdelhalim et al, top-down approach can strict 
the VCUG numbering (26) but Wongbencharat et al 
detected performing VCUG, 6 months after infection, 
has more sensitivity for diagnosis of high grade VUR 
(9). Shaikh et al demonstrated both ultrasonography and 
DMSA do not have enough accuracy for detection of VUR 
(27). Correlation between CRP, ESR, leukocytosis, fever 
and urinary finding such as hematuria and pyuria was 
not compatible with previous studies (28,29). Sixty-eight 
percent of patients had positive urine culture, without 
any significant correlation between fever and positive 
urine culture. In fact in some UTI episodes, fever was not 
detected. Previous studies showed negative urine culture 

could not rule out the UTI (30), due to increased urine 
output, high fluid intake, and slow growth uropathogens 
such as Staphylococcus saprophyticus which make low-
count bacteriuria in the absence of previous antibiotic 
using (31).
In this study, 84.6% of patients with negative urine 
culture had positive DMSA findings and there was no 
correlation between positive urine culture and urinary 
tract imaging data including sonography or DMSA 
scan. On the other hand, the rate of positive data scan 
in patients with positive and negative urine culture was 
equal, because the patients with APN could have negative 
DMSA finding. Normal ultra-sonographic findings 
were detected in 87.6% of cases, whereas 89.4% of these 
patients had abnormal DMSA scan. Abnormal ultrasonic 
results demonstrating APN were found in 12.4% (n=20) 
of patients with defective DMSA, while there was any 
positive sonographic abnormality in APN with normal 
scan. According to previous studies, sonography cannot 
be a sensitive method for the diagnosing of APN (32,33), 
while ultrasound study could be helpful for detecting 
anatomical evaluation. Sorkhi et al showed low grade VUR 
cannot be predicted by ultrasonography or DMSA scan or 
by both of them (34). We found in the presence of negative 
urine culture, DMSA scintigraphy can help the physician 
to determine whether the VCUG is necessary or not. In 
the absence of decreased uptake in DMSA, detecting the 
VUR in VCUG is not probable. We recommend VCUG 
should be considered when results of DMSA show 
decreased uptake.

Conclusion
Lack of adequate characteristic data in neonatal 
and pediatric UTI has resulted in some difficulty 
in differentiation of lower and upper UTI. Renal 
ultrasonography, DMSA and VCUG findings have 

 

ABNORMAL DMSA NORMAL DMSA
ABNORMAL VCUG 98.4 1.6
NORMAL VCUG 78.4 21.6
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Figure 1.  Relationship between abnormal DMSA finding and VUR.
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important roles in the diagnosis of APN. There is no 
significant correlation between gender, duration of fever 
before antibiotic administration, leukocytosis, elevated 
ESR, and high levels of CRP with severity of renal damage. 
DMSA scan should be considered as a gold standard 
method for evaluating the pediatric UTI. Therefore 
VCUG should be recommended only in patients with 
abnormal DMSA scan. However, further investigation 
will be necessary for using a DMSA scan as the primary 
imaging study in the first episode of pediatric UTI.
 
Limitations of the study
The small proportion of patients included in this study 
was one the limitations of this research.
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