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Purpose: This study was conducted to determine the predictive value of clinical, labo-
ratory, and imaging variables for the diagnosis of vesicoureteral reflux in children with
their first febrile urinary tract infection.

Materials and Methods: One hundred fifty-three children with their first febrile uri-
nary tract infection were divided into two groups according to the results of voiding cys-
tourethrography: 60 children with vesicoureteral reflux and 93 children without. The
sensitivity, specificity, positive and negative predictive value, likelihood ratio (positive
and negative), and accuracy of the clinical, laboratory, and imaging variables for the
diagnosis of vesicoureteral reflux were determined.

Results: Of the 153 children with febrile urinary tract infection, 60 patients (39.2%)
had vesicoureteral reflux. There were significant differences between the two groups
regarding fever > 38°C, suprapubic pain, C-reactive protein quantitative level, number
of red blood cells in the urine, and results of renal ultrasound and dimercaptosuccinic
acid renal scanning (p <0.05). There were significant positive correlations between fe-
ver >38.2°C and dimercaptosuccinic acid renal scanning and vesicoureteral reflux.
Also, there were significant positive correlations between the erythrocyte sed-
imentation rate, positive urinary nitrite test, hyaline cast, and renal ultrasound and
high-grade vesicoureteral reflux.

Condusions: This study revealed fever >38.2°C and dimercaptosuccinic acid renal
scanning as the best predictive markers for vesicoureteral reflux in children with their
first febrile urinary tract infection. In addition, erythrocyte sedimentation rate, pos-
itive urinary nitrite test, hyaline cast, and renal ultrasound are the best predictive
markers for high-grade vesicoureteral reflux.
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INTRODUCTION

Urinary tract infection (UTI) is a common disease in chil-
dren [1]. The prevalence of UTI in males and females is 2%
and 7%-8%, respectively [2]. UTI includes acute pyelo-
nephritis, lower UTI, and asymptomatic bacteriuria.
Acute pyelonephritis is the most severe type of the disease
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[1-3]. Serious complications, such as renal scarring, hyper-
tension, and chronic renal failure can result following a de-
lay in diagnosis and treatment. In addition, failure to de-
tect risk factors may aggravate complications [4-7]. The
prevalence of renal scarring following febrile UTI has been
reported as 10% to 65% [8]. Risk factors, including sex, not
being circumcised, constipation, and vesicoureteral reflux
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(VUR), increase the incidence of UTI [2,9]. VUR is the most
important risk factor for UTI. VUR is the backflow of urine
from the bladder to the ureter and, in some cases, to the pel-
vis and calyces [10]. Previous studies suggest that the prev-
alence of VUR in children ranges from 25% to 40% [10,11].

Although voiding cystourethrography (VCUG) is cur-
rently used as a reliable imaging method for diagnosing
VUR, it is painful and expensive and exposes the patient
to radiation. Furthermore, iatrogenic UTI may appear af-
ter catheterization [10,12]. Considering the side effects of
VCUG, the lack of VUR in more than 50% of children with
UTI, and the spontaneous recovery from low-grade VUR,
researchers have sought cost-effective noninvasive mark-
ers for predicting VUR [13-15]. Soylu et al. [16] reported
that fever higher than 38°C and C-reactive protein (CRP)
of more than 50 mg/dL were suitable predictive markers
for the presence of VUR and high-grade VUR, respectively.
In this regard, the present study was conducted to de-
termine the predictive value of clinical, laboratory, and
imaging findings in the diagnosis of VUR in children with
their first febrile UTI.

MATERIALS AND METHODS

This prospective cross-sectional study examined 153 chil-
dren aged 1 month to 12 years with their first diagnosed
febrile UTI in Qazvin’s Children’s Hospital, Qazvin, Iran,
in 2012 through 2013. This hospital is the only referral hos-
pital for children in Qazvin province that is affiliated with
the Qazvin University of Medical Sciences. The sample size
was calculated on the basis of P=58% (sensitivity for feve
r>38.5°C to discriminate patients to correct groups),
d=0.08, 0=0.05, 1-0=0.95, p=0.2, and 1-f (statistical power
of study)=0.8 [16] and by using the following equation:

(2, ., P(1=P)

&

desired sample size was reached.

The inclusion criteria for children with febrile UTI were
as follows: (1) first febrile UTI; (2) having symptoms of fe-
brile UTI, such as fever, chills, vomiting, diarrhea, and irri-
tability in infants, and fever, vomiting, abdominal and
flank pain, dysuria, and frequency in children; (3) abnor-
mal urinalysis (the presence of leukocyturia, a positive uri-
nary nitrite test, etc.); (4) positive urine culture (urine cul-
ture more than 1x10° colonies of a single pathogen in a mid-
stream urine sample or clean catch method or 1x10* colo-
nies of a single pathogen via urinary catheterization, or
presence of any number of colonies of organism in urine cul-
ture taken by suprapubic method) [3,10]; (5) performance
of renal ultrasound, dimercaptosuccinic acid (DMSA) re-
nal scanning, and VCUG. Children meeting the following
criteria were excluded from the study: (1) using antibiotics;
(2) failing to undergo VCUG; (3) having accompanying and
underlying disease, such as septicemia and immune dis-
orders; and (4) having structural abnormalities of the uri-
nary system (such as ureteropelvic junction obstruction,
neurogenic bladder, etc.) except VUR.

. Consecutive sampling continued until the
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First, the symptoms of the disease were recorded, and,
before the start of antibiotic therapy, serum samples were
delivered to the laboratory to test white blood cell count,
neutrophil count, platelet count, erythrocyte sedimenta-
tion rate (ESR), and CRP quantitative level. All laboratory
examinations were performed by use of standard methods
in the laboratory department of Qazvin Children Hospital.
The renal ultrasound was performed within the first 48
hours of admission, the renal VCUG was performed at the
end of treatment when the patients were discharged from
the hospital, and the DMSA renal scan was done in the first
week of admission [3,10]. The ultrasound and VCUG were
carried out by a radiologist, and the DMSA renal scan was
performed and interpreted by a nuclear medicine specia-
list. All patients were studied under similar conditions.

Any report of hydronephrosis or hydroureteronephrosis
without evidence of mechanical obstructions, such as ure-
teropelvic junction obstruction, ureterovesical Junction
obstruction, and posterior urethral valves, in the renal ul-
trasound, and any report of reduced uptake on the DMSA
renal scan for pyelonephritic changes in the kidneys were
considered as suspicious for VUR [3]. According to the re-
sults of the VCUG, the patients were divided into two
groups: a group with VUR and a group without VUR. The
severity of VUR was graded according to the International
Study of Reflux in children [17]. Grades 1 and 2 were re-
garded as low-grade VUR, and grades 3, 4, and 5 were re-
garded as high-grade VUR [16].

The sensitivity, specificity, positive (PPV) and negative
predictive value (NPV), positive (LRP) and negative like-
lihood ratio (LRN), and accuracy of the clinical, laboratory,
and imaging variables for diagnosis of VUR were determi-
ned. Chi-square test, exact test, t-test, and nonparametric
tests (Mann-Whitney test) were applied to analyze the ob-
tained data. All analyses were performed with SPSS ver.
16.0 (SPSS Inc., Chicago, IL, USA). A p-value less than 0.05
was considered statistically significant.

All parents were provided information regarding the re-
search method in simple language. The children were in-
cluded in the study after their parents agreed and signed
the informed consent form.

RESULTS

Of the 153 studied patients, the male-to-female ratio was
18:135. The medianzinterquartile range of the patients’
ages was 29+49 months. The most frequent symptoms in
decreasing frequency were fever (100%), chills (62.7%), and
dysuria (42.5%). The most frequently grown microorgani-
sm in the urine culture was Escherichia coli (80.3%). Of the
153 studied patients, VUR was observed in 60 (39.2%).
Comparisons of the different variables between children
with and without VUR and also between the low-grade and
high-grade VUR groups are shown in Tables 1 through 4.
By use of receiver operating characteristic curve analysis,
it was shown that for predicting VUR in children with fe-
brile UTI, CRP =20 mg/dL had a sensitivity of 61% (95%

Korean J Urol 2014;55:536-541



538 Mahyar et al

confidence limit [CL], 49-74), specificity of 57% (95% CL, The sensitivity, specificity, LRP, and accuracy of the
46-67), LRP of 1.43, and accuracy of 58%. In addition, fever = DMSA renal scan for predicting VUR were 63% (95% CL,
>38.2°C had a sensitivity of 60% (95% CL, 47-72), specific- 51-75), 96% (95% CL, 91-99), 14.7, and 79.5%, respectively.
ity of 53% (95% CL, 42-62), LRP of 1.26, and accuracy of = Also, those of the renal ultrasound were 30% (95% CL, 18-
55.5% (Table 5). 41), 96% (95% CL, 85-97), 3.4, and 60.5%, respectively. The

multivariate logistic regression analysis revealed sig-

nificant positive correlations between fever >38.2°C and

) . . . DMSA renal scan and VUR, and also between ESR, positive
TABLE 1. Comparison of demographic and clinical variables

between children with and without VUR

VUR positive VUR negative

Variable p-value TABLE 3. Comparison of clinical signs and symptoms between
(n=60) (n=93) children with low-grade and high-grade VUR
Sex (male/female) 7/53 11/82 0.97 Low-grade  High-grade
Age (mo), median+IQR  19.0+50.7 36+49 0.27 Variable VUR (1=49) VUR (n=11) p-value
Fever>38°C 56 (93.3) 65 (69.9) 0.001
Chills 39 (65.0)* 57(61.3) 0.64 Fever>38°C 46 (93.9) 10 (90.9) 0.72
Abdominal pain 15 (25.0)* 23 (24.7) 0.97 Chills 33 (67.3) 6 (54.5) 0.42
Flank pain 12 (20.0)* 16 (17.2) 0.97 Abdominal pain 9(18.4) 6 (54.5) 0.01
Suprapubic pain 14 (23.3)* 10 (10.8) 0.03 Flank pain 8(16.3) 6 (54.5) 0.13
Nausea 21 (35.0)* 23 (24.7) 0.17 Suprapubic pain 7(14.3) 7 (63.6) 0.01
Vomiting 19 (31.7)* 23 (24.7) 0.34 Nausea 15 (30.6) 6 (54.5) 0.13
Diarrhea 12 (20.0)* 11 (11.8) 0.16 Vomiting 15 (30.6) 4(36.4) 0.71
Frequency 19 (31.7)* 32(34.4) 0.72 Diarrhea 10 (20.4) 2(18.2) 0.86
Urinary incontinence 2(3.3)? 5(.4) 0.55 Frequency 4 (28.6) 5 (45.5) 0.27
Dysuria 26 (43.3)* 39 (41.9) 0.86 Urinary incontinence 1(2.0) 1(9.1) 0.23
Urgency 0 (0) 2(2.2) 0.25 Dysuria 20 (40.8) 6 (54.5) 0.40
Anorexia 11 (18.3)* 13 (14.0) 0.47 Anorexia 9(18.4) 2(18.2) 0.98
Irritability 17 (28.3)* 26 (28.0) 0.96 Irritability 11 (22.4) 6 (54.5) 0.03
Seizures 1(1.7)7? 0(0) 0.21 Seizures 1(2.0) 0(0) 0.63
Urinary retention 2(3.3)* 3(3.2) 0.97 Urinary retention 1(2.0) 1(9.1) 0.23
Values are presented as number (%) unless otherwise indicated. Values are presented as number (%).
VUR, vesicoureteral reflux; IQR, interquqrtile range. VUR, vesicoureteral reflux.
*:Chi-square test. Chi-square test.
TABLE 2. Comparison of laboratory and imaging findings between children with and without VUR
Variable VUR positive (n=60) VUR negative (n=93) p-value

WBC count (/mm?®), mean+SD 12.2+5.1% 11.8+£5.3 0.63

Neutrophil count (/mm?®), mean+SD 52.9+20.5" 51+20 0.58

Platelet count (/mm?®), mean+SD 367+137* 353117 0.48

ESR (mm/h), median+IQR 23.5+49.5" 29427 0.06

CRP (mg/dL), median+IQR 28.7+53.6" 20+37.7 0.01

Urine leukocyte/HPF, median+IQR 25+85" 50+80 0.34

Urine RBC/HPF, median+IQR 2+3° 37 0.01

Urine density<1,010 22 (36.7)° 29 (31.2) 0.48

Urine nitrite positive 13 (21.7)° 22 (23.7) 0.77

Urine leukocyte esterase positive 3 (5.0)° 3(3.2) 0.58

Urine leukocyte cast 16 (26.7)° 26 (28.0) 0.96

Urine hyaline cast>=1/LPF 2 (3.3)° 2(2.2) 0.65

Urine RBC cast 0 (0)° 1(1.1) 0.42

Escherichia coli/other bacteria 80/6° 48/7 0.25

US findings suggestive of VUR 18 (30.0)° 8(8.6) 0.001

DMSA findings suggestive of VUR 38 (63.3)° 4(4.3) 0.001

Values are presented as number (%) unless otherwise indicated.

VUR, vesicoureteral reflux; WBC, white blood cell; ESR, erythrocyte sedimentation rate; IQR, interquartile range; CRP, C-reactive
protein; HPF, high-power field; RBC, red blood cell; LPF, low-power field; US, ultrasound; DMSA, dimercaptosuccinic acid.
.T-test. >:Mann-Whitney test. ©:Chi-square test.
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TABLE 4. Comparison of laboratory and imaging findings between children with low-grade and high-grade VUR

Variable Low-grade VUR (n=49) High-grade VUR (n=11) p-value
WBC count (/mm?), mean+SD 11.5+40° 15.5+7.6 0.11
Neutrophil count (/mm?®), mean+SD 50+21° 65.4+12.7 0.004
Platelet count (/mmg), mean+SD 370+141? 354+121 0.72
ESR (mm/h), median+IQR 23+42° 9380 0.04
CRP (mg/dL), median+IQR 25.5+59.0° 42+44 0.27
Urine leukocyte/HPF, median+IQR 25.0+85.5" 100+75 0.03
Urine RBC/HPF, median+IQR 2+3° 3+4 0.8
Urine density<1,010 18 (36.7)° 4(36.4) 0.98
Urine nitrite positive 8(16.3)° 5 (45.5) 0.03
Urine leukocyte esterase positive 3 (6.1 0(0) 0.4
Urine leukocyte cast 11 (22.4)° 5 (45.5) 0.11
Urine hyaline cast>1/LPF 1(2.0)° 1(9.1) 0.23
Escherichia coli/other bacteria 40/6° 8/1 0.87
US findings suggestive of VUR 11 (22.4)° 7 (63.6) 0.007
DMSA findings suggestive of VUR 29 (59.2)° 9(81.8) 0.15

Values are presented as number (%) unless otherwise indicated.

VUR, vesicoureteral reflux; WBC, white blood cell; ESR, erythrocyte sedimentation rate; IQR, interquartile range; CRP, C-reactive
protein; HPF, high-power field; RBC, red blood cell; LPF, low-power field; US, ultrasound; DMSA, dimercaptosuccinic acid.

. T-test. >:Mann-Whitney test. ©:Chi-square test.

TABLE 5. Comparison of laboratory and imaging findings between children with low-grade and high-grade VUR

Variable Sensitivity Specificity PPV NPV LRP LRN  Accuracy (%)
Fever (=38.2°C) 60 (47-72) 53 (42-62) 45 (35-55) 67 (56-77) 1.26 0.75 55.5
WBC count >11,000 /mm® 55 (42-67) 48 (38-58) 41 (30-51) 62 (50-72) 1.06 0.93 53.0
Neutrophil count>53.5% /mm® 53 (40-66) 48 (38-58) 40 (30-50) 62 (50-72) 1.03 0.96 50.3
Platelet count > 350,000 /mm”® 50 (37-62) 56 (45-66) 42 (30-53) 64 (52-73) 1.27 0.93 53.5
ESR =25 mm/h 48 (35-61) 60 (50-70) 43 (31-55) 64 (563-74) 1.18 0.87 55.0
CRP= 20 mg/dL 61 (49-74) 57 (46-67) 48 (36-59) 70 (59-80) 1.43 0.67 58.0
Urine leukocyte >22.5 HPF 61 (48-74) 28 (18-37) 34 (25-43) 54 (40-68) 0.85 1.38 40.0
Urine RBC>2.5/HPF 40 (27-52) 48 (38-58) 33 (22-44) 55 (44-66) 0.77 1.24 45.0

Values are presented as % (95% confidence limit) unless otherwise indicated.
ROC, receiver operating characteristic; PPV, positive predictive value; NPV, negative predictive value; LRP, positive likelihood ratio;
LRN, negative likelihood ratio; WBC, white blood cell; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; HPF, high-power

field; RBC, red blood cell.

urinary nitrite test, hyaline cast, and ultrasound and
high-grade VUR (Table 6).

DISCUSSION

This study showed that the best predictive markers for the
presence of VUR in children with their first febrile UTI are
fever>38.2°C and DMSA renal scan. In addition, for
high-grade VUR, ESR, positive urinary nitrite test, hya-
line cast, and ultrasound were the best predictive markers.
Many researchers and resources recommend that all chil-
dren with their first UTI undergo VCUG [18-21]. Given
than only 25% to 40% of children with UTI have VUR and
that VCUG is invasive and expensive and exposes the go-
nads to radiation [10,12], researchers have looked for non-
invasive markers for predicting VUR to avoid unnecessary
VCUG.

For example, Soylu et al. [16]’s study on 88 children with
febrile UTI revealed a significant difference between two
groups with and without VUR in terms of fever >38.5°C,
pyuria = 25/high power field, and CRP>23.5 mg/L. How-
ever, logistic regression analyses showed that only fever >
38.5°C was an appropriate predictor of the presence of
VUR. Moreover, the above researchers revealed that CRP
>50 mg/dL was a suitable predictor for the presence of
high-grade VUR [16]. Oostenbrink et al. [22] performed a
study on 140 children less than 5 years old with their first
febrile UTI and assessed variables including age, sex, and
family history of UTI, CRP, and renal ultrasound. Their
clinical approach yielded a sensitivity of 100% and specific-
ity of 17% for predicting all VUR grades and a sensitivity
of 100% and specificity of 38% for predicting VUR grade >
III. A similar study conducted by Leroy et al. [23] on 149
children aged 1 month to 4 years with their first febrile UTI
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TABLE 6. Multivariant logistic regression model for all patients
Vesicoureteral reflux
Variable p-value
95% CL Beta Odds ratio
Fever 2.09-86.30 2.600 13.40 0.006
Neutrophil count (/mm?) 0.94-0.99 0.028 0.97 0.030
CRP (mg/dL) 0.99-1.03 0.017 1.02 0.060
Urine RBC cast (/HPF) 0.87-0.99 0.072 0.93 0.030
DMSA scan 23.50-880.00 4.960 143.00 0.001

CL, confidence limit; CRP, C-reactive protein; RBC, red blood cell; HPF, high power field; DMSA, dimercaptosuccinic acid.

did not confirm the results of Oostenbrink’s study.

The results of the present study were somewhat similar
to those of the studies by Soylu et al. [16] and Oostenbrink
et al. [22]. Although the quantitative CRP level, RBC count
in urine, results of renal ultrasound, and DMSA renal scan
showed a significant difference between the groups with
and without VUR in the present study, the multivariate lo-
gistic regression analysis revealed a significant positive
correlation between fever >38.2°C and renal DMSA scan
and VUR. Also, although there was a significant difference
between the low-grade VUR and high-grade VUR groups
regarding the neutrophil count, ESR, leukocyturia, pos-
itive urinary nitrite, and ultrasound results, the multi-
variate logistic regression showed a significant positive
correlation of high-grade VUR with ESR, positive urinary
nitrite test, hyaline cast, and renal ultrasound.

In a study by Tseng et al. [24] on 142 children less than
2 years old with their first febrile UTI, the authors reported
that the sensitivity, specificity, positive predictive value,
and negative predictive value of DMSA renal scan in pre-
dicting VUR were 88%, 37%, 36%, and 88%, respectively.
The above authors concluded that children with a normal
DMSA renal scan rarely had VUR and never had
high-grade VUR [24]. A study conducted by Camacho et al.
[25] on 152 children with their first febrile UTI showed that
VUR was more frequent in children with an abnormal
DMSA renal scan than in children with a normal DMSA
renal scan (48% vs. 12%). The above researchers concluded
that the risk of renal damage was very low in children with
their first febrile UTI and a normal DMSA renal scan.

Another study pointed out the predictive value of DMSA
renal scan and renal ultrasound in the diagnosis of
high-grade VUR. That study reported the detection rate of
ultrasound for low- and high-grade VUR to be 86% and
41.7%, respectively, and that of the DMSA renal scan for
low- and high-grade VUR to be 88.4% and 37.5%, re-
spectively [26]. On the contrary, Sorkhi et al. [27] reported
that the DMSA renal scan alone or along with renal ultra-
sound could not predict VUR. Therefore, they argued that
VCUG must be done to diagnose VUR.

In the present study, the highest LRP was respectively
related to the DMSA renal scan, renal ultrasound, CRP >
20 mg/dL, and fever higher than 38.2°C. The DMSA scan
had high sensitivity and specificity for the diagnosis of
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VUR. In this respect, similar to the studies of Tseng et al.
[24] and Camacho et al. [25], it can be concluded that in the
case of a normal DMSA scan, the risk of VUR is very low,
and performing VCUG is unnecessary. Although some
studies mentioned procalcitonin as a predictor of VUR, the
relevant test is more costly than other routine tests, such
as CRP and ESR, and is not available everywhere [28]. We
hope that the results of the present study will help to avoid
unnecessary VCUG in children affected by their first fe-
brile UTI. Given that the present study was conducted in
one educational hospital, further multicenter studies are
recommended.

CONCLUSIONS

This study revealed that the best predictive markers for the
presence of VUR in children with their first febrile UTI are
the fever > 38.2°C and DMSA renal scan. ESR, positive uri-
nary nitrite test, hyaline cast, and renal ultrasound are
best predictive markers for the presence of high-grade
VUR.
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