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Abstract

Objective: Urinary tract infection (UTI) is one of the most common causes of febrile pediatric diseases. Also,
vesicoureteral reflux (VUR) is a significant risk factor for UTI. Voiding cystourethrography (VCUG) is the
method of choice for evaluation of VUR. This study was done to predict VUR by DMSA scan (technetium 99 m-
labeled dimercaptosuccinic acid) and ultrasonography (US).

Methods: In a prospective study, all children with first time acute pyelonephritis were selected and evaluated
by DMSA scan and US. Then VCUG was done with negative urine culture. All children with final diagnosis of
obstructive congenital anomaly were excluded. The sensitivity, specifity, positive predictive values, negative
predictive values, Confidence Interval of DMSA scan and US were calculated for prediction or exclusion of
VUR.

Findings: Among 100 children with UTI diagnosis, VUR was detected in 39 children and 63 (31.5%) kidneys.
DMSA scan was abnormal in 103 (51.5%) units, 45 units had VUR (PPV=44%), 79 units with normal DMSA
scan had no VUR (NPV=81%). Of kidney units that were abnormal by DMSA or US, 51 units had VUR. PPV and
NPV were 44% and 56%, respectively.

Conclusion: DMSA scan alone or with US cannot predict VUR (especially low grade VUR). But according to
NPV, it seems that absence of VUR can be predicted. So, more studies are needed to determine the usefulness
of DMSA scan and US instead of VCUG for detection of VUR.
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Introduction renal damage, hypertension and end stage renal
failure [3-6l,
Urinary tract infection (UTI) is one of the most Vesicoureteral reflux (VUR) is the most

common causes of febrile infectious disease in common predisposing factor for UTI and 25-40%
children %2, It is a risk factor for progressive  of children with UTI have VUR [7-8l. Voiding cysto-
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urethrography (VCUG) is the method of choice for
detection of VUR in children with UTI [°l. But this is
an invasive procedure, the risk of irradiation is
high and patients and their parents show poor
compliance for medical care of the disease [10-12],

For detection of VUR, it is very important to
choose procedures that are safe, noninvasive and
accepted by the patients and their parents [13-14],
To evaluate urinary tract system, Ultrasonography
(US) and technetium 99 m-labeled dimercapto-
succinic acid scan (DMSA) are used for detection
of urological abnormalities and renal parenchymal
damage. Also there are some studies for prediction
of VUR by these methods [101517]  Although
significant or high grade VUR were predicted by
DMSA in some studies [151819 it is ruled out by
others [16,20],

According to these disagreements, this study
was done to evaluate the prediction of VUR by
DMSA scan and ultrasonography.

Subjects and Methods

This prospective study was done during 2008-
2010. All children who were referred to our center
(Amirkola Children Hospital, Babol, Iran) with first
time acute pyelonephritis were enrolled.
Ultrasonography, DMSA renal scan and then VCUG
were done in all patients.

Acute pyelonephritis was diagnosed in children
with fever (higher than 38.5°C), having more than
5 white blood cells in urinalysis and more than 105
colony count of one micro organism in urine
culture. Ultrasonography, DMSA renal scan and
VCUG were done during 2-5 days after diagnosis
when urine cultures were negative.

Children with congenital abnormality,
ureteroplevic junction obstruction, ureterovesical
junction obstruction and posterior urethral valve
in final diagnosis were excluded.

Abnormal ultrasonography finding was defined
if the patient had hydronehrosis, dilatation of
ureter, increase of cortical echogenecity,
decreased cortical thickness and increased kidney
size. Also decrease of radioisotope uptake in
DMSA renal scan was defined abnormal [21-22],
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According to the Classification of International
Reflux Study Committee, VUR was graded to [-VI23].

The positive predictive value (PPV), negative
predictive value (NPV), sensitivity, specificity,
confidence interval (CI) and likelihood ratio of
ultrasonography and DMSA for prediction of VUR
were assessed.

The local ethics committee approved the study
and informed consent was obtained from all
patients or their parents.

The data were analyzed by SPSS and Fisher
Exact test and P<0.05 was considered significant.

Findings

Among 100 children with diagnosis of UTI, 88
(88%) patients were girls and others were boys.
Mean age was 38 (+37) months (range 1-147
months). VUR was detected in 39 (39%) patients
and was bilateral in 22 (22%) cases of these
children. Sixty three (31.5 %) kidney unites (34
right and 29 left side) had VUR. Among 200 kidney
units that were evaluated by VCUG, 137(68.8%)
units had no VUR and 3 (1.5%), 29 (14.5%), 29
(145%) and 2 (1%) had VUR grade I-1V,
respectively.

DMSA scan was abnormal in 86 (86%) patients
and 17 (17%) children had bilateral involvement.
Thirty (30%) patients had abnormal ultrasono-
graphy and bilateral involvement was detected in
11%. One hundred three (51.5%) units were
abnormal in DMSA scan of which 45 (44%) units
had VUR. Also, 79 (81%) units with normal DMSA
renal scan had no VUR (Table 1).

One hundred fifty nine kidney units were
normal in ultrasonography of which 44 (28%)
units had VUR but in 41 units with abnormal
ultrasonography, 19 (46 %) units had VUR (Table
1).

All children were divided into three age groups
of less than 2 years, 2-5 years and more than 5
years old. In the first group, among 56 abnormal
units in DMSA or ultrasonography, 23 (41%) units
had VUR. In 48 normal units in both studies, VCUG
was normal in 40 (83.3%) units. In 2-5 year-
olds27 units were abnormal in DMSA or
ultrasonography, 59.3% of units had VUR and in
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Table 1: Sensitivity, specificity, Positive Predictive Value, Negative Predictive Value, positive likelihood ratio and
negative likelihood ratio values for prediction of VUR by DMSA scan and US in children with urinary tract infection

Parameters DMSA (95%CI) US (95%CI) DMSA or US (95%CI)
Sensitivity (%) 71 (60-83) 30 (19-41) 81 (71-91)
Specificity (%) 58 (49-66) 84 (74-90) 53 (44-61)
PPV (%) 44 (34-53) 46 (31-62) 44 (35-53)
Negative Predictive Value (%) 81 (74-89) 72 (65-79) 86 (78-93)
Likelihood ratio (positive) 1.69 (1.31-2.17) 1.88 (1.1-1.3) 1.71(1.38-2.11)

Likelihood ratio (negative) 0.50 (0.33-0.75) 0.83 (0.7-0.99) 0.36(0.21-0.62)

DMSA: Dimercaptosuccinic acid; US: Ultrasonography; VUR: Vesicoureteral Reflux; CI: Confidence Interval

11 normal units, 81.1% of units had no VUR. In
children more than 5 years old, 63.6% of units
with abnormal DMSA scan or ultrasonography had
VUR whereas 92% had no VUR when DMSA scan
or ultrasonography was normal (P<0.05).

Of 116 kidney units that were abnormal in
ultrasonography or DMSA scan, 51 (44%) units
had VUR (Table 1), whereas 72 (86%) units with
normal ultrasonography or DMSA had no VUR.
Twenty eight units were abnormal in both
ultrasonography and DMSA scan of which 13 units
had VUR (PPV=46.7%).

To predict high grade VUR (i.e. grade III and
higher) by DMSA scan, PPV and NPV were 84%
and 94% respectively compared to units without
VUR. These values were 29% and 54% for
ultrasonography (Table 2).

DMSA scan was abnormal in 55% of units with
grade II VUR; 72.5% of units in this group had
abnormal ultrasonography or DMSA scan (Table
3). In grade III VUR, 83% of units had abnormal
DMSA scan and 86.2% of units were abnormal in
ultrasonography or DMSA scan (Table 3).

Discussion

In the study, sensitivity, specificity, PPV and NPV
of DMSA scan for prediction of VUR were 71%,
58%, 44% and 81%, respectively. Thirty nine
percent of children with pyelonephritis had VUR
and 51.5% of all renal units were abnormal in
DMSA renal scan.

VCUG is the golden standard for detection of
VUR. But this procedure is invasive and causes
anxiety in the patients and their parents. So,
recommendation of any procedure instead of
VCUG is desirable for the patients and their
parents. In Tseng study, sensitivity, specificity,
PPV and NPV for prediction of VUR by DMSA were
71%, 58%, 44% and 88%, respectively [16],
Camacho reported 48% and 88% of PPV and NPV
for prediction of VUR by DMSA scan [24],

It seems that abnormal DMSA instead of VCUG
cannot be used for prediction of VUR because it is
expected that about 40% of UTI children have VUR
and the PPV of DMSA scan is not as high as this
value (44%). But with normal DMSA, we can

Table 2: Prediction of high grade VUR by DMSA scan and ultrasonography (without low grade VUR) in
children with urinary tract infection

Evaluation

Abnormal VCUG (%)
Normal VCUG (%)

Total

Sensitivity (95%CI)
Specificity (95%CI)

Positive Predictive Value
Negative Predictive Value
Likelihood ratio (positive)
Likelihood ratio (negative)

DMSA Ultrasonography
Normal Abnormal Normal Abnormal
26 (31%) 5 (6%) 9 (29%) 22 (16%)
58 (69%) 79 (94%) 22 (71%) 9 (29%)
84 31 137

84% (71-97%)
58% (49-66%)
31% (21-41%)
94% (89-99%),
1.98 (1.54-2.54)
0.28 (0.12-0.63)

29% (13-45%),
84% (78-90%)
29% (13-45%)
84% (78-90%)
1.81 (0.92-3.53),
0.85 (0.67-1.07)

DMSA: Dimercaptosuccinic acid;; VUR: Vesicoureteral Reflux; VCUG: Voiding cystourethrography
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Table 3: Prediction of vesicoureteral reflux (VUR) by Dimercaptosuccinic acid (DMSA) scan and
ultrasonography (US) in children with urinary tract infection according to grading of VUR

Grade Us DMSA
VUR + - +
No VUR 22 115 58 79
I 0 3 3 0
II 10 19 16 13
11 9 20 24 5
10" 0 2 2 0
P>0.05

except that the probability of VUR is low
(NPV=88%).

In this study, 19 (PPV=46%) units with
abnormal ultrasonography had VUR and 15
(NPV=72.3%) units with normal ultrasonography
had no VUR. Sensitivity, specificity, PPV and NVP
of ultrasonography for prediction of VUR was
40%, 76%, 32% and 82% respectively in Mahant
and Alshamsa studies [25:261,

So, using ultrasonography for predication of
VUR is not recommended and for detection of
VUR, VCUG is preferred to ultrasonography.

Among 115 units with abnormal
ultrasonography or DMSA scan, 51 units had VUR
(PPV=44%) and NPV was 86%. Kass reported
77% NPV for prediction of VUR by abnormal
ultrasonography or DMSA scan and does not
recommend the ability of them for prediction of
VURI27L. Although according to our study, the
probability of VUR is low, when both DMSA and
ultrasonography are normal.

The sensitivity of ultrasonography and DMSA
alone and ultrasonography plus DMSA for
prediction of VUR were 67.2%, 65.5% and 83.3%,
respectively in another study, although the VURs
were of grade Il and higher in this study!?8l. In our
study, sensitivity and specificity of ultrasono-
graphy for prediction of grade 11l and more of VUR
were 29% and 84%. These values were 84% and
58% for DMSA scan. The sensitivity of DMSA for
prediction of grade III-IV VUR was 60%, 79% and
95% respectively in Ajdinovi¢’s study [29L.NPV for
ultrasonography and DMSA for prediction of
absent high grade VUR in our study was 84% and
949% respectively.

Also NPV for high grade VUR by
ultrasonography plus DMSA is reliable for
prediction of absent VUR, PPV was not of high
value for predicting the existence of VUR.

US or DMSA DMSA + US Total
+ - + -
65 72 15 122 137
3 0 0 3 3
21 18 5 24 29
25 4 8 21 29
2 0 0 2 2

Urinary tract infection is more important in
children less than 2 years old, therefore detection
of VUR and prevention of UTI is of great
importance. In our study PPV and NPV for
prediction of VUR by DMSA scan in children less
than 2 years old were 41.2 and 81.8%,
respectively. These values were 37% and 88% in
Tseny’s study. Also, in other study of this age
group, Lin reported 32.7% and 94.35% PPV and
NPV of DMSA scan for prediction of VUR [17.30],
Also, in study by Lee et al, the prediction of VUR by
ultrasonography were 41.7% and 86% in low and
high grade VUR by ultrasonography, respectively,
and 62.5% and 95% by DMSA. They assume
ultrasonography and DMSA scan have limited
diagnostic value in low grade VUR [31l. Also Preda
et al reported 96% of infants less than 1 year old
with dilatation of pelvicalyceal system (by
ultrasonography) and VUR had abnormal DMSA
scan. Also 72% of children with low grade VUR
had abnormal DMSA scan [321.

In our study, there were no significant
differences between PPV and NPV in this age
group and older children, although, the NPV is
more reliable for ruling out the VUR.

Conclusion

Ultrasonography, DMSA scan and ultrasonography
plus DMSA scan cannot predict the low grade VUR,
whereas VCUG is more reliable and the standard
method for detection of VUR. Although according
to NPV, with DMSA scan plus ultrasonography, the
absence of VUR can be predicted especially in high
grade VUR.
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