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ABSTRACT 

Objective: To determine the diagnostic accuracy of transabdominal ultrasound in detection of renal calculi keeping non-
enhanced CT KUB as gold standard. 
Study Design: Cross sectional study. 
Place and Duration of Study: Department of Radiology, Combined Military Hospital, Multan Pakistan. from Sept 2024 to Feb 
2025. 
Methodology: A total of 209 patients, who presented to radiology department for computed tomography scan of kidney, 
ureter and bladder with suspicion of renal calculi were enrolled in study. They were first subjected to transabdominal 
ultrasound for detection of renal calculi and later all the patients underwent computed tomography scan (gold standard). The 
diagnostic accuracy, sensitivity and specificity of transabdominal ultrasound in detection of renal calculi were determined. 
Results: Patients were having mean age of 37.7±11.3 years whereas female to male ratio of 1:0.9. Sensitivity at 83.3%, 
specificity at 84.2%, positive predictive value at 84.9% and negative predictive value at 82.5%. Overall diagnostic accuracy of 
transabdominal ultrasound in detecting renal calculi was 83.7%. 
Conclusion: Transabdominal ultrasound is a valuable, safe, and accessible first-line tool for detecting renal calculi, showing 
good diagnostic accuracy in comparison to CT KUB. While not a substitute for CT in all cases, its high specificity and ease of 
use make it an effective initial imaging choice especially when radiation exposure or cost is a concern. 
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INTRODUCTION 

The stone in the ureteric pathways is called 
urolithiasis. This remains a fair reason of urological 
outpatient workload of any surgical emergency 
sector.1 Prevalence is on the rise and increased by 
almost 70% over the previous 15 years in various areas 
of the world, with an annual and lifetime prevalence 
of 3%–5% and 15%–25%, respectively.2 Data indicated 
that 40–50% of Pakistanis have urolithiasis.3 Stone 
formation is a complex illness that involves both 
metabolic and environmental components, 
particularly in men who are between the ages of 30 
and 60 years.4 The patient must undergo diagnostic 
workup to make a diagnosis and treatment in order to 
be freed from the related colicky discomfort.5  

A non-enhanced CT scan is increasingly 
becoming the preferred investigation modality due to 
its sensitivity and specificity, which range from 96% to 
100%. As a result, non-enhanced CT scans are 

regarded as the gold standard for identifying urinary 
tract stones.6 Common techniques for identifying these 
stones in the past included intravenous urography, 
ultrasonography, and plain X-rays of the kidney, 
ureter, and bladder (KUB),7 as the sensitivity of 
ultrasonography in the past for the detection of 
ureteric stones was poor. However, due to the 
advancement in technology and further improvement 
in ultrasound machines and transducers, the detection 
of ureteric stone has reported 96.3% of sensitivity and 
80.7% of specificity.8 

Wahab M et al studied 80 patients with suspected 
renal colic. Patients had a mean age of 36.47±8.243 
years. Ureteric stones had prevalence of 70% (n=56). 
Trans-abdominal ultrasound was having sensitivity at 
69.64%, specificity at 66.6%, PPV at 82.92%, NPV at 
48.48% whereas accuracy at 68.75% for diagnosing the 
ureteric calculus.9 Similarly, Javed M et al. from 
Islamabad, Pakistan conducted a study on 115 
patients. The prevalence of urolithiasis was 62.6%. The 
sensitivity, specificity, positive predictive value, 
negative predictive value and diagnostic accuracy of 
transabdominal ultrasonography in urolithiasis was 
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measured as 65.27%, 72.09%, 79.66%, 55.36% and 
67.83% respectively.10 

Owing to the introduction of newer technology, 
sonography sensitivity has reached a higher level than 
it was previously reported. Ultrasound is also a cheap, 
safe, noninvasive and easily available imaging 
modality. No study has been reported from South 
Punjab on the value of ultrasound in detecting renal 
calculi. This trial was scheduled to evaluate diagnostic 
accuracy of this technique, keeping non-enhanced CT 
abdomen as gold standard in patients referred for 
imaging to our setting from urologists. According to 
evidence obtained from this study, the risk of exposing 
to ionizing radiation by CT scans in patients would be 
minimized.  

METHODOLOGY 

 This cross-sectional study was conducted in 
department of Radiology, Combined Military 
Hospital, Multan, Pakistan over six months starting 
from Sept 2024 to Feb 2025. This study was started 
after permission from Hospital Ethical Review Board 
vide notification number 141/2023. Sample size was 
calculated using OpenEpi calculator with reference 
parameters of prevalence of renal stone at 62.6%10, 
expected sensitivity at 65.3 %10, expected specificity at 
72.1% 10 while keeping the absolute precision at 10% 
and confidence level at 95%. The calculated sample 
size turned out to be 209. 

Inclusion Criteria: Patients of either gender aging 20 
to 65 years who presented with new onset flank pain 
>3 accessed by Visual analogue score (VAS >3), 
burning micturition, vomiting and hematuria for 
duration ≤ 7-days (accessed by history) referred to 
radiology department for evaluation of suspected 
renal calculi by CT scan were included. 

Exclusion Criteria: Patients weighing > 90 kg, BMI ≥ 
30 kg/m2, pregnant women (confirmed by urinary 
pregnancy test) and patients who had previous 
surgery due to urolithiasis (accessed by history) were 
excluded. 

A total of 209 patients with suspected renal 
stones referred to Diagnostic Radiology Department 
were included in trial in the consecutive non 
probability fashion after getting informed written 
consent from them. Patient characteristics including 
age, gender, BMI and duration of symptoms were 
noted. First of all, the patients were subjected to 
transabdominal ultrasound diagnostics by using 
Toshiba Xario 200 on the standard grayscale image (in 

B-mode) and the absence or presence of stones was 
noted as a bright with a dark distal shadow. Then the 
same patients were subjected to non-enhanced CT-
scan of abdomen, it started from the diaphragm to 
symphysis pubis. Tube voltage 120kVp, tube current 
270-350 mAs, slice thickness 5 mm and reconstruction 
1.25mm were kept as the standard parameters in all 
CT scans. Radio-dense opacity in the renal cortex or 
pelvis was labelled as renal stone. All CT scans were 
done without oral or intravenous contrast using 
Toshiba CT system. Two consultant radiologists with 
≥ 5-year post fellowship experience reported the 
ultrasound abdomen and CT-scans separately who 
were unaware of the status of the patient. The 
presence (yes/no) and size of the largest calculus in 
mille meter (in case of multiple calculi) were reported 
in all patients either undergoing ultrasound or CT 
scan. The obtained data was noted on proforma. 

All the obtained data was studied by statistical 
software package for social sciences (SPSS) version 25. 
Age, duration of symptoms, number and size of 
calculi is presented as mean and standard deviation. 
The gender, presence of calculi (yes/no) and location 
of calculi is presented as frequency and percentages. A 
2x2 contingency table constructed taking non-
enhanced CT-KUB as reference standard and 
sensitivity, specificity, positive predictive value, 
negative predictive value and accuracy for ultrasound 
was determined. Patient flow diagram is shown in 
Figure. 
 

 
Figure : Patient Flow Diagram 
 

RESULTS  

 All patients enrolled in study completed the 
trial successfully. The mean age of the patients turned 
out to be 37.7±11.3 years. Incidence of renal calculi was 
greater in females with male to female ratio 0.9:1. The 
details of the basic parameters are as per Table-I. 
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Table-I: Summary of Participant Demographics and Clinical 
Features (n=209) 

Parameter Mean±SD Range 

Age in Years  37.70±11.30 24-60 

Body Mass Index -Kg/m2  25.27±1.86 23-29 

Duration of symptoms in days  3.45±1.50 1-7 
 

 Ultrasonography confirmed the presence of 
renal calculus in 50.7% patients with mean size of 
3.2±1.42mm whereas CT scan confirmed the calculus 
presence in 51.7% of the patients with mean size of 
2.9±1.60. The range of calculus size diagnosed on 
ultrasonography varied from 0.5 to 6mm whereas this 
range on CT scan varied from 0.2 to 6mm. A 2x2 cross 
tabulation is drawn for findings of transabdominal 
ultrasonography and CT scan, Table-II. 
 

Table-II: Diagnostic Accuracy of Transabdominal Ultrasound 
in the Detection of Renal Calculi – 2×2 Contingency Analysis 
(n=209) 

Transabdominal 
Ultrasonography 

CT scan 

Positive (n=108) 
Negative 
(n=101) 

Positive (n=106) 90 (83.3%) 16 (15.8%) 

Negative (n=103) 18 (16.7%) 85 (84.2%) 

Sensitivity= True Positive/ (True Positive +False Negative) = 
83.3% 
Specificity= True Negative / (True Negative +False Positive) = 
84.2% 
Positive Predictive Value= True Positive/ (True Positive+ False 
Positive) = 84.9% 
Negative Predictive Value= True Negative/ (True Negative +False 
Negative) = 82.5% 
Diagnostic Accuracy= (True Positive +True Negative)/All Patients 
= 83.7% 

 

The diagnostic performance of transabdominal 
ultrasound in detecting renal calculi was evaluated 
using standard statistical measures. Sensitivity was 
83.3%, specificity was 84.2%, positive predictive value 
was 84.9%, and negative predictive value was 82.5%. 
Overall diagnostic accuracy of transabdominal 
ultrasound in detecting renal calculi was 83.7%. 

DISCUSSION 

The present study demonstrated that 
transabdominal ultrasound (US) achieved a sensitivity 
of 83.3%, specificity of 84.2%, PPV of 84.9%, NPV of 
82.5%, and overall diagnostic accuracy of 83.7% in 
detecting renal calculi, when compared to non-
enhanced CT KUB as the gold standard. These 
findings align closely with those reported in several 
recent studies, reinforcing the role of ultrasound as an 
effective initial imaging modality in the evaluation of 
urolithiasis. 

In a 2024 study by Raza et al. transabdominal 
ultrasound showed a sensitivity of 71.28% and 
specificity of 95%, with an overall diagnostic accuracy 
of 75.4% in detecting renal and ureteric stones, which 
is slightly lower in sensitivity but higher in specificity 
compared to the current study.11 Similarly, Mustafa et 
al. found ultrasound sensitivity to be 67.29% and 
specificity 69.84%, with an accuracy of 68.24% when 
detecting ureteric calculi, indicating considerable 
variability depending on stone location.12 Our study's 
sensitivity of 83.3% is notably higher than the 
sensitivity reported Riaz et al. which found ultrasound 
sensitivity for renal stones to be around 68.3% with 
similar specificity estimates at 66.7%.13 These 
variations are likely due to differences in operator 
experience, patient population, and stone 
characteristics, including size and anatomical location. 

When comparing PPV and NPV, the current 
study’s values (84.9% and 82.5%, respectively) are 
within the range reported in the literature. A study by 
Abbas et al evaluating ultrasound for renal stones in a 
local population found a PPV of 86% and NPV of 79%, 
closely matching our findings.14 High PPV supports 
the reliability of ultrasound in confirming the presence 
of calculi when detected, while the moderate NPV 
underscores the need for further imaging—
particularly CT—in cases with negative ultrasound 
but persistent clinical suspicion. 

Notably, our overall diagnostic accuracy of 83.7% 
is superior to the 75%–80% accuracy range reported in 
multiple recent studies. Rao et al. for example, 
observed an accuracy of 57.68% in a prospective 
evaluation of emergency department patients using 
ultrasound for urolithiasis.15 This may reflect 
improved training, equipment, standardized scanning 
protocols or the relative higher range of calculus size 
in our study setting. Another relevant comparison 
comes from Krakhotkin et al. who reported greater 
than 90% sensitivity and specificity when using 
ultrasound for detection of renal stones ≤10mm, by 
experienced radiologists.16 Our study, performed 
under standardized radiological supervision, supports 
the idea that operator expertise is a key factor in 
maximizing ultrasound’s diagnostic potential. 

Some studies, such as that by May et al. 
emphasize that stone size significantly impacts 
detection rates. They noted that sensitivity dropped to 
57% for stones <5 mm compared to 89% for stones 
≥5mm, highlighting ultrasound’s limits in recognizing 
smaller calculi, which could explain the false negatives 
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observed in our trial.17 Additionally, factors such as 
obesity, hydronephrosis, and overlying bowel gas 
have also been identified as limiting factors.18 

 In conclusion, while the diagnostic 
performance of transabdominal ultrasound in our 
study is slightly superior to the average reported in 
the literature, variability in sensitivity and accuracy 
across studies reflects the technique’s operator 
dependence and anatomical limitations. These 
challenges have been emphasized in recent analyses 
such as the impact of stone size,19 patient BMI, location 
of the calculus and scanning protocols affecting the 
diagnostic outcomes.20 Furthermore, Nelson et al. 
advocated for the continued use of ultrasound as a 
frontline tool, particularly in initial screening scenarios 
or in resource-constrained environments, citing its 
favorable safety and accessibility profiles.21 
Nonetheless, ultrasound remains an essential modality 
in the diagnostic algorithm of urolithiasis, especially 
when interpreted in conjunction with clinical findings 
and followed by CT when necessary. 
CONCLUSION 

 Transabdominal ultrasound is a valuable, safe, and 
accessible first-line tool for detecting renal calculi, showing 
good diagnostic accuracy in comparison to CT KUB. While 
not a substitute for CT in all cases, its high specificity and 
ease of use make it an effective initial imaging choice—
especially when radiation exposure or cost is a concern. 
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