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Abstract

BACKGROUND

Esophagogastric variceal bleeding (EGVB) is a serious complication of patients with
decompensated cirrhosis and is associated with high mortality and morbidity. Early
diagnosis and screening of cirrhotic patients at risk for EGVB is crucial. Currently, there

is a lack of noninvasive predictive models widely available in clinical practice.

AIM
To develop a nomogram based on clinical variables and radiomics to facilitate the

noninvasive prediction of EGVB in cirrhotic patients.

METHODS

A total of 211 cirrhotic patients hospitalized between September 2017 and December
2021 were included in this retrospective study. Patients were divided into training (n =
149) and validation (1 = 62) groups at a 7:3 ratio. Participants underwent three-phase
computed tomography (CT) scans before endoscopy, and radiomic features were
extracted from portal venous phase CT images. The independent sample t-test and least
absolute shrinkage and selection operator logistic regression were used to screen out
the best features and establish a radiomics signature (RadScore). Univariate and
multivariate analyses were performed to determine the independent predictors of
EGVB) in clinical characteristics. A noninvasive predictive nomogram for the risk of
EGVB was built using independent clinical predictors and RadScore. Receiver operating
characteristic (ROC), calibration, clinical decision, and clinical impact curves were

applied to evaluate the model’s performance.

RESULTS
Albumin (P = 0.001), fibrinogen (P = 0.001), portal vein thrombosis (P = 0.002), aspartate
aminotransferase (P = 0.001), and spleen thickness (P = 0.025) were selected as

independent clinical predictors of EGVB. RadScore, constructed with five CT features of




the liver region and three of the spleen region, performed well in training (AUC = 0.817)
as well as validation (AUC = 0.741) cohorts. There was excellent predictive performance
in both the training and validation cohorts for the clinical-radiomics model (AUC =
0.925 and 0.912, respectively). Compared with the existing noninvasive models such as
APRI and FIB-4, our combined model had better predictive accuracy with the Delong's
test < 0.05. The Nomogram had a good fit in the calibration curve (P > 0.05), and the

clinical decision curve further supported its clinical utility.

CONCLUSION
We designed and validated a clinical-radiomics nomogram, which has the potential to
noninvasively predict whether cirrhotic patients will develop EGVB, thus enabling

early diagnosis and treatment.
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Core Tip: Esophagogastric variceal bleeding (EGVB) is a life-threatening complication
of liver cirrhosis. Currently, no noninvasive prediction models for bleeding risk are
widely used in clinical practice. Our study extracted radiomics features from computed
tomography (CT) and identified portal vein thrombosis, fibrinogen, aspartate
aminotransferase, albumin, and spleen thickness as independent clinical predictors.
Consequently, we established a novel clinical-radiomics model for noninvasive
prediction of EGVB. This model exhibits superior diagnostic performance and can
assess bleeding risk early. It has the potential to facilitate early prevention and

treatment of possible bleeding in cirrhotic patients with esophagogastric varices (EGV).




INTRODUCTION

In liver cirrhosis, esophagogastric variceal bleeding (EGVB) is among the most common
complications associated with portal hypertension, characterized by acute life-
threatening sequelae and high mortality rates [l. Approximately 50% of patients with
cirrhosis develop esophagogastric varices (EGV) and approximately 10-15% rupture
hemorrhage annually. Almost 12- 20% of patients die within 6 wk of acute variceal
bleeding, and 60% are likely to rebleed within a year, thus endangering their lives and
degrading their quality of life [1-3]. Therefore, the early identification of cirrhotic patients
at risk of EGVB is essential.

Endoscopy is the gold standard for detecting patients with EGVB, which is
recommended by guidelines for diagnosing and screening esophagogastric varices as
well as for assessing bleeding risk 4. However, some patients refuse upper
gastrointestinal endoscopy due to its invasiveness and poor tolerance. Furthermore,
repeated examinations may reduce long-term compliance and thereby confound clinical
observation. Moreover, endoscopy has the potential to provoke EGVB in low-risk
patients, and carries the attendant risks of anesthesia. Consequently, regular follow-up
through endoscopy is difficult.

The Baveno VII consensus workshop recommended that patients with compensated
cirrhosis whose liver stiffness and platelet counts meet cut-off points may be spared
endoscopic screening 3. However, because the Baveno criteria have a low specificity for
ruling out high-risk varices, some patients still require a subsequent endoscopy °L.
Ultrasound elastography is impeded by ascites, obesity, bowel gas, and other clinical
issues. The above reasons limit the application of the Baveno criteria in clinical practice.
Measurement of the hepatic venous pressure gradient serves as the gold standard for
the diagnosis of portal hypertension and to assess treatment response, which is an
effective tool for predicting the risk of bleeding at the esophagogastric varices [l
However, its measurement entails an invasive procedure that requires specialized
operators and equipment, as well as high economic costs that limit its availability in

clinical practice.




Conversely, the widespread use of computed tomography (CT) in cirrhotic patients
facilitates the diagnosis and evaluation of complications. Typical CT manifestations of
cirrhosis include disproportionate sizes of hepatic lobes, marked widening of hepatic
fissures, wavy patterns of hepatic edges, visible gallbladder displacement, and
heterogenous hepatic parenchymal densityl®l. In addition, CT images can visualize
cirrhosis-related complications such as portal vein widening, portal hypertension,
collateral circulation, and splenomegalyl”l. All of these manifestations can facilitate the
diagnosis of cirrhosis. Nonetheless, the utility of CT-based screening depends highly on
the experience and subjective judgement of the radiologist.

Recent studies on the noninvasive assessment and prediction of EGV have made
progress. Radiomics is an emerging image analysis technology that focuses on
extracting high-throughput and quantitative features from medical images, using data
mining algorithms to detect associations between radiographic features and diseases,
and to then develop corresponding models for each featurel8l. It is used primarily for
tumor diagnosis, efficacy evaluation, and prognosisl?l. Only a few studies have utilized
it to assess non-neoplastic liver diseases and portal hypertension!1%-1%, The CHESS team
from China established the first model for predicting clinically significant portal
hypertension based on radiomics features of liver and spleen, and demonstrated good
diagnostic performance (AUC = 0.894) [1l. Additionally, Lin et all'levaluated the safety
and efficacy of predicting high-risk EGV by combining esophageal and gastric
radiomics features. By extracting CT features from hepatic, splenic, and lower
esophageal regions of interest (ROIs), Liu et al!2l combined radiomics signature with
clinical indicators to establish a prediction model to identify the likelihood esophageal
variceal bleeding. Yang et al"] integrated radiomics from the liver region with clinical
variables to estimate the bleeding risk of esophagogastric varices in cirrhosis related to
hepatitis B.

However, previous radiomics models have not explored the risk of EGVB in
patients with cirrhosis of varied etiologies. Furthermore, their performance has not been

compared to existing noninvasive models. The establishment of a noninvasive




prediction model may reduce the frequency of endoscopic examinations in patients
without EGVB, while patients at risk of EGVB may receive more timely diagnosis and
treatment, which is of great significance for guidance of follow-up treatment and
review. Therefore, our study sought to develop a noninvasive predictive model that
combines radiomics features of the liver and spleen as well as clinical indicators for

predicting the risk of EGVB in patients with cirrhosis, and to evaluate its clinical utility.

MATERIALS AND METHODS

This was a retrospective study conducted at a single center, with an informed consent
waiver granted by the Institutional Review Board.

Patients

Patients diagnosed with liver cirrhosis and esophagogastric varices were included in
our study between September 2017 and December 2021 by retrospective review. The
following were the criteria for inclusion: (1) diagnosis of cirrhosis through
histopathologic examination or a combination of clinical, laboratory, and radiologic
findings; (2) completion of a triple-phase enhanced CT scan within one week prior to
endoscopy; (3) all patients diagnosed with EGV through endoscopy. Exclusion criteria
were: (1) previous endoscopic therapy, transjugular intrahepatic portosystemic shunt,
splenectomy, splenic artery embolization, balloon occlusion retrograde transvenous
occlusion, or liver transplantation; (2) patients with liver neoplasms; (3) incomplete
clinical or imaging data.

As a random assignment in a 7:3 ratio, patients were divided into training and
validation cohorts. Finally, there were 149 patients included in the training set, as well
as 62 in the validation one. A flowchart of our study is shown in Figure 1.

Endoscopy

Endoscopies were performed by experienced gastroenterologists. The diagnosis of
EGVB-positive was based on one or more of the following signs: (1) bleeding or
exudation of the variceal region; (2) fresh blood, with the exclusion of non-variceal

hemorrhage; (3) signs of recent variceal bleeding (stain), such as a white thrombus or an




overlying blood clotl*1¢l. Ulcers, portal hypertensive gastropathy and other non-variceal
factors may also lead to upper gastrointestinal bleeding. When patients had a recent
history of bleeding and endoscopy failed to find evidence of variceal hemorrhage, we
considered other etiologies of bleeding such as portal hypertensive gastropathy and
ulcers.

CT Scan

CT examinations were performed using a Siemens SOMATOM Force dual-source CT
scanner (Siemens Healthcare). Patients were instructed to fast for more than four hours
without consuming any solid food or liquids. They were allowed to drink up to 800 mL
of water before scanning. Iohexol (350 mg/mL) was injected under high pressure into
the cubital vein at a dose of 1.5 mL/kg and at a flow rate of 4.5 mL/s, followed by
flushing with 30 mL of a saline solution. Siemens CT used contrast agent concentration
tracking technology to obtain standard three-phase images of the abdominal aorta after
setting a threshold of 100HU and triggering delays of 10s, 20s, and 15s. Scan parameters
were: tube voltage, 120kV or 70kV; tube current, 148 mAs; slice thickness, Imm; slice
interval, 0 mm; and pitch ratio, 0.6. Feature extraction was performed on all images and
exported in DICOM format.

Measurements of related parameters from CT images['”l were: (1) portal vein
thrombosis: endovascular filling defect of the portal vein. (2) splenorenal/gastrorenal
shunts: tortuous and thick vessels between the lesser curvature of the stomach, the
splenic hilum, and left renal hilus, which may dilate and communicate with the left
renal vein. (3) upper and lower splenic diameters (SL): the vertical distance from the
upper to the lower margin of the spleen, i.e., the lower pole window minus the upper
pole window of the spleen. (4) spleen diameter (SD): the longest diameter of the spleen
at the central level of the splenic hilum (antero-posterior straight line). (5) spleen
thickness (ST): the shortest diameter from the inner margin to the outer margin of the
spleen at the central level of the splenic hilum.

CT image preprocessing and region of interest (ROI) segmentation




After retrieving CT images from all patients, the radiologist used the 3Dslicer (V4.13.0,
https:/ /www slicer.org/) to delineate regions of interest (ROI) in the portal venous
phase. ROIs of the liver and spleen were set at the levels of the hepatic and splenic hila,
respectively (Figure 2A), excluding the large blood vessels. The radiologist was blinded
to the endoscopic results.

Feature extraction and selection in radiomics

Before the extraction of radiomic features, images were normalized by Gaussian
filtering, wavelet bandpass filtering, and isotropic resampling. Based on ROIs, we could
extract radiomics features through the Pyradiomics-based extension package Radiomics
of 3Dslicer. There were 1130 radiomic features extracted for each RO, totaling 2260 per
patient.

To analyze inter- and intra-observer reliability, 30 cases were selected randomly
from the total sample. After two months, two radiologists experienced in abdominal CT
interpretation repeated segmentation and feature extraction for these cases. Reliability
was assessed by the intraclass correlation coefficient (ICC), and was considered strongly
reproducible and dependable when ICC values exceeded 0.75. Features above the ICC
threshold of 0.75 were included in subsequent studies. To reduce the overfitting caused
by a great number of redundant features, an independent sample T test was applied to
features and classification labels to screen out highly correlated features. Next, the least
absolute shrinkage and selection operator (LASSO) regression was conducted to obtain
dimensionality reduction, retain the most relevant features, and construct radiomic
features from non-zero coefficient features within one standard deviation of the optimal
penalty parameter lambda (\). A radiomics signature (RadScore) was calculated and
constructed for each patient through a linear combination of selected features weighted
by their respective LASSO coefficients.

Statistical analysis
Quantitative data from normal distribution are represented by X (SD), from non-normal
distribution by M (P25-P75), and count data by percentage. Both univariate logistic and

multiple logistic regressions with backward stepwise selection were used for the




selection of independent risk factors for clinical variables. For the training and
validation cohorts, we calculated the area under (AUC) the receiver operating
characteristic (ROC) curves to evaluate the predictive accuracy of clinical-radiomic
models. Furthermore, the clinical-radiomics nomogram was subjected to decision curve
and clinical impact curve analyses to determine its clinical utility and net benefit. There
were two statistical analysis software programs carried out for this study; R (version
41.3) and Python (version 3.9.7). Statistical tests were all two-way, and it was

considered statistically significant when the P-values were less than 0.05.

RESULTS

Patient characteristics

In our study, there were a total of 211 patients diagnosed with cirrhosis and EGV (131
men and 80 women), 123 of whom were identified as EGVB-negative (nEGVB) and 88
were EGVB-positive. Thirteen were diagnosed with cirrhosis by histological
examination, and the remaining 198 patients were diagnosed with cirrhosis by a
combination of history, clinical manifestations, laboratory findings, and CT
examination. Of these, some were hospitalized for acute decompensation events such as
bleeding, ascites, and hepatic encephalopathy in a short-term period. Hemorrhage
occurred primarily in the EGVB-positive group, while ascites and hepatic
encephalopathy were present in both EGVB-positive and negative groups.

From electronic medical record systems, we obtained the complete demographic
and clinical data about patients. Table 1 summarizes the baseline characteristics of
patients.

Radiomics Feature Selection and Radiomics Signature Construction

Based on an independent sample T-test and LASSO regression, eight radiomics features
were selected, five from the liver and three from the spleen (Figure 2B). Through
weighting the LASSO coefficients of the selected features, we established a radiomics

signature (RadScore). The specific formula of RadScore is shown in the supplementary




material. The boxplots in the training and validation cohorts indicated that RadScores
differed remarkably (P<<0.001) (Figure 2C).

Model Construction and Evaluation

Univariate analysis screened out clinical features that were significantly related to
EGVB (P < 0.05). To minimize the effects of multicollinearity, we performed a
multivariate backward stepwise regression to confirm portal vein thrombosis, aspartate
aminotransferase (AST), albumin, fibrinogen, and spleen thickness as independent risk
factors for EGVB (P < 0.05) (Table 2). The variance inflation factor was less than 4.

By combining independent clinical predictors with RadScore, a clinical-radiomics
nomogram was established by generalized linear regression (Figure 3). The calibration
curve performed well in both training and validation groups, with Hosmer-Lemeshow
test results of P=0.775 (Figure 4A) and P=0.391 (Figure 4B) respectively, indicating that
the nomogram's predictive power and the actual risk of developing EGVB did not differ
significantly. As shown in the training set (FigureéA), the clinical-radiomics nomogram
demonstrated excellent predictive performance with an AUC of 0.925 (95%CI, 0.883-
0.967) and 0912 (95%CI, 0.845-0.98) as shown in the validation set (Figure 5B).
Furthermore, compared with other noninvasive methods such as APRI and FIB-4
reported in studies previously, our clinical-radiomics nomogram exhibited the highest
diagnostic accuracy, with Delong test of less than 0.05. Decision curve analysis showed
that the clinical-radiomics nomogram had a high clinical applicability that exceeded
those of existing noninvasive serum-based predictive models such as ARPI and FIB-4 in
both the training (Figure 6A) and validation (Figure 6B) sets. Moreover, the clinical
impact curve (CIC) of the nomogram was constructed based on 1,000 simulated
samples, which revealed that the nomogram yielded an event probability that
corresponded closely to actual high risk when the risk threshold was between 0.4 and

0.8, and consistently when it exceeded 0.8 (Figure 7).

DISCUSSION




With a high mortality and morbidity rate, EGVB is among the most serious
complications related to decompensated cirrhosis [1l. A routine endoscopic examination
is recommended as a diagnostic method for assessing the grade and bleeding risk of
EGVHl. However, the bleeding risk of invasive procedures, contraindications to
anesthesia, and unnecessarily excessive endoscopic examinations limit its clinical
application and, to some extent, lead patients to lose their follow-ups. In recent years,
there has been an increasing demand for noninvasive methods to estimate the risk of
EGVB in cirrhotic patients. Noninvasive diagnostic methods such as ultrasonography,
MRI, and CT have both advantages and disadvantages [18-20], and there are no
standardized noninvasive models for EGVB that can be used widely in clinical practice.

Radiomics is an emerging diagnostic tool that has the ability to extract numerous
image features noninvasively and describe modules for quantitatively evaluating gray
scales and pixel distribution in medical images, which are undetectable by the naked
eye 21 It has yielded satisfactory results, and has become increasingly popular in
diagnosis, assessment of treatment response, and prognosis in recent years 18l It can
comprehensively describe ROIs from the perspectives of morphology, histogram,
texture, and higher-order features such as texture features extracted through Gaussian,
wavelet, and other filtration methods(22].

We constructed a RadScore based on five liver features and three spleen features.
Among them, 5 texture and 3 histogram features were extracted, 7 of which were
higher-order filtered features. SmallAreaLowGrayLevelEmphasis,
SizeZoneNonUniformityNormalized, ShortRunHighGrayLevelEmphasis, ClusterShade,
and Imcl are texture featuresl?’l. As crucial components of radiomics features, they
combine pixels and shapes, and thereby describe the spatial relationships of adjacent
pixels. Kurtosis, Skewness and Maximum are histogram features that emphasize the
distribution pattern of gray-level pixel values within ROIs[®l. RadScore can accurately
predict EGVB risk as evidenced AUCs of both the training and validation sets, and
performed better in the validation group in comparison to Yang's previous study that

only included liver ROIs.




There is no single radiomics model which is capable of fully reflecting the
characteristics of the disease. Consequently, multiparametric, multi-omics, and
multivariate models have generated increasing interest. By incorporating independent
clinical predictors teadily available and RadScore, diagnostic performance has been
further enhanced, with an AUC of 0.925 (95%CI 0.883-0.967) and 0.912 (95%CI 0.845-
0.98) in the training and validation sets, respectively. Meanwhile, our combined model
performed better in predicting EGVB than other noninvasive methods (such as APRI
and FIB-4) that have been fully validated in previous studies. Decision curve analysis
showed that the clinical-radiomics nomogram can yield a good net benefit in clinical
applications. The reduced AUCs of all models in the validation cohort are readily
apparent, and may have been caused by the small sample size. In addition, the EGVB
group included 29 patients with variceal bleeding at the esophagogastric junction and
27 at the gastric fundus. To some extent, our model could predict the overall risk of
variceal bleeding in the esophagogastric junction and gastric fundus. However, no
radiomics-related studies have specifically addressed the risk of variceal bleeding at
these two anatomic sites. Prospective exploration and analysis in follow-up studies are
necessary.

Cirrhosis features fibrosis and regenerative hepatic nodules that compress
sinusoids, resulting in sinusoidal narrowing that promotes vascular collateralization [,
Furthermore, portal hypertension predisposes to branched splenic vein obstruction,
leading to congestive splenomegaly and hypersplenism. Numerous studies have
confirmed associations between liver, spleen, and portal hypertension [1824]. In earlier
studies of radiomics models for predicting variceal bleeding in cirrhosis, Liu's research
only examined esophageal variceal bleeding ['?, and Yang's study only included liver
ROIs [14], In contrast to previous reports, we included patients with cirrhosis of multiple
etiologies and extracted hepatic and splenic features simultaneously. Additionally, our
combined model showed a better performance in comparison with other multivariate

ones.




Our study found that portal vein thrombosis, fibrinogen, AST, albumin, and spleen
thickness were independent risk factors for EGVB in patients with cirrhosis. According
to previous studies, portal vein thrombosis is one of the risk factors for EGVB in liver
cirrhosis, which may be related to the increased portal pressure to some extent 125261,
Impaired hepatic synthetic capacity disturbs procoagulant (e.g. fibrinogen) and
anticoagulant balance, resulting in coagulopathies. The decrease of fibrinogen may
result in an inefficient removal of activated coagulation factors and ultimately increase
the risk of bleeding. AST is a functional hepatic enzyme that can indirectly reflect
hepatocellular injury. Albumin and spleen thickness are significantly correlated with
the presence of esophagogastric varices, and were considered as risk factors in previous
research [7-’l, In contrast to several previous studies, we found that platelet count was
not an independent clinical predictor, and may be related to its predisposing factors
such as hypersplenism, antibody-mediated destruction (primarily during viral
hepatitis), reductions in thrombopoietin, and bone marrow toxicity caused by hepatitis
viruses and alcohol. The Child Pugh score can reflect hepatic functional reserve, often
as a prognostic indicator in patients with cirrhosis. Most of the patients in our
retrospective study had splenomegaly and hypersplenism, and Child Pugh scores were
predominantly grade B in both the EGVB and nEGVB groups. Child Pugh scores,
platelet counts, and total bilirubin levels were similar between the two groups (P >
0.05). Similar results were also shown previously 130311,

Several limitations have been identified in our study. Firstly, this is a small-scale
single-center retrospective study. Large, multicenter and prospective studies will be
required to verify the model’s feasibility in the future. Moreover, there is no relevant
study to explore the performance of models in predicting the risk of bleeding in patients
with different Child Pugh class. Our study has demonstrated that there was no
significant difference in the Child Pugh scores between the EGVB and nEGVB group,
and the prediction model performed well in assessing the risk of bleeding on the whole.
Exploring the diagnostic performance of the model for bleeding risk in patients with

different Child Pugh class can facilitate further refining the risk stratification of patients




and achieve precision medicine, which should be investigated in subsequent research.
Secondly, elastography can predict portal hypertension and esophagogastric varices to
some extent by measuring liver and spleen stiffness. Lin et all’® compared a radiomics
nomogram with liver stiffness measurement through transient elastography in a
subgroup of 42 patients, showing the nomogram was superior in predicting high-risk
esophagogastric varices. However, comparisons of elastography with radiomics models
to predict variceal bleeding are lacking. In our retrospective study, most patients did
not undergo elastography. We failed to retrieve the relevant data, which we see as a
shortcoming of our study. The comparison of elastography with radiomics models is
crucial, and should be conducted in the later studies. Thirdly, more in-depth
investigations of multi-image and multi-omics (such as metabolomics, genomics, etc.)
were not conducted. For subsequent studies of EGVB, multi-modal and multi-omics

models, deep learning, and other methods should be fully employed.

CONCLUSION

We established a multivariate prediction model based on CT radiomics features and
clinical characteristics, which demonstrated good performance for predicting EGVB in
cirrhotic patients. Aided by clinical-radiomics nomogram, clinicians can base
therapeutic decisions on fewer invasive procedures while personalizing follow-up

treatment.

ARTICLE HIGHLIGHTS

Research background

Esophagogastric variceal bleeding (EGVB) is a fatal complication of liver cirrhosis,
which requires aggressive intervention. Prediction of bleeding risk in cirrhotic patients
with esophagogastric varices (EGV) is beneficial to individualized treatment and
improve prognosis. Radiomics, as an emerging field, has a good performance in disease

diagnosis and efficacy evaluation.




Research motivation
Currently, there is still a lack of noninvasive models that can be widely used in clinical

practice to predict the risk of bleeding in liver cirrhosis.

Research objectives
Our study aimed to develop and validate a novel predictive model based on radiomics
extracted from contrast-enhanced computed tomography (CT) and clinical indicators to

noninvasively assess the risk of bleeding in cirrhotic patients with EGV.

Research methods

211 patients were ?ivided into training and validation cohorts in a 7:3 ratio. Radiomics
features were extracted from the portal venous phase CT images, and a radiomics
signature (RadScore) was constructed through further feature dimension reduction and
screening. The univariate and multivariate logistic regression analyses were preformed
to select independent clinical predictors. Finally, a combined model was established
based on RadScore and clinical variables. The receiver operating characteristic curves,
calibration curves, clinical decision curves and clinical impact curves were applied to

evaluate the performance of the model.

Research results

The RadScore was constructed from 8 radiomics features. Albumin, fibrinogen, portal
vein thrombosis, aspartate aminotransferase and spleen thickness were selected as
independent predictors. The nomogram, C(E'lbining RadScore and clinical variables,
demonstrated good diagnostic performance in both the training and validation cohorts
(AUC = 0925 and 0.912, respectively), which outperformed existing non-invasive
models such as APRI and FIB-4 (the Delong's test < 0.05).

Research conclusions




The combined model based on radiomics features and clinical indicators shows good
predictive accuracy, and can contribute to noninvasively assessing the risk of EGVB in

patients with cirrhosis.

Research perspectives

Radiomics has shown good diagnostic performance in the assessment of portal
hypertension and the identification of high-risk esophageal varices. Our study
demonstrated that the model combined clinical variables and radiomics features has the
potential utility for non-invasive prediction of esophagogastric variceal bleeding.
Further large-scale, multi-center prospective studies are still required to verify its

performance in the future.
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