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In children with urinary tract infection reduced kidney length
and vesicoureteric reflux predict abnormal DMSA scan
Stefano Guarino1, Daniela Capalbo1, Nunzia Martin1, Giuseppina Campana1, Pier Francesco Rambaldi2, Emanuele Miraglia del Giudice1,
Angela La Manna1 and Pierluigi Marzuillo 1

BACKGROUND: To evaluate sensitivity, specificity, and positive and negative predictive values (PPV and NPV, respectively) of renal
ultrasonography (US) in predicting renal uptake defects or reduced renal function at Tc-99m dimercaptosuccinic acid (DMSA) scan
(primary outcome). We also evaluated which factors could be associated with Tc-99m DMSA renal scan anomalies.
METHODS: We retrospectively included all the patients with vesico-ureteral reflux (VUR) undergoing the first Tc-99m DMSA renal
scan within 3 months from the most recent renal US between 2016 and 2018.
RESULTS: Sensitivity, specificity, PPV, and NPV of US in predicting abnormal Tc-99m DMSA scan were 38.9%, 91.5%, 71.9%, and
72.9%, respectively. Different length between the kidneys, expressed as standard deviation score (SDS), showed an area under the
receiver operating characteristic curve of 0.70 (95% CI, 0.60–0.80; p < 0.0001) when evaluated as predictor of abnormal Tc-99m
DMSA scan. A different length between the two kidneys >1.11 SDS had 91.5% sensitivity and 57.6% specificity. At multivariate
analysis, the factors with significantly increased odds ratio of abnormal Tc-99m DMSA scan were difference in length between two
kidneys >1.11 SDS and dilated VUR.
CONCLUSIONS: The Tc-99m DMSA scan remains the gold standard to detect renal parenchymal anomalies. A different length
between the kidneys >1.11 SDS and dilated VUR are predictors of abnormal Tc-99m DMSA renal scan.
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INTRODUCTION
In the past, urinary tract infections (UTIs) were considered as major
determinants of vesico-ureteral reflux (VUR) nephropathy.1

Despite febrile UTIs can determine renal scars in predisposed
subjects and in the presence of specific conditions,2,3 it has been
shown that the VUR nephropathy could be determined by a
congenital renal dysplasia associated with VUR.4,5 At the present
time, the Tc-99m dimercaptosuccinic acid (DMSA) renal scan
represents the diagnostic gold standard for parenchymal uptake
defects.6

In the past decades, the Tc-99m DMSA renal scan was a
constant exam in the diagnostic imaging procedures of a child
having presented a febrile UTI.7 Moreover, the top–down
approach recommended Tc-99m DMSA renal scan during the
first febrile UTI and a late Tc-99m DMSA renal scan if the first was
positive.8 However, the current guidelines for the management of
a first febrile UTI in children have been modified, favoring less
aggressive imaging strategies. The American Academy of Pedia-
trics does not recommend Tc-99m DMSA renal scan,9 while
National Institute for Clinical Excellence10 and Italian society of
Pediatric Nephrology11 suggest it 4 months10 or 6 months11

following UTI if atypical UTI or if VUR grade IV/V was observed,
respectively.
Since Tc-99m DMSA renal scan exposes children to a

non-negligible dose of ionizing radiations,12 it could be useful
in the clinical practice to identify predictive factors of
renal anomalies at Tc-99m DMSA scan to further optimize

the execution of this technique with a radiation-sparing
approach. Therefore, we designed a retrospective diagnostic
test accuracy study in which the reference standard was the
Tc-99m DMSA scan and the test was the renal ultrasonography
(US). The aims of our study were to evaluate sensitivity,
specificity, and positive and negative predictive values (PPV
and NPV, respectively) of renal US in predicting renal uptake
defects or reduced renal function at Tc-99m DMSA scan (primary
outcome) in overall population and in patients having shown
only one febrile UTI, recurrent febrile UTIs, and no UTIs before
the VUR diagnosis. We also evaluated which factors could be
associated with Tc-99m DMSA renal scan anomalies (secondary
outcomes).

PATIENTS AND METHODS
Inclusion/exclusion criteria
We retrospectively included all the patients with VUR undergoing
the first Tc-99m DMSA renal scan between April 2016 and April
2018. Inclusion criteria were: (i) Tc-99m DMSA renal scan made
within 3 months from the most recent renal US; (ii) Tc-99m DMSA
renal scan made at least 4 months after the last UTI in patients
who had presented UTI.10,13 The study was approved by our
Research Ethical Committee. Informed consent was obtained
before any procedure.
Exclusion criteria were: (i) congenital solitary functioning kidney;

(ii) suspect of obstructive uropathies (posterior urethral valve,
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megaureter (>10mm), and pyelectasis (>15mm)); (iii) acute
events between US and Tc-99m DMSA renal scan; (iv) denied
consent.

VUR diagnosis
As usually made in the clinical practice of our center, VUR had
been diagnosed with cystography in males and with cystoscinti-
graphy in females. For the patients who had presented a febrile
UTI, we followed the recommendations of the Italian Society of
Pediatric Nephrology when screening which patients to submit
cystography/cystoscintigraphy.14 Otherwise, we selected the
patients to submit cystography/cystoscintigraphy on the basis of
US risk factor for VUR.15

Clustering of VUR grades was adapted, classifying Grades III–V
as “dilated” and Grades I–II as “non-dilated.”16

UTI definition
Febrile UTIs were defined by the presence of urinary leukocytes
and/or nitrites, positive urine culture, and fever >38 °C. Urine
culture was positive in the presence of ≥105 colonies/mL of a
single species on a sample obtained by midstream clean catch
specimens or sterile bag after cleaning of genital area17 or >104

colonies/mL on samples obtained by bladder catheterization. The
bladder catheterization was always employed in febrile non-toilet-
trained patients.
On the basis of UTIs, patients were divided into three groups:

patients having shown only one UTI (Group 1), recurrent UTIs
(Group 2), and no UTIs (Group 3) before the VUR diagnosis.

Definition of abnormal renal US
Renal US has been made by the same group of three pediatric
nephrologists with specific abilities in renal US. The standard
deviation score (SDS) of renal length was calculated as previously
described.18 The SDS of renal length was calculated when the
renal US was made. When we analyzed that retrospective data, we
obtained the difference in SDS between the length of the two
kidneys of each patient as follows: SDS of the longer kidney− SDS
of the shorter kidney.
Abnormal US was defined by renal length SDS <2 (defined as

“small kidney” in this manuscript), cortical defects (scars detected
at US), diminished corticomedullary differentiation, and hyper-
echoic renal cortex. Cortical defects, diminished corticomedullary
differentiation, and hyperechoic renal cortex were clustered as
“US-detected renal parenchymal anomalies” for the analyses in
this manuscript.

Definition of abnormal Tc-99m DMSA renal scan
The Tc-99m DMSA scan has always been made by the same
operator and in blind about the results of the renal US. Abnormal
Tc-99m DMSA scan was defined by relative renal function <45%
and/or cortical uptake defects.19

Statistical analysis
p Values <0.05 were considered statistically significant. Differences
for continuous variables were analyzed with the independent-
sample t test for normally distributed variables and with
Mann–Whitney test in case of non-normality. Qualitative variables
were compared by using X2 test. We calculated sensitivity,
specificity, PPV, and NPV of different parameters in predicting
renal uptake defects or reduced renal function at Tc-99m DMSA
scan. The difference in length between the two kidneys, expressed
as SDS, was evaluated as a potential predictor of abnormal Tc-99m
DMSA renal scan by receiver-operating characteristic (ROC) curves
analysis. We also made a ROC curve analysis for dilated VUR,
difference in length between two kidneys >1.11 SDS, and
combination of both of them, expressed as binary variables
(yes/no).

Logistic regression models were used to perform a univariate
and multivariate analysis of predictors of abnormal Tc-99m DMSA
renal scan. To explore associations with abnormal Tc-99m DMSA
renal scan, a univariate analysis was performed for the following
variables: age at VUR diagnosis (linear), gender (male/female), UTIs
(yes/no), recurrent UTIs (yes/no), dilated VUR (yes/no), abnormal
US (yes/no), small kidney (yes/no), US-detected renal parenchymal
anomalies (yes/no), and different length between the two kidneys
>1.11 SDS (yes/no). We decided to include in the multivariate
analysis all the possible variables with a p ≤ 0.10 at univariate
analysis and age and gender. The Stat-Graph XVII software for

Table 1. Patients’ characteristics.

Included patients, n (%) 165 (100)

Age (months) at VUR diagnosis, median (lower/upper
quartile)

9 (4/36)

Age (months) at Tc-99m DMSA renal scan, median (lower/
upper quartile)

16 (9/41)

Dilated VUR, n (%) 87 (52.7)

Bilateral VUR, n (%) 89 (53.9)

Number of UTIs before VUR diagnosis, mean (SDS) 1.35 (0.8)

Normal renal US and Tc-99m DMSA renal scan, n (%) 97 (58.9)

Normal renal US and abnormal Tc-99m DMSA renal scan,
n (%)

36 (21.8)

Abnormal renal US and normal Tc-99m DMSA renal scan,
n (%)

9 (5.5)

Abnormal renal US and DMSA scan, n (%) 23 (13.9)

Abnormal renal US
(n = 32)

a

b

Renal parenchymal anomalies

Renal parenchymal anomalies
and small kidney

Small kidney

Uptake defects

Uptake defects and
reduced relative function

Reduced relative function

n = 12

n = 9

n = 11

n = 26

n = 16

n = 17

Tc-99m DMSA renal scan anomalies
(n = 59)

Fig. 1 Radiological anomalies. a Renal ultrasonographic anomalies.
b Tc-99m DMSA renal scan anomalies. We found uptake defects
(scars) in 43 patients (17 with only uptake defects and 26 with
uptake defects and reduced relative function). The interval time
between the last UTI and Tc99m DMSA renal scan in these patients
was ≥6 months in 23 patients, ≥5 months and <6 months in
13 patients, and ≥4 months and <5 months in 7 patients.
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Windows was used for all statistical analyses except for the ROC
curve analysis that was performed with Graphpad Prism 7.

RESULTS
Patients’ characteristics
In the study period, we examined 298 eligible patients. Seventy-
seven patients were excluded because of a suspect of obstructive
uropathies, 40 for congenital solitary kidney, 12 for denied
consent to Tc-99m DMSA renal scan execution, and 4 for an
acute event between US and Tc-99m DMSA renal scan. Therefore
165 patients were included.
The patients’ characteristics are described in the Table 1.

Focusing on the radiological anomalies, abnormal renal US was
found in 32 patients while abnormal Tc-99m DMSA scan was
found in 59 patients (Fig. 1).
Tc-99m DMSA renal scan resulted abnormal in 6 out of 11

patients (54.5%) with isolated US-detected renal parenchymal
anomalies, in 8 out of 9 patients (88.9%) with US-detected renal
parenchymal anomalies and small kidney, and in 9 out of 12
patients (75%) with isolated small kidney (p= 0.22).

Primary outcome
Table 2 shows sensitivity, specificity, PPV, and NPV of renal US in
predicting abnormal Tc-99m DMSA scan in overall population and
in patients having shown only one UTI (Group 1), recurrent UTIs
(Group 2), and no UTIs (Group 3) before the VUR diagnosis.
The difference in length between the two kidneys, expressed as

SDS, was evaluated as potential predictor of abnormal Tc-99m
DMSA renal scan with the ROC curve analysis. The area under the
ROC curve was 0.70 (95% confidence interval (CI), 0.60–0.80; p <
0.0001). A different length between the two kidneys >1.11 SDS
had 91.5% (95% CI 84.5–96.1%) sensitivity and 57.6% (95% CI

44.1–70.4%) specificity for predicting abnormal Tc-99m DMSA
renal scan (Fig. 2).

Secondary outcomes
Table 3 shows sensitivity, specificity, PPV, NPV, and area under
ROC curve for detection of abnormal Tc-99m DMSA renal scan of
dilated VUR; difference in length between two kidneys >1.11 SDS;
and combination of both of them. Dilated VUR had the best
sensitivity and different length between kidneys >1.11 SDS had
the best NPV and highest area under the ROC curve, while
combination of them had the best specificity and PPV.
At univariate analysis, male gender, abnormal US, US-detected

renal parenchymal anomalies, small kidney, and the presence of
dilated VUR showed a significantly increased odds ratio (OR) to
predict abnormal Tc-99m DMSA renal scan (Fig. 3a). At multi-
variate analysis, the only factors with a significantly increased OR
were difference in length between two kidneys >1.11 SDS and
dilated VUR (model R2 39.4%, p < 0.0001) (Fig. 3b). The simulta-
neous presence of difference in length between two kidneys
>1.11SDS and dilated VUR increased the OR to predict abnormal
Tc-99m DMSA renal scan (OR= 13.1, 95% CI 4.2–40.7; p < 0.0001).

DISCUSSION
The renal US is an easily accessible imaging technique but it is
operator dependent. There are discordant literature data about
renal US sensitivity in detecting renal parenchymal anomalies,
making the role of renal US controversial.6,20–27 These differences
could be explained by different criteria for interpretation of both
renal US and Tc-99m DMSA renal scan. In our study, although the
renal US had always been performed by the same group of three
experienced operators in renal US and the Tc-99m DMSA renal

Table 2. Sensitivity, specificity, and positive and negative predictive
values (PPV and NPV, respectively) of renal ultrasound in predicting
renal uptake defect or reduced renal function at Tc-99m DMSA scan in
overall population and in patients having shown only one UTI before
the VUR diagnosis (Group 1), recurrent UTIs (Group 2), and no UTIs
(Group 3).

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Overall population
(n= 165)

38.9 91.5 71.9 72.9

Group 1 (n= 101) 39.4 91.2 68.4 75.6

Group 2 (n= 52) 31.5 93.9 75 70.4

Group 3 (n= 12) 57.1 80 80 57.1

100

S
en

si
tiv

ity
%

50

0
0 50

100% — Specificity%

100

Fig. 2 ROC curve analysis of difference in length (expressed as SDS)
between the two kidneys as potential predictor of abnormal Tc-99m
DMSA renal scan.

Table 3. Sensitivity, specificity, positive and negative predictive values (PPV and NPV, respectively), and area under ROC curve for detection of
abnormal Tc-99m DMSA renal scan of dilated vesico-ureteral reflux, difference in length between two kidneys >1.11 SDS, and combination of both
of them.

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Area under the ROC curve
(95% CI; p)

Dilated VURa 67.7 55.7 45.9 75.6 0.62 (0.53–0.71; 0.13)

Different length between kidneys >1.11 SDSa 54.2 91.5 78 78.2 0.73 (0.64–0.82; <0.0001)

Combination of dilated VUR and different length between
kidneys >1.11 SDSa

33.9 96.2 83.3 72.3 0.65 (0.56–0.74; 0.001)

SDS standard deviation score, VUR vesico-ureteral reflux
aIn all these analyses, the variables were considered as binary (yes/no). This explains—for the different length between the kidneys >1.11 SDS—the differences
in the area under the ROC curve, sensitivity, and specificity, compared with the analysis of the ROC curve shown in Fig. 2 in which we put linear data (different
in length between kidneys in SDS of each patient)
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scan had been made by only one radiologist, the sensitivity of
renal US was low with excellent specificity (Table 2), as shown in
several studies.6,20–22,26

At the present time, therefore, the Tc-99m DMSA renal scan
remains the gold standard technique for the diagnosis of renal
parenchymal defects.
To the best of our knowledge, until now, studies evaluating the

impact of clinical and US factors in predicting anomalies at Tc-99m

DMSA renal scan are lacking. We showed that dilated VUR had the
best sensitivity for prediction of abnormal Tc-99m DMSA renal
scan and that the combination of dilated VUR and different length
between kidney >1.11 SDS had the best specificity. Different
length between kidneys >1.11 SDS had the highest area under the
ROC curve and this indicated that the ultrasonographic measure-
ment of renal length could be the best test for prediction of
abnormal Tc-99m DMSA renal scan. Moreover, at logistic

<0.0001

p

0.013

0.005

0.88

0.09

0.0009

<0.0001

0.0003

0.98
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 20 30 40 50

0 1 2 3 4 5 6 7 8 9 10 11 12

Odds ratio

Odds ratio

13 14 15 16 17 18 19 20 20 30 40 50 60

Age: 1.1, (0.9, 1.1)

Abnormal US: 4.73, (1.96, 11.4)

Small kidney: 11.7, (3.22, 42.50)

One UTI: 2.71, (0.82, 8.98)

Recurrent UTIs: 0.95, (0.48, 1.88)

Dilated VUR: 2.64, (1.30, 5.14)

Male gender: 2.28, (1.18, 4.41)

: 12.74, (5.44, 29.99)

OR, (95% CI)

a

b

Univariate analysis

Multivariate analysis

US-detected renal
parenchymal
anomalies

Difference length
between kidneys

>1.11SDS

<0.0001

p

0.51

0.02

0.41

0.48

0.19

0.59

0.99

: 5.18, (1.87, 14.36)

Age: 1.0, (0.99, 1.1)

Abnormal US: 2.2, (0.1, 38.8)

Small kidney: 4.85, (0.46, 50.3)

One UTI: 0.53, (0.11, 2.4)

Dilated VUR: 2.7, (1.2, 6.38)

Male gender: 0.75, (0.33, 1.74)

: 8.8, (3.3, 23.5)

OR, (95% CI)

US-detected renal
parenchymal
anomalies

Difference length
between kidneys

>1.11SDS

: 2.8, (0.16, 48.6)

Fig. 3 Univariate (a) and multivariate (b) analysis exploring associations with abnormal Tc-99m DMSA renal scan.
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regression analysis we found that the best predictors for abnormal
Tc-99m DMSA renal scan were different length between the
kidneys >1.11 SDS (OR 8.8, 95% CI 3.3–25.5) and dilated VUR (OR
2.7, 95% CI 1.2–6.38). The combination of them showed the
highest OR (13.1; 95% CI 4.2–40). These findings support the
recommendation of the Italian Society of Pediatric Nephrology to
submit to Tc-99m DMSA renal scan patients with VUR grade IV/V11

or abnormal renal US.14

When submitting a patient to a diagnostic protocol, the benefits
should be carefully considered. The current guidelines have
shown different abilities in detecting renal scars with the most
aggressive protocol showing high sensitivity for detecting
abnormalities, which in some cases could be of questionable
benefit to the infants, and it is burdened with high financial and
radiation costs.28

The effect of cumulative radiation doses in children on risk of
cancer should be considered.29 Therefore, we would suggest a
“radiation-sparing personalized approach” limiting the use of Tc-
99m DMSA renal scan to selected cases in which benefits could
exceed costs (biological and economical). The clinical impact of
multiple scars or nephropathy associated with VUR is represented
by reduced relative function of the kidney with subsequent possible
development of proteinuria or hypertension.30 Our findings could
be useful in selecting—without further radiation exposure—
patients at higher risk of reduced relative function of the kidney
(dilated VUR and different length between the kidneys >1.11 SDS)
and then patients who could benefit of a close clinical follow-up in
order to diagnose complications in earlier time period. During the
follow-up, these patients could undergo to renal scintigraphy only
in view of a possible unilateral nephrectomy (i.e., for a hypertension
related to poor function of a kidney or for recurrent UTIs associated
with a poor functioning kidney with VUR).
Our study is limited by the retrospective design even if it has

the advantage that these results could be easily reproducible in
the daily clinical practice. In fact, the time dedicated to each scan
was that of the “normal working day,” while in prospective studies
a “special attention” could be paid. Moreover, although on one
hand our sample size may have underpowered the analysis, on
the other hand our cohort (165 patients with 330 renal units) is
one of the largest available in literature. Another limitation could
be represented by an overestimation of renal scars detected at Tc-
99m DMSA scan for the 20 patients having done this exam with an
interval <6 months since the last UTI and having shown renal
uptake defects (Fig. 1b). In fact, it has been shown that a duration
of 6 months could be needed to allow acute reversible lesions to
disappear.31

In conclusion, our findings confirm that Tc-99m DMSA renal
scan remains the gold standard technique for the detection of
renal parenchymal anomalies and add to the current knowledge
that different length between the kidneys >1.11 SDS and dilated
VUR are the best predictors of abnormal Tc-99m DMSA renal scan.
This information could be useful in the cost–benefit analysis when
deciding if submitting a patient to Tc-99m DMSA renal scan.
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