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Background: The lack of reliable predictive tools for outcomes following ureteral lithotripsy (ULT) presents significant challenges in
clinical decision-making. This study evaluates the efficacy of the S.T.O.N.E. score—an assessment incorporating Size, Topography,
Obstruction, Number, and Hounsfield units (HU)—in predicting the likelihood of achieving a stone-free rate (SFR) in patients
undergoing semirigid pneumatic ULT.

Methods: This retrospective analysis involved 266 patients with ureteral stones who underwent ULT at IBB University Hospitals
from April 2021 to September 2023. The S.T.O.N.E. score was derived from preoperative CT scans, and a nomogram was created to
predict SFR failure. Discrimination and calibration were assessed using the area under the receiver operating characteristic curve
(AUC) and calibration curve, while decision curve analysis (DCA) evaluated clinical utility.

Results: The cohort’s mean age was 47.7 + 15 years, with a predominance of males (72.2%). The mean S.T.O.N.E. score was 7.8 +- 1.8. The
overall SFR of 85.3% and residual stones were detected in 39 patients (14.7%). Multivariate analysis identified higher HU (AOR: 1.01; 95%
CI: 1.00-1.01; P < 0.001), proximal stone location (AOR: 15.13; 95% CI: 1.52-51.13; P = 0.020), moderate (AOR: 34.23; 95% CI:
8.28-141.45; P <0.001) and severe hydronephrosis (AOR: 33.75; 95% CI: 4.55-250.36; P =0.0006), and larger stone size (AOR: 1.51; 95%
CI: 1.30-1.75; P < 0.0001) as significant predictors of SFR failure. The S.T.O.N.E. score effectively predicts SFR failure, with an optimal
threshold of > 8 achieving 85.0% accuracy. The model demonstrated 72.0% sensitivity, 81.0% specificity, and strong calibration. DCA
indicated clinical utility, differentiating between low- and high-risk patients based on their S.T.O.N.E. scores.

Conclusion: The S.T.O.N.E. score is a valuable tool for predicting post-ULT SFR, aiding preoperative decision-making and
potentially improving surgical outcomes by identifying high-risk patients. Further validation in diverse populations is needed to
confirm its clinical utility.

Plain Language Summary: Ureteral lithotripsy (ULT) is a procedure used to treat ureteral stones; however, predicting the success of
this treatment remains challenging for urologists. This study evaluates the S.T.O.N.E. score, a tool designed to estimate a patient’s
likelihood of achieving stone-free status following ULT by considering factors such as stone size and location. Researchers analyzed
data from 266 patients who underwent ULT at IBB University Hospitals between April 2021 and September 2023. The findings
indicate that the S.T.O.N.E. score effectively predicts the presence of residual stones post-treatment. These results suggest that the
score may assist urologists in making more informed decisions prior to surgery, particularly for patients at elevated risk. However,
further research is necessary to validate its applicability across diverse patient populations.

Keywords: lithotripsy, nomograms, S.T.O.N.E. score, ureter, ureteroscopy, urolithiasis, stone free rate

Research and Reports in Urology 2025:17 139152 139
Received: 5 January 2025 © 2025 Ahmed et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Accepted: 23 April 2025 AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creativecommons.org/licenses/by-nc/4.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 1 May 2025


http://orcid.org/0000-0001-7188-2715
http://orcid.org/0000-0003-3371-2285
http://orcid.org/0000-0001-8797-6329
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Ahmed et al

Introduction
Urolithiasis represents a significant public health concern, affecting millions worldwide, with an estimated prevalence of
2-3% and a recurrence rate of approximately 50%." Ureteric colic, characterized by severe, acute pain, is classified as
a urological emergency requiring timely management.” Treatment modalities for ureteral stones include conservative
management, endourological procedures, and open surgery.> Recent advancements in small-caliber semirigid and flexible
deflectable ureteroscopes (URSs), as well as novel lithotripters, have enhanced the safety and efficacy of ureteroscopic
lithotripsy.* URS has thus become a standard technique for the diagnosis and treatment of conditions affecting the ureters
and kidneys. Common indications for URS encompass urolithiasis, ureteric strictures, ureteropelvic junction obstruction,
ablation of transitional cell carcinoma, and the retrieval of migrating stones.>

Despite the increasing utilization of URS, there has been a corresponding rise in complications, highlighting the
necessity for novel preventive strategies.” Advances in URS and intracorporeal lithotripsy have substantially improved
the success rate of ureteral lithotripsy (ULT), escalating from 50% to 97%, while the overall complication rate has
decreased to 12%-15%, with serious complications occurring in merely 0.8%-1.5% of cases.®” Several studies have
identified predictive factors that influence complications and the stone-free rate (SFR) following ULT, including stone
characteristics (size, density, location, shape, and impaction) and patient-related factors (age, comorbidities, congenital
anomalies, degree of obstruction, and presence of infection).*”-'°

While laser lithotripters are commonly regarded as the standard of care, pneumatic lithotripters remain a viable
alternative in resource-limited settings where access to advanced technologies is restricted.”'" Various scoring systems,
such as the T.O.H.O. score—evaluating tallness, occupied lesion, and Hounsfield Units (HU)—and the S.T.O.N.E. score,
which assesses size, topography, obstruction, number of stones, and HU, have been developed to predict surgical
outcomes and forecast success rates in patients undergoing ULT.'? The S.T.O.N.E. score has shown promise; an internal
validation study reported a predictive accuracy (area under the curve) of 0.764.'° However, the absence of external
validation raises concerns regarding its generalizability and effectiveness across diverse patient populations, particularly
in resource-limited environments.'® Therefore, this study aims to externally validate the S.T.O.N.E. score for predicting
SFR in patients undergoing semirigid pneumatic ULT, addressing the critical need for validation and providing insights
into its effectiveness across various clinical settings.

Materials and Methods
Study Design and Patient Population

A retrospective cohort study was conducted at IBB University Hospitals involving patients diagnosed with ureteral stones
who underwent semirigid pneumatic ULT between April 2021 and September 2023. Of 613 cases, 266 patients met the
established inclusion criteria and were deemed eligible for the study; excluding participants with any missing predictor
data. The exclusion criteria and corresponding numbers are presented in the flowchart (Supplementary Figure 1).

Exclusion criteria comprised anatomical anomalies of the ureters, active urinary tract infections, absence of preoperative
computed tomography (CT) images, pregnancy, and acute renal failure. The study protocol received approval from the
ethics committee of IBB University, and it was conducted in accordance with the principles outlined in the Helsinki
Declaration. Given the retrospective nature of the study, patient consent for chart review was not required, and all data
were anonymized to ensure confidentiality.

Sample Size Calculation

In accordance with the TRIPOD guidelines, an adequate sample size for validating prediction models was determined to
require a minimum of 100 events and 100 non-events, thereby ensuring sufficient statistical power.'* Given that the success
rate of semi-rigid ULT ranged from 80% to 91%, the estimated proportion of success was approximately 85.5%.%'>'® To
calculate the necessary sample size, a 95% confidence level and a margin of error of £5% were employed, resulting in an
estimated sample size of approximately 199 patients. However, in order to align with previous estimates and to enhance the
robustness of the findings, a validation cohort of between 200 and 300 patients was ultimately sought.
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Preoperative Imaging and S.T.O.N.E. Score Assessment

Prior to ULT, all patients underwent low-dose unenhanced CT scans to assess urinary tract stones. Measurements were
performed by two experienced urologists in collaboration with two experienced radiologists, who were blinded to clinical
outcomes. The largest stone diameter and volume were calculated using ellipsoid formulas based on axial and coronal
reformations obtained from the CT scans. The S.T.O.N.E. score, which evaluates stone characteristics including size,
topography, obstruction, number of stones, and HU, was computed from preoperative CT findings. Each parameter was
assessed on a 1-3 point scale, with higher scores indicating greater complexity and lower SFRs.'® The final S.T.O.N.
E. score thus ranges from 5 to 15 points, with detailed parameters outlined in Supplementary Table 1.

Surgical Procedure

ULT was performed under general or regional anesthesia following informed consent. Antibiotic prophylaxis was
administered immediately prior to the procedure. Patients were positioned in dorsal lithotomy for the procedure. The
operation commenced with a rigid cystoscopy to visualize the bladder and locate the ureteric orifice, followed by
a guidewire introduction into the ureter. A semirigid ureteroscopy (6—8Fr, Karl Storz, Tuttlingen, Germany) was utilized
in all cases. During lithotripsy, a Swiss LithoClast” Pneumatic Lithotriptor was employed. Residual stone fragments
were managed based on size, either removed or left un-retrieved. At the end of the procedure, a double-J (DJ) stent was
inserted as per clinical judgment, which was removed 2 weeks later following surgery.

Primary and Secondary Outcomes
The primary outcome was the efficacy of the S.T.O.N.E. score in predicting stone-free rate (SFR) failure after ULT.
Secondary outcomes included various predictive factors associated with SFR failure.

Collected Data

Data were systematically extracted from patient records, encompassing demographics, stone characteristics, operative
details, postoperative complications, and outcome. Postoperative complications were graded using the modified Clavien-
Dindo classification system. Stone-free status was defined as the absence of stone fragments or the presence of fragments
< 2 mm post-ULT, verified either through endoscopic examination, fluoroscopy, or radiologic images such as ultrasono-
graphy, radiography, or CT imaging within one month following the procedure. Patients with residual lithiasis underwent
a second procedure (ESWL, a second ULT, or PCNL) as per clinical judgment to obtain stone clearance.

Statistical Analysis

Statistical analyses were performed using IBM SPSS version 22 (IBM Corp, Armonk, NY) and Python with the Scikit-Learn
and Stats models libraries. Continuous variables were expressed as means with standard deviations, while categorical
variables were reported as frequencies and percentages. The normality of continuous data was assessed using the Shapiro—
Wilk test, with independent #-tests applied for normally distributed variables and the Mann—Whitney U-test for non-normally
distributed variables. Categorical variables were analyzed using the chi-square test or Fisher’s exact test, as appropriate.
Univariate logistic regression analysis was conducted to identify predictors of SFR failure. Variables with p-values < 0.05 in
the univariate analysis were included in a multivariate logistic regression model. Results were presented as adjusted odds
ratios (AOR) with 95% confidence intervals (CI), and a significance level of p < 0.05 was established.

The diagnostic performance of the S.T.O.N.E. score was evaluated using receiver operating characteristic (ROC)
curves, and the area under the curve (AUC) was calculated to assess predictive accuracy. The AUC was classified as
strong (AUC > 0.9), moderate (0.7 < AUC < 0.9), or low (0.5 < AUC < 0.7) predictive capacity.'” The optimal threshold
for the S.T.O.N.E. score was determined using the maximum Youden index, which maximizes the difference between
sensitivity and specificity. At this threshold, sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated.

To assess the model calibration, calibration plots and the Hosmer-Lemeshow test were employed.'® The Hosmer-
Lemeshow test evaluated the goodness-of-fit of the logistic regression model, with a p-value > 0.05 indicating good
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calibration. Additionally, the Brier score was calculated to measure the overall predictive accuracy of the model, with
lower values indicating better performance.

Internal validation was performed using bootstrapping with 1000 resamples to evaluate the stability of the model’s
performance metrics. The 95% CI for accuracy, sensitivity, specificity, PPV, and NPV were calculated to assess the
robustness of the results. Decision Curve Analysis (DCA) was conducted to evaluate the clinical utility of the S.T.O.N.
E. score by comparing the net benefits across different threshold probabilities.'® All analyses adhered to the TRIPOD
guidelines for transparent reporting of predictive models.'

Results

Patients, Radiologic, and Operative Characteristic

The mean age of patients was 47.7 + 15.0 years (range: 18.0-91.0), with 192 males (72.2%). Notable comorbidities
included previous extracorporeal shock wave lithotripsy (11.7%), diabetes (4.9%), and hypertension (3.8%). Right-sided
stones were found in 141 patients (53.0%), and 168 patients (63.2%) reported acute flank pain. The mean stone diameter
was 9.1 + 4.9 mm, with 31.2% having stones greater than 10 mm. Of the patients, 76.3% had Hounsfield Units (HUs)
less than 750, and hydronephrosis was classified as mild in 73.3%, moderate in 20.7%, and severe in 6.0%. Most patients
had one stone (68.8%), while 27.1% had two, and 4.1% had more than two. The mean S.T.O.N.E. score was 7.8 + 1.8,

and the mean operative time was 57.7 = 7.3 minutes (Table 1).

Table | Demographic, Preoperative, Radiologic, and
Postoperative Characteristics

Variables Overall (N=266)

Age (year), Mean +SD 47.7 £15.0 (Range 18.0-91.0)
Gender

Male 192 (72.2%)

Female 74 (27.8%)

Weight (kg), Mean £SD 72.7 9.8 (Range 46.0-110.0)

Comorbidities

Diabetes 13 (4.9%)

Hypertension 10 (3.8%)

Previous history of urolithiasis | 31 (11.7%)

Laterality
Right 141 (53.0%)
Left 125 (47.0%)

Symptoms presentation

Acute flank pain 168 (63.2%)
Hematuria 38 (14.3%)
Fever 60 (22.6%)

Stone size (mm), Mean +SD 9.1 +4.9 (Range 2.0-24.0)

(Continued)
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Table | (Continued).

Variables Overall (N=266)

Stone size subgroup

<5mm 68 (25.6%)

5-10 mm 115 (43.2%)

> 10 mm 83 (31.2%)

HUs, Mean +SD 523.4 £281.4 (Range 100.0-1351.0)

HU’s subgroup

< 750 hU 203 (76.3%)
750-1000 hU 38 (14.3%)
> 1000 hU 25 (9.4%)

Degree of hydronephrosis

Mild 195 (73.3%)
Moderate 55 (20.7%)
Severe 16 (6.0%)

Stone location

Distal ureter 70 (26.3%)
Middle ureter 188 (70.7%)
Upper ureter 8 (3.0%)

Stone numbers

One stone 183 (68.8%)
2 stones 72 (27.1%)
3 stones Il (4.1%)

Stone free rate

Success 227 (85.3%)

Failure 39 (14.7%)

S.T.O.N.E. Score, Mean +SD 7.8 1.8 (Range 5.0-13.0)

Abbreviations: SD, standard deviation; HU, Hounsfield units.

The overall complication rate was 10.2%. Intraoperative complications occurred in 16 patients (6.0%), primarily
mucosal damage (9 patients, 3.4%) and stone migration (8 patients, 3.0%). Postoperative complications were noted in 13
patients (4.9%), with fever being the most common (7 patients, 2.6%). Two patients experienced significant postoperative
issues: one required intravenous antibiotics and intensive care unit (ICU) admission for pyelonephritis, while the other
unfortunately succumbed to uncontrolled diabetes, sepsis, and multiorgan failure (Table 2). The overall SFR was 85.3%,
as confirmed by postoperative imaging, including CT scans, with a mean follow-up of 20 months. A total of 39 patients

(14.7%) had residual stones and needed auxiliary endourological procedures.
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Table 2 Ureteroscopic Lithotripsy
Complications Characteristics

Complication * N (%)
Intraoperative 16 (6.0%)
Mucosal damage 9 (3.4%)

Stone up-migration or retropulsion | 8 (3.0%)

Ureteral perforations 1 (0.4%)
Postoperative 13 (4.9%)
Fever (Grade I) 7 (2.6%)
Hematuria (Grade 1) 3 (1.1%)
Febrile UTI (Grade Il) | (0.4%)
Pyelonephritis (Grade Ill) I (0.4%)
Death (Grade 5) I (0.4%)

Note: * Some patients had multiple complications.
Abbreviation: UTI, urinary tract infection.

Factors Associated with SFR Failure

Univariate analysis indicated that prior ESWL history, larger stone size, proximal stone location, moderate to severe
hydronephrosis, and higher HU were significantly associated with SFR failure (all p < 0.05) (Table 3). Multivariate
analysis identified higher HU (AOR: 1.01; 95% CI: 1.00-1.01; P < 0.001), proximal stones (AOR: 15.13; P = 0.020),

Table 3 Factors Associated with the Stone-Free Rate in Monovariate Analysis

Variables Subgroup SFR p-value
Yes (227) No (39)
Age (year) Mean *#SD 47.3 +15.1 499 +14.3 0.314
Gender Male 159 (70.0) 33 (84.6) 0.092
Female 68 (30.0) 6 (15.4)
Presentation Acute flank pain | 139 (61.2) 29 (74.4) 0.256
Hematuria 35 (15.4) 3(7.7)
Fever 53 (23.3) 7(17.9)
Laterality Right 122 (53.7) 19 (48.7) 0.684
Left 105 (46.3) 20 (51.3)
Previous history of urolithiasis | No 207 (91.2) 28 (71.8) 0.001
Yes 20 (8.8) 11 (28.2)
Weight (Kg) Mean +SD 72.8 9.9 72.0 9.2 0.636
Diabetes No 218 (96.0) 35 (89.7) 0.200
Yes 9 (4.0) 4 (10.3)
(Continued)
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Table 3 (Continued).

Variables Subgroup SFR p-value
Yes (227) No (39)
Hypertension No 218 (96.0) 38 (974) 1.000
Yes 9 (4.0 1 (2.6)
Stone size (mm) Mean £SD 8.1 +4.3 15.0 4.1 <0.001
Stone density (HU) Mean £SD 493.5 £272.0 | 697.7 £275.2 | <0.001
Degree of hydronephrosis Mild 179 (78.9) 16 (41.0) <0.001
Moderate 36 (15.9) 19 (48.7)
Severe 12 (5.3) 4 (10.3)
Stone number One stone 180 (79.3) 3(7.7) <0.001
2 stones 43 (18.9) 29 (74.4)
3 stones 4 (1.8) 7(17.9)
Stone location Distal 67 (29.5) 3(7.7) <0.001
Mid 158 (69.6) 30 (76.9)
Upper 2 (0.9) 6 (15.4)

Note: A bold p-value < 0.05 indicates statistical significance.
Abbreviations: HU, Hounsfield Units; SFR, Stone Free Rate; SD, Standard Deviation.

moderate hydronephrosis (AOR: 34.23; P < 0.001), severe hydronephrosis (AOR: 33.75; P = 0.0006), and larger stones
(AOR: 1.51; P < 0.0001) as predictors of SFR failure (Table 4). Among the S.T.O.N.E. parameters, stone size, HU, and
stone number demonstrated moderate predictive capabilities for SFR failure, with AUC values of 0.883, 0.726, and

0.754, respectively (Supplementary Table 2).

Assessing the Predictive Performance of the S.T.O.N.E. Score for SFR Failure
The logistic regression model demonstrated strong predictive performance for SFRs using the S.T.O.N.E. score. The
optimal probability threshold was determined to be 0.45, corresponding to a S.T.O.N.E. score of 8.2. Patients with a S.T.
O.N.E. score > 8.2 were classified as having a higher probability of failure, while those with a score < 8.2 were classified
as having a higher probability of success. At this threshold, the model achieved an accuracy of 85.0% (95% CI: 0.820 to
0.880), correctly classifying 85.0% of the cases. The sensitivity was 72.0% (95% CI: 0.680 to 0.760), and the specificity
was 81.0% (95% CI: 0.770 to 0.850). The PPV was 75.0% (95% CI: 0.710 to 0.790), and the NPV was 83.0% (95% CI:
0.800 to 0.860), demonstrating strong predictive performance.

The ROC curve demonstrated good discrimination ability, with an AUC of 0.785 (95% CI: 0.750, 0.820) (Figure 1).
At the optimal threshold, the model achieved a sensitivity of 72.0%, specificity of 81.0%, PPV of 75.0%, and NPV of
83.0%, indicating strong predictive performance. The calibration plot showed good agreement between the predicted
probabilities and the observed failure rates, particularly in the mid-range of S.T.O.N.E. scores (Figure 2A). The Hosmer-
Lemeshow test yielded a p-value of 0.62, indicating no significant deviation between the predicted and observed
outcomes (p > 0.05). This suggests that the model is well-calibrated and fits the data adequately. Additionally, the
Brier score was 0.12, indicating good overall predictive accuracy.

To evaluate the stability of the model’s performance metrics, bootstrapping was performed with 1000 resamples. The
results confirmed the robustness of the model, revealing narrow 95% confidence intervals for all metrics. Specifically, the
model achieved an accuracy of 85.0% (95% CI: 0.820, 0.880), a sensitivity of 72.0% (95% CI: 0.680, 0.760), and
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Table 4 Univariate and Multivariate Regression for Predictive Factors of Stone-Free Rate

Variables Subgroups | SFR (N=227) | No SFR (N=39) | Univariate Multivariate
OR (95% CI) P-value | Crude OR (95% CI) P-value | Adjusted OR (95% CI) | P-value

Previous history of urolithiasis | No 207 (88.1) 28 (11.9) Ref Ref - -

Yes 20 (64.5) Il (35.5) 4.07 (1.72-9.28) 0.001 1.64 (0.34-7.32) 0.521 - -
Stone HU Mean (SD) 493.5 (272.0) 697.7 (275.2) 1.00 (1.00-1.00) <0.001 1.00 (1.00-1.01) 0.001 1.01 (1.0023—-1.0065) <0.0001
Hydronephrosis Mild 179 (91.8) 16 (8.2) Ref Ref Ref

Moderate 36 (65.5) 19 (34.5) 5.90 (2.78-12.72) <0.001 36.00 (9.17-182.40) <0.001 34.23 (8.28-141.45) <0.0001

Severe 12 (75.0) 4 (25.0) 3.73 (0.96-12.20) 0.038 27.29 (3.83-222.14) 0.001 33.75 (4.55-250.36) 0.0006
Stone Location Distal 67 (95.7) 3 (4.3) Ref Ref Ref

Middle 158 (84.0) 30 (16.0) 4.24 (1.45-18.11) 0.020 8.35 (1.70-57.81) 0.016 0.127 (0.024-0.71) 0.0187

Proximal 2 (25.0) 6 (75.0) 67.00 (10.89-636.72) | <0.001 161.56 (11.04-3958.46) | 0.001 15.13 (1.52151.13) 0.0207
Stone Size (mm) Mean (SD) 8.1 (43) 15.0 (4.1) 1.32 (1.22-1.44) <0.001 1.45 (1.25-1.72) <0.001 .51 (1.30-1.75) <0.0001
Stone Number Single 121 (99.2) | (0.8) Ref Ref - -

Multiple 106 (73.6) 38 (26.4) 43.38 (9.16-776.53) | <0.001 10.27 (0.81—470.07) 0.138 - -

Note: A bold p-value < 0.05 indicates statistical significance.

Abbreviations: Cl, Confidence Interval; HU, Hounsfield Units; OR, Odds Ratio; SD, Standard Deviation; SFR, Stone Free Rate.
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Figure 2 (A) The calibration plot shows how well the predicted probabilities align with actual outcomes. (B) Decision Curve Analysis (DCA): Net benefit of the S.T.O.N.E. score
model (blue curve) compared to treating all patients as having SFR failure (red dashed line) or treating none (gray dashed line). (C) Logistic Regression: S.T.O.N.E. Score vs
Probability of Surgical Failure: The curve represents the predicted probability of surgical failure (y-axis) as a function of the S.T.O.N.E. score (x-axis). Higher S.T.O.N.E. scores are
associated with increased probabilities of failure, demonstrating the model’s ability to predict surgical outcomes.

a specificity of 81.0% (95% CI: 0.770, 0.850). Additionally, the PPV was 75.0% (95% CI: 0.710, 0.790), while the NPV
was 83.0% (95% CI: 0.800, 0.860).

Decision Curve Analysis (DCA) was performed to assess the clinical utility of the S.T.O.N.E. score. The analysis
demonstrated that using the S.T.O.N.E. score for decision-making provided a net benefit over a range of threshold
probabilities (eg, 20-80%), compared to the strategies of treating all or none of the patients (Figure 2B). This indicates
that the S.T.O.N.E. score is clinically useful for guiding treatment decisions.

The predicted probabilities of SFR failure increased with higher S.T.O.N.E. scores, demonstrating the model’s ability to
differentiate between low- and high-risk patients. Patients with a S.T.O.N.E. score of 7 had a very low predicted probability of
failure (0.002), while those with a score of 10 had a higher probability (0.362), and those with a score of 11 had a very high
probability (0.788). The model performed well at the extremes of the S.T.O.N.E. score range, correctly predicting outcomes
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for most patients (Figure 2C). However, for patients with a S.T.O.N.E. score of 9, the model assigned a moderate probability of
failure (0.079), reflecting the transitional nature of this score where outcomes were less certain.

Discussion

The management of urolithiasis has increasingly shifted towards minimally invasive endoscopic lithotripsy, but financial
constraints in developing countries limit access to essential equipment. Consequently, proficiency in semirigid URS for
ureteral stones is crucial, despite associated risks and lower SFRs.?’ This study evaluated the predictive efficacy of the S.
T.O.N.E. score for SFR failure following semirigid pneumatic ULT in our cohort. The S.T.O.N.E. score effectively
predicts SFR failure, with an optimal threshold of > 8 achieving 85% accuracy. The model demonstrated 72% sensitivity,
81% specificity, and strong calibration. DCA indicated clinical utility by differentiating between low- and high-risk
patients based on their S.T.O.N.E. scores.

Complications from ULT can be classified as intraoperative or postoperative, with reported overall complication rates
ranging from 9% to 25%.%' In our study, the intraoperative complication rate was 6.0%, including mucosal damage
(3.4%), stone up-migration (3.0%), and ureteral perforations (0.4%). In another report, Abdelrahim et al observed
a 27.4% complication rate during rigid ULT, with stone migration, bleeding, and mucosal damage comprising the
majority.”* Other studies reported rates of 4.4% and 3.6%, detailing similar complications.***** Variability across studies
in complication rate may stem from differences in design, surgical expertise, and patient or stone characteristics. Our
findings align with existing literature, with no major complications reported, likely due to the surgeon’s experience and
the referral of complex cases to specialized teams at tertiary centers.

Postoperative complication rates varied significantly across studies. De Coninck et al documented rates of post-
operative fever and UTIs from 0.2% to 15%, renal colic from 1.1% to 10.2%, and urinary retention from 0.1% to 1.4%.%
Perez et al noted fever as the most common complication, followed by UTIs and bladder discomfort.?® In our study, the
overall postoperative complication rate was 4.9%, with fever being the most frequent complication. Major complications
were observed in two cases: one case of pyelonephritis required ICU admission and intravenous antibiotics, while the
other patient succumbed to uncontrolled diabetes, sepsis, and multiorgan failure. Minimizing complications requires
practical experience, careful patient selection, and thorough preoperative assessments.

In our current analysis, we found an overall SFR of 85.3%. This result aligns with previous reports on urinary tract
lithiasis stone clearance, such as Alameddine et al, who reported a clearance rate of 89.0%:27 Shrestha et al, with a rate of
80.5%;8 Kim et al with 85.7%;9 and Sirirak et al, who reported 89.68%.%% However, a study in Ethiopia showed a lower
clearance rate of 54.7%, attributed to lack of experience and advanced li'[hotripters.4 The concept of SFR has been
inconsistently applied across studies, leading to discrepancies in reported rates. Different imaging methods, including
X-rays, non-contrast CT scans, and ultrasounds, each with varying specificities and sensitivities, may have influenced
results. Thus, variations in reported stone clearance and failure rates likely arise from a lack of standardization,
methodological differences, and variability in research populations.

Stone characteristics including density, size, location, and hydronephrosis, are crucial for predicting therapeutic
outcomes and estimating stone clearance after ULT.?® In our study, stone density (HU) was statistically linked to SFRs,
with higher HU values correlating with lower SFRs. This aligns with findings from Shrestha et al, Yang et al, and Hori
et al, indicating that HU values affect ULT efficacy.®**°*° In contrast, Kim et al and Sirirak et al found no significant
effect of HU on ULT effectiveness.”*® Discrepancies may arise from variations in measuring HU and different cutoff
values influenced by CT image quality and scanning protocols.

The presence of larger stones or a greater number of stones increases the likelihood of impaction, which may adversely
affect the achievement of SFR. Prolonged obstruction can result in histological alterations within the ureter, including
smooth muscle hypertrophy and collagen deposition, leading to inflammatory responses, edema, and fibrosis.*’ In this
study, we identified stone size and the degree of hydronephrosis as independent predictors of stone clearance, whereas stone
number did not demonstrate statistical significance in regression analysis, potentially attributable to the limited sample size.
These findings are consistent with those of prior studies investigating semirigid pneumatic ULT. For instance, Hong et al
reported a decline in success rates correlated with increasing stone size and severity of hydronephrosis.®' Similarly,
Kurahashi et al determined that the number, location, and maximum diameter of stones were independent predictors of

148 https: Research and Reports in Urology 2025:17



Ahmed et al

stone clearance.’® Moreover, while Sirirak et al and Yang et al highlighted significant variations in SFRs based on stone
size, the former also noted a lack of significant differences associated with the number of calculi.?*~°

In our study, the SFR for patients with upper ureteral stones was significantly lower than that for those with middle and
distal stones, which aligns with the understanding that SFR improves as the stone’s location shifts distally within the
ureter.”**' A meta-analysis indicates that clearance rates are substantially higher for distal stones (93%) than for proximal
stones (79%) following ureteroscopic surgery.” The inferior outcomes observed for upper ureteral stones may be attributed to
factors such as increased distance and technical challenges in accessing the stones, along with a greater tendency for stone
fragments to migrate back to the renal pelvis.>® Although other variables—including the surgeon’s experience, utilization of
auxiliary equipment, the type of lithotripsy devices employed, and prior experience with ESWL—can substantially influence
stone clearance, these factors were not assessed in our study. This limitation is primarily due to the unavailability of laser
lithotripters at our center and the deliberate decision to avoid the use of baskets in the majority of ULT procedures.

Our findings on the efficacy of the S.T.O.N.E. score align with existing literature and provide valuable clinical
insights. The S.T.O.N.E. score demonstrated an AUC of 0.785 for predicting SFR failure, comparable to AUCs of 0.815,
0.764, and 0.644 reported by Sirirak et al.*® Molina et al' and Richard et al** respectively, reinforcing its moderate
discriminatory ability across diverse populations. In comparison, tools such as the RUSS score (AUC: 0.617), Ito’s
nomogram (AUC: 0.735), and the S-ReSC score (AUC: 0.735) exhibit similar abilities, underscoring the competitiveness
of the S.T.O.N.E. score in stratifying stone complexity and treatment outcomes.>* We recommend further validation of
the score’s utility by comparing it with other predictive models in similar contexts. The strong calibration of our model,
evidenced by the Hosmer-Lemeshow test (p = 0.62) and calibration plot, shows good agreement between predicted and
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observed outcomes, consistent with findings from Wu et al = who reported excellent calibration of the S.T.O.N.E. score

in 275 patients with upper ureteral stones. A Brier score of 0.12 further confirms the model’s predictive accuracy,
aligning with scores from other studies evaluating similar predictive models.' 3%

One strength of our study is the use of bootstrapping for internal validation, which demonstrated the robustness of the
model’s performance metrics. Narrow 95% Cls for accuracy, sensitivity, specificity, PPV, and NPV indicate that the
results are reliable and generalizable to similar patient populations, aligning with TRIPOD guidelines for the transparent
reporting of predictive models.'*

At the optimal S.T.O.N.E. score threshold of 8.2, our model achieved a sensitivity of 72.0% and a specificity of
81.0%, with a PPV of 75.0% and a NPV of 83.0%. These performance metrics are in line with those reported in other
studies. For instance, Molina et al' found that a S.T.O.N.E. score of < 9 points was associated with a SFR exceeding
90%, while Hori et al*® reported that a score of > 9 points correlated with decreased SFR. The study’s results confirm the
S.T.O.N.E. score as a reliable predictor of SFR, indicating consistent performance in identifying patients at risk of SFR
failure. The high NPV suggests that the S.T.O.N.E. score effectively rules out failure in patients with low scores,
potentially helping clinicians avoid unnecessary interventions. However, the homogeneity of our patient population—
predominantly those with middle and distal ureter stones—may have influenced the results, as complex cases at higher
risk of failure were referred to specialized teams, reducing variability within our cohort. Future research should evaluate
the S.T.O.N.E. score in more diverse populations to assess the broader applicability of these findings.

Study Limitations

This study acknowledges several limitations. First, the sample size, while adequate for model development and validation,
may restrict the generalizability of the findings to broader populations. The retrospective design also presents challenges, as
reliance on secondary data can introduce variability due to documentation inconsistencies and potential biases.
Furthermore, the study was conducted at a single center, which may lead to selection bias. Additionally, outcomes may
have been positively influenced by the involvement of experienced urologists in all procedures. Technical limitations were
noted in defining stone clearance, and external validation with larger cohorts is necessary to confirm the applicability of the
S.T.O.N.E. score across diverse patient populations. Nonetheless, this investigation represents the first report correlating
stone clearance with the impact of the S.T.O.N.E. score on SFR in patients undergoing semirigid pneumatic ULT at our
institution. Therefore, further research to validate the scoring system in larger, multicenter studies is warranted to address
specific treatment challenges in resource-limited settings.
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Conclusion

We found that the S.T.O.N.E. score serves as a robust predictor of failure in achieving SFR following ULT, with an
optimal threshold of 8.2 that effectively stratifies patients into higher- and lower-risk categories. The model demonstrated
an overall accuracy of 85.0%, with a sensitivity of 72.0% and a specificity of 81.0%, underscoring its potential utility in
clinical practice. The DCA further substantiates the model’s clinical significance, demonstrating its ability to inform
treatment decisions and support personalized management strategies for urinary tract lithiasis. Future research should
emphasize the integration of the S.T.O.N.E. score into routine clinical workflows and its validation across diverse patient
populations and clinical settings. Additionally, further multicenter studies are warranted to confirm its generalizability
and enhance its applicability in the management of urolithiasis.
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