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ARTICLE INFO ABSTRACT
Article type: Background: Renal scintigraphy with technetium 99m labeled dimercaptosuccinic acid
Brief Report (99mTc-DMSA) is a traditional imaging technique commonly used to detect renal scar in
patients with probable vesicoureteral reflux (VUR) and/or urinary tract infection (UTIs).
Article history: We determined whether normal results of DMSA renal scan obviate the need for voiding
Received: 05 Mar 2012 cystourethrography (VCUG) in evaluating children with UTIs.
Revised: 11 Jul 2012 Materials and Methods: We observed medical records from June 2006 to April 2007 retro-
Accepted: 25 Jul 2012 spectively of 208 children admitted with community acquired UTIs to Mofid children hos-
pital (Tehran, IR/Iran) a teaching hospital in Tehran in which their age was between 2-120
Keywords: months. The association between DMSA renal scan results and VCUG findings performed 48
Urinary Tract Infections hours and 1 month after the diagnosis was evaluated. To examine the accuracy of abnormal
Technetium Tc 99m Dimercaptosuccinic Acid DMSA results in predicting VUR, sensitivity, specificity, positive predictive value (PPV), nega-
Vesico-Ureteral Reflux tive predictive value (NPV) and negative and positive likelihood ratio (LRs) were calculated.
Child Results: VUR was seen in 14.0% of renal units with normal results of DMSA and 17.3% of re-

nal units with abnormal DMSA findings. High grade VUR (grade III-V) was seen in 18 (7.1%)
of the abnormal findings of DMSA group and in (2.8%) 1 of the normal DMSA results group
(P=0.56). In the group with previous UTI (n = 68), the sensitivity and NPV of abnormalities
on DMSA renal scan for detecting the presence of VUR (grade III-V) were 100%, and100%, re-
spectively. In the group without evidence of previous UTI, the sensitivity and NPV of abnor-
malities on DMSArenal scan for detecting the presence of VUR (grade I1I-V) were 93% and 97%,
respectively. Totally the sensitivity and NPV of abnormalities on DMSA renal scan to detect
the presence of VUR (grade III-V) were 94% and 97%, respectively.

Conclusions: As a screening test, DMSA renal scan is a high sensitive technique to assess
VUR (grade I1I-V) in children with UTL
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» Implication for health policy/practice/research/medical education:

Pyelonephritis is a common infection in children, and because of high association between pyelonephritis and Vesicoureteral Re-
flux, and difficulty in performing Voiding Cystourethrography in children, we decided to evaluate the rule of DimercatoSuccinic
Acid in prediction of Vesicoureteral Reflux in pediatric Group.
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1. Background

Significant numbers of young children develop a symp-
tomatic, culture-confirmed urinary tract infection (UTIs)
which may present with fever, cloudy urine, failure to
thrive or nonspecific symptoms (1). Urine analysis has
been acknowledged as a useful initial tool for investiga-
tion of UTIs. Urine culture, is necessary for the diagnosis
of UTI in children whenever there is a clinical suspicion,
or if urine dipstick testing results shows positive leuko-
cyte esterase or nitrite activity (2).

In most affected children, vesicoureteral reflux (VUR) can
be considered as the main underlying etiology and a seri-
ous risk factor for UTIs. In this context and due to frequent
recommendations, routine imaging studies are used to
improve the accuracy of diagnostic approach in children
suggestive of VUR. A sensitive and specific traditional
imaging technique commonly used to detect renal scars
in children with UTI is renal scintigraphy with techne-
tium99m labeled dimercaptosuccinic acid (99mTc-DMSA).
Voiding cystourethrography (VCUG) identifies those with
VUR, however neither VCUG nor DMSA is used specifically
as a single diagnostic test to identify febrile UTI (3).

Although high efficacy of DMSA to confirm VUR has
been proven in some studies, some other studies includ-
ing infants with UTIs have shown that dilating VUR may
occur when early DMSA scintigraphic results are normal.
In fact, some previous studies have reported very low
specificity and negative predictive values of DMSA in chil-
dren with VUR (4, 5), while some other reports confirmed
increased negative predictive value of both-tests strategy
(VCUG plus DMSA) (6).

Significant relationship exists between VUR (grades III -
V) and permanent renal damage (7) but Nondilating VUR
(grades I-II) has low significance (8) and further follow up is
not necessary in treatment protocol of these children with
UTI(9). There remains considerable controversy over which
way is the best to investigate children with UTL

2. Objectives

The aim of the present study was to identify VUR among
children with UTI by DMSA versus the gold standard of
VCUG and examine the effectiveness of routine investiga-
tion by DMSA versus VCUG in infants with suspected UTIs.

3. Materials and Methods

We observed the medical records from June 2006 to
April 2007 retrospectively of 208 children admitted with
community-acquired UTI to Mofid children hospital
(Tehran, IR Iran), a teaching hospital in Tehran. Inclusion
criteria included: children with clinical symptoms com-
patible with UTI i.e. fever > 37.5°C (axillary) and any symp-
tom of (dysuria, frequency, urgency, flank pain). Child
was considered as UTI case if the following criteria were
observed: clinical symptoms plus pyuria, (>10 WBC/HPF),
or symptoms compatible with UTI Plus positive nitrite
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test, or symptoms plus pyuria plus one positive culture
> 10° colony/mm?* with clean catch method (midstream
or bag after genital wash with water and bag placement
for 30 minutes in children < 3 years old or positive pyuria
plus bacteriuria plus one positive culture with one mi-
croorganism with > 10° colony/mm?® of urine with clean
catch method. Children with recurrent UTIs with medi-
cal documentation such as medical record and previous
positive urinalysis/culture results were also included. Ex-
clusion criteria included: 1) Children with UTIs that were
already hospitalized for other reasons and had normal
urinalysis results at admission. 2) Those with manifesta-
tions or suggestive of obstructive uropathy on ultrasono-
grams. 3) Children with a chronic urinary disorder, such
as neurogenic bladder, or a congenital disorder, includ-
ing anatomic defects and meningomyelocele. Informed
written consent was obtained; moreover they were not
incurred for any extra charge. The following data was
recorded: gender, age and weight at diagnosis, clinical
manifestations, and blood and urine culture results. A
patient’s urine was cultured if abnormal results of dip-
stick, (positive leukocyte esterase or nitrite) or micros-
copy (pyuria > 10 cells/high-power field) tests were found
or if UTI was clinically suspected. All urine specimens for
culture were collected using Clean Catch method and
were immediately sent to culture. Children with proven
infections underwent DMSA renal scan within 2 days and
VCUG within 1 month after acute infection. Technetium
99m labeled dimercaptosuccinic acid (99mTc-DMSA). Re-
nal scanning was performed according to a standard pro-
tocol (10). A positive DMSA result was defined as scarring;
focal or diffuse areas of reduced radionuclide uptake;
large, small, or no kidneys or abnormal differential func-
tion. Renal scarring was defined as the presence of de-
creased radionuclide uptake associated with loss of the
uniform outline or the presence of cortical thinning with
decreased volume (11). The classification of vesicoureteral
reflux (VUR) in VCUG reports (grade I-V) was performed
according to the international reflux study in children
(12). The interpretations of DMSA scintigraphy and VCUG
findings were performed by a single experienced nuclear
medicine consultant and a single pediatric radiologist,
respectively, which were blinded to the patients’ clini-
cal and laboratory characteristics. We divided the study
cases into two groups based on presence of previous UTI
to assess its effect on DMSA scan results. To examine the
accuracy of abnormal DMSA scintigraphic results (consis-
tent with acute pyelonephritis) in predicting VUR, sensi-
tivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and negative and positive likeli-
hood ratio were also calculated. We used chi-square test
or Fisher’s exact, Mann-Whitney test for qualitative and
T test for quantitative variables. P values of 0.05 or less
were considered statistically significant. All the statisti-
cal analyses were performed using SPSS version 16.0 (SPSS
Inc., Chicago, IL, USA).
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4.Results

We retrospectively identified 208 children who pre-
sented with community acquired UTI, including 38 boys
(18.3%) and 170 girls. 23% had a positive history of UTI but
77% gave no history of any previous UTI. Age range was
2-120 months (28 £ 26 months) and weight range was 3.2-
47 Kilograms (12 £ 6.4 Kgs).

The Age and Weight and the laboratory parameters of the
patients in PreUTI (history of previous UTI) positive and
Negative groups are shown in Table 1. Erythrocyte sedimen-
tation rate (ESR) was more than 60 mmj/hr in 36.6% of the pa-
tients. Urinary RBC and WBC counts were reported ‘many’ in
8.6%and 30.7% of the children, respectively.

40 of 208 patients did not undergo DMSA for various
reasons including refusal by their parents, rural location,
and low socioeconomic status, but age and weight vari-
ables were not different statistically between two groups.
Therefore, 168 children underwent DMSA within 2 days
after the diagnosis of a febrile UTI and thus 336 renal
units were included into the study (each pair of kidney
is equivalent to two renal units). Abnormal DMSA scinti-
graphic results, suggestive of acute pyelonephritis, were
found for 286 of 336 renal units. There were no significant
differences in sex ratio, positive blood culture, positive
CRP, detected hematuria, between the children with ab-
normal and normal DMSA findings. However, previous
UTI was more prevalent in the former group (P = 0.01).

VCUG was performed in 290 renal units one month after the
diagnosis and showed evidence of VUR in 49 (16.9%). VUR was
detected in 5 (14.0%) of 36 renal units with normal DMSA re-
sults and 44 (17.3%) of 254 renal units with abnormal DMSA re-
sults, in which high grade VUR (grade III-V) was detected in 18
(7.1%) of the abnormal DMSA group and in1(2.8%) of the normal
DMSA group (P=0.56). In the group with previous UIT (n =68),
the sensitivity and specificity of abnormalities on DMSA renal
scan to detect the presence of VUR (grade [l - V) on VCUG were

100%and 6%.The PPV and NPV were 1% and 100%, The LR positive
and negative for summarizing the utility of DMSA for ruling
out the VUR (grade IlI-V) on VCUG was 1.06 and 0, respectively.

In the group without evidence of previous UIT, the sensi-
tivity and specificity of abnormalities on DMSA renal scan
to detect the presence of VUR (grade III - V) on VCUG were
93% and 15%. The PPV and NPV were 8% and 97%, respective-
ly. The LR positive and negative values for summarizing
the utility of DMSA for ruling out the VUR (grade III- V) on
VCUG were 1.09 and 0.46 respectively (Table 2).

5. Discussion

In this study, we evaluated whether early DMSA scinti-
graphic results ruled out the presence of high grade di-
lating VUR in children with symptomatic, community-
acquired UTIs. In fact, we assessed the predictive power of
DMSA compared to VCUG to predict VUR. In our research,
about 85% of the children with UTIs had evidence of py-
elonephritis on renal scanning with DMSA, which was a
little higher than the rate in previous reports (13-15).

In our study, 16.9% of children with UTIs had VUR on
VCUG, which was lower than the rate in previous reports
(15). Of the renal units showing reflux, 7.1% had grade III
to V reflux which was considerably lower than what was
reported in the Tseng et al. study (4). The NPV of pyelo-
nephritis on DMSA renal scans to detect the presence of
high grade VUR on VCUG in both children with or with-
out history of UTIs was high (100% and 97%, respectively),
which was in concordance with the previous retrospec-
tive study by Hansson (7), but was higher than what was
reported by Hoberman (14). In addition, high sensitivity,
high NPV, and very little negative LR of pyelonephritis on
DMSA renal scan to detect the presence of VUR on VCUG
were found in both groups (7, 14). As shown in this study,
DMSA scintigraphy is a high sensitive test and is consid-
ered as the gold standard for diagnosis of renal damage

Table 1. Baseline Variables in PreUTI Negative and Positive Cases

PreUTI Positive (n =48) PreUTI Negative (n=160) P-value Confidence Interval 95%
UAWBC 243%13 24 £15 NS -3.5-3.9
UARBC 5.4+8 437 NS -0.8-3
ESR 46.2+23 43.8+30 NS -6.1110.7
Age, mo 39+32 26+24 <0.01 6.3-20.2
Weight 131462 1.9+7 NS 033
WBC 12239 +3600 12832+ 5600 NS -20.7-831
HCT 34.2+18 32.2t5 0.004 0.6-3

Abbreviations: PreUT], a history of previous urinary tract infection; NS, non-significant

Table 2. Sensitivity and Specificity and PPV and NPV and Positive and Negative LR of Abnormality on DMSA renal scan to detect the presence of VUR (grade
11 - V) on VCUG in Total patients and children with UTI with or without history of previous UTI

History of Previous UTI Sensitivity, % Specificity,% PPV,% NPV,% Positive LR Negative LR
Total Patients 94 12 7 97 1.06 0.5

Patients without Previous UTI (n = 68) 93 15 8 97 1.09 0.49
Patients with Previous UTI (n = 222) 100 6 1 100 1.06 0

Abbreviations: DMSA, dimercaptosuccinic acid; PPV, Positive Predictive Value; NPV, Negative Predictive value; VCUG, voiding cystourethrography;

VUR,vesicoureteral reflux; UTI, urinary tract infection
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(16, 17). We found a high sensitivity of 94%, a high nega-
tive predictive value of 97% and a low negative likelihood
ratio (0.5 totally and 0 in children with previous history
of UTI) of acute DMSA abnormality to detect VUR > grade
3, these results lower the risk of dilating VUR in children
with normal DMSA scan findings, the difterence among
VUR grades was not statistically significant (P = 0.56) but
only one child with normal DMSA values had VUR > grade
3.This means that a negative DMSA renal scanning result
decreases the probability of finding high grade VUR on
VCUG, and it is a strong predictor of the absence of high-
grade VUR in young children admitted with UTL In our
study, the reported PPV was very lower than what was
reported in previous reported studies, which shows that
we had cases with abnormal DMSA results without high
grade VUR, but its high NPV minimizes the risk of miss-
ing the presence of VUR in children with pyelonephritis.

In fact, our finding suggests that in children with a previ-
ous history of UTI(0.23% of total cases),a negative resulton a
DMSA renal scan can be used to replace VCUG to rule out the
possibility of high grade VUR which decreases the number
of VCUG performed for UTI, and is important because of the
drawbacks of this procedure, including unpleasantness to
the child, possible risk of secondary infection, radiation ex-
posure, and common refusal by parents to have their child
tested. Our study reveals that this screening procedure is ef-
fective to detect high grade VUR in children with UTIs.

This study limitation was its retrospective pattern so we
could not follow the patient results in future. The study
was conducted in only one hospital but Mofid children
hospital is a referral center. The missed cases were un-
avoidable because Iranian people do not desire to per-
form VCUG as an invasive procedure.

In children especially with a previous history of UTI (0.23%
of total cases), VCUG can be omitted safely after a normal
DMSA scan result, and at least in parents who refuse to per-
form VCUG, having a normal DMSA scan findings can be a
reliable predictor of absences of VUR > grade I1], in total cas-
es and children with no previous history of UTI high sensi-
tivity and NPV of DMSA makes it a reliable test and low speci-
ficity and PPV cannot decrease its value as a screening test.
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