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Abstract

Aim: This study aimed to evaluate the diagnostic accuracy of the STONE score and hydronephrosis detected by point-of-care renal ultrasonography (USG)
in predicting urinary tract stones and/or hydronephrosis confirmed by non-contrast abdominal computed tomography (CT) in patients presenting to the
emergency department (ED) with suspected renal colic.

Materials and Methods: This prospective observational study included patients aged 18 years and older who presented to the ED with unilateral flank pain
and were scheduled for non-contrast abdominal CT. Before CT imaging, all patients underwent point-of-care renal USG performed by emergency medicine
specialists to assess for hydronephrosis. Demographic and clinical data were recorded, and STONE scores were calculated. CT was subsequently performed to
confirm the presence of urinary tract stones and/or hydronephrosis.

Results: A total of 191 patients were enrolled. CT confirmed stones and/or hydronephrosis in 70.7% of cases. The area under the curve (AUC) for the STONE
score was 0.716, with a sensitivity of 58.3% and specificity of 76.1%. Hydronephrosis detected by USG showed a markedly higher diagnostic performance,
with an AUC of 0.915, sensitivity of 95.2%, and specificity of 98.5%.

Discussion: Although the STONE score showed good specificity, particularly in high-score patients, its sensitivity remained limited. Hydronephrosis detected
by point-of-care renal USG performed by experienced emergency physicians demonstrated both high sensitivity and specificity, indicating that USG may be a
more reliable tool than the STONE score for predicting urinary tract stones in ED patients.
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Introduction

Renal colic is a common cause of emergency department (ED)
visits, with a lifetime prevalence ranging between 5% and 15%
worldwide. Although non-contrast computed tomography (CT)
is considered the gold standard for diagnosing patients with
suspected urinary tract stones, this imaging modality has some
disadvantages, including exposing patients to ionizing radiation
and prolonging ED length of stay [1-4]. Preventing unnecessary
CT imaging is particularly important in young patients with
uncomplicated renal colic. The American College of Emergency
Physicians (ACEP) recommends reducing routine abdominal
and pelvic CT imaging in patients with a known history of
urolithiasis, aged < 50 years, and presenting with clinically
uncomplicated renal colic. This recommendation is based on
the low likelihood of CT providing additional diagnostic benefit
in this patient population and the need to avoid unnecessary
radiation exposure [3]. Therefore, there is an increasing need in
ED practice for alternative diagnostic methods that are rapid,
radiation-free, and have high diagnostic accuracy.

In recent years, clinical decision support tools such as the STONE
score and point-of-care renal USG have been increasingly
utilized in the ED to reduce the need for CT imaging [4-7].
The STONE score is a clinical prediction tool based on five
parameters: sex, duration of pain prior to presentation, race,
presence of nausea or vomiting, and hematuria on urine dipstick
analysis. Points are assigned to each component as follows:
male sex (2 points); pain duration < 6 hours (3 points), 6-24
hours (1 point), and > 24 hours (0 points); non-Black race (3
points); nausea (1 point) or vomiting (2 points); and presence of
hematuria (3 points). The total score ranges from O to 13, with
patients categorized into low (0-5), moderate (6-9), and high
(10-13) probability groups for urinary tract stones. This risk
stratification may assist clinicians in estimating the likelihood
of urolithiasis and in guiding decision-making regarding the
need for computed tomography imaging [5-7]. Point-of-care
renal USG does not directly visualize the stone itself but detects
hydronephrosis, a secondary finding resulting from obstruction
caused by the stone. The presence of hydronephrosis on USG
provides important clues regarding the presence of stones and
the potential need for urologic intervention. Moreover, this
method can be performed rapidly and non-invasively at the
bedside by emergency physicians [8-12].

The aim of this study was to evaluate the diagnostic accuracy
of the STONE score and bedside renal USG in predicting the
presence of urinary tract stones and/or hydronephrosis detected
by non-contrast abdominal CT in patients presenting to the ED
with a preliminary diagnosis of renal colic.

Materials and Methods

Study Design

This prospective observational study was conducted in the
emergency department of Ankara Atatiirk Sanatoryum Training
and Research Hospital, a 780-bed tertiary care center located
in a large provincial area with approximately 385,000 annual
emergency department visits. The design and reporting of the
study were performed in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [13].

Study Population

Patients who presented to the ED between April 1, 2024, and
March 31, 2025, with unilateral flank pain and a preliminary
diagnosis of renal colic, who were 18 years of age or older,
for whom a non-contrast abdominal CT with stone protocol
was planned by the emergency physician, and who provided
informed consent to participate in the study were included.
Patients with generalized abdominal tenderness on physical
examination, suspected acute abdomen, additional complaints
other than flank pain, a history of urinary tract stones
diagnosed in any healthcare facility within the last 3 months,
patients who did not undergo CT imaging, and those who
refused to participate in the study were excluded. Demographic
data, history of urinary stones, duration and side of pain,
presence of nausea or vomiting, hematuria in urine analysis,
and components of the STONE score were recorded using a
standardized data collection form. In addition, ultrasonographic
findings (presence and grade of hydronephrosis) and CT results
(presence, size, and location of ureteral stones, as well as the
presence of hydronephrosis) were documented for all patients.
Before CT imaging, all patients included in the study underwent
focused bedside renal USG performed by emergency medicine
specialists who had completed residency training and had at
least 5 years of experience in emergency care. Hydronephrosis
on the symptomatic side was evaluated during these USG
examinations. Hydronephrosis was graded using a four-level
ultrasonographic classification: Grade 1—mild pelvic dilatation
without calyceal involvement; Grade 2—dilatation of the renal
pelvis with a few calyces becoming visible; Grade 3—diffuse
calyceal dilatation with preserved cortical thickness; and
Grade 4—severe calyceal dilatation accompanied by cortical
thinning. All USG assessments were performed by physicians
who routinely use USG in their ED practice and have significant
experience in this field.

Following USG evaluation, the clinical characteristics of each
patient were assessed using the STONE score, and data were
recorded on a standardized form. After ultrasonographic and
clinical evaluations, a non-contrast abdominal CT scan with
a stone protocol was performed on all patients, and the
presence of urinary tract stones and/or hydronephrosis was
recorded according to the radiology reports. Importantly, all
CT examinations were interpreted by radiologists who were
unaware of the patients’ USG findings and STONE scores, and
who were working independently from the study team. Thus,
blinding was ensured during CT reporting to minimize potential
observer bias. Additionally, the final outcomes of the patients
in the ED (discharge or hospitalization) and whether they
underwent any urological intervention related to stone disease
within 30 days were recorded and followed on.

Data Analysis

All data obtained during the study were analyzed using the IBM
SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk,
NY, USA) software package. The conformity of continuous and
numerical variables to a normal distribution was assessed using
the Kolmogorov-Smirnov test, Shapiro-Wilk test, histograms,
and Q-Q plot graphics. Continuous and numerical variables were
presented as mean + standard deviation or median (minimum-
maximum), depending on the distribution. Categorical variables
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were expressed as frequency and percentage (%). Categorical
variables between two groups were compared using the chi-
square test. For continuous variables, the independent samples
t-test or Mann-Whitney U test was used according to the
distribution of the data. The diagnostic accuracy of the STONE
score (= 10) and the presence of hydronephrosis on renal USG
for predicting the presence of stones and/or hydronephrosis
detected by CT was evaluated using the Receiver Operating
Characteristic (ROC) curve analysis. The area under the curve
(AUCQ), sensitivity, specificity, positive likelihood ratio (PLR), and
negative likelihood ratio (NLR) were calculated based on the
ROC analysis. A p-value of < 0.05 was considered statistically
significant.

Based on the study by Lee et al., titled “Renal point-of-care
ultrasound performed by ED staff with limited training and 30-
day outcomes in patients with renal colic,” a 30-day urological
intervention rate difference of 8.7% was observed between
hydronephrotic (11.2%) and non-hydronephrotic (2.5%) groups
[4]. Considering this 8% effect size, with a significance level of
a = 0.05 and a power of 0.8, the sample size for the present
study was calculated to be 90 patients for each group. To
account for possible protocol deviations, it was planned to
include 95 patients in each group, resulting in a total sample
size of 190 patients.

Ethical Approval

This study was approved by the Ethics Committee of Atatiirk
Sanatoryum Training and Research Hospital (Date: 2024-02-
28, No: 2024-BCEK/33).

Results

A total of 191 patients were included in the study. The median
age of the patients was 49 years (IQR 25-75: 34-62), and
68.1% of them were male. The median duration of pain before
presentation was 8 hours (IQR 25-75: 4-16), and 39.3% of the
patients had a history of urolithiasis. Hematuria was detected
in 79.6% of patients on urinalysis. According to the STONE
score, 5.8% of the patients were classified as low-risk, 48.7%
as moderate-risk, and 45.5% as high-risk. Hydronephrosis
was detected in 62.3% of the patients by renal USG. On non-
contrast abdominal CT, stone and/or hydronephrosis was
detected in 70.7% of the patients. Additionally, 9.9% of the
patients were hospitalized, and 18.3% underwent a urological
intervention within 30 days, including nephrostomy in 5.8% and
ureterorenoscopy in 13.1% of the cases. The demographic and
clinical characteristics of the patients are presented in Table
1. When patients were compared according to the presence
of stone and/or hydronephrosis on CT, the duration of pain
was significantly shorter in the CT-positive group (median: 7
hours, IQR 25-75: 4-12) (p = 0.001). The rate of patients with a

history of urolithiasis was significantly higher in the CT-positive
group (48.1%) compared to the CT-negative group (17.9%) (p <
0.001). In terms of gender distribution, the proportion of male
patients was higher in the CT-positive group (75.6%) than in the
CT-negative group (50%) (p = 0.001). When classified according
to the duration of pain, pain lasting less than 6 hours was more
common in the CT-positive group, while pain lasting more than
24 hours was more frequent in the CT-negative group (p =
0.049). The presence of hematuria was observed in 88.1% of
CT-positive patients, whereas it was detected in 58.9% of CT-
negative patients (p < 0.001). According to the STONE score,
a high score was significantly more frequent in CT-positive
patients (53.3% vs. 26.8%; p < 0.001). In addition, 86.7% of
patients with hydronephrosis detected by renal USG were in
the CT-positive group, while this rate was only 3.6% in the CT-
negative group (p < 0.001) (Supplementary Table S1).

The diagnostic accuracy of the STONE score in predicting the

Table 1. Demographics and some laboratory findings of the
patients

Stone score components, n (%)

Sex

Female 61 (31.9)
Male 130 (68.1)
Timing (duration of pain to presentation)

> 24 hours 39 (20.4)
6-24 hours 75 (39.3)
< 6 hours 76 (39.8)
Origin (race)

Black 1(0.5)
Non-black 190 (99.5)
Nausea and vomiting

None 79 (41.4)
Nausea 63 (33)
Vomiting 49 (25.7)
Erythrocyte (hematuria on urine dipstick)

Absent 39 (20.4)
Present 152 (79.6)
Low score 11 (5.8)
Moderate score 93 (48.7)
High score 87 (45.5)
Hydronephrosis on renal USG2 119 (62.3)
CT3 findings, n (%)

Presence of stone and/or hydronephrosis 135 (70.7)
Renal stone 37 (19.4)
Ureteral stone 110 (57.6)
Hydronephrosis 124 (64.9)

Abbreviations: IQR1 = interquartile range; USG2 = ultrasonography; CT3 = computed
tomography.

Table 2. Diagnostic performance metrics of STONE Score (=10) and hydronephrosis on renal ultrasound for the detection of

urinary tract stones

Variables AUC" (95%Cl) Sensitivity (95%Cl)

STONE score = 10 0.716 (0.634-0.798)  58.33% (48.98-67.26)

Hydronephrosis on renal USG4 0.915 (0.871-0.960) 95.16% (89.77-98.2)

Specificity (95%Cl)

76.06% (64.46-85.39)

98.51% (91.96-99.96)

PLR? (95%Cl) NLR® (95%Cl)  Accuracy (95%Cl)

2.44 (1.57-3.79) 0.55(0.43-0.71)  64.92% (57.7-71.67)

63.76 (9.11-446.22)  0.05(0.02-0.11)  96.34% (92.6-98.51)

Abbreviations: AUC' = area under curve; PLR? = positive likelihood ratio; NLR® = negative likelihood ratio; USG4 = ultrasonography.
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Figure 1. ROC curve of the STONE score for predicting the
presence of urinary tract stones

presence of stone and/or hydronephrosis in the urinary system
was evaluated, and the AUC obtained from the ROC analysis
was found to be 0.716 (95% Cl, 0.634-0.798, p < 0.001)
(Figurel).

The comparison of the diagnostic performances of the STONE
score (= 10) and the presence of hydronephrosis on renal USG
in predicting urinary tract stones is presented in Table 2. In
the ROC analysis of the STONE score, AUC was found to be
0.716 (95% Cl, 0.634-0.798, p < 0.001), with a sensitivity of
58.33% and a specificity of 76.06%. In contrast, the AUC value
for the presence of hydronephrosis detected by renal USG was
found to be remarkably higher at 0.915 (95% Cl, 0.871-0.960,
p < 0.001), with a sensitivity of 95.16% and a specificity of
98.51%.

Discussion

The primary aim of this study was to evaluate the diagnostic
accuracy of the STONE score and bedside renal ultrasonography
(USQ) in predicting the presence of urinary stones and/
or hydronephrosis identified by non-contrast abdominal CT
in patients presenting to the ED with unilateral flank pain.
Understanding the reliability of these tools is essential for
optimizing diagnostic strategies and reducing unnecessary
radiation exposure in emergency settings. The findings of the
study demonstrated that both methods have diagnostic value;
however, renal USG was observed to have higher sensitivity
and specificity. These results suggest that the use of bedside
renal USG, particularly in appropriate clinical scenarios, may
contribute to reducing unnecessary CT imaging in the ED.

In recent years, with the increasing use of bedside USG in ED
practice, numerous studies have been published investigating its
diagnostic value. USG has become an important tool in clinical
decision-making processes, particularly in common conditions
such as renal colic, due to its safety, rapid applicability, and
radiation-free imaging capability. USG is considered a valuable
method in the diagnosis of symptomatic urinary stones, as it
can detect both the stones directly and the secondary findings
caused by the stones, such as hydronephrosis. However, studies
conducted by emergency physicians have reported sensitivity

values ranging from 72% to 97% and specificity values ranging
from 69% to 83%, indicating that the diagnostic accuracy of USG
may vary [4,8-12,14]. This variability is thought to arise mainly
from factors such as the experience level of the practitioners,
the techniques used, and patient characteristics. Therefore, it is
recommended that USG be used not as a standalone tool but
in combination with clinical scoring systems in the decision-
making process, in order to enhance diagnostic accuracy and
achieve more reliable results.

In our study, the AUC value of the STONE score was found to be
0.716, with a sensitivity of 58.3% and a specificity of 76.1%. In
a previous study, the specificity of the STONE score in patients
with a high score (= 10) was reported to be as high as 87%,
although it was emphasized that this high specificity alone was
not sufficient to eliminate the need for CT imaging[7]. In another
study, it was noted that the specificity of the STONE score was
already high in patients with a high score (= 10), and adding
renal USG in this group did not provide a significant additional
contribution to diagnostic accuracy. However, in the same
study, it was reported that the addition of USG to the STONE
score increased specificity in the low- and intermediate-risk
groups [14]. On the other hand, a modified STONE score (MSS),
in which certain components of the original score (such as race)
were excluded and replaced with more clinically applicable
parameters such as a history of stones and pain characteristics,
was shown to further improve diagnostic accuracy. In this study,
the presence of stones was detected in 96% of patients with
a high MSS score [15]. Additionally, in another study conducted
in an Asian population, the specificity of the STONE score was
found to be lower (approximately 69%), and it was emphasized
that the score alone might not be sufficient for imaging
decisions in this population [16]. These findings suggest that
the performance of the STONE score may vary across different
populations and clinical scenarios. Our study also contributes
to the literature by evaluating the validity of this scoring
system in a local patient population. Although the MSS was not
directly applied in our study, some of our findings—particularly
the significant association between a history of urolithiasis
and CT positivity, as well as the relevance of pain duration—
align with variables emphasized in the MSS. The MSS was
developed by removing less clinically relevant components of
the original STONE score (such as race) and incorporating more
practical parameters, and previous studies have reported that
this modification may improve diagnostic accuracy in certain
populations. Given that the predictors highlighted in the MSS
also demonstrated significance in our cohort, it is possible
that the MSS could have offered comparable or even enhanced
diagnostic performance in our study population.

Pain duration is one of the key components of the STONE score,
and previous studies have consistently reported that shorter
pain duration is associated with a higher likelihood of ureteral
stones [5,6,14-16]. Similar to the existing literature, our study
also demonstrated that CT-positive patients had significantly
shorter pain duration. This finding is consistent with the
pathophysiological expectation that acute ureteral obstruction
causes sudden-onset, severe flank pain, prompting patients
to seek medical attention earlier. Therefore, the relationship
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between shorter pain duration and stone presence in our cohort
supports the predictive value of this parameter within the
STONE score.

In our study, bedside renal USG demonstrated a notably high
diagnostic accuracy for detecting hydronephrosis. The obtained
AUC value was 0.915, with a sensitivity of 952% and a
specificity of 98.5%. In a previous study conducted in patients
with CT-confirmed urolithiasis, the sensitivity of bedside USG
in detecting hydronephrosis was reported as 78.4%, while the
overall sensitivity for positive findings (hydronephrosis or direct
visualization of the stone) was found to be 82.4%. This study
also showed that as the stone size increased, the sensitivity
improved, reaching up to 90% for stones larger than 6 mm [12].
Similarly, another study reported an overall sensitivity of 72.6%
and a specificity of 76.9%, but the sensitivity increased to
92.7% when USG was performed by physicians with dedicated
ultrasound training [8]. These findings highlight that USG is
operator-dependent, and the experience level of the practitioner
plays a critical role in diagnostic accuracy. In another study,
the overall sensitivity and specificity of bedside focused renal
USG were reported as 75.8% and 55.2%, respectively; however,
these values increased with the severity of hydronephrosis, with
specificity rising to 85.7% for moderate hydronephrosis [10].
Considering the variability in the literature, the high sensitivity
and specificity achieved in our study may be attributed to the
fact that renal USG was performed by experienced emergency
medicine specialists using a standardized protocol. These
findings support that the diagnostic accuracy of renal USG can
be significantly improved with appropriate practitioner training
and standardized evaluation protocols.

Although USG offers significant advantages such as the
absence of radiation exposure, rapid applicability, and
bedside availability, it may not provide sufficient information
as a standalone diagnostic tool in every clinical scenario.
However, when performed in appropriate clinical settings and
by experienced emergency physicians, it may contribute to
reducing unnecessary CT imaging. Therefore, USG findings
should be interpreted in conjunction with clinical evaluation
and scoring systems, and when necessary, decisions regarding
advanced imaging should be based on the physician’s clinical
judgment and patient-specific risk assessment for the most
appropriate approach.

Limitations

This study was conducted in a single center, and the sample
size was relatively limited. Another important limitation is
the operator-dependent nature of bedside ultrasonography.
Since all USG examinations were performed by experienced
emergency physicians, the diagnostic accuracy observed in our
study may be higher than that of clinicians with varying levels
of training and experience. Therefore, the generalizability of
the results to different clinical settings may be limited. Lastly,
detailed radiological data such as stone size and location were
not systematically analyzed in this study; therefore, the impact
of these variables on the diagnostic performance of the tests
could not be evaluated.

Conclusion

While the STONE score stands out as a clinical tool with

high specificity, particularly in patients with high scores, its
sensitivity remains limited. In contrast, hydronephrosis detected
by bedside renal USG performed by experienced emergency
physicians demonstrated both high sensitivity and specificity in
predicting the presence of urinary stones. Our findings suggest
that bedside renal USG may serve as a reliable and rapid first-
line imaging modality in patients with low-to-intermediate
STONE scores and may help reduce unnecessary CT imaging.
However, decisions regarding further imaging should be
supported by patient-specific clinical evaluation.
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