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Objective: To develop a model that integrates radiomics features and clinical
factors to predict upper gastrointestinal bleeding (UGIB) in patients with
decompensated cirrhosis.

Methods: 104 decompensated cirrhosis patients with UGIB and 104
decompensated cirrhosis patients without UGIB were randomized according
to a 7:3 ratio into a training cohort (n =145) and a validation cohort (n = 63).
Radiomics features of the abdominal skeletal muscle area (SMA) were extracted
from the cross-sectional image at the largest level of the third lumbar vertebrae
(L3) on the abdominal unenhanced multi-detector computer tomography
(MDCT) images. Clinical-radiomics nomogram were constructed by combining
a radiomics signature (Rad score) with clinical independent risk factors
associated with UGIB. Nomogram performance was evaluated in calibration,
discrimination, and clinical utility.

Results: The radiomics signature was built using 11 features. Plasma prothrombin
time (PT), sarcopenia, and Rad score were independent predictors of the risk
of UGIB in patients with decompensated cirrhosis. The clinical-radiomics
nomogram performed well in both the training cohort (AUC, 0.902; 95% CI,
0.850-0.954) and the validation cohort (AUC, 0.858; 95% CI, 0.762-0.953)
compared with the clinical factor model and the radiomics model and displayed
excellent calibration in the training cohort. Decision curve analysis (DCA)
demonstrated that the predictive efficacy of the clinical-radiomics homogram
model was superior to that of the clinical and radiomics model.

Conclusion: Clinical-radiomics nomogram that combines clinical factors and
radiomics features has demonstrated favorable predictive effects in predicting
the occurrence of UGIB in patients with decompensated cirrhosis. This helps in
early diagnosis and treatment of the disease, warranting further exploration and
research.
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1 Introduction

Cirrhotic patients often experience malnutrition due to
reduced food intake, malabsorption, and decreased protein
synthesis, leading to a decrease in both the quantity and quality of
skeletal muscle (1, 2). Sarcopenia is a condition that results in
decreased muscle mass and quality, and it is a common
complication of cirrhosis (3). Cirrhotic patients with sarcopenia are
at a higher risk of experiencing reduced quality of life, associated
complications, and lower survival rates compared to cirrhotic
patients without sarcopenia (3, 4). Sarcopenia can be used as a
predictor of the occurrence and prognosis of complications in
cirrhosis (4, 5).

As we know, patients with decompensated cirrhosis usually have
clinical symptoms such as portal hypertension, ascites, esophagogastric
fundal vein varices (GEVs), and splenomegaly. The presence of
cirrhosis and ascites can increase the likelihood of intra-abdominal
hypertension (IAH) (6). Elevated intra-abdominal pressure can cause
abdominal muscle spasms, fatigue, and decreased anti-tension.
Prolonged abdominal hypertension can cause degeneration and
atrophy of the abdominal muscles. In patients with cirrhotic portal
hypertension, elevated intra-abdominal pressure (IAP) may have
deleterious effects on oesophageal variceal hemodynamics,
significantly increasing variceal pressure and wall tension (7). In
addition, decompensated cirrhotic patients with concomitant IAH
and abdominal muscle weakness are at higher risk of developing
umbilical or abdominal wall hernias (8). Based on the above reports,
it seems that changes in abdominal muscles could be linked to the
development and advancement of complications related to cirrhosis.
Additionally, measuring the skeletal muscle at the L3 level may serve
as an indicator of the patient’s overall body mass and nutritional status
in individuals with cirrhosis.

About 50% of cirrhotic patients have gastroesophageal varices
(GEV), and 25-35% of those patients will experience upper
gastrointestinal bleeding (UGIB) (9,
complicated by UGIB is a dangerous and rapidly progressing

10). Liver cirrhosis

condition that can cause severe bleeding, shock, and acute
peripheral circulatory failure, with a high lethality rate (11). The
gold standard for clinical assessment of UGIB and GEV is
endoscopy (12). However, due to the endoscopy’s invasive nature,
some cirrhotic patients cannot tolerate this procedure because it
may induce varicose vein bleeding (13). Therefore, simpler,
non-invasive alternatives to endoscopy are needed to predict the
risk of UGIB in patients with decompensated cirrhosis.

Current non-invasive methods for predicting UGIB include
serological markers, imaging indicators, elastography and
combinations of various indicators. Serological markers, such as von
willebrand factor (vWE), vitro score, platelet count (PLT), and
prothrombin time (PT), lack the desired sensitivity and specificity,
requiring further validation for practice use (14-16). In addition, the
measurement of the portal vein, splenic vein diameter, blood flow
velocity, blood flow volume, and other abdominal ultrasound
indicators for predicting oesophageal varices and bleeding risk can
be easily influenced by the operator’s own experience and subjectivity
(17, 18). Transient elastography (TE) indirectly reflects the hepatic
venous pressure gradient (HVPG) value by measuring liver stiffness

to predict the degree of portal hypertension and the risk of bleeding
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(19), but the interference of ascites, obesity, gastrointestinal gas, and
other factors may lead to errors in prediction.

MDCT is one of the routine investigations for cirrhosis, aiding
in the diagnosis and evaluation of cirrhosis complications.
Previous studies have analyzed quantitative CT indicators and
radiomics of the liver, spleen, and esophagogastric fundal veins to
predict UGIB risk in cirrhotic patients (20, 21). As far as I know,
no studies have been conducted to investigate the relationship
between quantitative CT indicators, radiomics of abdominal
muscles, and the risk of UGIB in decompensated cirrhotic patients.
Hence, the study aimed to create a non-invasive method based on
MDCT to predict UGIB in decompensated cirrhotic patients by
factors and radiomics features of

integrating  clinical

abdominal muscles.

2 Materials and methods
2.1 Patients and data acquisition

The hospital ethics review board committee approved this
retrospective study [Number 2022ER322-1], and the informed
consent was waived. This study screened 208 patients with
decompensated cirrhosis in our hospital from January 2019 to May
2023, based on inclusion and exclusion criteria. Criteria for inclusion:
(1) age>18years; (2) patients with decompensated cirrhosis,
diagnostic criteria based on 2019 revised diagnostic and treatment
guidelines for liver cirrhosis of the Chinese Medical Association,
hepatology branch (22); (3) patients did not have upper gastrointestinal
bleeding within 1year prior to admission; (4) patients received
endoscopy and whole abdomen MDCT scan after admission, and
completion of a CT scan within a week before endoscopy; and (5) the
relevant clinical information and laboratory tests were complete.
Criteria for exclusion: (1) combined primary liver cancer or other
malignant tumors; (2) patients have previously undergone any of the
following: endoscopic variceal ligation or sclerosis, partial splenic
artery embolization, splenectomy, or other surgery; (3) patients with
hepatic encephalopathy; and (4) patients with poor image quality,
imperfect relevant clinical information, and laboratory tests. See
Figure 1 for the patient selection flowchart.

2.2 Patient clinical information

By reviewing the medical records of all patients, these clinical data
including age, sex, body mass index (BMI), and routine blood and
coagulation indexes within 24h after admission, such as PLT,
hemoglobin, total bilirubin, albumin, PT, international normalized
ratio (INR), creatinine, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), were reviewed and collected in medical
records. Based on clinical signs and imaging examination results,
ascites were graded into 3 grades according to the European
Association for the Study of the Liver (EASL) criteria (23), grade 1: a
small amount of ascites that can only be detected by ultrasonography
or MDCT; grade 2: moderate amount of ascites with moderate and
symmetrical abdominal distention; and grade 3: a large amount of
ascites with significant abdominal distention. Liver function is graded
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Decompensated Cirrhosis patients with MDCT for our institution(n=364)
(1)Combined primary liver cancer or other
malignant tumors;
(2) Endoscopic variceal ligation or sclerosis,
Bxciuded case Partial splenic artery embolization,
Splenectomy, or other surgery;
(3) patients with hepatic encephalopathy ;
(4) patients with poor image quality,
imperfect relevant clinical information and
laboratory tests.
enrolled patients(n=208)
UGIB group(n=104),
Without UGIB group(n=104)
Training Cohort Training Cohort
(n=145,UGIB=76, (n=63,UGIB=28,
Without UGIB=69) Without UGIB=35)
FIGURE 1
Flowchart of inclusion and exclusion procedures for this study.

based on the Child-Pugh score, which takes into account clinical
features such as ascites and encephalopathy, as well as laboratory
values such as serum albumin, bilirubin, and PLT (24).

2.3 Endoscopy

Endoscopy is used as the gold standard for UGIB and ruling
out bleeding caused by ulcers. The criteria for bleeding in this
study were based on one or more of the following signs: (1) active
oozing or bleeding at the site of the varices, with no other bleeding
sources during endoscope; and (2) finding a thrombus head on a
visible variceal vein without finding a bleeding lesion elsewhere
(12).

gastroenterologist. All the patients who underwent endoscopy

Endoscopy was performed by an experienced
varices were classified as small varices<5mm, and large
varices>5 mm. Red color sign (RC) was defined that the surface of
oesophageal varices showed red wale marking (RWM), cherry red
spot (CRS), hematocystic spot(HS), and diffuse redness(DR)

on endoscopy.

2.4 CT scan parameters and image
acquisition

The scan was performed using a GE LightSpeed VCT 64-slice
spiral CT, with the range from the diaphragm to the pubic symphysis.
The scanning parameters are as follows: tube voltage of 120 Kv, tube
current ranging from 250 to 300 mA, scan time of 0.5s/360°, pitch of
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1.0, acquisition slice thickness of 1.0 mm, reconstructed slice thickness
of 5mm, matrix size of 512x512. A nonionic iodinated contrast
medium with an iodine concentration of 370 mg/mL (Yangzijiang,
Jiangsu, China) was intravenously injected at a rate of 4mL/s using a
power injector with a dose of 2mL/kg body weight, with an upper
limit of 100 mL per patient. An abdominal pre-contrast CT scan was
performed first, followed by two post-contrast CT scans during the
arterial phase (25-30S) and the venous phase (45-50S).

On CT images, we measured the spleen diameter (SD) and spleen
thickness (ST). The SD was defined as the longest diameter of the
spleen at the central level of the splenic hilum (anteroposterior straight
line). The ST was defined as the shortest diameter from the inner
margin to the outer margin of the spleen at the central level of the
splenic hilum.

2.5 The measurement of the abdominal
skeletal muscle area and density, and
subcutaneous fat area

The Slice-O-Matic software (5.2.1 version, https://tomovision.
com/) was used to semi-automatically identify the entire abdominal
wall muscles at the maximum level of the L3 according to the
threshold of —29 to 150 HU, and the subcutaneous fat according to
the threshold of-30 to-190 HU, respectively. After determining the
internal and external contours of the muscles, they were separated
from the subcutaneous fat and abdominal fat. Any misidentified areas
in the images were corrected by manual adjustment. The subcutaneous
fat area (SFA, cm?), skeletal muscle area (SMA,cm?), and skeletal
muscle density (SMD, HU) of the abdomen were automatically
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FIGURE 2
A cross-sectional abdominal skeletal muscle area (SMA, cm?; red areas), surrounding subcutaneous fat area (SFA; yellow areas) and skeletal muscle
density (SMD, HU) were measured on abdominal cross-sectional MDCT images at the maximum level of the third lumbar vertebra(L3) using
sliceomatic software. (A) A 48-year-old male patient with a decompensated cirrhosis without upper gastrointestinal bleeding(UGIB), SMA = 148.9 cm?,
SFA =68.09 cm?, SMD = 47.99HU. (B) A 49-year-old male patient with decompensated cirrhotic patient with UGIB, SMA = 115 cm?, SFA = 38.28 cm?,
SMD = 41.53HU.

calculated and obtained (25). For details, see Figure 2. This work was
completed by radiologists (readerland reader2) with experiences in
diagnostic abdominal imaging, and the average of their two
measurements was taken. The endoscopy results were not shared with
the two radiologists.

The skeletal muscle index (SMI) is used for the evaluation of
sarcopenia. The SMI was calculated using the formula SMI=SMA
(cm?)/height? (m?). We used the diagnostic criteria for sarcopenia in
the Chinese population based on SMI, as reported by Zeng et al. (26),
men with an SMI of less than 44.77 cm*/m* and women with an SMI
of less than 32.50 cm*/m”* were defined as sarcopenia.

2.6 Feature extraction and selection of
radiomics

The cross-section of abdominal muscles at the maximal level of
the L3 was selected as the regions of interest (ROI). ROI was outlined
semi-automatically using 3D slicer software (4.11.2 version, https://
www.slicer.org/), and manually adjusted to guarantee utmost accuracy.
Using R
we extracted radiomics features from each ROL. For each patient’s

software (4.2.2 version, http://www.R-project.org),
ROI, 1223 radiomics features describing the L3-skeletal muscle’s
internal and surface texture were extracted.

To analyze inter-and intra-observer reliability, 68 cases were
selected randomly from the total sample. After 1 month, two radiologists
segmented and extracted features from these images separately. An
intraclass correlation coefficient(ICC) value above 0.75 was considered
highly reproducible for reliability assessment, features with ICC values
exceeded 0.75 were included in subsequent analysis (27).

The large number of redundant features obtained after feature
extraction leads to overfitting and reduces the discriminative power
of the model. LASSO regression allows active selection on large sets
of multicollinear variables and uses collapsed cross-validation to select
the most effective predictive features (28). Final filtered features were
weighted using the LASSO algorithm to generate a Rad-score by linear
combination, and then a radiomics model was built.

Frontiers in Medicine

2.7 Radiomics nomogram construction

The Rad-scores and the clinical variables (clinical data and CT
quantified features) were tested in univariate logistic regression
analysis. All variables with p <0.05 were entered into the multivariate
logistic regression analysis. A radiomics nomogram was then
constructed according to the multivariate logistic regression model.

2.8 Model performance assessment

Plotting and calculating receiver operating characteristic curves
(ROC), accuracy, sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and F1-score for each model to assess
the generalization ability of the model. The area under the ROC curve
(AUC) of the three models was compared using the Delong test. If the
p-value is less than 0.05, it is considered to have statistical significance.
Then, the nomogram was evaluated using calibration curves. Decision
curve analysis (DCA) can assess the usability of a model and show the
“net benefit” of a model (29). Therefore, we used DCA to analyze and
compare the performance of the three models in terms of clinical utility.

2.9 Statistical analysis

The clinical data was analyzed using SPSS (version 27.0, IBM,
Armonk, NY). Radiomics feature and model performance were
analyzed using R. Continuous variables are expressed as
mean *standard deviation (SD), while categorical variables are
expressed as numbers and percentages. Normal distribution of
continuous parameters was compared using independent samples
t-test, and non-normal distribution was compared using Mann-
Whitney U test. Categorical parameters were compared using
chi-squared test. Univariate analyses were conducted to identify risk
factors associated with the development of UGIB in patients with
decompensated cirrhosis. Significant indicators from the univariate
analyses were included in multivariate logistic regression analyses.
Results with p <0.05 were considered statistically significant.
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TABLE 1 Consistency within and between observers in terms of SMA and SFA.

10.3389/fmed.2024.1308435

Variables PRYAS 95%Cl

Lower limit = Upper limit Lower limit = Upper limit
SMA (cm?) 0.984 0.977 0.988 <0.001 0.990 0.987 0.992 <0.001
SFA (cm?) 0916 0.890 0.936 <0.001 0.934 0913 0.950 <0.001
SMD (HU) 0.945 0.926 0.959 <0.001 0.959 0.943 0.970 <0.001

SMA, skeletal muscle area; SFA, subcutaneous fat area; SMD, skeletal muscle density; ICCs, inter-and intra-group correlation coefficients; CI, confidence interval.

LASSO regression analyses of radiomics features were performed
using the R package “glmnet” Nomograms and calibration curves
were generated using the “rms” software package. Finally, the “dca.r”
package is used to calculate the DCA.

3 Results

3.1 Clinical factors selection and
construction of the clinical model

ICC results showed excellent consistency (all ICC>0.75, p<0.001)
between radiologist 1 and radiologist 2 for intra-and interobserver
measurements of SMA, SFA, and SMD values on MDCT (Table 1).

Table 2 showed the fundamental characteristics of the patients in
the training (n=145) and validation (1=63) cohort. Univariate
logistic regression showed that the Child-Pugh score grade, Albumin,
PT, INR, PLT, AST, SD, SMA, SMD, and sarcopenia between
decompensated cirrhotic patients with and without UGIB were
significant differences in the training cohorts (p <0.05), multivariate
logistic regression analysis showed that sarcopenia and PT could
be used as independent risk factors to predict UGIB in patients with
decompensated cirrhosis (p <0.05) (Figure 2; Table 3). The AUC for
clinical factors was 0.822 (95% CI 0.753-0.891) in the training cohort
and 0.756 (95% CI 0.634-0.877) in the validation cohort (Table 4).

3.2 Radiomics model establishment

Of the 1,223 radiomics features extracted, 1,082 features were
proved to have good inter-and intra-observer agreement with ICCs
>0.75. 88 radiomics features showing significant differences between
decompensated cirrhotic patients with and without UGIB (p <0.05)
were incorporated into the LASSO logistic regression to determine the
best valuable features (Figure 3). Eventually, 11 different features were
screened to form the radiomics signature (Figure 3; Table 5).
Radiomics features showed good predictive accuracy, with an AUC of
0.830 (95% CI, 0.762-0.897) in the training cohort and 0.765 (95% CI,
0.644-0.886) in the validation cohort (Table 4).

3.3 The clinical-radiomics nomogram
model building and assessment of the
performance of different model

The diagnostic performances of the three models were showed in

Table 4. The ROC curves of the three models were displayed in
Figure 4. It was found that the clinical-radiomics nomogram model
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demonstrated superior diagnostic performance than the radiomics
features (AUC: 0.902 vs. 0.830, p=0.003) and the clinical factors
(AUC: 0.902 vs. 0.822, p=0.005), but the radiomics signature’s
diagnostic performance was not different significantly from the
clinical factors (AUC: 0.830 vs. 0.822, p=0.86), in the prediction of
UGIB in decompensated cirrhotic patients (Figure 4).

Calibration curves showed better calibration in the training
cohort and validation cohort (Figure 5). Results from the DCA suggest
that the clinical-radiomics nomogram model provides a greater net
benefit for clinical decision-making than the radiomics and clinical
models in the training cohort (Figure 5).

4 Discussion

Our study constructed and verified a clinical-radiomics
nomogram model to predict UGIB in patients with decompensated
cirrhosis based on MDCT images of the L3 skeletal muscles. The
clinical-radiomics nomogram, which combines radiomics features
factors, demonstrated excellent

predicting UGIB

and clinical diagnostic

performance in of decompensated
cirrhotic patients.

Sarcopenia is prevalent in patients with liver cirrhosis. Patients
with decompensated cirrhosis exhibit a notably elevated occurrence
of sarcopenia compared to those with compensated cirrhosis (3).
Sarcopenia is strongly associated with complications of liver cirrhosis,
such as ascites, oesophageal varices, and hepatic encephalopathy (3-5,
26). However, few studies have reported the correlation between
sarcopenia and upper gastrointestinal bleeding in cirrhosis. Topan
etal. (30) and Aldo et al. (31) have shown that cirrhotic patients with
sarcopenia have a higher incidence of oesophageal varices and
variceal bleeding compared to those without sarcopenia. A study by
Zeng et al. (26) showed that patients with cirrhosis combined with
sarcopenia had a higher incidence of UGIB during the 2-year
follow-up period compared to patients without sarcopenia. The
results of the above studies are consistent with the results of our study.
In our study, sarcopenia was strongly associated with
UGIB. Decompensated cirrhotic patients with combined sarcopenia
have a 5-6 times higher risk of UGIB compared to those
without sarcopenia.

The abdominal SMD and SMA at the maximum level of L3 on
MDCT can indirectly reflect the skeletal muscle mass of the whole
body, reduced SMD and SMA imply an increased proportion of
intermuscular fat and muscular atrophy. EbadiM’s study showed that
a reduced abdominal SMD at the maximum level of L3 is negatively
correlated with clinical outcomes and strongly associated with
complications of portal hypertension in cirrhotic patients (32). Our

study found that the abdominal SMA and SMD, although markedly
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TABLE 2 Baseline characteristics of decompensated cirrhotic patients with and without UGIB in the training and validation cohorts.

Variables

Training Cohort (n = 145)

UGIB (n =76)

Without UGIB
(n =69)

10.3389/fmed.2024.1308435

Validation Cohort (n = 63)

UGIB (n =28)

Without UGIB

Age(y), mean +SD 57.3+12.27 55.59+10.83 0.377 57.61+12.84 56.2+10.19 0.629
Sex, male, 1 (%) 50 (65.8) 39 (56.5) 0.252 13 (46.4) 29 (82.9) 0.002
BMI (kg/m2) 22.49 (20.79, 25.08) 23.44 (21.07, 25.16) 0.402 22.33(20.35, 25.76) 23.44 (21.16, 25.34) 0.59
Total Bilirubin (pmol/L) 28.35 (17.83, 50.5) 33 (17.95, 47.85) 0.954 24.05 (14.85, 40.93) 20.1 (13.9, 50.6) 0.879
Albumin(g/L) 30.44+4.31 33.85+5.74 <0.001 29.1£4.53 34.34+6.09 <0.001
ALT(U/L) 27.5(18.3,53.9) 35 (23, 53) 0.17 20.5 (13, 27.5) 27 (20, 55) 0.015
AST (U/L) 40.5 (26, 67) 52(35.5,91) 0.03 30 (20.5, 43.25) 34(23,72) 0.171
Creatinine (pmol/L) 69.85 (56.75, 79.48) 59.8 (51.4,73.8) 0.016 60.3 (47.15, 75.85) 63 (51.5,74.8) 0.52
PT(s) 18.05 (16.9, 19.4) 15.60 (14.2, 17.6) <0.001 18 (16.68, 18.9) 15.4 (13, 17.5) <0.001
INR (%) 1.45(1.29, 1.67) 1.36 (1.2, 1.54) 0.005 1.43 (1.36, 1.59) 1.36 (1.2, 1.49) 0.062
Hemoglobin (g/L) 81.5 (65, 100) 108 (86, 121) <0.001 71.5 (58.25, 84) 111 (80, 128) <0.001
PLT (10°/L) 72 (60.25, 83) 83 (71, 98.5) <0.001 75.5 (57.25, 83.75) 88 (79, 100) 0.01
Child-Pugh n (%) 0.001 0.001
A 5(6.6) 19 (27.5) 0 14 (40)

B 42 (55.3) 38 (55.1) 18 (64.3) 14 (40)

C 29 (38.2) 12 (17.4) 10 (35.7) 7 (20)

Endoscopy

Large varices (1,%) 62 (81.6%) 40 (58%) 0.002 23(82.1) 19 (54.3) 0.031
Small varices (1,%) 14 (18.4%) 29 (42%) 5(17.9) 16 (45.7)

Red (+) 61 (80.3) 24 (34.8) <0.001 23 (82.1) 15 (39.5) 0.002
MDCT

SMA (cm?) 106.08 £20.64 118.7+£26.4 0.002 96.92+17.97 122.79+22.62 <0.001
SFA (cm?) 73.99 (39.36, 132.35) 84 (43.56, 156.85) 0.346 78.53 (33.04, 133.2) 73.91 (34.66, 114.5) 0.825
SMD(HU) 36.27+7.96 40+5.8 0.002 34.67+8.28 40.36 £6.79 0.004
SMI 39.51 (35.59, 44.05) 44.12 (38.92, 52.83) <0.001 38.27 (34.33, 42.89) 44.92 (40.46, 49.22) <0.001
Sarcopenia, 1 (%) 47 (61.8) 15(21.7) <0.001 17 (60.7) 11 (31.4) 0.02
SD (mm) 15.14£2.12 14.3+£2.72 0.047 15.96+£2.26 14.43+2.22 0.09
ST (mm) 5.62+1.23 519+1.22 0.036 5.92+1.05 533+1.13 0.035

UGIB, upper gastrointestinal bleeding; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; INR, international normalized ratio;
PLT, platelet count; SMA, skeletal muscle area; SFA, subcutaneous fat area; SMD, skeletal muscle density; SMI, skeletal muscle index; SD, spleen diameter; ST, spleen thickness.

TABLE 3 Univariate and multivariate logistic regression analysis of patients with decompensated cirrhosis combine with UGIB in the training cohorts.

Univariate logistic

regression

OR (95%Cl)

Multivariate logistic

regression

OR (95%Cl)

Albumin(g/L) 0.869 (0.806-0.937) <0.001
PT(s) 1.379 (1.187-1.602) <0.001 1.538 (1.198-1.974) 0.001
INR (%) 4.950 (1.501-16.331) 0.009
PLT 0.971 (0.954-0.988) 0.001
Child-Pugh, n (%) 1.439 (1.197-1.730) <0.001
B 4.2 (1.429-12.348) 0.009
C 9.183 (2.786-30.275) <0.001
SMA (cm?) 0.977 (0.963-0.992) 0.002
(Continued)
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TABLE 3 (Continued)

Univariate logistic Multivariate logistic
regression regression
OR (95%Cl) OR (95%Cl)
SMD(HU) 0.925 (0.88-0.973) 0.003
Sarcopenia, 1 (%) 5.834 (2.795-12.178) <0.001 5.555(2.037-15.147) 0.001
SD (mm) 1.338 (1.016-1.763) 0.038
Rad score 2.718 (1.929-3.828) <0.001 3.024 (1.953-4.681) <0.001

UGIB, upper gastrointestinal bleeding; PT, prothrombin time; PLT, platelet count; SMA, skeletal muscle area; SMD, skeletal muscle density; SD, spleen diameter; OR, odds ratio.

TABLE 4 The AUC of radiomics model, clinical model, and nomogram model for predicting UGIB of the decompensated cirrhosis patients in the
training and validation cohorts.

AUC (95%Cl)  Accuracy, % Sensitivity, % Specificity, % PPV, % NPV, % F1, %

Training cohort

Radiomics model 0.830 (0.762-0.897) 77.9 80.3 75.4 78.2 77.6 79.2
Clinical model 0.822 (0.753-0.891) 74.5 73.7 75.4 76.7 72.2 75.2
Nomogram model | 0.902 (0.850-0.954) 82.1 85.5 78.3 81.3 83.1 83.3

Validation cohort

Radiomics model 0.765 (0.644-0.886) 68.3 81.8 53.3 65.9 72.7 73
Clinical model 0.756 (0.634-0.877) 66.7 60.6 73.3 71.4 62.9 65.6
Nomogram model | 0.858 (0.762-0.953) 79.4 75.8 83.3 83.3 75.8 79.4

AUG, the area under the curve; PPV, positive predictive value; NPV, negative predictive value.
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FIGURE 3
Flowchart for the radiomics analysis. (A) Image segmentation; (B) Feature extraction; (C) Feature selection and model building. (D) Radiomics model
building.
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FIGURE 4
Comparison of the AUC of the clinical model, radiomics model, and nomogram model in predicting upper gastrointestinal bleeding (UGIB) of the
decompensated cirrhosis patients [(A—C) Training set; (D—F) Validation set]. The nomogram model had better diagnostic performance than the
radiomics model (p < 0.05) and the clinical model (p < 0.05), but the radiomics signature’s diagnostic performance did not differ significantly from that
of the clinical factors (p>0.05) in both training and validation cohort.

TABLE 5 Information on radiomics features after dimensionality reduction and feature selection by LASSO regression.

3rd lumbar vertebra level muscles on MDCT

Radiomics features NO. Radiomics features
N5 Shap (Maximum2DDiameterColumn) N680 Firstorder (Skewness)
N83 Glrlm (RunVariance) N932 Glszm (SizeZoneNonUniformity)
N193 Glszm (ZoneEntropy) N1009 Glrlm (RunEntropy)
N366 Glszm (GrayLevelNonUniformity) N1106 Glrlm (RunVariance)
N494 Firstorder (Skewness) N1123 Glszm (ZoneEntropy)
N671 Firstorder (Kurtosis)

LASSO, least absolute shrinkage and selection operator; MDCT, multi-detector computer tomography.

lower in decompensated cirrhotic patients with UGIB than those
without UGIB, could not be used as independent hazard factors for
forecasting UGIB in patients with decompensated cirrhosis. The
reasons may be as follows: due to malnutrition and metabolic factors,
the abdominal skeletal muscle in patients with cirrhosis develops fat
deposition and atrophy at the same time, and single abdominal SMD
and SMA cannot fully represent the pathological changes of
skeletal muscle.

Liver cirrhosis in the decompensated phase is primarily
characterized by long-term liver function damage, leading to
decreased hepatic synthetic capacity and coagulation dysfunction
(33-35). Our study found that some laboratory indicators reflecting
liver reserve function status were associated with UGIB in patients
with decompensated cirrhosis. This conforms to the pattern of disease
progression, the more severe the liver function damage, the higher the

Frontiers in Medicine

risk of UGIB. Among these laboratory indicators, only PT could be an
independent risk factor for predicting the risk of UGIB in patients
with decompensated cirrhosis. The reason may be that PT is the most
sensitive and widely used screening test for external coagulation.
With the progression of liver cirrhosis, the spleen becomes
enlarged due to tissue hyperplasia, fibrosis, and portal congestion. The
size of the spleen may be related to UGIB in patients with liver
cirrhosis. In our study, the SD and ST showed a significant difference
between patients with and without UGIB in the training cohort. The
ST showed a significant difference, and the SD did not show a
significant difference between patients with and without UGIB in the
validation cohort. The univariate and multivariate analysis results of
the training cohort showed that only ST was a risk factor for UGIB,
however, it cannot be used as an independent risk factor for UGIB in
patients with decompensated cirrhosis. The reason may be that
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Plotting nomograms, clinical decision curves, and calibration curves to assess the predictive performance of the model. (A) The developed nomogram
is based on the clinical-radiomics prediction model to predict the risk of upper gastrointestinal bleeding(UGIB) in patients with decompensated
cirrhosis. Sarcopenia:1, non-sarcopenia:0. (B) Decision curve analysis of the three models in the training group. The light grey line assumes that all
patients have the possibility of concomitant UGIB. The black horizontal line assumes that no patients have UGIB. X-axis represents the threshold
probability. Y-axis measures the net gain. The blue line represents the radiological model. The green line represents the clinical model. Red line
represents the combined model. (C,D) Calibration curves for the nomogram in the training and validation cohorts. The curve indicates that the net
benefit of the nomogram is better than the other models when the threshold is within the range of 0.05-0.85 in the training cohort. The closer the
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individuals can have variations in the shape, size, and function of
their spleen.

Radiomics is a non-invasive image analysis technique that
employs high flux throughput feature extraction algorithms to
quantitatively assess the distribution characteristics of grey levels and
pixels in CT images, thereby revealing differences between individuals
that cannot be identified by the human eye (36). We chose MDCT
images of skeletal muscles at the level of the L3 vertebrae for feature
extraction and combined the radiomics features with clinical features
to establish a clinical-radiomics nomogram model. Radiomics can
identify muscle features and tissue heterogeneity that are difficult to
access through visual assessment, aiding in the early detection of
muscle loss and mass loss during disease progression (37). In our
study, the nomogram model showed better diagnostic and predictive
ability than radiomics models and clinical models alone. The
incorporation of both radiomics and clinical data may contribute to
the excellent performance of the nomogram model. Such an approach
allows for direct consideration of disease status and provides a greater
advantage than the traditional MDCT image based on the SMA and
SMD to assess the muscle features, resulting in superior model
performance. In addition, DCA also validated that a nomogram
model based on skeletal muscle mass analysis had more net benefit
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than clinical and radiomics models in predicting UGIB in
decompensated cirrhosis.

There are several shortcomings in our study. First, we used a
single-center, small-sample for our study, which may have been a
source of bias. Therefore, future studies should consider multi-center
studies with a larger sample to ensure more accurate results. Second,
the muscle imaging histology model in this study was built based on
2D images, not 3D images. However, the imaging histology prediction
model based on 2D images has shown some promising results.
Additionally, the time spent on feature extraction and prediction
model building was relatively short, making it more convenient and
faster than the imaging histology processing of 3D images. Last,
diagnostic accuracy in the training cohort in our study is usually
overestimated. Therefore, prospective external validation is needed
in future studies.

To sum up, the clinical-radiomics model was found to be more
accurate in predicting the occurrence of UGIB in decompensated
cirrhosis compared to individual clinical or radiomics models. This
is valuable for the diagnosis of UGIB in patients with decompensated
cirrhosis and could potentially complement the gold standard of
endoscopy. Additionally, it offers new insights for evaluating the risk
of UGIB in decompensated cirrhotic patients.
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