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Abstract
Objectives

Transjugular intrahepatic portosystemic shunt (TIPS) is frequently compromised by stent dysfunction
(SD). This multi-center retrospective study aimed to develop and validate a predictive tool for post-TIPS
SD.

Methods

Between January 2019 and June 2024, 290 TIPS patients from three Chinese hospitals were collected,
with 202 eligible cases randomly divided into a training set (n = 141) and an internal validation set (n =
61) at a 7:3 ratio using R software (version 4.2.3). Variable selection was performed via Least Absolute
Shrinkage and Selection Operator (LASSO) regression, followed by multivariate logistic regression
modeling. Model performance was assessed using the Hosmer-Lemeshow (H-L) test, calibration curves,
receiver operating characteristic (ROC) curves, net reclassification improvement (NRI), integrated
discrimination improvement (IDI), and decision curve analysis (DCA).

Results

Seven independent predictors of SD were identified: cirrhosis etiology, serum albumin, prothrombin time,
blood ammonia, initial stent position, portal vein thrombosis, and maximum transverse diameter of the
right hepatic lobe (MTDORHL). The area under the ROC curve (AUC) values of Model C (clinical features),
Model R (radiological features), and Model CR (combined features) were 0.823, 0.790, and 0.901 in the
training set, and 0.785, 0.736, and 0.866 in the validation set, respectively.

Conclusion

Three SD-specific models were constructed with multi-center data, and Model CR emerged as the
optimal one with excellent predictive efficiency and application value, supported by a corresponding
nomogram. The identified seven factors serve as independent risk predictors for post-TIPS SD.

Introduction

Portal hypertension represents a major complication of liver cirrhosis, stemming from elevated

intrahepatic vascular resistance and increased portal venous pressure. A diagnosis is typically made

when the hepatic venous pressure gradient exceeds 5 mmHg, with clinical manifestations becoming

apparent beyond 10 mmHg'2. Management of cirrhotic portal hypertension involves various strategies.

For acute variceal bleeding (AVB), transjugular intrahepatic portosystemic shunt (TIPS) placement

achieves high technical success rates of 93%-100% and its effect on refractory ascites related to portal
Page 3/26



hypertension is relatively variable, with reported efficacy ranging from 50% to 90%%4. A significant factor
limiting the long-term benefit of TIPS is stent dysfunction (SD), primarily caused by stent stenosis or
occlusion®. SD leads to shunt failure, recurrence of portal hypertension, and complications such as
variceal rebleeding or ascites, adversely affecting patient quality of life and long-term survival®. The
pathogenesis of SD is multifactorial, involving processes like pseudointimal hyperplasia (often
associated with bile leakage), acute thrombosis, and the formation of a "stent cap"’~19. Reported
incidence rates vary widely, from 14% to 82% within the first year post-TIPS'". Despite advances like
PTFE-covered stents and routine postoperative anticoagulation'?, stent patency issues still occur in
8%-20% of patients’3. This has a huge impact on clinical practice. For instance, one study noted SD in all
patients experiencing ascites or rebleeding within 30 days of TIPS'. Current predictive models for SD
often focus narrowly on specific patient groups, such as those with hepatitis B-related cirrhosis, and

suffer from limitations like single-center design and restrictive inclusion criteria'®. This limits their
generalizability. Our study addresses this gap by utilizing a multi-center cohort that includes patients
with diverse etiologies of cirrhosis.

We aimed to develop and validate a more broadly applicable predictive tool for post-TIPS SD, which
would assist in risk stratification and guide personalized patient management to improve long-term
shunt patency.

Ethics statement

This study was granted ethical clearance by the Ethics Committee of the First College of Clinical Medical
Science, China Three Gorges University (Approval No. 2024-232-01), in compliance with relevant ethical
guidelines. Consistent with local regulatory requirements and institutional procedures, written informed
consent was exempted for this retrospective investigation.

Consent to participate

Given the retrospective nature of this study, which involved the analysis of anonymized clinical data, the
requirement for written informed consent was waived by the Ethics Committee of the First College of
Clinical Medical Science, China Three Gorges University

Materials and Methods
Study design

This multi-center retrospective investigation enrolled patients with cirrhotic portal hypertension who
underwent TIPS across three medical centers in China from January 2019 to June 2024. The specific
flowchart of this study is presented in Figure 1. Inclusion in the cohort was restricted to patients who
met all four of the below-stated criteria: (1) Age = 18 years; (2) Patients with acute esophagogastric
variceal bleeding who were ineffective after endoscopic conservative treatment; (3) Refractory ascites
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caused by cirrhotic portal hypertension; (4) Regular review or telephone follow-up for at least 1 year.
Exclusion criteria: (1) Surgical failure; (2) Serious systemic disease; (3) Extensive missing clinical data;
(4) Follow-up duration < 1 year or loss to follow-up beyond 1 year.

Data collection and Follow-up

Relevant clinical information was systematically gathered and analyzed for the present study: gender
(male/female), age, cirrhosis etiology of cirrhosis (hepatitis B, hepatitis C, alcoholic cirrhosis, cholestatic
cirrhosis, schistosomiasis, autoimmune cirrhosis, Wilson's disease, idiopathic portal hypertension),
postoperative anticoagulation (Yes/no), splenectomy (Yes/No), portal vein thrombosis (PVT, Yes/No),
portal cavernoma (Yes/No), diabetes mellitus (Yes/No), hypertension (Yes/No), complete blood count,
sodium, potassium, calcium, ammonia, international normalized ratio (INR), prothrombin time (PT),
prothrombin activity (PTA), activated partial thromboplastin time (APTT), thrombin time (TT), serum
creatinine, total bilirubin, indirect bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), albumin, Child-Pugh score and classification, diameter of the portal vein, diameter of the splenic
vein, type of shunt (esophagogastric, splenorenal, gastrorenal) , maximum diameter of both liver lobes,
portal vein shunt branches (right, left, main trunk), stent diameter, stent type (bare metal stent, single
covered stent, combo of bare metal and covered stents), initial stent position (optimal, suboptimal)'" 'y
(1) the proximal end of the stent extends to the hepatic venous junction; (2) the distal end of the stent is
parallel to the wall of the portal vein (the angle between the tangential line of the distal end and the
portal vein wall is less than 20°). Otherwise, the stent position is defined as suboptimal. The follow-up
period is one year, with the primary endpoint being stent dysfunction.

The researchers reviewed the patient 's admission records in detail. If the patient is not followed up
regularly within 1 year, the patient will be contacted by telephone to determine whether the patient is
examined in other institutions and the stent status after examination. If the patient's follow-up data is
lost, the patient is excluded.

Stent dysfunction assessment

The patient 's clinical manifestations or imaging examination suggested that the stent function may be
impaired'®8: (1) Recurrence of complications associated with portal hypertension; (2) Portal vein color
Doppler ultrasound showing blood flow velocity within the stent > 250 cm/s or < 50 cm/s; (3) Hepatic
enhanced CT indicating stenosis or occlusion of the stent lumen. The final criterion for verifying stent
patency was portal venography under DSA.

Risk factor screening

We employed LASSO logistic regression for variable selection due to its built-in ability to handle
multicollinearity and reduce overfitting risk '>2°. During the variable selection procedure, we used two

thresholds (Amin and A1-SE)?". The variables with the Amin threshold value were included in the
multivariate analysis. Independent risk factors of stent dysfunction were defined as having statistical
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significance (two-sided P<0.05). To differentiate between the predictors derived from each type of data,
we ran separate screening steps on clinical and radiology variables respectively, which enabled us to
train specialized models per class.

Model construction and comparison

We randomly stratified all 202 participants with an overall split of 70% (n=141) for the training set and
30% (n=61) for the testing set using R software We constructed three models aiming at predicting the
primary outcome: Model C (clinical features only).Model R (based only on radiological features) , and
Model CR (combining both clinical-biochemical and radiological information).After univariate analysis on
the training cohort, variables with P < 0.05 were subjected to step-wise selection and then enterin to a
multivariate logistic regression, a procedure that was designed to identify independent variables
predictive for post-TIPS SD. Predictors were presented According to the identified independent
predictors, a nomogram predicting probability of stent dysfunction at 1 year after TIPS was built. Two-
sided P-values <0.05 were regarded as statistically significant. Comparative assessments were
conducted for the ROC curve, area under the receiver operating characteristic curve (AUC), net
reclassification improvement (NRI), integrated discrimination improvement (IDI), and calibration curve.
The prediction effect of the above model prediction model is verified by using the verification set data,
and the advantages and disadvantages of the best model and the other models are compared after
determining the best model. Finally, the decision curve analysis (DCA) were performed in order to
evaluate the potential benefit for all models. The baseline demographic and clinic features between the
two groups are compared by a t-test or a chi-square test, respectively.

We compared model discrimination with the DeLong test for AUCs; additionally calculated the NRI and
IDI to measure the incremental predictive value of the more complicated models. We evaluated
calibration by developed calibration curves for visual inspection of agreement between predicted
probability and observed outcome, for the training cohort as well as the validation cohort. We used the
Hosmer-Lemeshow (H-L) test to evaluate statistical evidence about model calibration, p-value > 0.05
indicating acceptable calibration. Once an ideal model is selected (Model CR), then a nomogram was
developed for transforming the independent predictors into personalized risk scores, enabling quantified
prediction of the likelihood of post-TIPS SD. We further assessed the clinical utility of the nomogram with
DCA, which computed the net benefit for various threshold probabilities and therefore demonstrated how
it could be used to inform decisions about patient.

Statistical analysis

The CBCqgrp (Version1.0.1) package within R software (Version 4.2.3) was used to carry out statistical
analyses, encompassing the description of baseline characteristics and specificity analysis. Continuous
data were summarized as mean + standard deviation or median with interquartile range, while
categorical data were expressed as counts and percentages??. Intergroup comparisons of continuous
variables were performed using independent samples t-tests or Wilcoxon rank-sum tests (non-normal
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distribution), and categorical variables were compared using Pearson’s chi-square tests or Fisher’s exact
tests. P-value < 0.05 was considered statistically significant.

Results

Patient characteristics

In this study, a total of 290 patients with TIPS were collected, and 88 patients who did not meet the
requirements were excluded. For some missing data variables, the missing values were multiply imputed
by the mice (Version 3.16.0) function, and the variables with a missing amount of more than 20 % were
deleted. Finally, 202 patients treated with TIPS were included.

There were 31 patients (15%) with stent dysfunction. Baseline tables were drawn according to the
training set and validation set, and whether stent dysfunction occurred (Table 1).

Risk factors for dysfunction

LASSO regression was used to take non-zero coefficient variables at Amin (Figure 2). After LASSO
regression analysis of clinical factors, five variables (Amin = 0.034, A1-SE = 0.078) were screened out:
cirrhosis etiology, total bilirubin, albumin, prothrombin time and blood ammonia (Figure 2A); four
variables (Amin = 0.021, A1-SE = 0.083) were screened out by imaging factors, including stent type,
maximum transverse diameter of right lobe of liver, initial stent position and portal vein embolus (Figure
2B).

After finalizing the candidate variables, multivariate logistic regression was utilized to perform statistical
analysis on these selected factors (Table 2, Table 3). The final independent risk factors for postoperative
SD included the cirrhosis etiology (OR: 0.613,95% Cl : 0.413-0.908 ), albumin ( OR: 0.87,95% Cl : 0.776-
0.974), prothrombin time ( OR : 0.668,95% Cl : 0.481-0.926 ), blood ammonia ( OR : 1.009,95% Cl : 1.001-
1.017), initial stent position (OR : 0.25,95% Cl : 0.069-0.906 ), maximum transverse diameter of right
hepatic lobe (OR :1.366,95% Cl : 1.073-1.738 ) and portal vein emboli (OR : 2.159,95%Cl :1.021-4.564 ).

Model comparison

The discrimination capacity of Model CR was superior among those patients who were part of the
training cohort [AUC = 0.901(95%Cl:0.839-0.962)] than both models, Model C (AUC = 0.823), Model
R(AUC=0.790). The same hierarchy of performance between these three models (Model CR > Model C >
Model R) was repeated in the validation cohort, demonstrating that predictions from this combined
model were reliable. The diagnostic performance of each model, including sensitivity, specificity, the
optimal threshold (Youden index), and AUC, is presented in Table 4. In order to find out if the difference
of AUC was significant or not, we used the DeLong test (Table 5). Although there was a significant
difference between Model R and Model CR in the training set (P=0.029), was not so for the validation set
(P =0.062). In fact, there were no statistically significant differences in AUC among the three models in
the validation set. We further calculated the NRI and IDI based on training set and found that compared
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to Model C and R respectively, Model CR had a statistical significance higher performance. The same
phenomenon existed partly in validation set, where Model CR showed significantly better NRI than the
other two models but no significant difference in NRI between Model C and Model R themselves (P >

0.05).

Model fit was assessed using calibration curves (Figure 4) and the H-L test. All three models
demonstrated good calibration, with good agreement to what was observed clinically (Figure 4and Table
6). Collectively, these comparisons demonstrated that Model CR provided the best and most consistent
predictions across both the training set and the validation set. Thus, the best-performing model (CR) is
selected to use in all of our following analysis.

Model visualization

Furthermore, we constructed nomogram of best Model CR (Figure 5) based on the screening results of
risk factors by LASSO regression and verified by multivariable logistic regression. The individual risk
score of each patient was calculated according to the total score obtained from all independent
predictors in the nomogram, which allows quantitatively estimate post-TIPS SD risk. Besides, DCA curve
was also generated in order to calculate the patient’s potential benefit following TIPS. The result shows
that Model CR’s net benefit range is bigger compared to the other two models, and this conclusion can
be drawn on both training set and validation set. (Figure 6)

Discussion

As one of the most serious complications after TIPS, SD has significant negative effects on long term
survival rate and prognosis of patients with TIPS. In order to accurately predict the occurrence rate of SD
after TIPS, the relevant risk factors need to be identified. Currently, the risk of SD remains elusive.
Existing prediction models on post-TIPS shunt failure were limited to a subset of cirrhosis types, mainly
for liver disease caused by hepatitis b. These-subtype specific instruments are not sufficient for
capturing the complexity in differentiating cirrhotics on account of the interaction between various
etiology, clinical and radiologic features that we seek to do so through this investigation using data from
several centers including several causes of liver disease as well as merging clinical/biochemical
variables with radiologic measurements.

In addition, by incorporating the imaging variables into the clinical information in our multi-center cohort,
we developed an integrative model (Model CR), and this joint model also achieved good prediction
results, with an AUC of 0.901 (sensitivity 73.7% and specificity 89.3%) on the training set. It also
performed well on the validation set with an AUC of 0.866 (sensitivity 66.7%, specificity 87.8%). Previous
studies have associated the occurrence of SD with several factors such as splenectomy, diabetes,
portosystemic shunt type, portal vein diameter, PVT, and the initial stent position'>?%24. SD generally

occurs in one of two time frames: early (within one week), which is usually caused by an acute

thrombosis, while late failure is commonly due to pseudointimal hyperplasia or hepatic vein stenosis®.
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The independent clinical risk factors for SD that we found were as follows: cirrhosis etiology, serum
albumin level, PT, blood ammonia level, initial stent position, PVT, and MTDORHL.

In line with the nation’s epidemiology, cirrhotic liver disease due to viral hepatitis was the most common
etiology among our cohort, followed by alcoholic cirrhosis. Interestingly, cirrhosis etiology was also
found to be an independent predictor for SD. It might have been due to different pathophysiological
backgrounds among different causes. Chronic neutrophilic inflammation and accumulation are
frequently observed in alcoholic cirrhosis, Kupffer cells activation and increased pro-inflammatory
cytokines that may favor the endothelium injury and thrombosis. On the other hand, the inflammatory
activity in viral hepatitis can often be controlled with long-term antiviral therapy, thus possibly eliminating
at least some of the SD risk factors?°. Hypoalbuminaemia has several ways of contributing to SD,
including being linked to a more sluggish portal flow (which favours thrombosis)impaired endothelial
repair, and immunodeficiency which could predispose patients to stent related inflammation and

infection262/

, Which in combination create a prothrombotic/intimal-fibrotic milieu that accelerates stent
occlusion. We found PT independently predictive too. Despite the fact that the PT is usually prolonged by
cirrhosis, we found a paradoxically shortened PT in some of our patients — 18%, specifically among PVT

cases. We consider this indicative of a hypercoagulable state, which is associated with increased risk of

acute stent thrombosis?®,

High ammonia levels seem to increase SD risk in our model. In decompensated cirrhosis, liver cell
dysfunction leads to urea-cycle disruption and leading to hyperammonemia?’. The median ammonia
value in our cohort was 57.5 pmol/L, but it still turned out to be an independent factor for SD on
multivariate analysis (OR: 1.009) although there is no evidence that ammonia has any relation with stent
occlusion so far, new data suggest that ammonia may modulate the inflammatory pathways. We
hypothesize that in our patients increased ammonia might have triggered pro-inflammatory cytokines
such as TNF-a or IL-6, which then might trigger coagulation and a local pro-thrombotic environment

inside the stent39,

Initial stent position was confirmed as an independent predictor of SD in our analysis, supporting earlier
reports in the literature'®. We could further define this relationship with technical parameters of what
constitutes poor stent positioning (failure to traverse into the hepatocaval junction, angulation >20° from
portal vein wall) where such stents had 3.8 times the risk of developing dysfunction. Mechanistically , if
a stent fails to reach the hepatic vein confluence, then there is a niche for turbulent flow and endothelial
injury. promoting pseudointimal hyperplasia, which in turn serves as a nidus for hepatic vein
stenosis/thrombus formation, driving stent failure'"31-34_ Inappropriate stent positioning (i.e., a hepatic
vein stent positioned too inferiorly or a portal vein stent that is not long enough),which predisposes to
the formation of a “stent cap”, which alters normal hemodynamics, eventually resulting in stent failure?2.

Moreover, Clark et al. reported that TIPS extension to the hepatocaval junction confers a longer shunt
longevity when compared with stents terminated in the hepatic vein, which agrees with our observation
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of structural insufficiency (e.g., short stent length, high tangential angle) disrupting the hemodynamic
environment and promoting pseudo-intimal hyperplasia or thrombus formation32.

Additionally, portal vein embolus is also one of its important risk factors. According to different sources,
it is divided into thrombus and tumor thrombus, among which thrombus accounts for a higher
proportion. PVT is not a contraindication for TIPS at present. By establishing portosystemic shunt and
postoperative anticoagulation, the patency rate after stenting is usually not affected. However, in a small
proportion of clinical cases, PVT that involves the superior mesenteric vein or lienal vein not only affects
the operability of stent placement but also augments the risk of postoperative functional complications,
which originate from the patients’ substantial thrombus load and inherent hypercoagulability?*. The risk
profile is significantly worse in those presenting with portal vein tumour thrombus; in this patient
population, stent occlusion risk is increased by the tumour’s invasive and crushing nature as well as the

profound hemodynamic changes of progressive cancer3®3°,

We demonstrate that the value of liver morphology, identifying the maximum transverse diameter of the
right hepatic lobe (MTDORHL) as an innovative, independent risk factor for SD (OR: 1.366). The median
MTDORHL in our cohort is 9.57cm, while compensatory right lobe hypertrophy existed in 38.6% of the
patients. Enlargement may mechanically compress the adjacent right portal vein branch and right
hepatic vein, thus contributing to increase in local vascular resistance. This resulting haemodynamic
abnormality favours a pro-thrombotic environment as well as intimal proliferation inside the stent,
furthermore, the swollen liver tissue itself can exert physical pressure on the stent with time and change
its trajectory or cause mechanical occlusionn®’:38.

We therefore developed a clinical nomogram based on Model CR's independent predictors. This
graphical tool enables physicians to quickly estimate a patient's risk of stent dysfunction at a glance,
facilitating risk-stratified clinical management after TIPS.

While promising, our model's limitations must be acknowledged. The study is retrospective, with limited
sample sizes for some cirrhosis etiologies and without confirmatory venography in all suspected SD
cases, potentially introducing bias. Image measurement by hand can be a source of variation as well.
Therefore, the next important step will be external validation using prospective, larger scale experiments.
This will aid in improving the predictive capacity of this model, bringing it one step closer to being used
as an all-inclusive clinical tool for managing patients with TIPS.

Conclusions

According to our multi-center retrospective cohort, we built three prediction models of post-TIPS stent
dysfunction and Model CR (the combined clinical-radiological model) performed best, which
demonstrated best and most clinically informative prediction results, enabling individualized treatment
through precise patient risk stratification, thus influencing both the level of monitoring and the time at
which an intervention may be required.
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Table1. The baseline characteristics of cirrhosis patients undergoing TIPS
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Variables

Sex, n (%)

Female

Male

Age, Mean t SD

Cirrhosis etiology, n (%)

HBV

HCV

Alcohol

Schistosome

Other

Type of shunt channel, n (%)
Esophageal gastric fundus shunt
Spleen-kidney collateral shunt
Gastrorenal shunt

Shunting branch of the PV, n (%)
Left

Right

Trunk

Stent diameter (mm), n (%)

6

7

8

10

Initial stent position, n (%)
Superior

Suboptimal

Types of stents, n (%)

Total
(n=202)

82 (41)
120 (59)
59.17+9.75

90 (45)
10 (5)
54 (27)
45 (22)
3(1)

188 (93)
11 (5)
3(1)

98 (49)
88 (44)
16 (8)

25 (12)
24 (12)
149 (74)
4(2)

120 (59)
82 (41)
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Training set

(n=141)

55 (39)
86 (61)
58.38 + 9.82

67 (48)
7(5)
35 (25)
30 (21)
2(1)

134 (95)
5(4)
2 (1)

74 (52)
54 (38)
13 (9)

21 (15)
17 (12)
99 (70)
4(3)

85 (60)
56 (40)

Validation set (n
=61)

27 (44)
34 (56)
60.98 +9.42

23 (38)
3(5)
19 (31)
15 (25)
1(2)

54 (89)
6 (10)
1(2)

24 (39)
34 (56)
3(5

4(7)
7(11)
50 (82)
0(0)

35 (57)
26 (43)

P

0.588

0.078
0.730

0.158

0.072

0.207

0.818

0.642



Uncovered stents

Covered stent

Combination stent
Preoperative ascites, n (%)
None

Less

Medium

Mass

Preoperative anticoagulation, n (%)
Yes

No

Postoperative anticoagulant, n (%)
Yes

No

Splenectomy, n (%)

Yes

No

Diabetes, n (%)

Yes

No

Hypertension, n (%)

Yes

No

Hemoglobin, Median (Q1,Q3)

C reactive protein, Median (Q1,Q3)

Glutamic pyruvic transaminase,
Median (Q1,Q3)

Glutamic oxaloacetic transaminase,
Median (Q1,Q3)

114 (56)
6 (3)
82 (41)

58 (29)
104 (51)
22 (11)
18 (9)

198 (98)
4(2)

92 (46)
110 (54)

165 (82)
37 (18)

38 (19)
164 (81)

32 (16)
170 (84)

71.50 (62.25,
86)

3.82 (1.68,
12.61
20 (14, 27)

30 (23, 39.75)
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77 (55)
4(3)
60 (43)

41 (29)
74 (52)
14 (10)
12 (9)

137 (97)
4(3)

69 (49)
72 (51)

116 (82)
25 (18)

26 (18)
115 (82)

23 (16)

118 (84)
71.00 (62, 88)
3.9 (1.63,
14.66)

20 (14, 26)

30 (23, 39)

37 (61)
2 (3)
22 (36)

17 (28)
30 (49)
8 (13)
6 (10)

61 (100)
0(0)

23 (38)
38 (62)

49 (80)
12 (20)

12 (20)
49 (80)

9 (15)
52 (85)
73.00 (64, 86)

3.77 (1.92, 8.06)
20 (15, 30)

30 (23, 43)

0.898

0.317

0.188

0.897

0.992

0.945

0.950

0.463

0.382

0.572



TBIL, Median (Q1,Q3)

Direct bilirubin, Median (Q1,Q3)
Albumin, Median (Q1,Q3)

Serum potassium, Median (Q1,Q3)
Serum sodium, Median (Q1,Q3)
Serum calcium, Median (Q1,Q3)

Serum creatinine, Median (Q1,Q3)

Prothrombin time, Median (Q1,Q3)

Prothrombin time activity, Mean %
SD

International normalized ratio,
Median (Q1,Q3)

Activated partial thromboplastin
time, Median (Q1,Q3)

Fibrinogen, Median (Q1,Q3)
Thrombin time, Median (Q1,Q3)
Blood ammonia, Median (Q1,Q3)

Child score, Median (Q1,Q3)
Child classification, n (%)

A

B

C

MADOLHL, Median (Q1,Q3)

MTDOLHL, Mean + SD
MADORHL, Mean t+ SD

18.33 (12.72,
29.31)

6.97 (4.74,
13.21

30.45 (27.56,
34.18)

3.94 (3.62,
4.23)

140 (137.4,
142.57)

1.97 (1.87,
2.06)

69 (56, 86)

16.2 (14.7,
17.48

67.40 + 16.37
1.29 (1.16,
1.43)

39.6 (36.73,
43.92

1.90 (1.5,
2.45)

17.8 (16.8,
18.8)

57.5 (40.25,
89)

8(7,9)

27 (13)
132 (65)
43 (21)

7.58 (6.74,
8.24)

15.17 £3.91
10.61 £ 2.37
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18.17 (13.1,
29.38)

6.80 (4.84,
11.7)

30.5 (27.47,
34.2)

3.91 (3.59,
4.21)

139.9 (137.5,
141.9)

1.97 (1.88,
2.07)

67 (55, 86)

16.1 (14.7,
17.5)

67.67 + 16.36
1.30 (1.16,
1.45)

39.8 (36.9,
43.5)

1.96 (1.51,
2.53)

17.8 (16.8,
18.8)

58.0 (38, 88)

8(7,9)

20 (14)
93 (66)
28 (20)

7.55 (6.59,
8.28)

15.16 £ 3.94
10.72 +2.34

19.3 (11.2,29.1)
7.59 (4.2, 14.6)
30.1 (27.76, 34)
3.96 (3.68, 4.28)
141.1 (137.2,
143)

1.96 (1.87, 2.05)

73 (57, 86)
16.3 (14.7,17.2)

66.79 + 16.53
1.29 (1.13, 1.4)

38.5 (36.6, 44.3)
1.72 (1.47,2.17)
17.7 (16.9, 18.8)

57.0 (46, 89)

8 (7,9)

7(11)

39 (64)

15 (25)
7.61(6.98,8.12)

15.20 + 3.87
10.37 £2.43

0.972

0.408

0.685

0.54

0.187

0.489

0.726
0.892

0.728

0.963

0.750

0.114

0.962

0.311

0.577
0.702

0.926

0.947
0.355



MTDORHL, Median (Q1,Q3)

Maximum distance of hepatic
fissure, Median (Q1,Q3)
Portal vein diameter, Mean + SD

Splenic vein diameter, Median

(Q1,@3)

Cavernous transformation of portal

vein, n (%)
Yes

No

Portal vein thrombosis, n (%)

None

Thrombus

Tumor thrombus

Stent dysfunction, n (%)

Yes

No

9.57 (8.69,
10.92

0.69 (0.49,
0.96)

1.59 +0.33

1.02 (0.81,
1.29)

30 (15)
172 (85)

122 (60)
70 (35)
10 (5)

31 (15)
171 (85)

9.92 (8.79,
11.27

0.67 (0.46,
0.92)

1.58 + 0.32

1.03 (0.81,
1.35)

19 (13)
122 (87)

94 (67)
39 (28)
8 (6)

19 (13)
122 (87)

9.16 (8.5, 10.45)

0.75 (0.52,1.01)

1.61 £ 0.36

0.97 (0.77,1.17)

11 (18)
50 (82)

28 (46)
31 (51)
2(3)

12 (20)
49 (80)

0.032

0.118

0.624
0.196

0.535

0.006

0.363

Abbreviations: TBIL, Total bilirubin; MADOLHL, Maximum anteroposterior diameter of left hepatic lobe;
MTDOLHL, Maximum transverse diameter of left hepatic lobe; MADORHL, Maximum anteroposterior

diameter of right hepatic lobe ; MTDORHL, Maximum transverse diameter of right hepatic

Table 2. The multivariate logistic regression analysis of cirrhosis patients undergoing TIPS
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Clinic data

Cirrhosis etiology -0.49 0.201 0.613 0.413-0.908 -2.436 0.015
TBIL -0.037 0.027 0.964 0.914-1.016 -1.354 0.176
Albumin -0.14 0.058 0.87 0.776-0.974 -2.405 0.016
PT -0.404 0.167 0.668 0.481-0.926 -2.414 0.016
Blood ammonia 0.009 0.004 1.009 1.001-1.017 2.078 0.038

Radiological data

Type of shunt channel -16.572 1824.77  0O-Inf 0-Inf -0.009 0.993
initial stent position -1.384 0.656 0.25 0.069-0.906 -2.109 0.035
MTDORHL 0.312 0.123 1.366 1.073-1.738 2.534  0.011
PVT 0.769 0.382 2.159 1.021-4.564 2016 0.044

Abbreviations: TBIL, Total Bilirubin; PT, Prothrombin time; MTDORHL, Maximum Transverse Diameter of
the Right Hepatic Lobe; PVT, Portal Vein thrombus

Table 3. The multivariate logistic regression analysis of cirrhosis patients undergoing TIPS1AR0.050

B SE OR(95% Cl) y4 P
Clinic data

Cirrhosis etiology -0.49 0.201 0.613(0.413-0.908) -2.436 0.015

Albumin -0.14 0.058 0.870(0.776-0.974) -2.405 0.016
PT -0.404 0.167 0.668(0.481-0.926) -2.414 0.016
Blood ammonia 0.009 0.004 1.009(1.001-1.017) 2.078 0.038

Radiological data

initial stent position -1.384 0.656  0.250(0.069-0.906) -2.109  0.035
MTDORHL 0.312 0.123 1.366(1.073-1.738) 2.534  0.011
PVT 0.769 0.382 2.159(1.021-4.564) 2.016 0.044

Abbreviations: PT, Prothrombin Time; MTDORHL, Maximum Transverse Diameter of the Right Hepatic
Lobe; PVT, Portal Vein thrombus

Table 4. The comparison of model specificity and sensitivity of different models
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Model Sensitivity Specificity Youden AUC
Training data
Model C 0.842 0.795 0.637 0.823
Model R 0.579 0.836 0.415 0.790
Model CR 0.737 0.893 0.630 0.901
Validation data
Model C 0.833 0.714 0.548 0.785
Model R 0.500 0.857 0.357 0.736
Model CR 0.667 0.878 0.544 0.866
Table 5. The comparison of performance of different models
Comparison Delongtest NRI Py DI P o
Training data
Model C vs Model CR  0.160 0.525 0.027 0.102 0.026
Model C vs Model R 0.326 -0.46 0.054 -0.043 0.457
Model R vs Model CR  0.029 1.199 0 0.145 O
Validation data
Model C vs Model CR  0.452 0.35 0.270 0.070 0.085
Model C vs Model R 0.314 -0.432 0.172 -0.084 0.096
Model R vs Model CR  0.062 1.095 0 0.154 0.001

Table 6. Hosmer-Lemeshow tests of different Models

Figures

Model

Model C
Model R

Model CR

Training data
Statistic P
3.685 0.298
0.047 0.997
1.694 0.638

Validation data
Statistic P
1.137 0.768
4183 0.242
0.815 0.846
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Paticnt underwent TIPS from 2009 to 2024:n= 190

Patient excluded:n=88
TIPS failure:n=4
Data mostly missing:n=56

Severe systemic illnessin=18
Follow time < 2 year:n=64

k4

[ Patient included:n=202 ]

[ Train cort:n=141 J [ Validation cort:n=a1 l

! !
[aeaen | (e | [ |

5 ==

[Ihlh.lrilt& Logistic regrlnlnrl]

o] () (e

=) 0 O

Salection flowchart for consecutive patients who underwent TIPS procedures between 2019 and 2024,
TIPS, transjugular intrahepatic portosystemic shunt

Figure 1

Flowchart of the research process
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Figure 2

LASSO regression for variable selection

Notes: Figure 2A, LASSO regression analysis of clinical data; Figure 2B, LASSO regression analysis of
radiological data. Use LASSO regression analysis to perform feature selection separately on clinical data
and radiological data, and select the variables at the A;,, value as the selection result. Five variables

were ultimately chosen from the clinical data, which are as follows: Cirrhosis etiology, TBIL, Albumin, PT,
and Blood ammonia. Four variables were eventually selected from the radiological data, which are as
follows: Type of shunt channel, Initial stent position, MTDORHL, PVT. A, represents the value of A at the

best fit in the LASSO regression selection, and A5 represents the value of A at one standard error to the
right of A,;;,, The A parameter in the LASSO regression analysis of clinical data is: A, 0.027, A, 0.100;
The A parameter in the LASSO regression analysis of radiological data is: A,;,: 0.021, A;g 0.083.
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Figure 3

The ROC curves of the three models
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Notes: Figure 3A, ROC curve of the training cohort; Figure 3B, ROC curve of the validation cohort.
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Figure 4

The Calibration curves of three models

Training set: Figure 4A: Calibration curve of Model C; Figure 4B: Calibration curve of Model RiFigure 4C:
Calibration curve of Model CR;Validation set: Figure 4D: Calibration curve of Model C; Figure 4E:
Calibration curve of Model RiFigure 4F: Calibration curve of Model CR; Model C:Model Clinical;Model
R:Model Radiological;Model CR: ModelClinical-Radiological

The dashed line denotes the ideal alignment between predicted and actual outcomes, the blue line
represents the model's predicted results, and the red line represents the prediction results after 1000
resamples.
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Nomogram development based on the optimal model

Abbreviations: PT, Prothrombin Time; MTDORHL, Maximum Transverse Diameter of the Right Hepatic
Lobe; PVT, Portal Vein thrombus
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Figure 6

DCA Curves of different Models

Notes: Figure 6A, DCA curve of the training cohort; Figure 6B, DCA curve of the validation cohort.f
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