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ABSTRACT

Objectives The efficacy of transjugular intrahepatic
portosystemic shunt (TIPS) plus extrahepatic collateral
embolisation (TIPS+E) in reducing rebleeding and hepatic
encephalopathy (HE) post-TIPS was recently reported in

a meta-analysis, but further validation is essential. This
study aims to confirm the effectiveness of TIPS+E using
real-world data.

Methods The multicentre retrospective cohort included
2077 patients with cirrhosis who underwent TIPS+E (TIPS:
631, TIPS+E: 1446) between January 2010 and December
2022. Regression and propensity score matching (PSM)
were used to adjust for baseline characteristic differences.
After PSM, clinical outcomes, including rebleeding,

HE, survival and further decompensation (FDC), were
analysed. Baseline data from all patients contributed to the
construction of prognostic models.

Results After PSM, 1136 matched patients (TIPS+E:
TIPS=568:568) were included. TIPS+E demonstrated

a significant reduction in rebleeding (HR 0.77; 95% Cl
0.59 to 0.99; p=0.04), HE (HR 0.82; 95% Cl 0.68 to

0.99; p=0.04) and FDC (HR 0.85; 95% Cl 0.73 to 0.99;
p=0.04), comparing to TIPS. Significantly, TIPS+E also
reduced rebleeding, HE and FDC in subgroup of using

8 mm diameter stents and embolising of gastric
varices-+spontaneous portosystemic shunts (GV+SPSS).
However, there were no differences in overall or subgroup
survival analysis. Additionally, the random forest models
showed higher accuracy and AUROC comparing to other
models. Controlling post-TIPS portal pressure gradient
(pPPG) within 7 mm Hg<pPPG<8.5mm Hg improved
prognosis, especially in TIPS+E group.

Conclusion Our real-world data validation confirms the
high efficacy of TIPS+E in reducing rebleeding and HE,
particularly when using 8 mm diameter stents, embolising
GV+SPSS and maintaining an optimal pPPG.

INTRODUCTION

Portal hypertension, a severe complication of
liver cirrhosis, could cause a substantial risk of
lethal events such as variceal bleeding, ascites
and hepatic encephalopathy (HE), signifi-
cantly impacting life quality and increasing
disease burden.'”” Transjugular intrahepatic
portosystemic shunt (TIPS), particularly
polytetrafluoroethylene (PTFE)-covered

WHAT IS ALREADY KNOWN ON THIS TOPIC

= While controversy exists regarding the efficacy of
TIPS+E, current guidelines recommend it for varice-
al bleeding. The clinical outcomes of TIPS+E remain
debated, necessitating a comprehensive real-world
analysis.

WHAT THIS STUDY ADDS

= Our study, based on a large Chinese multicentre co-
hort, demonstrates that TIPS+E significantly reduc-
es post-TIPS rebleeding, hepatic encephalopathy
and further decompensation compared with TIPS
alone in patients with cirrhosis. Subgroup analyses
highlight benefits with 8 mm diameter stents and
gastric varices+spontaneous portosystemic shunts
embolisation.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These findings provide robust support for the effi-
cacy of TIPS+E in real-world settings, emphasising
potential prognostic advantages with specific pro-
cedural considerations. The study is aligned with
the principles of precision medicine, incorporating
stent diameters and embolisation strategy, inform-
ing future guidelines and encouraging personalised
interventions in clinical practice.

TIPS, is a well-established therapeutic inter-
vention for portal hypertension and its
associated complications." While current
guidelines recommend TIPS plus extrahe-
patic collateral embolisation (TIPS+E) for
controlling variceal bleeding and reducing
rebleeding,' ?° "' the clinical outcomes of
TIPS+E remain controversial.

In our recent meta-analysis'' including
15 studies and 1408 patients with cirrhosis
with variceal bleeding, TIPS+E exhibited
superior efficacy in reducing both post-
TIPS rebleeding and HE, while no signifi-
cant difference in risk of shunt dysfunction,
new-onset ascites after TIPS, hepatocellular
carcinoma, mortality or adverse events was
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found between the two groups. Similarly, earlier meta-
analysis'® and recent studies have indicated the poten-
tial of TIPS+E in reducing variceal rebleeding,”®
although no significant reduction in HE was observed
in their analyses. Nevertheless, conflicting reports exist,
with several studies reporting that TIPS+E has no signif-
icant efficacy on rebleeding or HE,'"*! exemplified by a
recent randomised controlled trial (RCT).* In this RCT,
TIPS+E failed to significantly improve clinical outcomes
in patients with liver cirrhosis, including rebleeding, HE
or overall survival.

To comprehensively assess the efficacy of TIPS+E,
this study aims to retrospectively analyse data from
a large-sized real-world multicentre cohort in China
and construct prognostic models for post-TIPS clinical
outcomes.

MATERIALS AND METHODS

Patients and inclusion criteria

The retrospective study enrolled patients with cirrhosis
with gastro-oesophageal varices (GOV) who under-
went TIPS£E at six academic university affiliated hospi-
tals between January 2010 and December 2022 (online
supplemental figure 1). Eligible patients met the following
inclusion criteria: (1) age between 18 and 75 years; (2)
diagnosed with liver cirrhosis based on clinical features,
imaging examinations or liver histology; (3) met TIPS
indications according to recent guidelines1 24, (4) under-
went TIPS+E for variceal bleeding; (5) received covered
stents of 6 mm, 8 mm or 10 mm diameters (VIATORR, W.L.
Gore & Associates, Phoenix, Arizona, USA or Fluency,
Bard Peripheral Vascular, Tempe, Arizona, USA) and (6)
had complete electronic health records including both
medical records and TIPS procedure records. Exclusion
criteria were as follows: (1) presence of contraindications
on TIPS; (2) a Child-Turcotte-Pugh (CTP) score >13
points or Model for End-stage Liver Disease (MELD) >18
points; (3) received bared-mental stents of TIPS; (4) poor
compliance to conventional therapy (such as entecavir
or tenofovir for patients with chronic hepatitis B, strict
abstinence from alcohol for individuals with alcoholic-
related liver cirrhosis, and the use of ursodesoxycholic
acid for primary biliary cirrhosis, among other specified
therapies) for eliminating or suppressing the aetiolo-
gies; (5) prior TIPS, surgical shunt placement or liver
transplantation; (6) non-cirrhotic portal hypertension
(such as idiopathic non-cirrhotic portal hypertension,
hepatic sinusoidal obstruction syndrome or Budd-Chiari
syndrome, etc); (7) 250% occlusion of vena cava due to
portal vein thrombosis or cavernous transformation; (8)
advanced malignancy; (9) end-stage renal disease under
renal replacement therapy; (10) severe cardiopulmonary
disease; (11) pregnancy or lactation or child and (12)
insufficient clinical data or had lost to follow-up within 1
year after the procedure. All patients received adequate
treatment for eliminating or suppressing the aetiologies,

such as entecavir or tenofovir for patients with chronic
hepatitis B, etc.

TIPS and TIPS+E procedure

TIPS procedures in this study were performed accordin
to established protocols as previously described."* *** In
brief, TIPS was performed under conditions of haemody-
namic stabilisation after accessing the right hepatic vein
via the internal jugular vein. An intrahepatic tract was
established by crossing the hepatic veins and portal veins,
and the tract was validated using portography. A PTFE-
covered stent with a diameter of 6 mm, 8 mm or 10 mm
was then placed to support the tract, with balloon dilation
to suitable diameters. Portal pressure gradient (PPG) was
measured before and after TIPS insertion (measured via
the main portal vein and the inferior vena cava) (post-
TIPS PPG, pPPG). Haemodynamic success was defined as
a reduction of absolute pPPG to <12mm Hg or a relative
reduction of PPG by at least 50% from baseline.

For GOV1, GOV2 and IGV1, embolisation would
be performed® for bleeding oesophagogastric varices.
If existent of gastric varices (GV) concurrent sponta-
neous portosystemic shunts (SPSS), embolisation of
both GV and SPSS would be performed. In the TIPS+E
group, embolisation was performed prior to TIPS stent
implantation. Embolisation was performed using cyano-
acrylate or other tissue-vessel glues, plus coils as previ-
ously described.'* ** Embolisation was performed until
the varices or SPSS could no longer be detected on
contrast angiography. All interventional procedures were
conducted by experienced chief physicians in the six
centres.

Data collection and follow-up
Demographic and baseline data were collected from
the first inpatient medical records, which included age,
gender, aetiology of cirrhosis, platelet levels (PLT),
haemoglobin (Hb), albumin (ALB), total bilirubin
(TBIL), international normalised ratio (INR), extend of
prothrombin time (ePT) and creatinine (Cr). Medical
history, such as ascites, variceal classifications, history
of variceal bleeding or HE, variceal classifications and
timing of TIPS, was also recorded. PPG and pPPG were
obtained from TIPS procedure records. CTP and MELD
scores were calculated based on the baseline records.
Follow-up was conducted through clinic visits or inpa-
tient visits, and patients were recalled to centres from 1
June 2022 to 31 December 2022. The median follow-up
time was 32.5 (19.3, 56.6) months, with a range of 1 week
to 140 months. The clinical outcomes were rebleeding,
HE, mortality (including death or liver transplantation)
and further decompensation (FDC). Rebleeding was
defined as haematemesis or melena, or evaluated by
endoscopy (Because not all patients received endoscopy
examination during follow-up, the outcome of rebleeding
was the all-cause rebleeding in practice). HE was defined
as grade II or higher on the West Haven criteria (due
to lack of scoring systems like number connection
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test during clinic visits, the outcome of HE was OHE
in practice). Mortality was defined as death from any
cause. Stent stenosis, also known as shunt dysfunction,
was confirmed by imaging examinations conducted at
last follow-up. FDC' was defined as (a) development of
a second portal hypertension-driven decompensating
event (ascites, variceal haemorrhage or HE) and/or jaun-
dice; (b) development of recurrent variceal bleeding,
recurrent ascites (requirement of >3 large volume para-
centeses within 1 year), recurrent encephalopathy; (c) in
patients presenting with bleeding alone, development of
ascites, encephalopathy or jaundice after recovery from
bleeding but not if these events occur around the time
of bleeding (As some of the follow-up assessments were
conducted during clinic visits, not all patients underwent
a comprehensive re-evaluation of liver function tests and
complications, such as spontaneous bacterial perito-
nitis or hepatorenal syndrome. FDC consideration was
limited to patients meeting the specified criteria a—c. All
the variables referred to above, such as demographic and
baseline data, haemodynamic success, stent stenosis, and
embolisation, were included in modelling construction.

STATISTICAL ANALYSIS

Continuous data are presented as median (IQR), and
categorical data are expressed as percentages. Student’s
t-test was applied for continuous variables, while the
Mann-Whitney non-parametric test was used for non-
normally distributed continuous data. Categorical vari-
ables were compared using the %* test or Fisher’s exact
test, as appropriate.

To balance significant differences in baseline char-
acteristics between TIPS+Eand TIPS alone, propensity
score matching (PSM) was used to mitigate potential
confounding factors. Propensity scores were estimated
for all patients through a multivariable logistic regression
(LR) model, with TIPS+E or TIPS alone as the dependent
variable. Covariates included study centres, age, gender,
cirrhosis aetiology, CTP score, MELD score, history of
ascites, history of HE, variceal classification, timing of
TIPS, PPG, post-TIPS PPG (pPPG), stent diameters and
follow-up time. A 0.02 calliper was used for 1:1 matching.
After PSM, Cox proportional hazards regression model
was used for the analysis of cumulative rebleeding rates,
HE rates, mortality and FDC rates, with reported HRs
and 95% Cls.

Prognostic predictive models were developed using
machine learning models, including random forest
(RF), artificial neural network (ANN) and support vector
machine (SVM), alongside traditional models such as
LR and Cox regression. Hyperparameter selection was
automated, optimising prediction performance. Model
performance was evaluated using receiver operating
characteristic (ROC) curves, area under the curve, accu-
racy (AC), sensitivity (SE) and specificity (Sp). Signifi-
cance was set at a two-sided p<0.05 for all tests.

Statistical analyses and figures were conducted
using SPSS (V.26.0, IBM), GraphPad Prism (V.8.3.1 for
Windows; GraphPad Software, www.graphpad.com) and
Pycharm (JetBrains s.r.o., https:/ /www.jetbrains.com.cn/
en-us/pycharm/; based on Python V.3.10.0, Python Soft-
ware Foundation; https://www.python.org/downloads/
release/python-3100).

RESULTS

Demographic and baseline characteristics

A total of 2077 patients enrolled in the study, with 631
undergoing TIPS alone and 1446 opting for TIPS+E.
Key demographic and clinical features are outlined in
online supplemental table 1. The median age was 52.0
years (44.0, 60.0), and the majority were male (64.3%).
Viral-related cirrhosis constituted the primary aetiology
(67.4%), with median CTP and MELD scores of 7.0 (6.0,
8.0) and 11.0 (9.0, 13.0), respectively. At baseline, 67.4%
(1339) presented with ascites, while only 1.0% (21, 14
in TIPS+Eand 7 in TIPS) reoccurred (Due to the low
recurrence frequency, it was not analysed as a separate
outcome). According to Sarin’s criteria for variceal clas-
sification, 32.8% had oesophageal varices, 33.9% had
GOV1, 11.7% had GOV type 2 (GOV2) and 21.5% had
isolated gastric varices type 1 (IGVI). Concerning the
timing of TIPS, 85.1% (1767) received it as secondary
prevention for variceal rebleeding, while 14.9% (310)
received it for acute variceal bleeding. The majority
(90.8%) underwent TIPS with 8 mm diameter stents,
with 6mm and 10mm diameters chosen by 4.4% and
4.8% of patients, respectively. Haemodynamic success
was achieved in 88.7% (1843) of patients. The median
PPG before the procedure was 24.0mm Hg (20.0,
27.3), decreasing to 8.8mm Hg (6.0, 11.0). The median
follow-up time was 32.5 months (19.3, 56.6).

Prior to PSM, several variables showed significant
differences between TIPS+Eand TIPS, including age,
gender, variceal classifications, PPG, pPPG, the propor-
tion of PPG decline, stent diameters and follow-up time.
Following PSM (details in online supplemental table
2), 568 pairs of matched patients were selected, and no
significant differences in baseline characteristics were
observed between the two groups (online supplemental
table 1).

PSM analysis: reduction in rebleeding, HE and FDC with
TIPS+E

Following PSM of 1312 patients, TIPS+E demonstrated
a substantial decrease in rebleeding, HE and FDC
compared with TIPS alone.

Rebleeding

Among the matched patients, 232 (20.4%) experienced
variceal rebleeding, with 132 (23.2%) in the TIPS group
and 100 (17.6%) in the TIPS+E group. The TIPS+E
group exhibited a significantly lower rebleeding rate
compared with the TIPS group (HR 0.77; 95% CI 0.59 to
0.99; p=0.04) (figure 1A).
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Figure 1 The clinical outcomes of TIPS and TIPS+E. (A) Cumulative rebleeding rates; (B) cumulative hepatic encephalopathy
rates; (C) cumulative survival rates; (D) cumulative further decompensation rates. TIPS, transjugular intrahepatic portosystemic

shunt; TIPS+E, TIPS plus extrahepatic collateral embolisation.

Hepatic encephalopathy

In terms of HE, 433 (38.1%) patients experienced it after
the TIPStE procedure, with 235 (41.4%) in the TIPS
group and 198 (34.9%) in the TIPS+E group. Only four
patients who had experienced HE at baseline encoun-
tered HE again (three in TIPS, one in TIPS+E). TIPS+E
presented a significantly lower risk of HE compared
with TIPS alone (HR 0.82; 95% CI 0.68 to 0.99; p=0.04)
(figure 1B).

Survival

Regarding survival, 375 (33.0%) patients died during
the follow-up, with 198 (34.9%) in the TIPS group and
177 (31.2%) in the TIPS+E group (figure 1C). No signif-
icant difference in cumulative survival rates was observed
between the two groups (HR 0.85; 95% CI 0.70 to 1.05;
p=0.12) (figure 1C).

Further decompensation

According to the definition of FDC, 637 (56.0%) patients
experienced it, with 337 (59.3%) in the TIPS group and
300 (26.4%) in the TIPS+E group (figure 1D). TIPS+E
demonstrated a significantly lower risk of FDC compared

with TIPS alone (HR 0.85; 95% CI 0.73 to 0.99; p=0.04)
(figure 1D).

Subgroup analysis

Stents of 8 mm diameter: significant reduction in rebleeding, HE
and FDC with TIPS+E

In our previous study,” compared with TIPS alone,
TIPS+E using stents of 8-10mm in diameter reduced
both rebleeding and HE, whereas using 8 mm decreased
HE. Notably, 90.8% of patients used 8 mm stents in our
present study. In the PSM cohort, 1059 (93.2%) used
8mm stents, with 531 (93.5%) in TIPS alone and 528
(93.0%) in TIPS+E; 34 (3.0%) used 6 mm stents, with 18
(3.2%) in TIPS and 16 (2.8%) in TIPS+E; 43 (3.8%) used
10mm stents, with 22 (3.9%) in TIPS and 21 (3.7%) in
TIPS+E.

In patients using 8 mm diameter stents, TIPS+E showed
significantly lower rates of rebleeding (HR 0.74; 95% CI
0.57 to 0.97; p=0.03), HE (HR 0.82; 95% CI 0.67 to 0.99;
p=0.046) and FDC (HR 0.82; 95% CI 0.67 to 0.96; p=0.01)
compared with TIPS (figure 2A,B,D). However, no signif-
icant difference in survival was observed (figure 2C).
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Figure 2 Subgroups: clinical outcomes of TIPS and TIPS+E in stents of 6 mm, 8 mm and 10 mm on diameters. (A)
Cumulative rebleeding rates; (B) cumulative hepatic encephalopathy rates; (C) cumulative survival rates; (D) cumulative
further decompensation rates. TIPS, transjugular intrahepatic portosystemic shunt; TIPS+E, TIPS plus extrahepatic collateral
embolisation.” means p<0.05; ** means p<0.01;*** means p<0.001; **** means p<0.0001.

Conversely, in patients using 6mm or 10mm diameter
stents, there were no significant differences in outcomes
between TIPS+Eand TIPS.

Embolisation of GV and SPSS: significant reduction in rebleeding,
HE and FDC compared with GV embolisation only

Among the 1447 patients receiving TIPS+E, 1190 under-
went GV+SPSS embolisation, while 257 had GV embo-
lisation only. PSM was performed to balance sample
sizes, resulting in 65 matched pairs for subgroup analysis
(online supplemental table 3).

In patients underwent TIPS+E, GV+SPSS embolisa-
tion significantly reduced rates of rebleeding (HR 0.06;
95% CI 0.02 to 0.16; p<0.001), HE (HR 0.56; 95% CI
0.33 to 0.97; p=0.04) and FDC (HR 0.43; 95% CI 0.26
to 0.71; p=0.002) compared with GV embolisation only
(figure 3A,B,D). Similar survival rates were observed in
both groups (figure 3C).

RF models outperform other methods in predictive value

We used machine learning methods, including RF, ANN
and SVM, alongside traditional methods such as LR
and Cox regression, to establish prognostic models for
rebleeding, HE, survival and FDC. Principal component

analysis with an explained variance threshold of 0.95
was used for feature extraction, yielding 37 principal
components. The data were split into training and
testing sets with a 0.3 ratio. The RF model, with 126
classifiers and a maximum depth of 9, demonstrated
superior performance. Parameters were optimised for
sensitivity, resulting in the best-performing parameters.
Similar methods were applied to ANN and SVM. In
LR and Cox regression, variables with p<0.1 in univar-
iate analysis were included in a backward stepwise
regression.

Models using the RF method had higher accuracy
(online supplemental table 4) in rebleeding (0.85,95% CI
0.80 to 0.90), HE (0.80, 95% CI 0.76 to 0.84), survival
(0.83, 95% CI 0.79 to 0.87) and FDC (0.80, 95% CI 0.76
to 0.84) compared with other methods, with SVM and
ANN performing better than LR and Cox.

The area under the receiver operating characteristic
(AUROC) of RF models for rebleeding was 0.86 (0.84,
0.89), for HE was 0.71 (0.69, 0.74), for survival was 0.78
(0.75,0.80) and for FDC was 0.90 (0.87,0.92). AllAUROC
values of RF models were higher than other methods,
with SVM and ANN outperforming LR and Cox, as well
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Figure 3 Subgroups: clinical outcomes of TIPS+E in embolisation of GV or GV+SPSS. (A) Cumulative rebleeding rates;
(B) cumulative hepatic encephalopathy rates; (C) cumulative survival rates; (D) cumulative further decompensation rates.
GV+SPSS, gastric varices+spontaneous portosystemic shunts; TIPS+E, transjugular intrahepatic portosystemic shunt plus

extrahepatic collateral embolisation.

as in sensitivity and specificity (online supplemental table
4).

Subgroup analysis based on RF prognostic models variables
In RF models, the top 15 variables, ranked by features
importance (figure 4), were INR, ALB, Cr, ePT, PPG,
PPG%, TBIL, age, Na, Hb, PLT, pPPG, MELD, CTP
and shunt dysfunction. Further analysis revealed that
a pPPG<8.5mm Hg cut-off was associated with signifi-
cantly lower rebleeding rates (HR 0.77, 95% CI 0.60 to
0.98; p=0.04) (online supplemental figure 2a), while
pPPG<7mm Hg was associated with increased mortality
(HR 1.25, 95% CI 1.00 to 1.57; p=0.048) (online supple-
mental figure 2b).

To validate our findings, we compared pPPG thresh-
olds in the TIPS+E group. Surprisingly, in the TIPS+E
group, patients with pPPG>8.5mm Hg had the highest
rebleeding rates among all groups (HR 0.63, 95% CI 0.47
to 0.86; p=0.004) (online supplemental figure 2c). Addi-
tionally, patients with pPPG<7mm Hg had significantly
higher mortality rates compared with all other groups
(HR 1.40, 95% CI 1.06 to 1.85; p=0.01) (online supple-
mental figure 2d).

DISCUSSION

Our present study based on large real-world data in China,
demonstrated that, after PSM, TIPS+E could significantly
reduce post-TIPS rebleeding, HE and FDC comparing
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Figure 4 The top 15 variables ranked by features importance by random forest model. AIb, albumin; Cr, creatinine; CTP,
Child-Turcotte-Pugh; ePT, extend of prothrombin time; Hb, haemoglobin; HE, hepatic encephalopathy; INR, international
normalised ratio; MELD, model for end-stage liver disease; Na, serum natrium; PLT, platelet; pPPG, post-TIPS portal pressure

gradient; SD, shunt dysfunction; TBIL, total bilirubin.

to TIPS alone in patients with cirrhotic portal hyperten-
sion. Notably, our subgroup analysis suggested additional
benefits in prognosis when using 8 mm diameter stents
and performing embolisation of GV+SPSS. These real-
world data provide robust support and supplementation
to our recent meta-analysis.”

Indeed, TIPS+E in controlling variceal rebleeding has
been in controversy. It has been reported that TIPS+E has
been routinely practised in 24%-48% of patients® (in our
data for 69.6%). We reviewed for studies reported for the
clinical outcomes of TIPSzE, and 15 studies!*1? 17-20 26-33
were found. All the 15 studies'*™"* 7225 that reported
on variceal rebleeding of TIPS+E, 4 studies'™"* * showed
a statistically significant reduction in variceal rebleeding
with TIPS+E compared with TIPS alone, while 11
studies'™ 21 ¥ showed no  significant difference
between the two groups. Of the nine studies'*'? 1720202833
that reported on HE, four studies'* ****** showed a statis-
tically significant reduction in HE with TIPS+E compared
with TIPS alone, while six studies' 2 %% showed no
significant difference between the two groups. Of the 10
studies'* 12 172026028303235 o reported on mortality, none

of the studies showed a statistically significant reduction
in mortality with TIPS+E compared with TIPS alone.

Notably, the meta-analysis,” consolidating findings
from 15 prior studies, revealed a significant reduction in
rebleeding rates (OR 0.57; 95% CI 0.42 to 0.76; p<0.001;
1°=29%) and HE (OR 0.65; 95% CI 0.48 to 0.88; p=0.005;
I’=1%) with the use of TIPS+E compared with TIPS
alone. No significant difference was observed in mortality
(OR 0.84, 95% CI 0.63 to 1.12; p=0.24; I’=0%). After PSM
to balance confounding factors, our real-world retrospec-
tive data validated these results. Notably, our subgroup
analysis reinforced these findings, highlighting that
the use of 8mm stents significantly improved prognosis
rather than 8-10mm range. Recent RCTs reported varied
results for TIPS+E, specifically focusing on embolisation
positions, such as GV and GV+SPSS. Our own data, vali-
dated through PSM, indicated a significant improvement
in prognosis with GV+SPSS embolisation.

We extended our exploration to prognostic predictive
models, revealing that RF is most suited for our dataset.
The predictive performance of the RF-based model
surpassed that of other machine learning methods and
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traditional regression algorithms. The top 15 variables,
prominently featuring the MELD score and its compo-
nents, provided crucial insights. A particularly notable
observation pertained to MELD>20, showcasing high
incidences of FDC, survival, HE and rebleeding (88.2%,
64.7%, 76.5% and 45.2%, respectively), though in a small
sample size (17 patients). Another intriguing finding
focused on pPPG, indicating that maintaining pPPG
within the 7-8.5mm Hg threshold ensures a balanced
survival rate without excessive bleeding, especially
beneficial for the TIPS+E group. These results suggest
that TIPS+E, as a modified technology, aligns with
expectations for an ideal TIPS. Alternative approaches,
such as TIPS with small-diameter stents or ‘controlled-
expansion’ stents,”” ** may also prove effective and safe
when combined with collateral embolisation. Although
a pPPG<12mm Hg or a reduction of more than 50%
remains the standard for haemodynamic success,37 8
the definition of haemodynamic success, as indicated by
pPPG, may evolve for TIPS+E.”

In considering the materials used for embolisation,
existing studies suggest that using vascular plugs,
coils or tissue glue showed similar outcomes in terms
of rebleeding and mortality, while the combination
of coils and tissue glue may enhance survival at the
cost of increased hospitalisation expenses.‘w_42 An
interesting nuance arises from variations between
Western and Eastern practices in the sequencing of
TIPS and embolisation.?” This discrepancy may influ-
ence PPG and subsequently impact rebleeding and
HE. However, our study’s adherence to standardised
procedures, materials and techniques precludes
direct comparisons among these diverse subgroups.

A surprising observation emerges from our
data: although TIPS+E is associated with reduced
rebleeding and HE rates, this improvement does not
translate into an improvement on overall survival. We
speculate that this discrepancy may be attributed to
a potential deterioration in liver function following
TIPS+E compared with TIPS alone, thereby nullifying
any survival benefit. Intriguingly, a previous study®
compared preprocedural and postprocedural liver
function between TIPS+E and TIPS alone. The results
indicated that 1year after the procedure, liver func-
tion in the TIPS+E group was superior to TIPS, as
assessed by the MELD score. Additionally, there was
an improvement in liver function levels 1year post-
TIPS+E, evaluated by the CTP levels, while there was
no change in the TIPS group. This nuanced insight
prompts further exploration into the complex inter-
play between procedural interventions, liver function
dynamics and overall patient outcomes.

In our study, there were some limitations. First,
given its retrospective study, limitations in the
completeness and reliability of clinical data collec-
tion were inevitable, introducing potential informa-
tion and recall biases. Second, the low occurrence of
outcomes might underestimate the actual risk due

to the possibility of missed outcomes during clinic
follow-ups and the unavailability of post-TIPS clinical
examinations. Third, the lack of data on embolisation
range, varied sequences of TIPS and embolisation,
diverse combinations of materials (vascular coils,
plugs and liquid embolic materials like cyanoacry-
late glue), postembolisation syndrome and post-TIPS
clinical examinations restricted our ability to explore
the beneficial population and identify genuine risk
factors for TIPS+E.

In conclusion, our findings suggested the significant
benefits of TIPS+E in reducing post-TIPS rebleeding,
HE and FDC, compared with TIPS alone in patients with
cirrhotic portal hypertension. Notably, our subgroup
analysis highlights additional prognostic advantages
associated with the use of 8 mm diameter stents and the
inclusion of embolisation for GV+SPSS. Furthermore,
meticulous control of pPPG emerges as a potential
avenue for improving prognosis, particularly in TIPS+E.
However, these findings warrant further validation
through large-scale RCTs in the future.
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