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Introduction: Few studies have focused on the correlation between bladder
ultrasound and urinary tract infection. The aim of this study was to evaluate the
bladder volume wall index in children with single or recurrent urinary tract
infection.

Materials & Methods: This case-control study was conducted between March
2008 and December 2009. The study was performed on one hundred children (8
boys, 92 girls) aged 4-15 years with a history of urinary tract infection and
thirty-nine (20 males, 19 females) age- matched healthy children who had
negative urine culture one month before investigation. The kidneys, ureters, and
bladder sonography were performed in all children. Bladder volume wall index
was calculated for each child and the result of 70-130 was presumed normal.
Student T-test, chi-square, likelihood ratio, and risk ratio were used. P-value
<0.05 was considered significant.

Results: The mean bladder volume was 262.5 (£82) in recurrent urinary tract
infection, 235 (£54) in single urinary tract infection, and 278 (x80) in controls
(P<0.05). The bladder was thick (<70) in 37 (28 cases, 9 controls) and thin
(>130) in 38 children (28 cases, 10 controls) (P>0.05). The median residual
volume was not different between the two groups. The abnormal BVWI in
children with vesicoureteral (VU) reflux was 75% as compared to 51% in those
without VU reflux (P>0.05). There was no correlation between BVWI and age,
gender, groups, vesicoureteral reflux status, or residual volume (P>0.05).
Conclusions: According to our findings, the bladder volume wall index is not
sensitive enough to discriminate children who are prone to urinary tract
infection.
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abnormality in ultrasound and urinary tract

Urinary tract infections are one of the most
common infectious diseases in children.
Ultrasound is an imaging modality routinely used
for initial evaluation of children with urinary tract
infections [1]. One of the indications for
requesting voiding cystourethrogram is abnormal
renal-bladder sonography or recurrent urinary
tract infection (UTI) [2]. Few studies have
investigated the correlation between the bladder

infections [3-4].

The bladder volume wall index (BVWI), first
introduced by Yeung et al, is a sonographic
definition for the evaluation of bladder volume.
According to the bladder volume wall index and
urodynamic study findings, the bladders are
classified to thick and small (BVWI<70), thin and
large (>130), and normal (70-130) [4-7]. As this
classification is used as a non-invasive tool for the
evaluation of the patients with urinary tract
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infections, we presumed that it could be useful in
the detection of cases prone to recurrent urinary
tract infections. However, we previously reported
that BVWI had low sensitivity to detect children
with lower urinary tract symptoms [8] or
abnormal uroflowmetry [9].

Materials and Methods

Between March 2008 and December 2009, one
hundred children (92 females, 8 males) aged 4-15
years with a history of urinary tract infection were
enrolled in the study after obtaining consent from
their parents. Thirty-nine age- matched children
with no history of urinary symptoms were
selected as controls.

The study was approved by the Ethics Committee
of Iran University of Medical Sciences and
followed the Institution’s Review Board for
Human Subjects Guidelines.

A through history and a complete physical exam
were performed. Those with neurogenic bladder,
urinary tract anomalies, or previous bladder or
abdominal surgery were not included in the study.
Urinary tract infection was defined as more than
105 single microorganisms grown in a sample
urine culture obtained through the midstream
method. Recurrent urinary tract infection was
defined as either the history of at least two
episodes of acute pyelonephritis, one episode of
upper urinary tract infection and cystitis, or three
episodes of cystitis [1]. Urine analysis and urine
culture were performed for each child before
further evaluation. In the case of urinary tract
infection, bladder sonography was postponed for
four weeks until urine culture results were
negative.

A Ziemens Sonoline G40 sonography system was
used for all patients with two 7.5-10 MHz linear
and 5 MHz convex probes. At first in the supine
oblique position, the maximum renal diameters
were measured for each kidney; maximum length
(L) in the longitudinal coronal oblique plane and
mean corticomedullary thickness were measured
in the supine or lateral decubitus position;
maximum width (W) and AP diameter (D) were
obtained in the axial or transverse plane and then
the renal volume was calculated (Renal volume= L
x W x D x 0.523). Total renal volume is the sum of
right and left renal volumes. The age related
expected bladder volume index (BVI) and BVWI
were extracted for each patient from an available
standard table [5]. The patient's bladder volume
index (BVI) was calculated by multiplying the
maximum AP and side to side internal diameters

of the bladder (in mid-transverse plane) and the
maximum dome to bladder outlet diameter (in
mid-sagittal plane) in the supine position [4-8].
The post-void BVI was measured similarly after
the child was asked to void completely. Then, the
percentage of bladder emptying efficacy was
calculated. At the next step, anterior, anterolateral
and posterolateral wall thickness were measured
in the mid-transverse view. The mean of these
measurements represented post-void bladder
mean wall thickness [4-9].

Subsequently, the bladder volume wall index
(BVWI) was calculated through dividing the
calculated BVI (cm3) by mean bladder wall
thickness (cm) [4-9]. This index was used to
determine the BVWI% through dividing the
calculated BVWI by the expected BVWI for age
using the following equation [4-9].

BVI,x — BVl
~x100 .
BVI

max

If the BVWI% was less than 70, it was classified as
thick (low capacity, thick wall), between 70 to 130
was considered normal and more than 130 was
regarded as thin (high capacity, thin wall) bladder
[4-9].

Normal post-void residue was defined as the
presence of greater than 20 ml post-void residual
urine [10].

The data was presented as mean #* SD and
frequency. Independent Student’s t-test was used
to compare means, ANOVA for comparing the
differences between and within groups, Chi-
square, likelihood ratio, and odd ration for any-
rows x any-columns tables. Mann-Whitney test
was used to compare non-parametric variables. P
value less than 0.05 was considered significant.

Results

Out of 100 children with a history of UTI who
were included in the study, fifty-five (3 boys, 52
girls) had RUTI and 45 (5 males, 40 females) had
SUTL Thirty-nine (20 males, 19 females) children
who had no urinary tract symptoms were
considered as the control group (P<0.05). The
mean age of cases was 7.45 yr (*2.45 SD) vs. 8.2
(2.6 SD) for the controls (p-value=0.12).
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Table 1. Kidney Bladder parameters in Sonography in Healthy
Children - percentile (n=39)

5 25 50 75
Right kidney -length 70.20 81.10 88.50 94.20
Right kidney -wide 27.0 29.00 31.00 36.30
Right kidney - 30.00 34.40 40.30 42.20
anteroposterior
Left kidney- length 71.40 87.10 90.30 99.00
Left kidney- wide 24.30 34.00 37.30 41.00
Left kidney - 31.40 35.00 40.40 47.90
anteroposterior
full bladder 134.82 350.78 522.12 688.94
full bladder- length 56.71 66.35 76.55 100.50
full bladder -wide 40.55 59.38 67.40 76.42
full bladder -depth 52.00 69.58 97.65 109.50
empty bladder- length 13.96 24.20 35.35 48.03
empty bladder -wide 9.21 16.92 22.50 38.65
empty bladder -depth 8.74 18.45 26.95 39.55
bladder thickness - 1.90 2.50 3.15 4.00
anterolateral diameter
bladder thickness -lateral 1.99 2.58 3.45 4.25
diameter
bladder thickness - 1.80 2.78 3.15 412
posteriolateral diameter
bladder thickness - mean 2.02 2.71 3.36 4.00
diameter
Bladder volume wall 18.66 76.00 98.48 123.60
Thickness
Post-void residue 0.00 5.00 13.45 24.95
right kidney volume 38.15 47.50 59.04 67.72
Left kidney volume 42.02 61.92 72.02 94.14
total kidney volume 85.68 108.79 129.31 154.56
bladder volume 180.00 217.50 25230 321.15

The mean bladder volume wall index was 98
(¥81SD) in RUTI cases, 102(74 SD) in single UTI
cases, and 103(+73 SD) in controls (P>0.05).
Tables 1 & 2 show the quartile of kidney bladder
sonography parameters in cases and controls. The
median post-void residue was not different
between cases (19 ml in RUTIs, 21 ml SUTI) and
controls (14 ml) (P>0.05). There was no
correlation Table 2- Kidney Bladder parameters in
Sonography in Children with urinary tract
infection - percentile (n=100) between BVWI, age,
or gender (P>0.05). Standard voiding
cystourethrogram was performed in 66 children
with UTI, 41% of whom had vesicoureteral reflux.
Of patients with VU reflux, 75% had abnormal
BVWI (OR: 2.85, 95% CI: 1-8.7) (p-value=0.06). By
dividing children to recurrent and single urinary
tract infection, the odd ratio was calculated as 4.8
(95%ClI:0.7 -33.7) for SUTI and 1.8 (95%Cl:0.4-
7.9) for RUTI (p-value>0.05).

Discussion

The majority of studies have focused on renal
sonography parameters as a tool for the
evaluation of patients with urinary tract infection.
An observational study reported a change in the

Table 2. Kidney Bladder parameters in Sonography in
Children with urinary tract infection - percentile (n=100)

5 25 50 75
Right kidney -length 71.40 80.00 85.50 93.50
Right kidney -wide 26.48 29.15 32.70 36.05
Right kidney - 30.00 33.40 36.60 41.60
anteroposterior
Left kidney- length 73.30 82.40 87.20 95.80
Left kidney- wide 28.00 33.15 35.90 41.30
Left kidney - 31.00 34.40 37.80 44.40
anteroposterior
full bladder 142.98 348.64 492.48 735.94
full bladder- length 49.50 63.50 73.70 92.50
full bladder -wide 44.60 62.10 71.30 82.40
full bladder -depth 56.50 75.80 94.80 117.00
empty bladder- 15.50 26.60 34.90 45.40
length

empty bladder -wide 11.50 23.60 30.80 44.40
empty bladder -depth 10.70 19.90 31.00 41.60
bladder thickness - 1.60 2.22 3.10 3.90
anterolateral

diameter

bladder thickness - 1.90 2.52 3.35 4.18
lateral diameter

bladder thickness - 1.90 2.40 3.30 4.18
posteriolateral

diameter

bladder thickness - 1.83 2.50 3.26 3.93
mean diameter

Bladder volume wall 35.18 66.09 96.32 140.35
Thickness

Post-void residue 1.90 6.92 19.26 35.12
right kidney volume 35.41 42.96 55.10 69.11
Left kidney volume 36.70 50.87 64.83 78.71
total kidney volume 74.33 98.43 117.69 146.00
bladder volume 159.50 195.00 231.15 302.48

urinary tract infection policy in a decade in
Australia. There was a higher rate of
ultrasonography prescription for evaluation of
urinary tract infection and lesser tendency to
request invasive modalities [11]. Yeung et al
observed that their method of the measurement of
BVWI had a good correlation with urodynamic
evaluation [4-5]. This method measures the
maximum capacity of the bladder to the expected
bladder volume for age. In the conventional model
of sonography, the maximum capacity of the
bladder is not considered. Even a good association
between BVWI and urodynamic evaluation can be
a promising feasible method for ruling out the
children with small or large bladder just by
sonography and limit the necessity to employ
invasive studies such as VCUG or UDS. Our
previous study could not confirm the superiority
of BVWI to Pediatric Lower Urinary Tract Scoring
System to detect children with lower urinary tract
symptoms [8]. In addition, we could not find any
correlation between BVWI and uroflowmetry [9}.
In contrast, Azhir et al used BVWI for the
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evaluation of children with enuresis [12] and the
responsiveness to therapy [13]. We tried to
evaluate the ability of BVWI to detect children
prone to urinary tract infection. Less attention has
been paid to the bladder measurements on
sonography of children with urinary tract
infection. The bladder volume wall index (BVWI)
is claimed to be highly correlated with
urodynamic findings of thick, thin, or normal
bladders [4,6]. However, no difference was
detected in BVWI between case and control
groups in our study. Liu et al evaluated the
sonographic characteristics of the bladder in
infants younger than 12 months with urinary tract
infection and found that these infants had smaller
bladder volumes, larger residual volumes, and
thicker bladders than the controls [3]. According
to the bladder volume wall index, the median
anterolateral, posterolateral, and lateral wall
thickness of the empty bladder are significantly
lower in children with VU reflux. It may represent
incomplete emptying of the bladder in this group.
A few studies have shown that the bladder wall
thickness varies minimally with age but is
influenced by the bladder filling state; the upper
limit of normal thickness is 3 mm when the
bladder is distended and 5 mm when the bladder
is empty [14-15]. A survey on healthy school-aged
children showed a significant correlation between
body mass index, age and the anterior and
posterior thickness of the bladder wall but there
was no significant correlation with the volume of
bladder [16].

The limitations that we encountered during
ultrasonography were that the measurement of
BVWI consumes at least twice the time that is
required for the conventional ultrasonography of
the bladder, some children drink too much and
presented with an over-distended bladder, and
some children could not tolerate to fill the bladder
completely as expected.

Conclusions

According to our findings, the bladder volume wall
index is not sensitive enough to discriminate the
children who are prone to recurrent urinary tract
infection.
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