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ABSTRACT

Background: Rapid diagnosis and treatment of urinary tract infection (UTI) in children are
mandatory. One of the main causes of vesicoureteral reflux (VUR) is UTI. The primary diagnostic
procedure for evaluating VUR in children is voiding cystourethrography (VCUG). Radionuclide
cystography (RNC) is an alternative sensitive method.

Objectives: This study aimed to evaluate the validity of ultrasonography (US) for screening and
predicting VUR in children with UTI.

Methods: This cross-sectional study was conducted in Loghman Hakim and Mofid hospitals,
Tehran City, Iran, in 2024. We analyzed the data of children with UTI who had a US with or without
VUR based on VCUG or RNC. Sensitivity and specificity were calculated to evaluate the diagnostic
validity of the US in determining VUR. Kappa statistic was used to examine the agreement
between the two methods. The chi-square test was used to compare the proportions. P<0.05
was considered significant in statistical tests.

Results: In this study, 183 children (119 girls [65%)] and 64 boys [35%)]) with a Mean+SD age of
6.9814.07 years were assessed. Of 183 eligible children examined by the US, 80(43.7%) were
reported as normal, 63(34.4%) and 82(44.8%) were reported to have abnormalities in their right
and left urinary systems, respectively. Also, 42 children (23%) had abnormalities on both sides.
Regarding VUR, 39 children (21.3%) were normal, and the rest had some reflux. The sensitivity
and specificity of US were 60.4% and 58.9%, respectively. The level of agreement between the
two methods in terms of kappa was “none” to “slight” (k=0.14, P=0.003).

Conclusions: Despite all the advantages, US is not suitable for a definitive diagnosis of VUR and
lacks a proper diagnostic sensitivity. So, VCUG is still preferable despite its disadvantages.
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Introduction

rinary tract infection (UTI) is one of the

most common bacterial infections in chil-

dren. UTI usually occurs when bacteria mi-

grate up the ureter into the urethra. Infec-

tion may occur anywhere from the urethra

to the renal parenchyma [1]. Vesicoureteral reflux (VUR)

is the retrograde urine flow from the bladder into the

upper urinary tract, usually occurring during voiding [2].

VUR is associated with frequent UTlIs, scarring of the re-

nal cortex, and permanent kidney damage, especially in

children. It is the most common neonatal urologic ab-

normality, occurring in approximately 1% of infants and

up to 15% of children born with prenatal hydronephro-
sis [3, 4].

VUR is often discovered during the initial evaluation
of UTI. However, the prevalence of VUR in children with
UTI varies among different races and groups. VUR prev-
alence is 10% to 51.4% of children with the first UTI epi-
sode, with the lowest prevalence in black children [5-7].

VUR has some complications. Studies have shown that
at the time of diagnosis, 30% to 54% of children with
VUR have renal parenchymal scarring [5, 8]. High-grade
VUR and recurrent pyelonephritis are considered the
most important risk factors for renal scarring in children.
In addition, gender differences in the development of
renal parenchymal damage have been reported, with
severe bilateral VUR being more common in boys. Girls
are usually first diagnosed at an older age, and their
VUR is often less severe, but girls are more prone to the
occurrence of recurrent UTls [9, 10].

The gold standard diagnostic procedure for assessing
VUR in children is voiding cystourethrography (VCUG).
This exam provides accurate anatomic imaging, detects
bladder diverticula, identifies ureteral duplication, dem-
onstrates the extent of bladder wall trabeculation, and
facilitates VUR grading. However, performing VCUG in
infants and young children requires specialized knowl-
edge to minimize psychological and physical damage
and reduce radiation exposure [11-13].

Radionuclide cystography (RNC) is an alternative, sen-
sitive method that lacks spatial resolution. Many efforts
have been made to use ultrasonography (US) to diag-
nose VUR and eliminate radiation exposure. Kidney US
is recommended for initial and follow-up evaluations to
evaluate kidney anatomy, cortical thickness, presence
of hydronephrosis, and any structural abnormalities.
Unfortunately, US lacks high sensitivity or specificity

Journal of Pediatrics Review

for diagnosing high-grade VUR. So far, limited studies
have evaluated the sensitivity of US for diagnosing VUR.
Therefore, this study evaluated the US findings in chil-
dren with UTIs with and without VUR.

Methods

Data on 183 children with UTI in Loghman Hakim and
Mofid hospitals, Tehran City, Iran, in 2024 was examined
in this cross-sectional study. They had a US with or with-
out VUR based on VCUG or RNC. The urine sample was
taken midstream from children younger than 18 diag-
nosed with UTI. In the non-toilet-trained children, the
urine sample was first collected using a urinary bag. If
the urine sample was positive, the sample was retaken
(as sterile) by a urinary catheter or suprapubic method.
The selection of samples in this study was carried out
using a convenience sampling approach. The samples
were recruited from patients who underwent medical
examination in the two above-mentioned hospitals for
one year, from the beginning of October 2023 to the
end of September 2024. All eligible samples were en-
rolled in the study according to the inclusion criteria.
The exclusion criteria were failure to perform the VCUG
or RNC due to lack of indication or parental consent to
perform the procedures. Given the available scientific
evidence that US has a sensitivity of at least 60% in di-
agnosing VUR (P=0.6), and with the hypothesis that US
as a good method may have an acceptable level of di-
agnostic value in terms of sensitivity (i.e. a sen of 80%),
the minimum sample size required for this study was
estimated to be 160 people using the Equation 1 with
a=0.05 and d=0.1 Sen (d=0.08):

o - 22 Sen(1sen)

sen”  g2xP

In examining urine culture results in the midstream
sample, the growth of more than 50000 colonies of an
organism, one colony in the suprapubic sample, or more
than 1000 colonies in the urine culture catheter sample
was considered positive. The US of the kidneys, urinary
tract, and bladder was performed for all children with a
UTI. Also, VCUG or RNC was performed for the patients
if there was an indication. According to the guidelines,
the indications include children under 2 years or 2-3
years of age who have febrile UTI, especially if it is re-
current or accompanied by US abnormalities or fetal
anomalies. Patients who are involved with overactive
bladder or have recurrent UTI or their urine cultures are
reported to contain atypical microbes [14].
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Table 1. Anatomy of urinary tracts based on US in total and by gender and side

No. (%)
Side Anatomy Gender
Male (n=64) Female (n=119) Total (n=183)
Normal 35(54.7) 85(71.4) 120(65.6)
Hydronephrosis/Hydroureter 19(29.7) 11(9.2) 30(16.4)
Right
Nephrolithiasis 3(4.7) 7(5.9) 10(5.5)
Other 7(10.9) 16(13.4) 23(12.6)
Normal 22(34.4) 79(66.4) 101(55.2)
Hydronephrosis/Hydroureter 21(32.8) 20(16.8) 41(22.4)
Left
Nephrolithiasis 5(7.8) 7(5.9) 12(6.6)
Other 16(25) 13(10.9) 29(15.8)
Normal 15(23.4) 65(54.6) 80(43.7)
Both Abnormal on one side 27(42.2) 34(28.6) 61(33.3)
Abnormal on both sides 22(34.4) 20(16.8) 42(23)

Statistical analysis

In this study, frequency distribution statistics were
used to describe qualitative variables, and Mean+SD
and range (minimum and maximum values) were used
to report and describe the age, the only numerical vari-
able. Sensitivity and specificity were calculated to in-
vestigate the US diagnostic value in determining VUR.
Kappa statistic was used to examine the agreement be-
tween the two methods. Cohen suggested the kappa re-
sult be interpreted as follows: Values <0 are interpreted
as no agreement; 0.01-0.20 as none to slight; 0.21-0.40
as fair; 0.41- 0.60 as moderate; 0.61-0.80 as substan-
tial; and 0.81-1.00 as almost perfect agreement. The
chi-square test was used to compare proportions. SPSS
software, version 20 was used for analyses, and P<0.05
were considered significant in all statistical tests.

Results

In this study, 183 children were assessed. Their
MeanSD age was 6.98+4.07 years (minimum 1 year
and maximum 17 years); 119(65%) were girls, and
64(35%) were boys. Table 1 presents the findings of the
right and left urinary tract anatomy, based on the US,
separated by gender and side.
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As seen in Table 1, out of the total 183 eligible children
examined by US, 80(43.7%) were reported as normal,
63(34.4%), and 82(44.8%) were reported to have abnor-
malities in their right and left urinary systems, respec-
tively. Also, 42 children (23%) had abnormalities in both
sides.

VUR was assessed in 112 children (61.2%) using VCUG
and 63(34.4%) using RNC, and both methods were used
for only 8 children. In 8 patients who used both meth-
ods, the results of the two methods were in complete
agreement in 6 patients, and there was a difference
in results in only 2 patients, which, in the final analy-
sis of the results, VCUG results were considered. Table
2 shows the status of VUR based on analysis of initial
(first) VCUG/RNC results of urinary tracts by gender and
side.

As seen in Table 2, 39 children(21.3%) did not have
reflux, and the rest (144 children, 78.7%) had some de-
gree of VUR, either unilateral or bilateral.

Table 3 shows the frequency distribution of the VUR
diagnosis based on the results of VCUG/ RNC for normal
and abnormal US findings.
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Table 2. VUR based on the analysis of initial (first) VCUG/RNC results in total and by gender and side

No. (%)
Explanation/Side Urine Reflux Gender
Male Female Total
Normal 24(37.5) 39(32.8) 63(34.4)
Grade 1 and 2, mild 14(21.9) 8(6.7) 22(12)
VCUG/right Grade 3, moderate 6(9.4) 9(7.6) 15(8.2)
Grade 4 and 5, severe 12(18.8) 8(6.7) 20(10.9)
Not done 8(12.5) 55(46.2) 63(34.4)
Normal 23(35.9) 32(26.9) 55(30.1)
Grade 1 and 2, mild 6(9.4) 12(10.1) 18(9.8)
VCUG/left Grade 3, moderate 9(14.1) 13(10.9) 22(12)
Grade 4 and 5, severe 18(28.1) 7(5.9) 25(13.7)
Not done 8(12.5) 55(46.2) 63(34.4)
Normal 2(3.1) 23(19.3) 25(13.7)
Grade 1 and 2, mild 1(1.6) 1(0.8) 2(1.1)
RNC/right Grade 3, moderate 3(4.7) 12(10.1) 15(8.2)
Grade 4 and 5, severe 5(7.8) 24(20.2) 29(15.8)
Not done 53(82.8) 59(49.6) 112(61.2)
Normal 4(6.3) 11(9.2) 15(8.2)
Grade 1 and 2, mild 2(3.1) 7(5.9) 9(4.9)
RNC/left Grade 3, moderate 3(4.7) 17(14.3) 20(10.9)
Grade 4 and 5, severe 2(3.1) 25(21) 27(14.8)
Not done 53(82.8) 59(49.6) 112(61.2)
No 25(39.1) 60(50.4) 85(46.4)
VUR/right
Yes 39(60.9) 59(49.6) 98(53.6)
No 27(42.2) 41(34.5) 68(37.2)
VUR/left
Yes 37(57.8) 78(65.5) 115(62.8)
No 15(23.4) 65(54.6) 80(43.7)
VUR Unilateral 27(42.2) 34(28.6) 61(33.3)
Bilateral 22(34.4) 20(16.8) 42(23)
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Table 3. The results of VCUG/RNC for VUR by the US findings for each side

Side US finding VUR No. (%)
Normal 70(58.3)
Grade 1 and 2, mild 15(12.5)
Normal (n=120)
Grade 3, moderate 14(11.7)
Grade 4 and 5, severe 21(17.5)
Right
Normal 15(23.8)
Grade 1 and 2, mild 9(14.3)
Abnormal (n=63)
Grade 3, moderate 12(19)
Grade 4 and 5, severe 27(42.9)
Normal 41(40.6)
Grade 1 and 2, Mild 18(17.8)
Normal (n=101)
Grade 3, moderate 20(19.8)
Grade 4 and 5, severe 22(21.8)
Left
Normal 27(32.9)
Grade 1 and 2, mild 9(11)
Abnormal (n=82)
Grade 3, moderate 18(22)
Grade 4 and 5, severe 28(34.1)

According to Table 3, 58.3% and 40.6% of normal re-
ported US were reported normal for VUR. As the reflux
grade increases, the percentage of US abnormalities
increases (14.3% to 42.9%). However, as the grade de-
creases, the percentage of US normality decreases too
(17.5% to 12.5%).

Table 4 shows the sensitivity and specificity of US find-
ings for VUR diagnosis. Based on Table 4, the sensitivity
and specificity of the US for detecting VUR are 60.4%
and 58.9%, respectively. The level of agreement be-
tween the two in terms of kappa statistic must be con-
sidered “none to slight” (k=0.14, P=0.003).

Discussion

Our findings show that the sensitivity and specificity of
US for detecting VUR are 60.4% and 58.9%, respectively.
Also, the agreement between the two methods (US vs
gold standard VCUG/RNC) in terms of kappa statistic
was calculated to be “none to slight” (k=0.14, P=0.003).

Journal of Pediatrics Review

VUR may partially contribute to recurrent UTI in chil-
dren. If not diagnosed in time, children’s normal growth
and development may be affected. Currently, diagnostic
techniques for VUR are continuously improved. Due to
the characteristics of pediatrics, higher requirements
for safety and accuracy of diagnosis are raised. VCUG is
now widely used. However, repeated examination using
VCUG is harmful to children’s health due to its signifi-
cant radioactivity. RNC is a sensitive alternative method.
However, its spatial resolution is not acceptable. In con-
trast, US stands out among many diagnostic methods
due to its non-radioactive nature [15-17].

Studies have mentioned that US is effective in diagnos-
ing diseases. However, for examination, it is necessary
to take images of the urethra intermittently and contin-
uously so the process of filling and excretion from the
urethra cannot be observed accurately and in real-time.
As a result, certain missing occurs. Due to the significant
limitations of US showing the posterior urethra, the op-
erator must pay more attention to the urinary system
during voiding to see the structure of the urethra more
clearly, which is a big problem [18].
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Table 4. Sensitivity and specificity of US findings for VUR diagnosis
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No. (%) %
US Findings
Sensitivity  Specificity
No Total
Normal 70(82.4) 50(51) 120(65.6)
Right Abnormal 15(17.6) 48(49) 63(34.4) 48.9 82.3
Total 85(100) 98(100) 183(100)
Normal 41(60.3) 60(52.2) 101(55.2)
Left Abnormal 27(39.7) 55(47.8) 82(44.8) 47.8 60.3
Total 68(100) 115(100) 183(100)
Normal 23(59) 57(39.6) 80(43.7)
Rigor;tlzgd/ Abnormal 16(41) 87(60.4) 103(56.3) 60.4 58.9
Total 39(100) 144(100) 183(100)

Yang et al. evaluated the value and compatibility rate
of urethral US in pediatric VUR. A total of 160 subjects
were examined in their study. Among them, 56 cases
had reflux; 46 renal ureteral units had reflux under both
examination methods (28.75%), and 10 cases were
detected only by US (6.25%). Thirty-four cases of VUR
(42.50%) were diagnosed by US, of which 15 had bi-
lateral reflux and 4 had unilateral reflux. Also, 25 cases
(35.00%) were diagnosed by VCUG, of whom 10 cases
had bilateral regurgitation and 5 had unilateral regurgi-
tation. There was no significant difference in the rate of
reflux detection between the two methods. A total of
146 diagnosed cases were consistent between the two
methods (91.25%), and only 9.75% were not [19].

The current study shows that US does not match well
with VCUG/ RNC for diagnosing VUR. Of course, in our
study, the statistical difference between the two sets
was not evaluated. Perhaps the reason for the differ-
ence between the results of the two studies was the
sample size. In the present study, 183 children with VUR
were examined, and in the study by Yang et al. [19], 56
children were examined with VUR, and the higher sam-
ple size was one of the advantages of the present study.

In Mane et al’s study, 30 children were examined.
Their mean age was 51.53 months. There were 21 boys
and 9 girls. In VCUG, 16 patients did not have reflux,
and 14 had reflux. Regarding the US, 14 patients did
not have VUR, and 16 had VUR. Of 58 kidney-ureteral
units (KUUs), VUR was diagnosed in 17 by VCUG and
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in 21 by US. Therefore, US identified 4 reflux units that
were not seen on VCUG. In the right KUU, US detected
VUR in 3 units without reflex on VCUG. In the 28 left
KUU, 25 units in the US corresponded to the degree of
VUR detected by VCUG. Two cases showed a VUR grade
higher than the corresponding VCUG grade, and one
had a lower grade. Regarding the US, 14 patients lacked
VUR, and 16 had VUR. In total, US revealed 4 cases that
VCUG did not detect them. This study concluded that
US is a promising imaging modality compared to VCUG
for evaluating pediatric ureteral reflux due to its supe-
rior diagnostic performance, feasibility, and radiation
safety for children [20]. In the current study, it was seen
that the US of the right urinary tract identified 83 cases
as normal and 47 cases as abnormal, while these num-
bers for VCUG were 41 cases and 89 cases, respectively.
Regarding the left kidney, it was also seen that the US
diagnosed 78 cases as normal and 68 cases as abnor-
mal, while VCUG diagnosed 45 cases as normal and 101
cases as abnormal, which, from this point of view, the
present study was different from the study of Mane et
al. Based on our findings, US does not seem to have a
good diagnostic compatibility with VCUG.

Takahashi et al. compared the diagnostic compatibility
of US with cystourethrography for diagnosing VUR. US
failed to detect two cases of grade 1 VUR in adolescents,
whereas it detected grade 4 VUR in one highly dilated
renal-ureteral unit that was not detected on cystoure-
thrography [21]. The results of our study are also in line
with this study.
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Conclusion

The current study shows that US does not match well
with VCUG/ RNC for diagnosing VUR. The sensitivity and
specificity of the US were 60.4% and 58.9%, respectively,
which is not acceptable for a diagnostic test. The level of
agreement between the two methods was significant,
from “none to slight,” which was also not a good agree-
ment. Thus, it can be said that US is not appropriate for
diagnosing VUR and is not a good diagnostic method.
Indeed, VCUG or RNC are preferable despite all their
disadvantages. Although US is a cheap, accessible, and
highly acceptable method for children and their fami-
lies, its diagnostic compatibility with VCUG/RNC is not
high, and if there is a suspicion of VUR, US may not be
able to confirm it and VCUG/RNC should be used.
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