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Computed Tomography is an important technique for imaging the urinary calculi using
cross sectional images. The size and site of the calculi are significant aspect that are necessary for
treatment. Therefore, present study aims to compare diameters of calculi measured using bone
and soft tissue window settings in CT and also determinesmost frequent site for occurrence of
calculi in urinary system. This is a retrospective study including total of 126 patients (91 males,
35 females, age range: 20-50 years). The patients who had undergone non contrast enhanced
computed tomography of Kidney Ureter and Bladder (NCCT KUB) and diagnosed with urinary
calculi were included in study. For each calculus found on CT image, two diameters such as
maximum diameter and perpendicular diameter was measured on coronal plane using soft tissue
and bone window settings. Site of calculi was also noted.To compare diameters measured using
soft tissue and bone window settings Wilcoxon signed ranks test was used.Mean of maximum
diameter and perpendicular diameter of the calculi measured by soft tissue and bone window
settings in CT was 0.74+0.5, 0.82 +1.8 and 0.79 * 0.5 ,0.67 * 0.49 respectively. It was found
that there was significant difference in diameters of calculi measured using soft tissue and bone
window setting (p<0.0001). The study concludes that there was mean difference 0f0.08 cms
and 0.12 cms for maximum axial diameter and perpendicular diameter respectively measured
using soft tissue and bone window settings in CT. Calculi in kidneys was most common site in
our study population.
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Urinary calculi occur by disturbance
in the equilibrium of solubility that results in
accumulation of salts and formation of calculi in
the urinary tract. Most commonly urinarycalculi
are made up of calcium, uric acid, cysteine and
struvite. It was found that around 12 % of the total
population in the world are affected by urinary

calculi. Though the calculi occur in all ages, sexes
and races, found more commonly in men compared
to women with age range of 20-49 years. In India
about 12% of the total population are affected by
urinary calculi with 50% resulting in loss of kidney
functions because of lack of timely diagnosis and
treatment'-.
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The symptoms of urinary calculi are
associated with the location of calculi in the
urinary system such as kidney, ureter, or urinary
bladder. During the initial stages the formation
of calculi does not cause any symptoms followed
by symptoms such as renal colic, flank pain,
hematuria, obstructive uropathy, urinary tract
infections, blockage of urine and hydronephrosis
in later stages if it is not treated. These conditions
may also be associated with nausea and vomiting.
Calculi less than 5 mm in diameter will be passed
through few weeks of conservative managements.
However, the calculi with diameter more than Smm
may require surgical removal of the calculi *3.

The radiological diagnosis of urinary
calculi includes KUB (Kidneys Ureters Bladder)
x-ray, NCCT KUB, Intravenous Pyelography (IVP)
and Ultrasonography. Advantages of CT over other
compared to other imaging modalities is that it
can provide cross sectional images of the urinary
system, can detect radio lucent and radio opaque
stones with size less than Imm to 2 mm *°.

For the calculi diagnosed on CT KUB
images, the diameter will be measured in soft tissue
window settingsHowever, recent studies have
shown that size of the calculi measured using bone
window setting gives the exact size of the calculi.
But there is significant ambiguity in difference in
size of calculi measured with soft tissue and bone
window settings in CT¢. Location of site of calculi
and size are the two important factors determining
the treatment. Therefore, the present study will be
undertaken to compare the calculi size measured
using soft tissue and bone window settings and
also to determine the common site of calculi in our
study population using CT.

MATERIALS AND METHODS

This was a retrospective study conducted
in Department of Radio diagnosis and Imaging from
April 2017 to April 2018. The study approval was
obtained from Institutional Research Committee
and Institutional Ethics Committee.A total of
126 patients (91 males, 35 females, age range:
20-50 years)who had undergone NCCT KUB and
diagnosed with urinary calculi was included in the
study. The exclusion criteria were patient those who
had undergone NCCT KUB and diagnosed with

other than urinary calculi like — Pyelonephritis,
hydronephrosis, UTI.

NCCT KUB was performed by using
Philips 64 slice Brilliance CT scanner. Patients
were positioned on the CT couch in supine
position, with the area coverage from domes of
the diaphragm to pubis symphysis. The following
scanning protocol was used: collimation of
64x0.625, rotation time 0.75s, Field of view
(FOV) 350 mm, tube voltage of 120 kVp, tube
current of 250 mAs, pitch of 1.078, scan time 4.9
seconds, slice thickness of 5 mm, slice increment
of 5 mm, a filter of standard B and resolution
standard. The scan of the required area of interest
was performed on the acquired scannogram. The
images were reformatted in to three planes and
was sent to Picture Archiving and Communication
System (PACS).The NCCT KUB images with
renal calculi was retrospectively retrieved from
the PACS. Each calculuswas measured in two
dimensions along its maximum diameter and the
other one perpendicular to it on coronal planes, on
x4.0 magnified soft-tissue window [Figure 1]and
x4.0 magnified bone window [Figure 2] settings by
using measuring tools in DICOM Imaging software
of Mediff technology and were noted in centimeter
(cm). The measurements were taken by two readers
who were blinded to the diagnosis and measured
at different time periods to find the inter and intra
observer variability.

The location of the calculi was noted
and were classified according to their sites such
as: Kidney, Pelvi-ureteric junction (PUJ),Ureter,
Vesico-ureteric junction (VUJ) and urinary bladder
Statistical Analysis

Data was entered and analyzed using SPSS
version19. Wilcoxon Sign ranked test was used for
comparison of diameters of calculi measured in
two different window settings. Frequencies and
percentages were calculated for gender, site and
side of calculi. The mean difference in diameter
was calculated by subtracting the means. The
intra-observer variability was calculated using
students -z- test. The inter observer variability was
calculated using Intra-class correlation coefficient.

RESULTS

A total of 126 cases diagnosed with
urinary calculi was included in this retrospective
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study after taking in to account the inclusion and
exclusion criteria. The mean age of the patients that
was include in the study was 43.13+ 14.28 years
(range: 20-50 years) with 91 males (72 %) and 35
females (28%).

The mean and standard deviation of
urinary calculi measured on soft tissue window
and bone window setting was calculated (Table 1).

The mean difference between maximum
diameter of the calculi measured on soft tissue
and bone window setting was 0.08 cms and mean
difference between perpendicular diameter of the
calculi measured on soft tissue and bone window
setting was 0.12 cms. Since the data was not
normally distributed the median and interquartile
range was calculated (Table 2). The medians were
compared by using Wilcoxon signed ranks test and
the difference was stastically significant with p <
0.001 at 5% level of significance [Figure 3]

Fig. 1. NCCT KUB coronal image showing
measurement of urinary calculi in soft tissue window
setting

There was no Inter- observer variability
(p>0.001)and intra observer variability (intra-
class correlation coefficient =0.97) between the
measurements of calculi performed by reader A
and B at different time periods.

To identify the most common site of
urinary calculi using CT, the location of the calculi
was noted and were classified according to their
sites such as: Kidney, Pelvic-ureteric junction
(PUJ),Ureter and Vesico-ureteric junction (VUJ).
The number of calculi present in each site were
noted and percentage was calculated.Out of total
126 urinary calculi, 61% (77) were renal calculi,
24% (30) were ureteric calculi, 3% (4) of calculi
were found in PUJ and 12% (15) of calculi were
found in VUJ [Figure 4]

Out of 61.11% (77) of renal calculi,
42 calculi (30 males & 12 females) were found
in right kidney and 35 calculi (27 males and 8

Fig. 2. NCCT KUB coronal image showing
measurement of urinary calculi in bone window
setting

Fig. 3. Box plot showing median and interquartile range
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Fig. 4. Pie chart showing location of urinary calculi

females) were found in left kidney. In both males
and females most of the renal calculi were found
in middle pole, followed by lower pole, upper pole
and renal pelvis.30 (24%) calculi were found in
ureters. 14 calculi were found in proximal ureter,
followed by 11 calculi in distal ureter and 5 in
middle ureter. 4 (3%) calculi were found in PUJ (3
in males and 1 in females) and total of 15 calculi
(12%) were found in VUJ (12 in males and 3 in
females)

DISCUSSION

Urinary calculi disease is a crystal
concentration formed with in the urinary system.
CT KUB has become imaging modality of choice
in the diagnosis of ureteric colic. Urinary calculi
can be diagnosed by CT examinations as we can

Table 1. The mean and standard deviation of urinary calculi measured on soft
tissue window and bone window setting

Urinary calculi size

Soft Tissue Window (cms)

Bone Window (cms)

Maximum diameter
Perpendicular diameter

0.74+0.5
0.79 £ 0.57

0.82 +1.80
0.67+ 0.49

Table 2. Median and interquartile range of urinary calculi size measured
using soft tissue and bone window setting

Urinary calculi size

Soft tissue window (cms)

Bone window (cms)

Median Interquartile range Median Interquartile range p-value

Q,Q) QQ)
Maximum diameter 0.56 0.39,1.01 0.46 0.30, 0.90 <0.001
Perpendicular diameter 0.61 0.38,1.03 0.49 0.32,0.90 <0.001

get cross sectional images, ease of performance
and high sensitivity’®.

In the present study, the diameter of the
calculi in the CT KUB image was measured using
two different window settings and found that there
was stastically significant difference in the diameter
of calculi measured using soft tissue and bone
window settings.

Similarly, in a study done by Soomro et
al b patients diagnosed with calculi in the ureters
were included and the size of the calculi was
measured with soft tissue and bone window settings
using CT. They reported that size of the calculi

measured using two different window settings was
stastically significant with the mean difference
of 6.68 mm and 4.8 mm for soft tissue and bone
window settings respectively.

Einsner et al. °conducted a study to
measure the size of the calculi by in vitro and in
vivo method for determining the accurate size
of the calculi. They found that measurements of
calculi performed on CTusing soft tissue and bone
window setting with and without the magnification
were significantly different from the measurement
taken using the hand caliper. However, there was no
stastically significant difference in size of the calculi
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measured using magnified bone window settings
in CT and digital caliper measurement. Therefore,
the study recommended that the magnified bone
window setting in CT is the appropriate method
for measurement of the urinary calculi because of
improve visualization of edges of the calculi that
is closer to the reality.

RB Chand et al."®included a total of 240
urolithiasis patients who had undergone plain
radiograph of KUB region. They reported that in
the urinary system the calculi were found in the
following region such as 237 in kidneys, 47 in
ureters, 22 in pelvic ureteric junction (PUJ), 33 in
vesico ureteric junction and 6 in bladder.Thus they
concluded that distal ureter is the most common
site of the calculi in the urinary system and occurs
more commonly in male compared to female.

Scales Jr CDet al.''reported that prevalence
of kidney stone was higher in males compared to
females. They also reported that prevalence was
higher among obese individuals and overweight
individuals than among individuals with normal
weight.

In this present study, out of total 126
urinary calculi, 61% (77) were renal calculi, 24%
(30) were ureteric calculi, 3% (4) of calculi were
found in PUJ and 12% (15) of calculi were found
in VUJ.Hence the similar result was found in our
study with renal calculi as most common followed
by the ureters. It was also found that urinary calculi
are common in males compared to females and
productive age group predominance.

The limitations of the study are firstly,as
the measurements were taken using CT couldnot
determine the stone density. Secondly the sample
size is limited. Thirdly, could not determine the
incidence of calculi according to the BMI from the
present study.

CONCLUSION

The study concludes that size of the
calculi measured using CT in soft tissue window
was significantly different from that measured
using bone window with mean difference of 0.08
cms and 0.12 cms for maximum axial diameter
and perpendicular diameter respectively.Calculi
in the kidneys was most common site in our study
population followed by ureters, Pelvic Ureteric
Junction (PUJ) and Vesico Ureteric junction (VUJ).
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