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ABSTRACT

Background: The incidence, prevalence and recurrence of urolithiasis are very high; especially in the north-western
part of India. Ultrasonography has decreased sensitivity and specificity as compared with NCCT for detection of both
renal and ureteral calculi. Drawbacks of NCCT in terms of radiation exposure, cost and repeatability can be overcome
by Low dose NCCT protocols. Low dose NCCT can be an investigation with high diagnostic accuracy, less radiation
hazards and financial acceptability. Aim of this study was to evaluate use of Low dose CT-KUB over ultrasound (US)
for diagnosis of urolithiasis, in Indian scenario.

Methods: This is a prospective study, at Tertiary Care Hospital. Patients with acute flank pain, who underwent both
US and Low dose NCCT within an interval of 24 hours, at Tertiary Care Hospital. Helical CT scanner (Phillips 128
slice medical systems) with exposure factors setting of KVp 120 and mAs 70 was used.

Results: A total of 136 Patients with mean age of 33.01 years (range 19-62 years, SD 10.93), were examined with
82(60.29%) males and 54(39.7%) females, average BMI was 25.07(range 17.2 to 35.02). Low Dose NCCT has a
sensitivity of 95% (CI of 89.43-98.14%) and specificity of 87.50% (95% CI of 61.65-98.45%) in the diagnosis of
urolithiasis. Mean effective dose of radiation administered in low dose CT-KUB was 1.8-2.2 mSv.

Conclusions: In view of information, reliability, repeatability, radiation exposure and cost acceptability; unenhanced
Low dose CT-KUB region should be the preferred investigation for the management of urolithiasis, in the scenario of
a developing country.
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accuracy, less radiation
acceptability in the context of a developing country.

INTRODUCTION

Urolithiasis is common, with the lifetime risk exceeding

12% in men and 6% in women. The prevalence appears Ultrasonography (US) is an attractive investigation

hazards and financial

to have increased in recent years. In addition, many
patients have recurrent stones, with an estimated rate of
30% to 40% within 5 years.! The incidence, prevalence
and recurrence of urolithiasis are very high; especially in
the north-western part of India.? Stone disease not only
affects the patient, but also the national economy, as the
disease is prevalent in the productive age group.? Hence,
there is need for an investigation with high diagnostic

because of the universal availability; it is less expensive,
non-invasive with lack of ionizing radiation. There are
limitations to Ultrasound; this is due to its image
obscuration due to underlying bowel loops and bony
structures.® Multiple studies have demonstrated decreased
sensitivity and specificity of US compared with CT for
detection of both renal and ureteral calculi. This is
particularly true for small (<5mm) stones.* Density of
stone is important for planning the treatment modality.
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Ultrasound even with X-ray KUB does not yield any
information on stone density and composition.

Non-contrast CT is highly sensitive for stone detection. It
can be performed rapidly and needs no intravenous
iodinated contrast. It can also identify non-urinary tract
pathology. Studies have shown a high sensitivity (97%)
and high specificity (95%) of CT for stone disease and
alternative diagnoses are found in 10% to 24% of patients
with acute flank pain.® NCCT can detect most stones
regardless of size, composition and location. Unenhanced
CT is also increasingly being used for treatment planning
and post treatment surveillance for stone recurrence.

The international commission on radiological protection
recommends a yearly radiation exposure dose limit of 1
mSv for general population. Overall lifetime risk of
developing cancer is generally 1 in 200 for every 100
mSv of radiation exposure.® Radiation dose and cost for
multiple CT examinations are of great concern and not
justifiable. This is particularly true in Indian scenario
where recurrence rate is too high.

However, with the availability of new generation CT
scanners, it is now possible to acquire cross-sectional
images at a much lower effective radiation dose. This is
generally less than 3 mSv per examination.” Several low
dose and ultralow dose protocols have been studied. Low
dose CT-KUB can be performed in short time, without
requiring any bowel preparation, at far lesser cost as
compared to conventional NCCT. It provides accurate
information regarding the stone size, location, density,
direct and indirect signs of obstruction and even
diagnosis of non-urological conditions.

Present study evaluates the use of low dose CT-KUB for
management of urolithiasis: In terms of information
yield, reliability, repeatability, radiation exposure and
financial acceptability in Indian scenario.

Aim of this study was to evaluate use of Low dose CT-
KUB over ultrasound (US) KUB in management of
urolithiasis, in Indian scenario.

METHODS

This is a prospective study conducted from June 2015 to
June 2017 at a tertiary care teaching hospital in Pune,
western part of India.

Patients (Age group of 18-70 years) who presented with
flank pain/symptoms and signs suspected of renal/ureteric
colic at casualty or urology OPD were enrolled in study.
Patients, who underwent both Ultrasound and low dose
unenhanced helical CT (LDCT-KUB) scans within a span
of 24 hours, were included in the study.

Exclusion criteria

e Pregnancy/LMP more than 30 days,

e Age younger than 18 years,
e  Previous full dose CT scan in past 6 months.

History, examination and medical records of patients for
suspected renal/ureteral colic were noted. Before
undergoing USG/ LDCT-KUB all patients were
examined.

Reference modality for urolithiasis detection is shown in
previous studies.® Ureteral stone was considered to be
definitely present if at least one of the following criteria
were fulfilled:

e Surgical retrieval of the stone,

e Depiction of a ureteral stone by imaging studies
(unenhanced CT),

e Subsequent radiographs and sonograms showing
evidence of calculus migration,

e Calculus excretion followed by relief of pain,

e Macroscopic hematuria.

The ureteral stone was considered to be definitely absent
if imaging studies do not reveal any stone and at least one
of the following criteria was fulfilled.

o Negative microscopic urinalysis and relief of pain
with no treatment

o Depiction of an alternative diagnosis and relief of
pain after a specific treatment

e Laboratory-based alternative diagnosis (e.g., urinary
tract infection)

e Imaging studies showed no abnormal calcification or
urinary tract dilatation.

Ultrasound KUB was done using 3.75MHz surface probe.
All ultrasounds were seen and reported after being
reviewed by a senior radiologist. Secondary signs of
obstruction, like hydronephrosis, hydroureter, perinephric
and periureteric fat stranding were also noted apart from
direct visualization of stone.

The low dose CT-KUB scans were obtained on a helical
CT scanner (Phillips 128 slice medical systems). The
voltage setting was 120 kVp and tube current settings at
70 mAs. All scans were obtained from the upper border
of T10 vertebral body to the lower border of symphysis
pubis using 5mm collimation, without the use of oral or
intravenous contrast material. Patients were placed in
supine position with full urinary bladder at the time of the
LDCT-KUB.

Effective dose (ED) was obtained by the following
equation- ED= DLP*f

DLP- dose length product is the product of weighted CT
dose index (CTDIw) and the length of imaged object in
centimeters. The average scanned length, for low-dose
CT, was 40+5cm for men and 35+5 cm for women.

International Surgery Journal | February 2018 | Vol 5| Issue 2  Page 639



Sharma S et al. Int Surg J. 2018 Feb;5(2):638-642

Effective F is the conversion factor; f for pelvic CT is
0.016 mSv/mGy/cm.

RESULTS
Study included 136 consecutive patients of acute flank

pain who underwent both USG and Low dose CT-KUB
region. Patients had mean age of 33.01 years (range 19-

54(39.7%) females, average BMI was 25.07(range 17.2
to 35.02).

Data from present study showed that Ultrasonography
has sensitivity of 80%(71.72-86.75%) with 95%
confidence interval, and specificity of 62.5% with (35.43-
84.80) 95% confidence interval, when secondary signs of
obstruction are also taken into account (Table 1).

62 years, SD 10.93), with 82(60.29%) males and

Table 1: Comparison of USG and low dose NCCT for urolithiasis.

Investigation True positive False negative False positive  True negative Sensitivity Specificity
USG 96 24 6 10 80% 62.5%
LD-NCCT 114 6 2 14 95% 87.5%

Table 2: Comparative sensitivity and specificity of various imaging modalities for urolithiasis.

. o . Bowel gas Additional Effective
Modality Sensitivity Specificity shadow information dose
X-ray?! (KUB) 57% 71% Yes Less Very few Low  0.5-1 mSv
IvVyz23 59.1% 99% Yes Less Adequate + 1.3-3.5 mSv
USG* 80-84% 50-53% Yes Less Few + Nil
USG+X-ray 85-87 90 Yes Fair Fair ++ 0.5-1 mSv
Ultra-low dose*? 97 95 No Less Fair ++ 1-2 mSv
Low dose NCCT>®  96.6% 94.9% No Less Adequate ++ 0.97-3 mSv
standard NCCT*! 98 96 No Slight Adequate +++ 6.5-10 mSv
Contrast CT® 99 100 No More Highest ++++  25-35 mSv

Table 3: Various low dose NCCT protocols used in literature.

Various Protocols

Radiation (mSv

Ultra-low dose'? 6.9 120 - 97% 95% 0.5-0.7
MDCT, low-dose 3 50 120 15 93 86 1.4-1.97
Low dose MDCT?® 30 120 1.25 97 96 18-2.4
Present study 70 120 1.5 95 87.5 1.8-2.2
MDCT, conventional 55 140 0.75 99 97 6.5-10
protocol

Low Dose NCCT has a sensitivity of 95% with (89.43-
98.14%) 95% confidence interval and specificity of
87.50% with (61.65-98.45%) 95% confidence interval, in
the diagnosis of calculi. Additionally, LDCT could also
suggest stone density (mean 762 HU units) and, non-
urinary tract abnormalities as cause of flank pain
(mesenteric lymphadenitis in 6 and acute colitis in 4).

Effective dose (ED) was obtained by the following
equation- ED= DLP*f

Thus, ED in the low dose CT protocol was calculated as
1.8-2.2 mSv.

Low dose NCCT KUB cost at the institute is nearly half
that of conventional dose CT scan, the radiation exposure
is one fifth of standard dose CT. Low dose NCCT-KUB

region takes less scanning time as compared to
ultrasonography and X-ray KUB combined.

In the institute cost of USG and X- Ray combined is
nearly same as that of low dose NCCT-KUB scan.
Abdominal ultrasound with X-ray KUB region takes
nearly 24 hours for final diagnosis whereas LDNCCT
takes only 2 hours to give diagnosis.

DISCUSSION

Unenhanced conventional NCCT scan is becoming the
standard for imaging patients with renal/ureteric colic.
Many reasons for this includes its speed, greater
sensitivity for stone detection, diagnosis of additional
findings, utility in appropriate patient management.®
However its cost and radiation exposure are limiting
factors.
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In order to decrease radiation dose, different low dose
protocols have been proposed with performance nearly
similar to standard dose CT. It has shown better results
than USG in evaluating urolithiasis.®%12 Conventional
NCCT and Low dose NCCT has been compared in the
medical literature.*?4

In a study by Alsyouf and colleagues, low dose CT at
variable mAs resulted in similar attenuation values (as a
surrogate for stone composition) compared with
Conventional-dose CT with only a slight increase in
variability.’®> A study by Sohn and associates supported
this observation, demonstrating no significant difference
in measurement of stone size, attenuation, or SSD
between low dose and conventional-dose CT with a
marked reduction in radiation dose of 73% (from 23 to 6
mSv).%6 The new techniques for differentiation of urinary
calculi with differing compositions are described with
dual-energy CT can also be performed at a low dose.*®

Even ultralow dose CT protocol (30 mAs) results are
claimed to be better than USG and X-ray KUB
combination. But, they are inferior to Low dose NCCT in
detection of renal/ureteric stones.’

However, there is a possibility that with reducing the
radiation, image quality may be compromised. The
clarity of radiographic images is inversely proportional to
the amount of current used in mill amperes. There is
linear correlation between patient size, image quality and
need for adequate scanning protocol for larger patients.'8
Several investigators have documented problems with the
low dose protocol in obese patients involving
deteriorating image quality and the necessity for higher
radiation exposure.'®?° Some studies have even grouped
patients on BMI and offered different dose settings for
these groups.?

Present study shows that sensitivity and specificity of
Low dose NCCT scan KUB region is significantly higher
than Ultrasound for detection of urolithiasis (p value less
than 0.05). Comparative sensitivity and specificity of
various imaging modalities for detecting urolithiasis is
shown in Table 2. These findings are similar to previous
studies in literature.®

CT scanner settings for current and voltage in present
study are comparable with various low dose protocols as
shown in Table 3.

In the present study radiation exposure is 1.8-2.2 mSv,
with is more than ultra-low dose protocols and less than
conventional NCCT. Comparative literature results are
mentioned in Table 3.

Patients in present study had mean BMI of 24.26. In
Indian scenario most of the patients are having BMI of
less than 30Kg/m? Hence, similar low dose protocol
suffices. However, further studies are needed to ascertain
the low dose CT protocols for patients with high BMI.

In the institute, low dose CT-KUB is also cost-effective
investigation over USG and radiography combined.
Author suggest that institutions should develop their own
cost packages for Low dose NCCT-KUB region.
However, no formal cost analysis was performed in
present study.

CONCLUSION

In view of information yield, reliability, repeatability,
radiation exposure and cost acceptability; Low dose
Computed tomography of kidney ureter bladder region
(LDCT-KUB) is good primary investigation. LDCT-
KUB should be the preferred investigation for the
management of acute flank pain and urolithiasis, in
Indian scenario.
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