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Abstract \

Background: Dual-energy computed tomography (DECT) is purported to accurately distinguish uric acid stones from non-uric
acid stones. However, whether DECT can accurately discriminate ammonium urate stones from uric acid stones remains
unknown. Therefore, we aimed to explore whether they can be accurately identified by DECT and to develop a radiomics
model to assist in distinguishing them.

Methods: This research included two steps. For the first purpose to evaluate the accuracy of DECT in the diagnosis of uric acid
stones, 178 urolithiasis patients who underwent preoperative DECT between September 2016 and December 2019 were
enrolled. For model construction, 93, 40, and 109 eligible urolithiasis patients treated between February 2013 and October
2022 were assigned to the training, internal validation, and external validation sets, respectively. Radiomics features were
extracted from non-contrast CT images, and the least absolute shrinkage and selection operator (LASSO) algorithm was used
to develop a radiomics signature. Then, a radiomics model incorporating the radiomics signature and clinical predictors was
constructed. The performance of the model (discrimination, calibration, and clinical usefulness) was evaluated.

Results: When patients with ammonium urate stones were included in the analysis, the accuracy of DECT in the diagnosis of
uric acid stones was significantly decreased. Sixty-two percent of ammonium urate stones were mistakenly diagnosed as uric
acid stones by DECT. A radiomics model incorporating the radiomics signature, urine pH value, and urine white blood cell
count was constructed. The model achieved good calibration and discrimination {area under the receiver operating
characteristic curve (AUC; 95% confidence interval [CI]), 0.944 (0.899-0.989)}, which was internally and externally validated
with AUCs of 0.895 (95% CI, 0.796-0.995) and 0.870 (95% CI, 0.769-0.972), respectively. Decision curve analysis revealed
the clinical usefulness of the model.

Conclusions: DECT cannot accurately differentiate ammonium urate stones from uric acid stones. Our proposed radiomics
model can serve as a complementary diagnostic tool for distinguishing them iz vivo.
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Introduction was 48.57% higher than that in 1990, and the incidence
of symptomatic kidney stones that require treatment is

Urolithiasis is one of the most common benign diseases . 4]
also increasing.!”

of the urinary system. It is a worldwide health problem
that has caused a tremendous economic burden to
public health systems.!"?) The prevalence and incidence
of urolithiasis have been reported to be increasing over
the past several decades.”! A population-based study
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Therapeutic regimen options vary between patients with
stones of different compositions. In addition, knowledge
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of stone composition helps to identify appropriate medical
and lifestyle interventions to prevent stone recurrence.’”’
Therefore, clinical guidelines recommend that stone
composition analysis should be performed for uroli-
thiasis patients.!®’! Currently, infrared spectroscopy is
the most commonly used method for stone composition
analysis. However, it can only be carried out in vitro
after extracting stone specimens via surgery or stone
expulsion. If stone composition can be accurately
predicted before treatment, it may aid in clinical decision-
making and help to improve patient outcomes.

Dual-energy computed tomography (DECT) has good
application prospects in the preoperative prediction of
stone composition. On DECT imaging, materials with
low atomic numbers have small attenuation differences
between the two energy levels, while those with high
atomic numbers have larger attenuation differences!'");
this is the principle behind the theory that DECT can
predict stone composition. Uric acid stones are composed
of elements with low atomic numbers, i.e., carbon,
hydrogen, nitrogen, and oxygen, while calcium-based
stones contain elements, such as calcium and phos-
phorus, with high atomic numbers. Therefore, DECT
can accurately distinguish uric acid from non-uric acid
stones.['%!! Recently, a meta-analysis indicated that the
pooled diagnostic sensitivity and specificity of DECT
were 0.880 and 0.980, respectively.['?! Notably, uric acid
and ammonium urate have the same composition of
atomic species (chemical structural formulas are shown in
Supplementary Figure 1, http:/links.lww.com/CM9/B751).
Therefore, we hypothesized that DECT may be unable
to accurately distinguish ammonium urate stones from
uric acid stones based on the above principle. Whether
DECT can accurately discriminate the two types of stones
remains unknown, which is well worth investigating.

Ammonium urate stones are rare in economically devel-
oped areas, accounting for 0.38-8.7%,13"1° while they
are common in economically underdeveloped areas,
accounting for over 28.2%.12>-231 The physicochemical
properties of uric acid and ammonium urate stones are
very different. Uric acid stones are non-infected stones
that are formed when urine pH is less than 5.5.* They
are stable in an acidic environment and dissolve during
urine alkalization. Ammonium urate stones are classified
as infection stones, which are presumed to be associated
with urinary tract infections caused by urease-producing
gram-negative organisms.?>?®l Ammonium urate stones
are formed when the urine pH is approximately 6.3 and
are stable in an alkaline environment.l?”?81 Thus, there
are considerable differences in treatment and preventive
strategies. For ammonium urate stones, using antibiotics
during the perioperative period is necessary since infected
stones have a higher risk of postoperative infectious
complications. Furthermore, the complete removal of
stones without residual disease is critical and plays an
important role in the prevention of recurrence.??3% In
contrast, uric acid stones are capable of chemolysis and
can be treated with alkaline drugs to avoid invasive
stone removal when appropriate. In addition, the treat-
ment of hyperuricemia and alkalized urine are impor-
tant strategies to prevent recurrence.31-32! Therefore, it is
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of great clinical significance to accurately distinguish
between these two types of stones at the time of diag-
nosis.

Radiomics is a promising approach for extracting high-
throughput quantitative image features from medical
images and applying useful features within clinical deci-
sion support systems.[*3l Although radiomics is mainly
applied in the field of oncology,**3 our previous multi-
centric study demonstrated that radiomics can also be
applied to urinary stone disease.l*®! This provides novel
insights into solving some relevant clinical issues in uroli-
thiasis.

Therefore, our study aimed to explore whether DECT
can accurately distinguish ammonium urate stones from
uric acid stones. In addition, we attempted to develop a
radiomics model based on non-contrast CT images and
urinalysis results for preoperatively discriminating the
two types of stones.

Methods

Patients

This retrospective study was approved by the Ethics
Review Board at the First People’s Hospital of Kashgar
Prefecture and the Sun Yat-Sen Memorial Hospital
(Nos. FPHKP-KSY-2021028 and SYSEC-KY-KS-2020-
126), and the need for informed consent was waived.
The flowcharts and workflow of the study are shown in
Figure 1. Our research included two steps. The first step
was to evaluate the accuracy of DECT in the diagnosis
of wuric acid stones. For this purpose, 178 eligible
patients with urinary stones treated from September
2016 to December 2019 in the First People’s Hospital of
Kashgar Prefecture were enrolled. These patients under-
went DECT before surgery, and stones removed from
these patients underwent stone component analysis. The
second step was to construct a radiomics model for indi-
vidualized preoperative differentiation of uric acid
stones from ammonium urate stones. We included 133
eligible urolithiasis patients treated from February 2013 to
December 2019 in the First People’s Hospital of
Kashgar Prefecture. These patients fulfilled the following
inclusion criteria: (1) diagnosed with urolithiasis;
(2) underwent surgery to remove the urinary stone, which
was analyzed for stone composition; (3) predominant
stone composition of uric acid or ammonium urate; and
(4) non-contrast CT (single-energy CT or DECT),
urinalysis, and urine culture performed before surgery.
We randomly divided the patients into a training set and
an internal validation set at a ratio of 7:3 using computer-
generated random numbers. In addition, 109 urolithiasis
patients treated from July 2016 to October 2022 in the
Sun Yat-Sen Memorial Hospital were used as the
external validation set. It has been proposed that for
multivariate logistic regression, a minimum of 10 to 15
observations per predictor variable is required to
produce reasonably stable estimates.*”! In our study, we
obtained more than 15 observations per predictor vari-
able in the training set.
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Figure 1: Flowcharts and workflow of the study. (A) Study flowcharts. (B) Study workflow. AUC: Area under the receiver operating characteristic curve; CT: Computed tomography;
NPV: Negative predictive value; PPV: Positive predictive value; LASSO: Least absolute shrinkage and selection operator; WBC: White blood cell.

Baseline clinical data, including age, sex, and results of
routine urinalysis tests and urine cultures, were obtained
from medical records. The DECT images and non-
enhanced CT images were reviewed by two experienced
radiologists, and the data obtained from the CT images

were recorded, including the location and number of
stones and the prediction results of stone composition
via DECT. Any differences were resolved by negotiation.
In this study, Fourier transform infrared spectroscopy was
used to assess the composition of stones. The composition
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was considered predominant if it exceeded 50% of the
total composition of the stones. The image processing and
interpretation of DECT are described in the Supplementary
Methods, http:/links.lww.com/CM9/B751. The DECT and
non-enhanced CT image acquisition settings are listed in
Supplementary Table 1, http://links.lww.com/CM9/B751.

Radiomics procedure

All patients underwent non-contrast CT scans before
stone removal. The CT images (Digital Imaging and
Communications in Medicine [DICOM] format) were
retrieved for radiomics analysis. The radiomics analysis
procedure for urinary stones previously established by
our research team was used in this study.[¢! The repro-
ducibility of this method has been previously confirmed.
Detailed information about the radiomics procedure can
be found in our previous study.l**! Briefly, volumes of
interest (VOIs) of the urinary stone were semiautomati-
cally segmented using the thresholding segmentation
method implemented in the publicly available 3D Slicer
software (version 4.10.0, http://www.slicer.org). Then,
1223 radiomics features were extracted from each VOI,
which were normalized to a range from 0 to 1 using
linear transformation for the subsequent analysis.
Radiomics feature extraction was performed using the
PyRadiomics platform (version 3.0) implanted in Python
software (version 3.7.4, http://www.python.org),¥ and
the extracted features are presented in Supplementary
Table 2, http:/links.lww.com/CM9/B751.

Radiomics signature construction and performance
evaluation

The least absolute shrinkage and selection operator
(LASSO) algorithm is a powerful machine learning method
for variable selection. In the training set, we used the
LASSO logistic regression algorithm to select the most
useful prediction features. Then, a radiomics signature
was constructed based on the selected features, which
was represented as a radiomics score. The radiomics
score of each patient was calculated as a linear combina-
tion of selected features, which were weighted by their
corresponding LASSO coefficients.?”]

The Mann-Whitney U test was utilized to evaluate
whether there was a significant difference in radiomics
scores between patients with uric acid stones and
patients with ammonium urate stones. In addition, the
discrimination of the radiomics signature was quantified
by the area under the receiver operating characteristic
(ROC) curve (AUC) in the training set and validation
sets, respectively. An optimism-corrected AUC was also
calculated by the bootstrapping method (2000 bootstrap
resamples) to obtain stable optimism-corrected esti-
mates.*)) Furthermore, stratified analyses were performed
within various subgroups of the patients in the combined
training set and two validation sets.

Radiomics model construction and performance evaluation

In the training set, a multivariate logistic regression algo-
rithm was used to develop a radiomics model. The likeli-
hood ratio test and the stopping rule of the Akaike infor-
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mation criterion (AIC) were used to identify the indepen-
dent predictors among the radiomics score and other
candidate clinical variables for discriminating uric acid
stones from ammonium urate stones by backward step-
wise selection. Then, a radiomics model was constructed,
which was graphically presented as a nomogram. Collin-
earity diagnostics were evaluated by calculating the vari-
ance inflation factor (VIF). The performance of the
model was assessed in terms of discrimination and cali-
bration in the training set and validated in the validation
sets. AUCs (including optimism-corrected AUCs) and
calibration curves were used to evaluate the discrimina-
tive ability and calibration of the model, respectively. In
addition, the Hosmer—Lemeshow test was used to evaluate
the goodness-of-fit of the model.[*]

Clinical usefulness of the radiomics model

By calculating the net benefit under different threshold
probabilities, decision curve analysis (DCA) was performed
to determine the clinical usefulness of the radiomics
model.*?l In addition, ROC analyses were used in the
combined training set and two validation sets to compare
the discrimination efficacy between the radiomics model
and the variables incorporated in the nomogram alone.

Statistical analysis

Continuous variables were summarized as the mean +
standard deviation when the assumption of normal
distribution was satisfied, and the #-tests were used to
compare the means. Data were expressed as the median
and interquartile range (IQR) when variables were not
normally distributed, and a non-parametric test was
used to compare the medians. Categorical variables
were presented as percentages. All statistical analyses
were conducted using R software (R Statistical Computing
Base, version 4.0.4, https://www.r-project.org/). The R
packages used in this study are listed in Supplementary
Table 3, http://links.lww.com/CM9/B751. Detailed infor-
mation about the LASSO algorithm and DCA are avail-
able in the Supplementary Methods, http:/links.lww.com/
CM9/B751.All statistical tests were two-tailed, and a P-
value of <0.050 was considered statistically significant.

Results

Patient clinical characteristics

Supplementary Table 4 (http:/links.lww.com/CM9/B751)
lists the clinical baseline characteristics of patients with
urinary calculi who underwent DECT. Among them, there
were 30 patients with uric acid stones, 21 patients with
ammonium urate stones, and 127 patients with calcium
oxalate stones. The clinical baseline characteristics of
patients enrolled to develop and validate the radiomics
model are summarized in Supplementary Table 5, http://
links.lww.com/CM9/B751.

Accuracy of DECT in the diagnosis of uric acid stones

In the patients who underwent DECT, we attempted to
evaluate the accuracy of DECT in the diagnosis of uric
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acid stones. When patients with ammonium urate stones
were not included in the analysis, the diagnostic sensi-
tivity, specificity, and accuracy of DECT were 90.0%,
99.2%, and 97.5%, respectively [Figure 2A], and the AUC
was 0.946 (95% confidence interval [CI], 0.891-1.000;
Figure 2B). However, among all 178 patients, the sensi-
tivity, specificity, and accuracy were 90.0%, 90.5%, and
90.4%, respectively [Figure 2C]. Moreover, the AUC
decreased to 0.903 (95% CI, 0.843-0.962; Figure 2D).
Figure 2E further presents an overview of the DECT
diagnosis results. A total of 62% of ammonium urate
stones were mistakenly diagnosed as uric acid stones by
DECT. Thus, DECT is unable to accurately distinguish
uric acid and ammonium urate stones.

Radiomics signature construction and performance
evaluation

In the training set, 14 uric acid stone-related radiomics
features with non-zero coefficients were screened via the
LASSO logistic regression algorithm [Figures 3A, BJ.
The selected radiomics features and their corresponding
coefficients are shown in Figure 3C.

In the training set, there was a significant difference in
radiomics scores between patients with ammonium
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urate stones and those with uric acid stones, which was
confirmed in the validation sets [Figure 4A]. Moreover,
as shown in Supplementary Table 6, http:/links.lww.com/
CMY/B751, significant differences were found in the
stratified analyses for various stratified variables. The
AUC of the radiomics signature was 0.924 (95% CI,
0.869-0.978) in the training set, and the optimism-
corrected AUC of the radiomics signature was 0.848.
The radiomics signature also yielded AUCs of 0.875
(95% CI, 0.768-0.982) and 0.837 (95% CI, 0.726-0.947)
in the internal and external validation sets, respectively
[Figure 4B]. According to the maximum Youden index
in the training set, the optimal radiomics score cutoff
value was —0.031. The waterfall plot shows the urinary
stone types and corresponding radiomics scores of all
enrolled patients, with the dividing line drawn at the
cutoff value [Figure 4C].

Radiomics model construction and performance evaluation

According to the multivariate logistic regression algo-
rithm, the radiomics score, urine pH value, and urine
white blood cell (WBC) count were identified as inde-
pendent predictors of uric acid stones [Table 1]. In terms
of the collinearity diagnostics, the VIFs of the candidate
predictors ranged from 1.039 to 1.255, suggesting that
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Figure 2: Accuracy of DECT in the diagnosis of uric acid stones. (A,B) Confusion matrix (A) and ROC curve (B) of DECT in the diagnosis of uric acid stones when patients with
ammonium urate stones were excluded from the analysis. (C,D) Confusion matrix (C) and ROC curve (D) of DECT in the diagnosis of uric acid stones when patients with ammonium
urate stones were included in the analysis. (E) Histogram presenting the overview of DECT diagnosis results in the whole cohort. AUC: Area under the receiver operating characteristic
curve; Cl: Confidence interval; DECT: Dual-energy computed tomography; NPV: Negative predictive value; PPV: Positive predictive value; ROC: Receiver operating characteristic.
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dent predictors, and the user-friendly nomogram is
provided in Figure SA.

there was no collinearity. Hence, a radiomics model was
constructed by incorporating the above three indepen-
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Table 1: Logistic regression analysis of the radiomics score and clinical candidate predictors in the training set.
Multivariate logistic regression
Univariate logistic regression Radiomics model Clinical model
Variables OR (95% Cl) P-value OR (95% CI) P-value OR (95% CI) P-value
Radiomics score (per 0.1 increase) 1.304 (1.187-1.486) <0.001 1.270 (1.163-1.436) <0.001
Urine pH 0.255 (0.099-0.580) 0.002 0.373 (0.093-1.391) 0.149 0.277 (0.110-0.631) 0.004
Urine WBC count per microliter (<100 vs. >100) 0.208 (0.081-0.503) <0.001 0.221 (0.045-0.948) 0.048 0.207 (0.074-0.536) 0.002
Urine nitrite (negative vs. positive) 0.339 (0.124-0.865) 0.028
Urine culture (negative vs. positive) 2.040 (0.825-5.257) 0.128
CI: Confidence interval; OR: Odds ratio; WBC: White blood cell.
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Figure 5: Performance of the radiomics model. (A) The nomogram was constructed based on the radiomics model. (B) ROC curves of the radiomics model. (C) Calibration curve of the
radiomics model. The dotted line represents perfect prediction. The calibration curve (solid line) has a closer fit to the dotted line, indicating a better calibration. (D—F) DCA curves of
the radiomics model in the training set (D), internal validation set (E), and external validation set (F). The decision curve presents the net benefit vs. the threshold probability. The red
line refers to the radiomics model. The gray line represents the hypothesis that all patients suffered from uric acid stones, while the black line represents the assumption that no
patients had uric acid stones. Cl: Confidence interval; DCA: Decision curve analysis; ROC: Receiver operating characteristic.

The radiomics model yielded an AUC of 0.944 (95% CI,
0.899-0.989; Figure 5B) in the training set and an
optimism-corrected AUC of 0.889, indicating favorable
discrimination. It was validated in the internal and
external validation sets, with AUCs of 0.895 (95% CI,
0.796-0.995) and 0.870 (95% CI, 0.769-0.972; Figure
5B), respectively. The calibration curves for the training
and validation sets both showed good calibration of the
radiomics model [Figure 5C]. The P-values obtained by
the Hosmer-Lemeshow tests were 0.827 (x> = 4.320),
0.634 (x> = 6.116), and 0.451 (x> = 7.819) in the training
set, internal validation set, and external validation set,
respectively, indicating no departure from a good fit.

Clinical usefulness of the radiomics model

In the training set and the two validation sets, DCA
showed that using our proposed radiomics model to
differentiate uric acid stones from ammonium urate
stones had more net benefit than the “treat all” or “treat
none” strategy at a wide threshold probability, representing
the clinical usefulness of the model [Figures SD-F].

As shown in Supplementary Figure 2, http://links.lww.
com/CM9/B751, the ROC curves indicated that the
radiomics model had better discriminatory accuracy
than either the radiomics signature, urine pH, or urine
WBC count alone. A clinical model containing only
clinical predictors (i.e., urine pH and urine WBC count)
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was constructed by using a multivariate logistic regression
algorithm [Table 1]. The performance of the radiomics
model was also significantly better than that of the
clinical model [Supplementary Figure 2, http:/links.lww.
com/CM9/B751], indicating that the radiomics signature
enhances the predictive value of the clinical model.

Supplementary Figure 3 (http:/links.lww.com/CM9/B751)
intuitively shows the specific situation of DECT and the
radiomics model to distinguish uric acid and ammonium
urate stones. We found that only 3 of the 30 uric acid
stones were mistakenly diagnosed as non-uric acid
stones by DECT, but 13 of the 21 ammonium urate
stones were mistakenly diagnosed as uric acid stones.
Encouragingly, 88% (14/16) of the misdiagnosed stones
were reclassified correctly by using the radiomics model.
In addition, net reclassification improvement (NRI) and
integrated discrimination improvement (IDI) indices
were also calculated.*3! Both the NRI and IDI indices
(overall category-based NRI = 0.524, P <0.001; IDI =
0.597, P <0.001) indicated that the radiomics model
significantly improved the diagnostic accuracy compared
to that of DECT.

The recommended diagnostic workflow for the individu-
alized use of our proposed radiomics model is presented in
Supplementary Figure 4, http:/links.lww.com/CM9/B751.
For patients diagnosed with uric acid stones by DECT,
the radiomics model should be used further to avoid
misdiagnosis.

Discussion

Our study demonstrated that DECT is unable to accu-
rately distinguish ammonium urate stones from uric acid
stones based on a retrospective cohort. For this reason,
we further developed a radiomics model incorporating
the CT-based radiomics signature, urine pH, and urine
WBC count for individualized discrimination in wvivo.
The proposed non-invasive model had favorable predic-
tion capability with internal and external validation,
which may aid in clinical decision-making for urolithiasis
patients.

The physical and chemical properties, treatment strate-
gies, and preventive measures of ammonium urate and
uric acid stones are very different. Hence, it is important
to accurately distinguish them before treatment, espe-
cially in areas with a high incidence of ammonium urate
stones. As stone composition is usually unknown before
treatment, researchers have attempted to find novel
approaches for the preoperative prediction of urinary
stone composition iz vivo. Uric acid and ammonium
urate calculi are both radiolucent on X-ray, and so plain
abdominal X-ray is also unable to discriminate them.
DECT is an imaging technique that acquires data at two
different energy settings, and the composition of the
materials imaged can be predicted based on the attenua-
tion difference values between the two energy levels.['%1?]
Many studies have shown that DECT can accurately
distinguish uric acid from non-uric acid stones.!?
However, none of these studies included ammonium
urate stone patients, and so we could not confirm
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whether DECT can discriminate them from uric acid
stone patients. In our study, 21 (11.8%) patients with
ammonium urate stones were enrolled. We found that it
was difficult to differentiate ammonium urate stones
from uric acid stones by using DECT. This informs clini-
cians that the DECT diagnostic results should be treated
with considerable caution in clinical practice, especially
in areas with a high incidence of ammonium urate
stones. As such, there is a critical need to further develop
a complementary diagnostic tool to avoid misdiagnosis.

Radiomics is a promising technique that may potentially
facilitate precision medicine.**! High-dimensional radiomics
features can be extracted via the radiomics approach to
provide comprehensive information about the target
lesions, which in turn improves clinical decision support
systems.l’3* Previously, we demonstrated that CT-
based radiomics features can reflect the heterogeneity of
urinary stones and can be used to predict the probability
of struvite and carbonate apatite stones.!** In this study,
we successfully constructed a CT-based radiomics signa-
ture for differentiating ammonium urate stones from
uric acid stones. This further expands the application of
radiomics in patients with urolithiasis. Additionally, a
radiomics model incorporating the radiomics signature
and clinical predictors was developed. Among the candi-
date clinical variables, urine pH and urine WBC count
were identified as independent predictors, with odds
ratios of 0.373 and 0.221, respectively. This suggests
that the lower the urine pH is, the greater the possibility
of uric acid stones will be, which is consistent with the
physicochemical features of uric acid and ammonium urate
stones.**?728] In addition, because ammonium urate
stones are infection stones, patients with ammonium
urate stones often have urinary tract infections, which are
manifested in elevated urine WBC counts.[?>2¢ This
supports the plausibility of our findings.

Our study demonstrated that DECT cannot accurately
discriminate ammonium urate stones from uric acid
stones, revealing a diagnostic pitfall of DECT. Therefore,
we developed a radiomics model for individualized
preoperative differentiation. The predictors incorporated
in the proposed model are available from routine CT
examination and urinalysis. Thus, our model can serve
as a non-invasive tool without any extra tests or costs.
Our study provides a remedy for the diagnostic pitfall of
DECT, which could reduce the rate of missed diagnosis
in ammonium urate stones. This may optimize disease
management in urolithiasis and improve patient prog-
nosis.

Despite these strengths, our study had several limita-
tions. The patients who underwent DECT enrolled in our
study were all from a single center. More multicenter data
are required to verify our findings. Similarly, although
the radiomics model was internally and externally vali-
dated, further prospective validation is warranted to
confirm the robustness of our proposed model. In addi-
tion, due to the retrospective design and strict inclusion
criteria, potential selection biases might have occurred
in our study. Only patients with uric acid or ammonium
urate stones were included for model construction and
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validation. This may limit the application scope of our
radiomics model. Based on the strengths and limitations
of our study, we envision the following directions
guiding the next step of the research, namely conducting
a prospective validation study, applying artificial intelli-
gence algorithms to enhance the predictive value of our
model, and enrolling urolithiasis patients with various
compositions to expand the application scope of our
model.

In conclusion, our study revealed that DECT cannot
accurately differentiate ammonium urate stones from uric
acid stones. To address this issue, we further constructed
and validated a radiomics model as a complementary
diagnostic tool for distinguishing uric acid and ammo-
nium urate stones i vivo. This may optimize disease
management and facilitate precision medicine in patients
with urolithiasis.
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