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Rationale and Objectives: To develop and validate a nomogram for the prediction of stent dysfunction after transjugular intrahepatic portosystemic shunt (TIPS) placement in patients with hepatitis B cirrhosis.
Materials and Methods: From 2012 to 2020, 355 patients with hepatitis B cirrhosis who underwent TIPS placements were enrolled in this
study. A multivariable logistic regression analysis was applied to determine independent risk factors for the nomogram construction. Discrimination, calibration, and clinical usefulness of the prediction model were assessed by using receiver operating characteristic curves,
calibration scatter plots, and a decision curve analysis (DCA).
Results: Independent factors for TIPS stent dysfunction included diabetes, previous splenectomy, the shunting branch of the portal vein,
and stent position, which were used to construct the nomogram. The AUC values in the training and validation cohorts were 0.817 (95%
CI: 0.731-0.903) and 0.804 (95% CI: 0.673-0.935), respectively, which suggested a good predictive ability. The calibration curves in both
cohorts revealed good agreement between the predictions and actual observations. The DCA curve indicated that when the threshold
probability ranged from 2% to 88%, the nomogram could provide clinical usefulness and a net beneﬁt.
Conclusion: The nomogram that we developed could be conveniently used to predict TIPS stent dysfunction in patients with hepatitis B
cirrhosis.
Key Words: TIPS; Stent dysfunction; Nomogram; Hepatitis B cirrhosis.
© 2022 The Association of University Radiologists. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
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Abbreviations: TIPS Transjugular intrahepatic portosystemic shunt, CI Conﬁdence interval, DCA Decision curve analysis, CDUS Color
doppler ultrasound, PVT Portal vein thrombosis, INR International normalized ratio, CTP Child Turcotte Pugh, MELD Model for end-stage
liver disease, PV Portal vein, SD Standard deviation, OR Odds ratio

INTRODUCTION

T

ransjugular intrahepatic portosystemic shunt (TIPS)
has been widely used in the treatment of portal
hypertensive complications in patients with cirrhosis
(1-3). However, stent dysfunction remains the main complication of TIPS (4-6). The previously reported 1-year
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dysfunction rate after TIPS placement ranged from 12.8% to
53.2% (7-10). Stent dysfunction may induce the recurrence
of portal hypertensive complications, such as gastroesophageal
variceal bleeding and ascites, which signiﬁcantly affect the
patient's quality of life and reduce survival time (11,12).
Therefore, it is necessary to explore the relevant factors to
comprehensively evaluate the function of the TIPS stent and
to assess the prognosis of the patient.
Stent dysfunction after TIPS placement is related to multiple risk factors (4,13-16). Previous studies have demonstrated
that acute thrombosis within the stent, as well as pseudointimal hyperplasia and bile leakage, were the main causes of
stent dysfunction (13,17,18). However, the clinical risk factors associated with stent dysfunction have not been fully elucidated. Additionally, there are currently no tools to integrate
these factors for predicting individual stent dysfunction. Currently, nomograms are widely used as prognostic devices to
provide superior individual disease risk estimation and guidance for optimal treatment decisions (19,20). However,
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nomograms that can predict stent dysfunction after TIPS
placement in hepatitis B cirrhosis patients have not been
reported. We hypothesized that some important clinical indicators could serve as independent predictors for TIPS stent
dysfunction. Our study aimed to develop a novel nomogram
to predict TIPS stent dysfunction based on independent predictors. To our knowledge, this is the ﬁrst study to describe a
nomogram to predict stent dysfunction after TIPS placement
in patients with hepatitis B cirrhosis.
MATERIALS AND METHODS
Study Population

This retrospective study was conducted as a single-center
study. Due to the fact that the main etiology of liver cirrhosis
is infection with hepatitis B virus in China, which accounts
for approximately 77% of the total number of cirrhosis
patients, this study included patients with hepatitis B cirrhosis
as the study population. From 2012 to 2020, a total of 355
patients with hepatitis B cirrhosis who underwent TIPS procedures in our hospital were retrospectively enrolled (Fig 1).
Patients meeting the following criteria were included: (1)
hepatitis B liver cirrhosis; (2) portal hypertensive complications; and (3) TIPS placement being performed by using a
single Viator stent or a bare stent combined with a ﬂuency
stent. The exclusion criteria were as follows: (1) liver cirrhosis
due to other causes; (2) malignant tumor; (3) cavernous transformation of the portal vein; (4) other serious systemic diseases; and (5) incomplete clinical data or follow-up time < 1
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year. The study was approved by the institutional ethics committee, and all of the participants signed informed consent
forms.

Stent Dysfunction Assessment

The following events suggested that stent dysfunction may
exist (4,8,16): (1) the recurrence of portal hypertensive complications; and (2) color Doppler ultrasound (CDUS) showing that the blood ﬂow velocity within the stent was more
than 250 cm/s or less than 50 cm/s. Stent dysfunction was
deﬁned as a shunt stenosis greater than 50%, and it was ﬁnally
conﬁrmed by using portal venography.

Data Collection and Follow up

The following clinical data were collected and analyzed: age,
indications for TIPS (acute variceal bleeding, recurrent variceal bleeding, refractory ascites), sex (male/female), splenectomy (yes or no), portal vein thrombosis (PVT, yes/no),
diabetes (yes/no), complete blood count, serum sodium,
international normalized ratio (INR), serum creatinine, total
bilirubin, albumin, the Child-Turcotte-Pugh (CTP) scores,
CTP classiﬁcation, the model for end-stage liver disease
(MELD) scores, shunting branch of the PV (right/left), types
of stents (single Viatorr stent/Fluency stent/bare stent combination), and initial stent position (optimal/suboptimal). The
optimal initial stent position was deﬁned when the following
criteria were met (10,21): (1) the proximal end of the stent

Figure 1. Selection ﬂowchart for consecutive patients who underwent TIPS procedures between 2012 and 2020. TIPS, transjugular intrahepatic portosystemic shunt.
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Figure 2. The angle between the tangent line of the distal end of the stent and the vascular wall of the PV was 16.5°, but the cephalic end of
the stent did not extend to the hepato-caval junction (a). The cephalic end of the stent extended to the hepato-caval junction but the angle
between the tangent line of the distal end of the stent and the vascular wall of the PV was 49.0° (b). The cephalic end of the stent did not extend
to the hepato-caval junction, and the angle between the tangent line of the distal end of the stent and the vascular wall of the PV was 80.5° (c).
PV, portal vein.

extended to the hepatocaval junction; and (2) the distal end
of the stent was parallel to the vascular wall of the PV (the
angle between the tangent line of the distal end of the stent
and the vascular wall of the PV was less than 20°). Otherwise,
the stent position was deﬁned as suboptimal (Fig 2).
The follow-up time was 1 year, and the primary end point
was stent dysfunction. All of the patients were followed for
clinical evaluation (medical history inquiry and physical
examination), blood biochemistry, and CDUS (diameter,
ﬂow velocity, and direction of ﬂow in the PV and stent) at 1,
3, 6, and 12 months or at the time of clinical symptom recurrence. When stent dysfunction was suspected, angiography
was performed to assess the stent patency.
Statistical Analysis

Patients (n = 355) were randomly divided into a training
cohort (n = 249) and a validation cohort (n = 106) by using
R 4.0.2 software at a ratio of 7:3. Baseline patient demographic
and clinical features were compared between the two groups
via the t test for continuous variables and via the chi-square
test for categorical variables. Subsequently, in the training
cohorts, variables with a p value < 0.1 in the univariate analysis
were entered into the multivariate logistic regression analysis by
using the stepwise selection method to identify the independent predictive factors for stent dysfunction. Based on the identiﬁed independent predictive factors, a nomogram was
constructed to predict the probability of 1-year stent dysfunction after TIPS procedures. Subsequently, we internally validated the nomogram by using the validation cohorts.
The receiver operating characteristic curve and the AUC
were used to evaluate the predictive discrimination of the
nomogram. Calibration curves were plotted to determine the
1534

concordance of the nomogram. Moreover, we utilized decision curve analysis (DCA) to assess the clinical usefulness and
net beneﬁts of the nomogram.
Data are presented as the mean and standard deviation or
count (percentage). Statistical analysis was performed via
SPSS software (version 21, IBM Corporation, Armonk, NY)
and the programming language R (version 4.0.3) for Windows. A two-sided p value < 0.05 was considered to indicate
statistical signiﬁcance.
RESULTS
Patient Characteristics

A total of 355 patients with hepatitis B cirrhosis were
included in this study. Approximately 70% of the patients
were randomly selected as the training cohort to develop a
prediction model, and the remaining 30% of the patients
were used to test the model as the validation cohort. Figure 1
presents the patient selection ﬂowchart. There were 32
patients with stent dysfunction in the training cohort and 17
patients in the validation cohort. The incidence of stent dysfunction was 12.9% and 16.0% in the training cohort and validation cohort, respectively. There were no statistically
signiﬁcant differences between the two cohorts (Table 1).
Risk Factors for Dysfunction

The univariate logistic regression analysis showed that age,
splenectomy, diabetes, complete blood count, INR, shunting
branch of the PV, and initial stent position were correlated
with the risk of stent dysfunction (Table 2). The multivariate
logistic regression analysis demonstrated that diabetes (yes,
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TABLE 1. Distribution of Demographic and Clinical Information
Variables

Training Cohort
n = 249 (70%)

Validation Cohort
n = 106 (30%)

p

Age (years)
54.0 § 11.8
56.3 § 10.2
0.079
Sex
Male
159
66
0.776
Female
90
40
Indications for TIPS
0.904
Acute variceal bleeding
32
12
Recurrent variceal
200
86
bleeding
Refractory ascites
17
8
Diabetes
0.918
Yes
60
25
No
189
81
PVT
0.141
Yes
38
23
No
211
83
Splenectomy
0.754
Yes
53
21
No
196
85
White blood cells (109/L)
5.2 § 4.3
5.3 § 5.6
0.800
Hemoglobin (g/L)
76.7 § 13.1
76.4 § 12.5
0.841
90.9 § 66.1
80.5 § 66.4
0.179
Platelets (109/L)
Serum sodium (mmol/L)
139.6 § 5.2
139.7 § 6.0
0.937
INR
1.37 § 0.31
1.44 § 0.31
0.086
Serum creatinine (mmol/L)
66.6 § 19.1
70.3 § 26.7
0.141
Total bilirubin (mmol/L)
25.7 § 21.1
26.4 § 20.7
0.754
Albumin (g/L)
31.8 § 8.0
30.4 § 6.4
0.093
CTP scores
7.7 § 1.4
7.8 § 1.4
0.372
CTP classiﬁcation
0.205
A
51
14
B
172
77
C
26
15
MELD scores
11.3 § 3.4
11.9 § 3.0
0.087
Shunting branch of the PV
0.928
Left
168
71
Right
81
35
Types of stents
0.143
A single viatorr stent
88
29
Fluency stent/bare stent
161
77
combination
Initial stent position
0.847
Optimal
176
76
Suboptimal
73
30
Stent dysfunction
0.426
Yes
32
17
No
217
89
CTP, Child Turcotte Pugh; INR, International normalized ratio; MELD, Model for end-stage liver disease; PV, Portal vein; PVT, Portal
vein thrombosis; TIPS, transjugular intrahepatic portosystemic shunt.

OR = 3.531 [1.294-9.637], p = 0.014), splenectomy (yes,
OR = 4.912 [1.702-14.176], p = 0.003), shunting branch of
the PV (right, OR = 3.999 [1.629-9.816], p = 0.002), and
initial stent position (suboptimal, OR = 6.635 [2.49517.642], p < 0.001) were independent risk factors for stent
dysfunction (Table 3).

Development and Validation of the Nomogram

The nomogram was constructed based on the independent
risk factors (Fig 3). The AUC values in the training and validation cohorts were 0.817 (95% CI: 0.731-0.903) and 0.804
(95% CI: 0.673-0.935), respectively (Fig 4), which indicated
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TABLE 2. Univariate Logistic Regression in the Training Cohort
Variables

Stent Dysfunction
n = 32 (12.9%)

Stent Patency
n = 217 (87.1%)

OR

95% CI

p

Age
58.1 § 9.7
53.4 § 12.0
1.036
1.002-1.071 0.037
Sex
1.443
0.680-3.061 0.339
Male
18 (56.3%)
141 (65.0%)
Female
14 (43.7%)
76 (35.0%)
Indications for TIPS
1.071
0.278-4.134 0.920
Acute variceal bleeding
4 (12.5%)
28 (12.9%)
Recurrent variceal bleeding
26 (81.3%)
174 (80.2%)
Refractory ascites
2 (6.2%)
15 (6.9%)
Diabetes
2.891
1.338-6.248 0.007
Yes
14 (43.7%)
47 (21.7%)
No
18 (56.3%)
170 (78.3%)
PVT
2.537
1.069-6.020 0.035
Yes
9 (28.1%)
29 (13.4%)
No
23 (71.9%)
188 (86.6%)
Splenectomy
3.028
1.382-6.634 0.006
Yes
12 (37.5%)
42 (19.4%)
No
20 (62.5%)
175 (80.6%)
White blood cells (109/L)
4.8 § 2.4
5.2 § 4.5
0.976
0.887-1.074 0.621
Hemoglobin (g/L)
79.3 § 12.9
76.4 § 13.1
1.018
0.988-1.048 0.241
Platelets (109/L)
113.5 § 70.7
87.5 § 64.9
1.005
1.000-1.010 0.043
Serum sodium (mmol/L)
138.7 § 5.1
139.7 § 5.3
0.966
0.903-1.034 0.318
INR
1.3 § 0.2
1.4 § 0.3
0.215
0.047-0.992 0.049
Serum creatinine (mmol/L)
65.4 § 20.2
66.8 § 18.9
0.996
0.976-1.016 0.695
Total bilirubin (mmol/L)
24.3 § 16.7
25.9 § 21.7
0.996
0.977-1.015 0.694
Albumin (g/L)
30.7 § 4.5
32.0 § 8.4
0.972
0.915-1.033 0.365
CTP scores
7.8 § 1.3
7.6 § 1.4
1.116
0.856-1.453 0.418
CTP classiﬁcation
1.669
0.836-3.329 0.146
A
3 (9.4%)
48 (22.1%)
B
25 (78.1%)
147 (67.8%)
C
4 (12.5%)
22 (10.1%)
MELD scores
10.6 § 3.2
11.4 § 3.4
0.919
0.811-1.041 0.183
Shunting branch of the PV
4.995
2.272-10.983 0.000
Left
12 (37.5%)
157 (72.4%)
Right
20 (62.5%)
60 (27.6%)
Types of stents
1.463
0.645-3.317 0.362
A single viatorr stent
9 (28.1%)
79 (36.4%)
Fluency stent/bare stent combination
23 (71.9%)
138 (63.6%)
Initial stent position
5.157
2.365-11.248 0.000
Optimal
13 (40.6%)
163 (75.1%)
Suboptimal
19 (59.4%)
54 (24.9%)
CTP, Child Turcotte Pugh; INR, International normalized ratio; MELD, Model for end-stage liver disease; PV, Portal vein; PVT, Portal
vein thrombosis; TIPS, transjugular intrahepatic portosystemic shunt.

good predictive stability. Moreover, the calibration curves
demonstrated good agreement between the observed outcome and prediction in both cohorts (Fig 5). DCA indicated
that when the threshold probability ranged between 2% and
88%, the use of the nomogram to identify stent dysfunction
in hepatitis B cirrhosis patients provided a net beneﬁt (Fig 6).
DISCUSSION
In this study, the univariate logistic regression analysis, followed by multivariate logistic regression analysis, were performed to identify independent risk factors for stent
1536

dysfunction. Eventually, four variables (splenectomy, diabetes, shunting branch of the PV, and initial stent position)
were selected as independent risk factors for stent dysfunction
in hepatitis B cirrhosis patients.
In the previous research, splenectomy has been conﬁrmed
as an independent risk factor for TIPS stent dysfunction
(14,22,23). Qi et al. found that patients who underwent splenectomy had a signiﬁcantly higher rate of shunt dysfunction
after TIPS placement (22,23). Furthermore, Yang et al. and
Dong et al. reported that patients with splenectomy had a
high incidence of portal vein thrombosis, which can
markedly affect TIPS stent patency (14,24). These results are
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Figure 3. The nomogram for predicting the probability of stent dysfunction.

consistent with the ﬁndings of our study. Moreover, in our
study, a history of diabetes was ﬁrst identiﬁed as an independent risk factor for TIPS stent dysfunction. This is likely
explained by the hypercoagulable state of diabetic patients,
which may induce acute thrombosis. Hyperglycemia in diabetes damages vascular endothelial cells and increases platelet
activity, and abnormal lipid and protein metabolism may
increase clotting and viscosity (25).
In addition, we identiﬁed the shunting branch of the PV as
being an independent risk factor for TIPS stent dysfunction.
Several studies have shown that the rate of long-term patency
of the left branch of the portal vein is signiﬁcantly higher
than that of the right branch (10,21,26). The main reasons for
this effect are as follows: (1) the stent shunt has better plasticity and is less likely to produce pseudointimal hyperplasia and
stenting stricture due to the straighter puncture trajectory
between the middle hepatic vein and the left portal vein (27);
(2) the distance between the left branch of the portal vein

and the hepatic vein is shorter, which facilitates shunt creation
and decreases the contact area between the stent and liver
parenchyma, thus reducing the probability of pseudointimal
hyperplasia and growth of the liver parenchyma into the stent
(28); and (3) the laminar shear stress of the left branch of the
portal vein causes less turbulence during stent shunting and
reduces the risk of thrombosis (29). Therefore, the left portal
vein should be chosen for shunt creation in TIPS procedures,
which could reduce the incidence of stent dysfunction.
Furthermore, our study found that the initial stent position
was signiﬁcantly related to TIPS stent dysfunction. The initial
stent position was deﬁned as optimal and suboptimal, with
the latter having a higher risk of stent dysfunction. When the
cephalic end of the stent does not extend to the hepato-caval
junction, the possibility of pseudointimal hyperplasia and
thrombosis will be increased, which will ultimately lead to
stent dysfunction (17,30,31). Clark et al. reported that the initial stent position within the hepatic venous outﬂow is

Figure 4. The AUC values in the training and validation cohorts were 0.817 (95% CI: 0.731-0.903) and 0.804 (95% CI: 0.673-0.935), respectively. (Color version of ﬁgure is available online.)
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Figure 5. Calibration curves for the training (a) and validation cohorts (b).

predictive of shunt patency, with TIPS extension to the hepatocaval junction having a longer lifespan than shunts terminating in the HV (21). In addition, if the tangent angle
between the caudal end of the stent and the wall of the portal
vein is too large, it causes chronic damage to the intima, thus
leading to stent stenosis or occlusion (32).
Nomograms are a simple and powerful tool for individualized disease-related risk estimations. Nomograms that can
predict hepatic encephaloapthy-free survival and 3-month

mortality after TIPS procedures have been described in the
previous literature. However, to the best of our knowledge,
no studies have been demonstrated to date on prediction
models for TIPS stent dysfunction (33,34). In our study,
based on independent risk factors related to stent dysfunction,
we constructed and validated a nomogram that may help
clinicians in monitoring stent dysfunction and in optimizing
individualized treatment strategies. Speciﬁcally, the risk of
TIPS stent dysfunction in each patient can be calculated by
using our nomogram and clinicians should pay more attention to patients with a high risk of stent dysfunction. For
example, consider a hepatitis B cirrhosis patient who underwent TIPS placement with previous splenectomy, diabetes,
left shunting branch of the PV, and suboptimal initial stent
position. For this patient, we could use the nomogram to calculate the risk by adding the points assigned to each risk factor. Finally, we obtained a total score of 254, which indicate
that the stent dysfunction probability was approximately

TABLE 3. Multivariate Logistic Regression in the Training
Cohort

Figure 6. The DCA for the prediction nomogram. The y-axis measures the net beneﬁt. The horizontal black line represents the
assumption that no patients should take the necessary measures,
whereas the gray line represents the assumption that all of the
patients should take the necessary measures. The blue line represents the prediction nomogram, which showed that when the
threshold probability was between 2% and 88%, the nomogram
could provide clinical usefulness and net beneﬁt. DCA, decision
curve analysis. (Color version of ﬁgure is available online.)
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Variables

SE

OR

95% CI

p

Age
Diabetes
PVT
Splenectomy
Platelets
INR
Shunting branch of the PV
Initial stent position

0.020
0.512
0.583
0.541
0.003
0.934
0.458
0.449

1.021
3.531
2.443
4.912
1.002
0.279
3.999
6.635

0.981-1.062
1.294-9.637
0.779-7.655
1.702-14.176
0.996-1.009
0.045-1.741
1.629-9.816
2.495-17.642

0.307
0.014
0.125
0.003
0.534
0.172
0.002
0.000

INR, International normalized ratio; PV, Portal vein; PVT, Portal vein
thrombosis.
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63.7%, and it was recommended to increase follow-up times
for this patient, especially regarding CDUS for stent dysfunction.
Nevertheless, the present study had several limitations.
First, as a retrospective study, there is an inevitable data bias.
Second, the patient population was limited to hepatitis B cirrhosis patients, and we only predicted the probability of 1year TIPS stent dysfunction. Further research should be performed to predict the long-term patency rate of TIPS stents.
Not all of the patients underwent venography, which may
have caused TIPS dysfunction to be underestimated in the
current cohort. In addition, diabetes is the only newly identiﬁed risk factor for stent dysfunction after TIPS, and the other
3 factors are well known. Finally, internal and external validations of the nomogram were performed by using data from
the same center, and the included variables were limited.
Multicenter studies involving more variables should be conducted to establish a nomogram model for predicting TIPS
stent dysfunction.
CONCLUSIONS
In summary, we established and validated a nomogram for
evaluating the risk of TIPS stent dysfunction in hepatitis B
cirrhosis patients. The nomogram provides a promising tool
to optimize individual management for hepatitis B cirrhosis
patients who underwent TIPS.
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