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ABSTRACT 

Objective: To determine the diagnostic accuracy of Color Doppler ultrasonography (USG) and compare it with CT KUB as the 
gold standard in detecting kidney stones. 
Study Design: Cross-sectional study 
Place and Duration of study: Department of Radiology, Bolan Medical Complex Hospital, Quetta, Pakistan, from Jun to Dec 
2022. 
Methodology: Two hundred and twenty-eight (228) patients of nephrolithiasis were selected by using a non-probability 
consecutive sampling technique. Patients (both male and female), fulfilling the inclusion criteria, were included in the study. 
Ultrasonography (USG) and Computed tomography (CT), done by separate experienced radiologists, of all patients were 
carried out, and the required findings were noted. Data was compiled and analyzed with SPSS version 23.0. 
 Results: As per the comparison between USG and CT-KUB findings, the results of our study revealed that US had a 
sensitivity and specificity of 92.6% and 100.0%, respectively. While positive predictive value, negative predictive value, and 
accuracy of US were 100%, 74.1%, and 93.9%, respectively, with a p-value < 0.001. 
Conclusion: Despite limitations in the diagnosis of urinary stones, US can be used as an initial assessment tool. The sensitivity 
and specificity of US for diagnosis of renal, ureteric stones, and hydronephrosis are variable. Moreover, size of the stone, stone 
type, and location also affect it. 
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INTRODUCTION 

The term nephrolithiasis is used for kidney 
stones, also known as renal calculi. Crystallization of 
concretions in the kidneys or urinary tract leads to 
formation of these stones. Kidney stones can be of 
different sizes. Smaller stones may leave the body 
easily, causing slight discomfort or none. Larger 
stones can get stuck in the urinary tract, thus blocking 
urinary flow and causing unbearable pain1. 

Nephrolithiasis is the most common condition 
affecting the urinary system.2 It has a prevalence of 5% 
to 15%, with a yearly incidence of 0.5% in Europe and 
North America. The lifetime risk of kidney stone 
formation has been reported to be 10-12% in males 
and 6-8% in females. The prevalence of nephrolithiasis 
has been rising over the past two decades. The 
prevalence of renal calculi in Pakistan is 
approximately 16%.3 While in India, it has been 
reported to be 12%.4 Men are affected more than 

women.5 

 Ureteric stones lead to dilatation of the proximal 
ureter and renal pelvis, thus causing severe pain, 
which is known as renal colic. Patients with kidney 
stones have an increased risk of chronic kidney 
disease, cardiovascular disease, diabetes, and 
hypertension.6 Kidney stone formation is 
multifactorial, which includes inadequate urinary 
volume, hypercalciuria, hyperoxaluria, 
hyperuricosuria, recurrent urinary tract infections, and 
hypocitraturia.7 People with obesity, family history of 
kidney stones, hypertension, diabetes, and /or 
irritable bowel syndrome are at increased risk for the 
formation of urinary tract stones. These patients 
present with different symptoms like renal colic, 
painful urination, or hematuria 8.  

Detailed history, physical examination, 
laboratory investigations, and imaging modalities help 
in the diagnosis of renal calculi. Imaging modalities 
like X-ray KUB, USG, and CT-KUB are used for the 
diagnosis.9 A plain X-ray KUB can help in the 
diagnosis of urinary tract stones, but 10-20% of renal 
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calculi are not picked up by X-ray KUB because of 
radiolucency. Moreover, X-ray KUB provides little 
information about hydronephrosis and anatomy of 
kidneys. Stone visualization is also affected by the 
bony pelvis, bowel gas, and abdominal viscera. USG is 
less sensitive (60-76%) than a CT scan for detecting 
calculi that are smaller than 5 mm, but USG can detect 
hydronephrosis and can provide evidence about 
obstruction. Moreover, USG is also the modality of 
choice for the evaluation of kidney stones during 
pregnancy. Diagnostic accuracy of combined X-ray 
KUB and USG for an obstructing stone is 90%, with 
sensitivity and specificity of 88 % and 93 %, 
respectively. USG is a non-invasive imaging modality, 
radiation-free, readily available at most places, and 
cost-effective. That’s why it is used as an imaging 
technique for the diagnosis of urinary tract stones, 
especially in healthcare setups of peripheries.10  

CT KUB is the most sensitive test for detecting 
urinary stones. It has a sensitivity of 98% and a 
specificity of 100 %. Resultantly, the gold standard for 
detecting nephrolithiasis/urolithiasis remains a non-
enhanced CT scan. However, frequent CT scans 
expose patients to ionizing radiation. Secondly, a CT 
scan has a higher cost, and it is not available in the 
peripheries of Balochistan province. The objective of 
this research was to compare the diagnostic accuracy 
of USG with CT scan in detecting nephrolithiasis, 
because of the lower radiation dose and easy 
availability of USG in the peripheries. 

METHODOLOGY 

The cross-sectional study was carried out after 
getting the approval from the Ethical Committee (No. 
783) at the Department of Radiology, Bolan Medical 
Complex Hospital, Quetta, Pakistan, from Jun to Dec 
2022. The Sample Size calculated was 228 using the 
Epi Info calculator with a prevalence of Kidney Stones 
at 16%11 along with the non-response rate at 10% of 
the actual sample size. A non-probability consecutive 
sampling technique was used to enroll the participants 
in the study.  

Inclusion Criteria: Patients between ages of 20 and 65 
years, presenting for Radiological Investigations in the 
Department of Radiology with clinical features of 
renal stones, were inducted in the study.  

Exclusion Criteria: Patients with a history of 
abdominal surgery and already diagnosed cases of 
nephrolithiasis were excluded.  

Patients were informed about the procedure in 
detail, and informed written consent was taken before 
undergoing the procedures. USG of the patients 
presenting with symptoms of kidney stones was done 
by a consultant radiologist, using Ecoste Mylab 7 
Color Doppler machine with 3.5, 5 and 7.5 MHz 
probes. Doppler was used for stone assessment in 
urinary bladder, kidneys, and ureter. Any hyper-
echoic focus in the kidneys was taken as a calculus. CT 
scan was also done for all patients undergoing US. The 
following protocol was adopted while carrying out the 
CT scan by Siemens CT Somatom Sensation 64. 
Patients were placed under a CT scan machine with 
urinary bladder full of urine and in a supine position. 
Images were constructed at a distance of 5 mm gap. 
Any hyperdense focus in the kidneys was taken as a 
calculus. The CT was reported by another radiologist 
not doing the USG KUB, who had 05 years of 
experience in the relevant field. All patients having 
positive and negative findings on both USG and CT 
scans were entered in the data sheet.  

Statistical Package for Social Sciences version 23 
was used to analyze the data. The Shapiro-Wilk test 
was used to check the normality of quantitative 
variables. Quantitative variables with non-normal 
distribution were expressed as Median and 
interquartile ranges (IQR), while quantitative variables 
with normal distribution were expressed as Mean±SD 
and qualitative variables were expressed as frequency 
and percentages. Sensitivity, specificity, positive 
predictive value (PPV), negative predictive value 
(NPV), and diagnostic accuracy were calculated by 
using 2x2 tables. Chi-Square test was applied to check 
the statistical significance between US KUB and CT 
KUB findings. 

 

 
Figure: Frequency of Positive/Negative Findings on 
Ultrasonography and Computed Tomography of Kidneys, Ureters, 
and Bladder (n=228) 
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RESULTS 

During our research period, 228 participants 
were selected. Among these 228 participants, 
174(76.3%) had positive while 54(23.7%) had negative 
findings on USG for nephrolithiasis, while on the 
other hand, 182(82.5%) had positive while 40 (17.5%) 
had negative findings on CT KUB procedure. (Figure) 
Out of all included participants, 89(39%) were females, 
while 139(61%) were males. Median age was 28 years 
with an interquartile range (IQR) of 36-25 years. 
Median height was 5.5 feet with Inter quartile range 
(IQR) of 5.6-5.5 feet, Median weight was 82 kg with 
Inter quartile range (IQR) of 84-66 kg, while mean BMI 
was 28.00±3.90 kg/m2   

Out of 188 (82.5%) patients who were diagnosed 
with nephrolithiasis on Gold Standard CT KUB, 174 
were also positive on USG KUB, showing the 
sensitivity of USG KUB as 92.6%, while 40 (17.5%) 
patients who were negative on Gold Standard CT 
KUB, all 40 were also negative on USG KUB, showing 
the specificity of USG KUB as 100%. Results of our 
study showed positive predictive value, negative 
predictive value, and accuracy of USG KUB, keeping 
the CT KUB as the gold standard was 100%, 74.1% and 
93.9%, respectively. (Table-I). Statistical test was 
applied to check for the statistical significance between 
qualitative outcome variables, i.e. findings of USG 
KUB and CT KUB.  

 

Table-I: Contingency table and Diagnostic Parameters for 
Ultrasonography versus Computed Tomography of Kidneys, 
Ureters, and Bladder (n=228) 

 
CT KUB 

Positive Negative 

USG KUB 
Positive 
Negative 

 
174 (76.32%) 

14 (6.14%) 

 
0 (0%) 

40 (17.54%) 

Sensitivity= True Positive/(True Positive +False Negative)= 
92.6% 
Specificity= True Negative / (True Negative +False Positive) 
= 100% 
Positive Predictive Value= True Positive/ (True Positive+ 
False Positive) = 100% 
Negative Predictive Value= True Negative/ (True Negative 
+False Negative) = 74.1 % 
Diagnostic Accuracy= (True Positive +True Negative)/All 
Patients = 93.9% 

*USG – Ultrasonography, CT - Computed Tomography, KUB Kidneys, Ureters, and 
Bladder 

DISCUSSION 

In this study, as comparison between US findings 
and CT-KUB findings for kidney stone, study results 
showed that ultrasound had a sensitivity, specificity, 

positive predictive value, negative predictive value, 
and accuracy of 92.6%, 100%, 100%, 74.1%, and 93.9%, 
respectively, with a p-value < 0.001. 

Nephrolithiasis is a serious concern in Pakistan.12 
There is an increasing incidence of renal/ureteric 
calculi, and the inadequate diagnostic facilities in the 
peripheries result in delayed diagnosis. Unfortunately, 
despite advances in modalities of diagnosis, the 
incidence of complicated nephrolithiasis is on the rise 
in Pakistan.13 Nephrolithiasis has remained a major 
problem in Pakistan, especially asymptomatic and 
neglected stones, which can precipitate renal failure. 
Although most stones are effectively treated by stent 
placement, extracorporeal shockwave lithotripsy 
(ESWL), urethrotomy (URS), percutaneous 
nephrostolithotomy, open pyleolithotomy, and 
retrograde lithoplexy modalities, there remains the 
problem of neglected, asymptomatic large and/or 
staghorn stones associated with renal failure.5 

Unenhanced CT is the gold standard imaging 
modality for the diagnosis of suspected renal stones. It 
has a specificity of 100%, sensitivity of 98%, and a 
negative predictive value of 97%.11 This imaging 
modality helps in localizing the stone and calculating 
its size. Moreover, it also provides information 
regarding associated hydronephrosis, hydroureter, 
and/or ureteral edema. Martijn et al., reported in their 
study that the sensitivity of CT was 70% (95% 
confidence interval [CI] 56-80%) and the specificity 
was 100% (95% CI 56-100%).13 Grivas et al., concluded 
in their study that, CT had very high specificity (96–
100%) and sensitivity (97–100%) in diagnosing urinary 
tract stones.14 As per the latest updated data in 
Medscape, CT has a sensitivity of 95-100 % and 
superior specificity and accuracy when compared with 
intravenous pyelography.15 A Systematic Review 
conducted by Saikiran et al., found the sensitivity of 
CT KUB to be 80-99%, and the specificity ranged from 
88-100%, while the diagnostic accuracy was 96.1%.16 

Roberson et al., reported that, for detecting renal 
calculi, US had a sensitivity of 66.7% and specificity of 
97.4%. Positive predictive value of US was 95.2%, and 
79.2 % was its negative predictive value with a 
positive likelihood ratio of 26.0.17 Sensitivity and 
specificity of US depend on different factors like the 
ultrasound machine, radiologist and patient position. 
Different international studies like Robinson et al., 
showed that the specificity and sensitivity of CT were 
reported to be as high as 67–90% and 95–100%, 
respectively18. Another study by Ashraf et al., showed 
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that US for renal stone diagnosis had a sensitivity and 
specificity was 84.8%, while CT indicated 86% 
accuracy.19 A study conducted by Ahmed et al., 
reported that the US had a specificity and sensitivity 
of 88% and 45%, respectively, for renal tract stones.20 

Moreover, literature has supported that 
ultrasound had a sensitivity, specificity,  positive 
predictive value,  negative predictive value and 
accuracy of  91.2%,  95.7%,  98.7%,  75.2%  and  92.2%  
respectively8 and therefore, consistent results of US 
concluded in this study, where, as per comparison 
between US findings and CT-KUB findings for kidney 
stone, study results showed that ultrasound had a 
sensitivity and specificity of 92.6% and 100% 
respectively while positive predictive value, negative 
predictive value and accuracy of  US was 100%, 74.1% 
and 93.9% respectively with p value < 0.001.  

The results of this study were consistent with the 
findings of the literature, thus reinforcing the concept 
of using CT KUB as the gold standard in diagnosing 
kidney stones.  

LIMITATION OF STUDY 

Besides a single-centre study, the relatively limited 
sample size may have affected the precision of the estimated 
diagnostic accuracy measures. Additionally, variations in CT 
scanner technology and radiologist interpretation could 
have introduced measurement bias in the assessment of CT 
KUB findings. 

CONCLUSIONS 

Ultrasound is often the first-line imaging modality for 
renal stones due to its easy accessibility and availability in 
emergencies. So, easy accessibility, cost effectiveness, and no 
contraindications also favor ultrasonography as an initial 
diagnostic modality. However, CT KUB is superior to US 
KUB in diagnosing and delineating renal stones. 
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