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Abstract: Background: Although computed tomography (CT) scans are the gold standard imaging
modality for diagnosing renal stones, their usefulness is restricted because of radiation exposure,
particularly for young patients and expectant mothers. This study aims to assess the diagnostic
precision of ultrasonography (US) in identifying stones using CT as the gold standard. Method: A
retrospective study conducted at the Radiology Department of Aseer Central Hospital, Abha, Saudi
Arabia. It includes patients who had CT and US for suspected renal stones between January 2023
and March 2024. The US and CT of 243 individuals were compared to look for stones. Using CT as
the gold standard, US sensitivity, specificity, accuracy, and positive and negative predictive values
were computed. Results: From the 243 data sets, 153 stones were detected in US and CT. The US
exhibited sensitivity (67.4%), specificity (18.8%), diagnostic accuracy (64.2%), positive (92.2%), and
negative predictive values (3.9%) in renal stones detection. The mean size of the renal stone detected
in the US was 0.95 + 0.08 mm, while the mean size detected by CT was 0.83 + 0.07 mm. Furthermore,
Bland-Altman's analysis comparing US and CT for measuring renal stones indicated perfect
agreement between the two modalities. Conclusion: The US can be employed as the first evaluation
method for patients presenting with acute renal colic despite its limited use in diagnosing renal
stones.

Keywords: ultrasonography; computed tomography; kidney stone; calculi; nephrolithiasis

1. Introduction

The current recommended approach for diagnosing renal stones is transitioning from the
utilization of computed tomography (CT) to ultrasonography (US) [1]. Identification of a stone using
the US may necessitate a CT scan for further assessment [2]. However, if a stone is not visualized on
the CT scan, the patient would have undergone unnecessary radiation exposure. Repeated exposure
to ionizing radiation is of great concern in patients with recurrent renal stones who need several CT
scans with an increasing risk of accumulating ionizing radiation [3]. This underscores the significance
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of selecting the most suitable imaging modality to minimize patient risk. Therefore, the shift from the
temptation of CT scanning to the US imaging approach has recently been the focus of interest for
most researchers.

When assessing safety considerations, the US is generally viable for patients requiring repetitive
renal imaging, particularly those with recurrent renal stones or uncertain diagnoses [4]. It is crucial
to acknowledge that undergoing multiple renal CT scans may result in an elevated risk of
accumulating radiation over time [5]. This accrued ionizing radiation from numerous CT scans has
the potential to be associated with a heightened risk of developing specific types of cancers , albeit
the clinical manifestation of these risks may take several years to become evident [6-7]. US is the go-
to imaging method in the emergency room because it is accessible, inexpensive, and simple to use,
offering notable advantages from a cost-effectiveness perspective [8]. While CT scanning is widely
accessible and employs advanced technology to ensure ease of use and accuracy, integrating cutting-
edge technology entails substantial costs and necessitates specialized equipment [9, 10]. Hence, the
US is the preferred approach in the context of economic renal stones management.

The non-contrast CT scan is the most sensitive and specific imaging approach to confirm the
presence of renal stones. Therefore, it is recommended by the European Association of Urologists
(EAU). Given the cost and radiation concerns, the US imaging investigation was recommended as
the initial diagnostic step [11]. Therefore, if US imaging is readily available in the healthcare facility,
it should come first to explore the renal cause of flank pain [12].

Therefore, the present study aims to assess the sensitivity and specificity of CT and US in
detecting and measuring renal stones. Furthermore, it will compare the diagnostic accuracy of both
modalities and conduct a comprehensive comparative analysis of their effectiveness. The results will
help in the decision-making concerning the use of US versus CT for diagnosing renal stones and
emphasize the predictive factors that influence the selection of either modality.

2. Materials and Methods

2.1. Study Design

This retrospective research was conducted at the Radiology Department of Aseer Central
Hospital, Abha, Saudi Arabia. It includes patients who had CT and US for suspected renal stones
between January 2023 and March 2024. The US and CT of 243 individuals were compared to look for
stones. Using CT as the gold standard, the US's sensitivity, specificity, accuracy, and positive and
negative predictive values were computed.

2.2. Inclusion and Exclusion Criteria

The study included all adult males and females who presented to the Radiology Department
with acute renal colicky pain symptoms. Individuals who were unwilling and uncooperative to
participate, pregnant, or suffering from renal failure were excluded from the research.

2.3. CT and US Procedure

Using a US machine equipped with 3.5, 5, and 7.5 MHz probes, a consultant radiologist
conducted the US on patients exhibiting signs of acute renal colic. The Doppler facility evaluated the
kidneys, ureters, and bladder in several anatomical planes to see stones and gauge their size.

The Siemens CT Somatom Sensation sixty-four was used to complete the patient's CT scan.
According to the procedure, the patient, who had a full bladder, was lying supine on a CT
examination table. A scan was conducted, with pictures generated at a five mm gap from the upper
abdomen area to the pubis symphysis. No intravenous or oral contrast was administered. Stone was
defined as any hyperdense foci in the kidney, ureter, bladder, or urethra.
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2.4. Ethical Consideration

The study was approved by Aseer Central Hospital’s Institutional Review Board (IRB) on April
9, 2023 (IRB Log No: REC3-8-2023).

2.5.  Statistical Analysis

SPSS version 27 was used to input and analyze the data. Using CT as the gold standard, US
sensitivity, specificity, accuracy, and positive and negative predictive values were computed.
Descriptive statistics were employed to assess demographic information and clinical history.
Inferential statistics, including Pearson’s correlation (r), were computed for stone size and number in
the US and CT. Bland and Altman's test of the agreement was used to compare both modalities.

3. Results

Table 1 presents the demographic characteristics and clinical histories of 243 patients with CT
and US for suspected renal stones. Of these patients, 29.6% were in the age group of 48-61 years, and
28.8% were 33-47 years old. 70% of the patients were male. 46.9% of patient’s blood group was
unknown, and 16.9% possessed an A+ blood group. 58% of the patients were within the height range
of 165-180 cm. 51.4% had diabetes. 19.8% of the patients were in their first five years of illness, and
57.2% had abnormal creatinine levels.

Table 1. Distribution of the patients according to their demographic characteristics and clinical

histories.
Demographic characteristics and clinical history Frequency %

Age group
18-32 30 12.3
33-47 70 28.8
48-61 72 29.6
More than 61 71 29.2
Gender
Male 170 70.0
Female 73 30.0
Blood group
B+ 1 0.4
A- 5 2.1
A+ 41 16.9
AB+ 3 1.2
B+ 11 45
O- 4 1.6
O+ 64 26.3
Unknown 114 46.9
Height (cm)
150-164 97 39.9
165-180 141 58.0

More than 180 5 2.1
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Medical history

Diabetic millities (DM) 125 514
Hypertention (HP) 48 19.8
Diabetic millities (DM)AND Hypertention (HP)HP 12 49
No abnormality was detected (NAD) 58 23.9
Duration of illness

One year 80 329
One to five years 48 19.8
More than five years 49 20.2
Indefinite 66 27.2
Creatinine level

Normal 85 35.0
Abnormal 139 57.2
Not assessed 19 7.8

Table 2 presents the data on stone sizes and their relationship with the CT and US imaging
modalities. For stones sized less than 0.5 cm, the US modality identified 5 suspected cases. In the 0.5-
0.9 cm category, CT detected 52 cases, while the US identified 56. For stones between 1 and 1.4 cm,
77 cases were identified with CT, and the US identified 75. For the 1.5-1.9 cm category, 17 cases were
identified with CT, while the US identified 13 cases. Similarly, stones larger than 2 cm showed 10
cases in CT and 7 in US, while only 1 suspected case was noted. A significant correlation was found
between stone size in both modalities, r = 70.784, p-value < 0.001, indicating a reliable association
between stone size and the imaging modality used (see Table 2). Similarly, Table 3 indicates a
significant correlation in identifying stone numbers using both modalities r = 115.37, p-value < 0.001.
Multiple stones were observed using both modalities (see Table 3).

Table 2. Correlation of stone size in the US and CT.

Size of stone CT Total Pearson's P-
(cm) <05  0.5- 1- 1.5- >2  Suspected r value
0.9 14 1.9
us <0.5 0 2 2 1 0 0 5
0.5-9 2 26 25 3 0 0 56
1-1.4 10 18 37 7 3 0 75
1.5-1.9 0 2 4 5 2 0 13
>2 0 1 3 1 2 0 7
Suspected 0 0 0 0 1 0 1 70.784 000c
Total 12 49 71 17 8 1 157

Table 3. Correlation of stone number in US and CT.

Number of CT Tot r P -
stones (6] T Multi Gra Stagh Unspeci Susp al val
ne w ple vel orn fied ect ue
o
U One 44 7 28 0 1 2 0 82
S Two 4 4 8 1 0 1 18
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Multipl 11 3 21 0 0 3 0 38
e
Gravels 1 0 2 1 0 0 0 4
Staghor 0 0 1 0 0 3 0 4
n
Unspeci 0 0 1 0 0 0 0 1
fied 115. .00
Suspect 3 0 3 0 0 0 0 6 37 0¢
No 37 9 15 4 3 0 1 69
stone
Tiny 0 1 2 0 0 0 0 3
Total 10 24 81 6 4 8 2 225
0

Moreover, medical history and the presence of stone on CT indicated an insignificant correlation,
p>0.05 (see Figure 1). The study also demonstrated that the prevalence of renal stones in the US was
68.3%, using unenhanced CTU as the gold standard, the USG's sensitivity (67.4%), specificity (18.8%),
and accuracy (64.2%), positive predictive value (92.2%), and negative predictive value (3.9%) were
computed (see Table 4).

Bar Chart

T Medical History

DM
W HTH
DM & HTN
-NAD
F-value more than 0.05

E
8
Postive
Detection of stone by CT
Figure 1. Correlation of history and presence of stone in CT.
Table 4. Diagnostic accuracy of US related to CT as gold standard.
Diagnostic accuracy of the US in the diagnosis of stone CT
using CT as the gold standard Gold Positive Gold Negative Total
Test Positive 153 13 166
Us Test Negative 74 3 77
Total 227 16 243
Apparent prevalence 68.3 (95 CI 62.1-74.1%)
True prevalence 93.4 (95 CI 89.5-96.2%)
Test sensitivity 67.4 (95 CI 60.9-73.5%)
Test specificity 18.8 (95 CI 4.0-45.6%)
Diagnostic accuracy 64.2(95 CI 57.8-70.2%)
Positive predictive value 92.2 (95 CI 87.0-95.8%)
Negative predictive value 3.9(95 CI 0.8-11.0%)

Figure 2 indicates a perfect diagnostic accuracy of renal stones with 0.569 AUC (area under the
curve) and 95% CI (0.433-0.706) by the US. Furthermore, in Bland and Altman, for agreement of both
modalities in the measurement of stones, it was found the mean difference in size by US and CT was
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0.13, with upper and lower limit of agreement was -1.53 to 1.78, the size on US was larger than in CT,
Figure 3. Insignificant differences were noticed between the size in the US and CT. The mean of stone
in ultrasosound was 0.95 + 0.08 mm, and on CT was 0.83 + 0.07 mm (see Figures 3 and 4 and Table 5).

ROC Curve

Senstivity
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1 - Specificity

Figure 2. ROC curve demonstrates AUC (0.569) for the US in the diagnosis of renal stones with 95%
CI (0.433-0.706).

4
@
5
= 3
& 2
B <l SRR A, B S +1.96 SD: 1.78
[} . °
c ®
= 1 o o
2] °
! oo
n
= 0 F--- % :"rv Pet---ooe--- P e ettt el hebeetels Mean: 0.13
= o4 OO 1 & ®
ﬁ . e % @ °
T R TR S
@ L
=
S L e -1.96 SD: -1.53
w =9 .
0 1 2 3 4

Mean of actual stone size US and CT

Figure 3. Bland and Altman for agreement of both modalities in the measurement of stones.
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Figure 4. The mean difference between size on US and CT in 99 cases in which size was mentioned
on both modalities.

Table 5. The mean difference between size in the US and CT in 99 cases in which size was mentioned

in both modalities.

Size of stones N Mean Std. Std. Error P - value Mean 95% CI
Deviation Mean difference

US 99 0.95 0.81 0.08 0.229 0.13 -0.08-0.33

CT 0.83 0.66 0.07

4. Discussion

Although CT is the golden standard in the diagnosis of renal stones and the associated clinical
conditions, injudicious exposure to ionizing radiation is of major concern. Therefore, there is a
tendency to revert to using the US imaging approach as a preliminary imaging technique in the
emergency departments and points of care to detect renal stones, thus protecting the patient from
overexposure to radiation. Patients with recurrent renal stones who require multiple imaging
procedures experience substantial advantages when the US is applied as a primary diagnostic
procedure in terms of costs and clinical safety [13].

According to the current study, the apparent prevalence, including the true and false positive
cases, represents 68.3%, while the true prevalence, representing the true positive cases, represents
93.4% of the total cases diagnosed as having renal stones. The US showed a high sensitivity of 67.4%
and a low specificity of 18.8%. Among those who tested positive for renal stones, 92.2% were truly
suffering from renal stones (positive predictive value, PPV), while only 3.9% were truly disease-free
(negative predictive value, NPV) by the US. The diagnostic accuracy was 64.2%, reflecting an AUC
of 0.57. Furthermore, our findings showed that there is a diagnostic agreement between the US and
CT in the detection of renal stones. There was a minimal mean difference between both imaging
approaches of 0.13. Although US imaging tends to detect renal stones with a size higher than that
detected by CT, the difference is small and statistically insignificant; the US can detect renal stones of
1.78 mm higher than CT, while the CT can detect renal stones 1.53 mm higher than the US.

Using the US to detect renal stones proves effective based on the test results of the agreement.
While minor differences might be inconsequential for some patients, they could be critical for others,
such as those undergoing surgery or specific treatments, where even small discrepancies can be
significant.
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The literature review reveals considerable variation in the sensitivity and specificity of the US
for detecting renal stones, largely attributed to differences in methodologies and patient populations
studied. In an earlier study conducted by Ather et al. (2004), the sensitivity of the US was 81%, and
the specificity was 45% [14]. However, Ray et al. (2010) reported a sensitivity of 45% and specificity
of 88% for detecting renal stones by gray US imaging [15]. For the detection of a single renal stone,
Passerotti et al. (2009) found that the US had a sensitivity of 76% and a specificity of 100% when
compared to CT [16]. Allison (2014) compared the sensitivity of US performance between emergency
physicians and radiologists and found that point-of-care US conducted by emergency physicians had
a sensitivity of 54%, while radiology US conducted by radiologists had a sensitivity of 57%, compared
to a sensitivity of 88% for CT. The study indicated that the US is an effective method for the initial
detection of renal stones, regardless of minimal differences in sonographer expertise [16, 17].

Kanno et al. (2014) reported that the US yielded a sensitivity of 78% and a specificity of 83.7% in
detecting a single renal stone in 285 examined kidneys, reflecting the effectiveness of the US as an
imaging modality [18]. On the other hand, although there is nearly a sensitivity of 85% and a
specificity of 50% for CTU over the US performed either at the bedside or in the radiology
department, the overall outcome showed no significant difference at the time of discharge from the
emergency department [13].

Furthermore, the detection of renal stones may vary depending on the side of the kidney being
examined. Ulusan et al. (2007) found that the sensitivity of the US for detecting a single stone was 52-
57% for the right kidney and 32-39% for the left kidney when tested by two different experts. The
study concluded that there is no significant difference in the results of the US when expertise is taken
into account [19]. In contrast to CT, the US is considered an easy and accurate approach as the initial
step in detecting renal stones. The current research revealed that the US showed a high sensitivity
rate of 67.4% in detecting renal stones, which is consistent with the findings reported in previous
literature. This suggests that the US is a valuable diagnostic tool for identifying renal stones.

In addition, Taylor et al., (2022) reported that the PPV of the US was 62% [1]. On the contrary,
the current study reported a higher PPV of 92.2%. The reported high PPV indicates that the US
imaging could identify clinically relevant stones, thus reducing the need for CT and exposure to
unnecessary irradiation. In a randomized controlled trial, the imaging modalities US, CT, and kidney,
ureter, and bladder (KUB) had similar diagnostic accuracy in emergency medical facilities [4]. The
current study found that the accuracy of US detection was 64.2%, which aligns with findings from
previous research. The comparison between the US and CT in detecting renal stones has shown that
the US detects larger renal stones than CT. According to a study by Passerotti et al. (2009), it was
found that in a limited number of cases, the average size of undetected stones in the US was 2.3 mm,
indicating the significant clinical implications of this difference [16]. In accordance with Passerotti
and colleagues, Ray et al. (2010) reported a reduction in the sensitivity of US when the size of the
renal stones is less than 3 mm [15]. Contrary to the literature, this study revealed that compared to
CT, the variation in stone size detected by the US was 1.78 mm. The results support the significance
of the US in the preliminary diagnosis of renal stones, saving the hazards of unnecessary exposure to
CT radiation.

Notwithstanding, this study is strengthened by comparing the two imaging modalities, US and
CT, by the agreement test (Bland and Altman test of agreement). This statistical test revealed minor
differences between the sizes of renal stones we can detect compared to CT. The test of agreement's
result strongly supports the US's use in diagnosing renal stones without further doubts.

The primary implication of this study is that the utilization of the US can enhance confidence in
its capacity to identify renal stones in emergency departments. By incorporating the US as an initial
step, medical practitioners can assess the necessity of a more comprehensive imaging modality such
as CT. This strategy can facilitate anticipating which patients require CT for a more exhaustive
diagnosis, consequently mitigating unnecessary radiation exposure, particularly for those with
negative findings.

Based on our findings, we strongly recommend that healthcare professionals and emergency
physicians prioritize using the US as the initial diagnostic tool for detecting renal stones. The CT
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should be reserved for cases where the benefits of a more advanced imaging method are necessary.
Additionally, individuals experiencing recurrent renal stones should undergo an initial evaluation
using the US to reduce the potential risks associated with exposure to ionizing radiation.

Some limitations in the current study that should be highlighted are of interest. The findings of
this study are based on a small sample size. Therefore, it is important to note that these results should
be confirmed and validated through further research involving a larger and more diverse group of
patients. The current study did not compare the radiologist's expertise in detecting renal stones.
According to the literature, expertise can increase the accuracy of the US in detecting renal stones,
thus saving the use of CT to a limited number of patients and reducing the risk of exposure to
unnecessary radiation.

5. Conclusions

This study emphasizes the importance of incorporating the US into the diagnostic pathway for
renal stones. Considering the patient's clinical presentation, the US can be an initial and non-invasive
approach. The accuracy of stone detection using the US closely aligns with that of CT. By prioritizing
the US, we can minimize radiation exposure and avoid unnecessary CT scans, especially in cases
where renal stones are suspected. Furthermore, the US provides valuable information about stone
size and location, aiding treatment planning. While CT remains essential for a comprehensive
evaluation, the US offers a cost-effective and efficient starting point. Therefore, a judicious utilization
of the US, guided by clinical context, can enhance diagnostic accuracy, and streamline management
decisions for patients with suspected renal stones.
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