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ABSTRACT
Background: Complications related to portal hypertension (PH) in patients with alcohol‐related liver disease (ALD) can be
controlled by transjugular intrahepatic portosystemic shunt (TIPS) placement; however, the impact of ongoing alcohol use (AU)
after TIPS remains scarcely investigated.
Methods: ALD patients undergoing TIPS implantation between 2000 and 2022 were included. Laboratory/demographic pa-
rameters and clinical events/outcomes were compared per post‐TIPS AU status and to a group of n = 55 decompensated ALD
patients with ongoing AU who did not receive TIPS.
Results:Overall, 248 TIPS patients (78.2% male; median age: 55.5 years; ascites: 69.8%; median MELD: 12), including 90 (36.3%)
with ongoing AU after TIPS were included. AU post‐TIPS was independently associated with ACLF (asHR 2.27; 95% CI 1.40–
3.66; p < 0.001) and liver‐related death (asHR 1.68; 95% CI 1.05–2.67; p = 0.030) among patients undergoing TIPS in adjusted
multivariable competing risks analysis. When comparing matched decompensated AU patients treated versus non‐treated by
TIPS, multivariable competing risks regression revealed MELD (asHR 1.07; 95% CI 1.01–1.13; p = 0.033) but not TIPS use (asHR
0.70; 95% CI 0.45–1.10; p = 0.120) as independent risk factors for ACLF, despite TIPS patients having higher levels of systemic
inflammation (CRP).
Conclusion: Post‐TIPS AU was frequent and an independent risk factor for ACLF and liver‐related death, underlining the
importance of interdisciplinary measures supporting alcohol abstinence. TIPS should still not be withheld from ALD patients
developing PH complications, since it does not predispose them to ACLF and may prevent liver‐related death.

1 | Introduction

The development of portal hypertension (PH) in patients with
advanced chronic liver disease (ACLD) is associated with an
increased risk for hepatic decompensation and complications

such as ascites, variceal hemorrhage, hepatorenal syndrome‐type
of acute kidney injury (HRS‐AKI), and spontaneous bacterial
peritonitis (SBP) [1–3]. First as well as further hepatic decom-
pensation are associated with a substantial deterioration in
outcome and survival; therefore, prevention of decompensation,
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optimized treatment of decompensation events, and achieve-
ment of recompensation have become paramount goals in liver
care [2, 4–7].

Non‐selective betablockers (NSBB) without and with band
ligation represent the standard of care for primary and sec-
ondary prophylaxis of portal hypertensive esophageal variceal
bleeding, respectively, and may reduce the risk for hepatic
decompensation in patients with compensated cirrhosis and
clinically significant portal hypertension (CSPH) [1, 4, 8, 9]. In
patients with ascites, diuretic treatment and large‐volume par-
acentesis represent the primary therapeutic approach [2, 4, 9].

In the event of severe PH complications such as variceal
rebleeding and/or refractory ascites despite optimal manage-
ment according to the standard of care, the recommended
treatment is transjugular intrahepatic portosystemic shunt
(TIPS) implantation [2, 4, 10, 11]. TIPS placement has been
shown to substantially reduce rebleeding rates in Child‐Pugh
(CP) C and in CP‐B patients with active variceal bleeding dur-
ing endoscopy, if applied preemptively (i.e., within 72h hours,
“early”/“preemptive TIPS”) [12, 13]. In patients with refractory
variceal bleeding, TIPS implantation was associated with
improved short‐ and long‐term survival, and outperformed
emergency esophageal stenting regarding control of bleeding
and prevention of rebleeding (“rescue TIPS”) [14]. The decrease
in portal pressure induced by TIPS placement also leads to
better control or even resolution of ascites in patients with
decompensated cirrhosis, thereby reducing the risk of HRS‐AKI
and SBP [10]. Overall, TIPS implantation was found to prevent
further decompensation and improve survival in patients with
cirrhosis and PH [15]. Hence, all liver transplant candidates
with PH should be evaluated for TIPS implantation as TIPS may
serve as a bringing therapy to or even circumvent the need for
transplantation [16, 17].

Alcohol‐related liver disease (ALD) is the most common un-
derlying etiology for ACLD requiring TIPS implantation in the
Western world and one of the most common indications for
liver transplantation (OLT) [3, 18, 19]. Although it has been
clearly demonstrated that prognosis of ALD‐associated PH may
be significantly improved by alcohol abstinence even in

advanced stages of PH [20], alcohol relapse ‐ even after longer
periods of successful abstinence ‐ represents a relevant problem
in patients with alcohol‐related cirrhosis and those receiving
OLT for ALD‐related ACLD [21].

However, despite the known negative impact of alcohol use
(AU) in ALD‐related cirrhosis and after liver transplantation for
ALD, data on the consequences of ongoing or recurrent AU in
patients who underwent TIPS implantation for complications of
ALD‐related PH currently remain scarce [19, 22, 23]. Therefore,
in this retrospective study, we aimed to investigate the impact of
ongoing or recurrent hazardous AU in a Viennese cohort of
ALD patients who underwent TIPS placement.

2 | Methods

2.1 | Study Design and Patient Cohort

The aim of this study was to investigate the effect of AU after
TIPS placement in terms of outcome and survival among pa-
tients with ALD‐associated cirrhosis. We assessed consecutive
patients who underwent implantation of self‐expandable poly-
tetrafluorethylene‐covered TIPS for refractory ascites or/and
variceal hemorrhage due to ALD‐associated cirrhosis between
2000 and 2022 at two tertiary care centers in Vienna, Austria.

The design of the study was a retrospective analysis of a study
population that consisted of (i) patients with sufficient follow‐up
deriving from a cohort that was collected for other purposes in a
prospective way (AUTIPS study, NCT03409263: 01/2017 to 11/
2022; n = 32), (ii) and a retrospective cohort (09/2000 to 09/
2019, n = 216). The inclusion criteria comprised the following:
(i) established diagnosis of ALD cirrhosis, (ii) TIPS indication
due to recurrent/refractory ascites or/and variceal hemorrhage,
(iii) age ≥ 18 years. Individuals with malignancies including
hepatocellular carcinoma (HCC) as well as those with a follow‐
up period < 90 days were excluded to facilitate discrimination
between AU‐related and non‐AU‐related events, which was the
objective of the study, as opposed to other confounding factors.

Clinical outcomes of patients who continued to consume
alcohol after TIPS implantation were compared to another
cohort of patients treated at our center with ALD‐related
decompensated ACLD (dACLD) and ongoing AU who did not
undergo TIPS implantation [20]. To ensure comparability with
the subgroup who did undergo TIPS and to avoid skewing the
non‐TIPS cohort toward healthier patients, only individuals
with a hepatovenous pressure gradient (HVPG) ≥ 16mmHg
were included in this group. In this comparison cohort,
decompensation was defined as the occurrence of either ascites
and/or variceal hemorrhage with or without simultaneous he-
patic encephalopathy (HE). Patients in whom HE was the only
decompensation event were excluded.

2.2 | Data Acquisition

Demographic and clinical data were retrieved from patients'
medical records. Laboratory parameters were acquired through

Key Summary

• Transjugular intrahepatic portosystemic shunt (TIPS)
placement is an effective therapeutic option in patients
with decompensated liver cirrhosis.

• Despite the high prevalence of alcohol‐related liver
disease, the impact of ongoing alcohol use (AU) after
TIPS has not been studied before.

• Patients with ongoing AU had a significantly higher risk
of acute‐on‐chronic liver failure (ACLF) and liver‐
related death after TIPS placement compared to those
who remained abstinent.

• Among matched decompensated AU patients managed
with versus without TIPS, only MELD but not TIPS use
was an independent risk factor for ACLF according to
multivariable competing risks regression.
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the respective digital patient data management systems. Data
concerning the TIPS procedure were derived from the inter-
vention reports of the respective centers. Mortality data were
retrieved from medical records and/or from the Austrian death
registry.

2.3 | Parameters and Definitions

Decompensation events (ascites, variceal hemorrhage, hepatic
encephalopathy), complications (SBP, other bacterial infections,
acute‐on‐chronic liver failure [ACLF]), OLT, HCC, and death
after TIPS implantation including the respective follow‐up times
were assessed according to clinical documentation [2, 24]. Labo-
ratory parameters for the calculation of CP score andMELD score
as well as full blood count and C‐reactive protein (CRP) were
recorded.

2.4 | Assessment of Alcohol Use

AU was assessed according to patients' reporting, (repeated)
serum ethanol levels if available, and clinical documentation of
the treating physician [25]. As per the standard protocol at our
institution, patients undergoing TIPS were seen at the outpa-
tient clinic every 3 months following TIPS implantation and
were specifically asked about their AU behavior by their treating
physician during each visit. Likewise, patients with ALD‐related
decompensated cirrhosis who did not undergo TIPS implanta-
tion routinely presented for outpatient clinical visits every
3 months. AU according to patients' reports during these routine
visits was documented in their digital medical file by the
treating physician. For patients with ALD‐related cirrhosis who
did or did not undergo TIPS and who were admitted for inpa-
tient care, documents associated with their inpatient treatment
including the respective discharge letters were saved in their
digital medical file. Laboratory results, such as serum ethanol/
phosphatidylethanol, ethyl glucuronide, and carbohydrate‐
deficient transferrin, acquired during the observation period
were accessible through the digital medical file. However, these
biomarkers were not routinely assessed and hence not
comprehensively available.

Using the above‐mentioned individual documentation, each pa-
tient's AUbehavior after TIPS implantation/HVPGmeasurement
was carefully assessed in a dichotomic way (AU/no AU). Patients
in whom one or more AU episodes after TIPS implantation/
HVPG measurement were documented were placed in the AU
group, while those in whom alcohol abstinence was exclusively
documented throughout the entire observation period were
placed in the non‐AU group for further analyses.

To support the acquired data on AU, all inpatient discharge
reports issued after the date of TIPS implantation were assessed
for alcohol‐related admission diagnoses such as “alcohol
intoxication”, “alcohol‐related steatohepatitis”, “alcohol‐related
pancreatitis”, etc. Furthermore, to provide longitudinal objec-
tive supporting information regarding AU, we recorded mean
corpuscular hemoglobin volume (MCV) and gamma‐glutamyl
transpeptidase (GGT) levels at baseline (BL; defined as the

date of TIPS implantation) as well as 6 months, 12 months,
24 months, and 36 months after TIPS implantation, respec-
tively [25].

2.5 | TIPS Procedure

The implantation of self‐expandable polytetrafluorethylene‐
covered TIPS was performed according to standard operating
procedures as previously specified [2, 26–28]. During the TIPS
procedure, the portosystemic pressure gradient (PPG; defined as
the difference between right atrial pressure and directly
measured portal venous pressure prior to TIPS placement) was
recorded by the performing radiologist [28]. Routine surveil-
lance after TIPS implantation included clinical and laboratory
follow‐up every 3 after the procedure [28].

2.6 | Statistics

Microsoft Excel for Mac (Version 16.77.1, 2023) was used for
data management. Statistical analyses and generation of figures
and tables were performed using IBM SPSS Statistics (Version
29.0.0.0, 2022), R by R Foundation for Statistical Computing
(Version R 4.3.2, 2023), and GraphPad Prism (Prism 10 for
macOS, Version 10.2.2, 2024).

Categorical variables were reported as number (n) and propor-
tion (%) of patients with the characteristic of interest. Contin-
uous variables were described using median and interquartile
range (IQR). Group comparisons of categorical variables were
performed using Pearson's Chi‐squared test or Fisher's exact test
as appropriate. The Mann–Whitney U test and the Kruskal–
Wallis test were applied for the comparison of continuous var-
iables between two and three or more groups, respectively.
Spearman's rho was used for the assessment of correlations.
Linear regression analysis was performed to identify factors and
outcome parameters associated with AU. Clinical outcomes
were investigated by calculation of cumulative incidence. Gray's
test was implemented for cumulative incidence comparison.
Competing risk regression models using the R package cmprsk
were applied for the assessment of an association between AU
and the occurrence of the clinical outcomes of interest [29].
Aside from AU, sex as well as established factors associated with
worse outcomes in ACLD were investigated by univariate and
multivariate analyses. OLT and non‐liver‐related death were
defined as competing risks in cumulative incidence compari-
sons and competing risk regression analyses. Characteristics
that were associated with the parameter of interest in univariate
analysis (p < 0.100) were included in the multivariate model in
linear regression models as well as competing risk regression
models.

2.7 | Ethics Statement

The study protocol was conceptualized in accordance with the
ethical principles stated in the 1975 Declaration of Helsinki and
approved by the ethics committees of the Medical University of
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Vienna (EK 1760/2014, EK 1943/2017) and of the City of Vienna
(MA15, 14‐264‐VK).

3 | Results

3.1 | Study Population

Overall, 276 patients with ALD‐associated ACLD underwent
TIPS implantation in the participating centers between 2000 and
2022 (Figure 1). After exclusion of 28 individuals with a follow‐
up period < 90 days after TIPS placement, a total of 248 patients
were included in the study (Figure 1, Figure S1).

3.2 | Characteristics of Patients Undergoing TIPS
Implantation

The study population was predominantly male (78.2%) with a
median age of 55.5 (50.0; 62.0) years (Table 1). Twenty (8.1%)
ALD patients had viral hepatitis as an additional etiological
factor contributing to ACLD. Recurrent and/or refractory ascites
was the main indication for TIPS implantation in 173 (69.8%)
individuals. Most patients were classified as CP B at BL (145/
195, 74.4%) and the median MELD score was 12.0 (9.2; 17.0).
Through TIPS placement, the median PPG was reduced from
20.0 (16.0; 24.0) mmHg to 7.00 (5.0; 10.0) mmHg.

3.3 | Comparison of Baseline Characteristics
According to Alcohol Use Patterns in Patients
Undergoing TIPS Implantation

Among our study cohort, ongoing AU after TIPS implantation
was documented in 90 (36.3%) individuals, while in 158 (63.7%)
post TIPS alcohol abstinence was recorded (Figure 1, Table 1).
Throughout the observation period of 36 months, GGT andMCV
were significantly higher among those who continued to use
alcohol after TIPS implantation (Figure S2).

Most of the BL characteristics were comparable between the two
groups; however, patients with ongoing AU were significantly
younger (54.0 [47.2, 58.8] vs. 57.5 [51.0; 64.0] years, p < 0.001)
and showed higher BL GGT levels (126 [76; 214] vs. 102 [57;
172] U/L, p = 0.036) than those without post TIPS AU. Of note,
cigarette smoking was more common among the AU cohort as
compared to those with post TIPS alcohol abstinence (currently
smoking at BL: 67.5% vs. 44.9%; never smoked: 20.5% vs. 29.3%;
p = 0.003).

3.4 | Follow‐Up and Clinical Outcomes of Patients
Undergoing TIPS Implantation

During amedian follow‐up (FU) of 30 (8; 62)months, 164 (66.1%)
patients experienced at least one further decompensation event
(variceal bleeding in 18 [7.3%], ascites in 79 [31.9%], andHE in 120
[48.4%] participants) (Table 2). Bacterial infections occurred in 92
(37.1%) individuals, 11 (12.0%) of whichwere attributed to SBP. A
total of 96 (38.7%) patients were admitted with ACLF. HCC was
diagnosed in 22 (8.9%) patients during FU, while 24 (15.2%) pa-
tientswho remained abstinent fromalcohol after TIPSunderwent
OLT. Overall, 151 (60.9%) patients died within the FU period, 103
(68.2%) of whom had liver‐related causes of death.

3.5 | Comparison of Outcomes According to
Alcohol Use Patterns in Patients Undergoing TIPS
Implantation

Patients with ongoing AU were followed for a median of 37.5
(18.0; 65.0) months, while those without post TIPS AU had a
slightly lower median FU of 32.5 (9.3; 67.0) months (p = 0.263).
There was no difference between the two groups regarding the
development of further decompensation and HCC (Table 2).
However, bacterial infections were significantly more frequent
among those with ongoing AU (48.9% vs. 30.4%, p = 0.006).
Importantly, the incidence of ACLF (55.6% vs. 29.1%, p < 0.001),
all‐cause mortality (72.2% vs. 54.4%, p = 0.009), and liver‐related

FIGURE 1 | Flowchart of the study population. HVPG, hepatovenous pressure gradient; TIPS, transjugular intrahepatic portosystemic shunt.
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death (53.3% vs. 34.8%, p = 0.007) were significantly increased
among the cohort with post TIPS AU as compared to those who
remained abstinent during FU.

3.6 | Impact of Ongoing Alcohol Use on Clinical
Outcomes in Patients Undergoing TIPS
Implantation

Patients with ongoing AU after TIPS implantation showed a
higher cumulative incidence of ACLF (p < 0.001) as well as
liver‐related death (p = 0.049) compared to those who remained

abstinent from alcohol (Figure 2). The impact of ongoing AU on
the risk of ACLF and liver‐related death is shown in Table 3.
After adjustment for age, sex, MELD score, TIPS indication, and
CRP at BL as relevant cofactors according to univariate analyses,
ongoing AU was independently associated with an increased
risk for the development of ACLF (adjusted subdistribution
hazard ratio [asHR] 2.27; 95% CI 1.40–3.66; p < 0.001) and liver‐
related death (asHR 1.68; 95% CI 1.05–2.67; p = 0.030) according
to multivariate competing risk regression analysis (Table 3).

In subgroup analyses stratified by TIPS indication, the higher
cumulative incidence of ACLF in patients with post TIPS AU

TABLE 1 | Patient characteristics according to alcohol use after TIPS.

Variable Overall
Abstinence after

TIPS
Ongoing AU after

TIPS
p valuen (%) 248 (100) 158 (63.7) 90 (36.3)

Sex (n, [%]) 0.543

Male 194 (78.2) 126 (79.8) 68 (75.6)

Female 54 (21.8) 32 (20.3) 22 (24.4)

Age (years), (median, [IQR]) 55.5 (50.0; 62.0) 57.5 (51.0; 64.0) 54.0 (47.2; 58.8) < 0.001

Viral hepatitis (n, [%]) 20 (8.1) 11 (7.0) 9 (10.0) 0.547

Diabetesa (n, [%]) 51 (21.9) 37 (24.7) 14 (16.9) 0.225

TIPS indication (n, [%]) 0.071

Ascites 173 (69.8) 117 (74.1) 56 (62.2)

Variceal bleeding 75 (30.2) 41 (26–0) 34 (37.8)

PPG before TIPSb (mmHg), (median, [IQR]) 20.0 (16.0; 24.0) 19.0 (16.0; 23.0) 20.0 (15.0; 24.0) 0.943

PPG after TIPSc (mmHg), (median, [IQR]) 7.0 (5.0; 10.0) 7.0 (5.0; 9.5) 7.0 (6.0; 9.8) 0.991

Child‐pugh stage C (n, [%]) 29 (14.9) 17 (13.08) 12 (18.5) 0.319

Child‐pugh score (median, [IQR]) 8.0 (8.0; 9.0) 8.0 (8.0; 9.0) 8.0 (8.0; 9.0) 0.937

MELD score (points), (median, [IQR]) 12.0 (9.2; 17.0) 13.0 (9.0; 18.0) 10.9 (9.9; 15.0) 0.530

Pre‐TIPS history of hepatic encephalopathyd (n, [%]) 50 (22.5) 33 (23.1) 17 (21.5) 0.820

Creatininee (mg/dL), (median, [IQR]) 1.0 (0.8; 1.3) 1.1 (0.8; 1.4) 0.9 (0.7; 1.2) 0.001

Albuminf (g/L), (median, [IQR]) 32.6 (29.2; 36.4) 33.0 (29.8; 36.8) 32.0 (27.9; 35.7) 0.194

INRg (median, [IQR]) 1.3 (1.1; 1.4) 1.3 (1.1; 1.4) 1.3 (1.2; 1.4) 0.491

Bilirubing (mg/dL), (median, [IQR]) 1.1 (0.7; 1.7) 1.1 (0.7; 1.8) 1.2 (1.0; 1.7) 0.106

GGTg (U/L), (median, [IQR]) 108 (62.3; 195.0) 102 (57.0; 172.0) 126 (76.0; 214.0) 0.036

MCVc (fL), (median, [IQR]) 89.9 (83.5; 95.6) 89.5 (83.2; 94.4) 91.1 (83.7; 96.2) 0.171

Sodiumh (mmol/L), (median, [IQR]) 135 (132; 138) 135 (132; 137) 135 (133; 138) 0.205

WBCi (G/L), (median, [IQR]) 6.2 (4.5; 7.9) 6.0 (4.5; 7.5) 6.6 (4.6; 8.5) 0.164

CRPj (mg/dL), (median, [IQR]) 1.1 (0.5; 2.2) 1.2 (0.5; 2.1) 1.0 (0.5; 2.6) 0.864
Note: The baseline of the observation period was defined as the date of TIPS implantation.
Abbreviations: CRP, C‐reactive protein; GGT, gamma‐glutamyl transferase; INR, international normalized ratio; MCV, mean corpuscular volume; MELD, Model of
End‐stage Liver Disease; PPG, portal pressure gradient; TIPS, transjugular intrahepatic portosystemic shunt; WBC, white blood cell count.
aavailable in 233 patients.
bavailable in 220 patients.
cavailable in 221 patients.
davailable in 222 patients.
eavailable in 227 patients.
favailable in 205 patients.
gavailable in 218 patients.
havailable in 228 patients.
iavailable in 229 patients.
javailable in 219 patients.
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(ascites as primary indication for TIPS: p = 0.008; variceal
bleeding as primary indication for TIPS: p = 0.013) was retained
(Figure S3 and S4). Separate multivariable competing risk
regression analyses according to TIPS indication (Supporting
Information S1: Tables 1 and 2) also maintained post‐TIPS AU
as an independent risk factor for ACLF (ascites as primary
indication for TIPS: asHR 1.89; 95% CI 1.10–3.26, p = 0.021;
variceal bleeding as primary indication for TIPS: asHR 3.93; 95%
CI 1.61–9.61, p = 0.003). In patients receiving TIPS for variceal
bleeding, ongoing AU was also shown to be a significant risk
factor for liver‐related death after adjusting for relevant con-
founding factors in the multivariable model (asHR 4.00; 95% CI
1.73–9.22, p = 0.001).

3.7 | Comparison to Non‐Abstinent ALD Cirrhosis
Patients Without TIPS (Figure 1; Table 4)

Outcomes of the subgroup of patients with ongoing AU post
TIPS (n = 90, “Alco‐TIPS”) were compared to a cohort of

individuals with ALD‐related cirrhosis and ongoing AU without
TIPS (n = 55; “Alco‐No‐TIPS”) (Figure 1; Table 4).

While the demographic parameters were comparable between
the two groups, patients in the “Alco‐No‐TIPS” group presented
with overall more compromised hepatological status charac-
terized by slightly higher MELD (12.0 [11.0; 15.0] vs. 10.9 [9.9;
15.0], p = 0.249), higher INR (1.4 [1.2; 1.5] vs. 1.3 [1.2; 1.4],
p = 0.009), higher bilirubin (1.8 [1.1; 2.5] vs. 1.2 [1.0; 1.7] mg/dL,
p = 0.002), and increased frequency of HE (41.8% vs. 21.5%,
p = 0.012).

Median FU was balanced between the “Alco‐TIPS” cohort (37.5
[18.0; 65.0] months) and the “Alco‐No‐TIPS” cohort (32.0 [14.0;
52.5] months, p = 0.160). While the incidence of further
decompensation by development of recurrent ascites (35.6% vs.
54.5%, p = 0.038) including SBP (2.2% vs. 16.4%, p = 0.003) and
variceal bleeding (8.9% vs. 23.6%, p = 0.27) was naturally higher
among patients who did not undergo TIPS, most other clinical
outcomes including overall mortality (72.2% vs. 72.7%,

TABLE 2 | Clinical outcomes according to alcohol use patterns.

Variable Overall Abstinence after TIPS Ongoing AU after TIPS
p valuen (%) 248 (100) 158 (63.7) 90 (36.3)

Any decompensation (n, [%]) 164 (66.1) 101 (63.9) 63 (70.0) 0.405

Ascites 79 (31.9) 47 (29.8) 32 (35.6) 0.422

Variceal bleeding 18 (7.3) 10 (6.3) 8 (8.9) 0.622

Hepatic encephalopathy 120 (48.4) 76 (48.1) 44 (48.9) 1.000

Bacterial infection (n, [%]) 92 (37.1) 48 (30.4) 44 (48.9) 0.006

SBP 11 (4.4) 9 (5.7) 2 (2.2) 0.337

ACLF (n, [%]) 96 (38.7) 46 (29.1) 50 (55.6) < 0.001

HCC (n, [%]) 22 (8.9) 15 (9.5) 7 (7.8) 0.822

Death (n, [%]) 151 (60.9) 86 (54.4) 65 (72.2) 0.009

Liver‐related death 103 (41.5) 55 (34.8) 48 (53.3) 0.007

Non liver‐related death 48 (19.4) 31 (19.6) 17 (18.9) 1.000
Abbreviations: ACLF, acute‐on‐chronic liver failure; HCC, hepatocellular carcinoma; SBP, spontaneous bacterial peritonitis; TIPS, transjugular intrahepatic
portosystemic shunt.

FIGURE 2 | Cumulative incidence of outcomes stratified by alcohol use patterns. Liver transplantation and non‐liver‐related death were
determined as competing risks. Cumulative incidences were compared using Gray's test. (A) Cumulative incidence of ACLF. ACLF, acute‐on‐
chronic liver failure; TIPS, transjugular intrahepatic portosystemic shunt. (B) Cumulative incidence of liver‐related death.
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p = 1.000) as well as liver‐related mortality (53.3% vs. 60.0%,
p = 0.540) and ACLF (55.6% vs. 63.5%, p = 0.457) were com-
parable between the “Alco‐TIPS” and the “Alco‐No‐TIPS”
cohort (Table 4).

ALD patients with ongoing AU who underwent TIPS implan-
tation showed a comparable cumulative incidence of ACLF as
those who were managed without TIPS (p = 0.357, Figure 3A).
Furthermore, there was no difference regarding the cumulative
incidence of liver‐related death between those managed with
versus without TIPS (p = 0.073, Figure 3B).

Competing risk regression analyses were performed to investi-
gate the impact of TIPS implantation on the risk of ACLF and
liver‐related death in patients with ongoing AU during FU
(Table 5). After adjustment for age, sex, MELD score, and CRP
at baseline, TIPS implantation did not show a significant asso-
ciation with increased risk for the development of ACLF (asHR
0.70; 95% CI 0.45–1.10; p = 0.120) or liver‐related death (asHR
0.66; 95% CI 0.41–1.07; p = 0.094).

4 | Discussion

TIPS implantation represents the recommended treatment for
severe complications of PH as it preventsmortality andmay allow
successful bridging to OLT [2, 9, 10, 16]. In a subgroup of patients
with decompensated dACLD, PH complications may even be

sustainably resolved after TIPS placement [15]; especially in pa-
tients who are not eligible for OLT, TIPS may serve as a definite
treatment [10, 18, 27].

AU disorder is associated with significant morbidity and mor-
tality and represents one of the leading causes of liver cirrhosis
in the Western world [30]. Ongoing AU currently remains an
exclusion criterion for OLT in patients with ALD as graft sur-
vival and clinical outcomes are detrimental in patients in whom
post‐OLT abstinence cannot be achieved [19, 21, 31]. However,
patients with ALD‐associated dACLD and ongoing AU may
undergo TIPS implantation as a (definite) treatment option.
While the clinical benefits of TIPS implantation for PH due to
ALD cirrhosis have been demonstrated in numerous studies,
data on the frequency and impact of post‐TIPS AU currently
remain scarce [10, 12, 13, 26, 27].

A retrospective data analysis of 199 patients who received TIPS
for ALD‐associated dACLD in the USA showed an alcohol
recidivism rate of 5.5% at one month, 10.1% at 3 months, and
22.1% at 6–12 months [22], which was slightly below the post‐
TIPS AU rate of 36.3% observed in our study population.
However, our findings are consistent with post‐OLT scenarios
where ongoing AU was reported in 10%–50% [21, 31]. Impor-
tantly, we found a significantly higher percentage of tobacco use
among patients with ongoing AU as compared to those who
achieved post‐TIPS alcohol abstinence in our study cohort
(67.5% vs. 44.9%, p = 0.003), which goes in line with the avail-
able literature demonstrating that the co‐prevalence of other

TABLE 3 | Impact of ongoing alcohol use on the risk for (i) ACLF and (ii) liver‐related death according to alcohol use patterns.

Univariate (unadjusted) analysis Multivariate (adjusted) analysis
Parameter sHR 95% CI p value asHR 95% CI p value

(i) Outcome: ACLF

Ongoing AU (vs. Abstinence) 2.13 1.43–3.17 < 0.001 2.27 1.40–3.66 < 0.001

Sex (M vs. F) 0.90 0.58–1.40 0.630 0.92 0.55–1.52 0.730

Age (per year) 1.00 0.98–1.02 0.950 1.01 0.99–1.03 0.400

MELD at TIPS (per point) 1.01 0.97–1.06 0.520 1.02 0.98–1.07 0.300

PPG after TIPS (per mmHg) 0.99 0.94–1.06 0.870 0.99 0.92–1.07 0.820

TIPS indication: Bleeding (vs. Ascites) 0.77 0.49–1.20 0.250 0.70 0.39–1.24 0.220

Smoking (vs. Non‐smoking) 1.07 0.87–1.31 0.530 — — —

CRP (per mg/L) 1.02 0.91–1.14 0.760 — — —

(ii) Outcome: Liver‐related death

Ongoing AU (vs. Abstinence) 1.65 1.13–2.42 0.010 1.68 1.05–2.67 0.030

Sex (M vs. F) 0.88 0.56–1.38 0.580 0.81 0.47–1.40 0.450

Age (per year) 1.02 1.00–1–04 0.075 1.02 1.00–1.05 0.084

MELD at TIPS (per point) 1.02 0.98–1.06 0.300 1.02 0.97–1.06 0.500

PPG after TIPS (per mmHg) 1.03 0.98–1.09 0.210 1.06 0.99–1.13 0.100

TIPS indication: Bleeding (vs. Ascites) 0.70 0.46–1.08 0.110 0.68 0.38–1.20 0.180

Smoking (vs. Non‐smoking) 1.04 0.85–1.26 0.730 — — —

CRP (per mg/L) 1.12 1.02–1.23 0.015 1.10 0.99–1.22 0.093
Note: Univariate and multivariate Fine and Gray competing risk regression models are shown. Liver transplantation and non‐liver‐related death were determined as
competing risks. p values in bold indicate statistical significance.
Abbreviations: ACLF, acute‐on‐chronic liver failure; asHR, adjusted sHR; AU, alcohol use; CRP, C‐reactive protein at baseline; MELD, Model of End‐stage Liver Disease;
PPG, portal pressure gradient; sHR, subdistribution hazard ratio; TIPS, transjugular intrahepatic portosystemic shunt.
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substance use disorders and/or psychiatric comorbidities may
predispose for alcohol recidivism among patients with ALD [22,
32]. This emphasizes the need to not only focus on and treat AU

disorder but to also screen for other substance use disorders and
consider them in potential therapeutic concepts among patients
with ALD [30, 33].

TABLE 4 | Comparison of non‐abstinent cirrhosis patients managed with versus without TIPS.

Variable “Alco‐TIPS” “Alco‐No‐TIPS”
p valuen (%) 90 55

Sex (n, [%]) 0.678

Male 68 (75.6) 44 (80.0)

Female 22 (24.4) 11 (20.0)

Age (years), (median, [IQR]) 54.0 (47.2; 58.8) 54.0 (48.0; 59.0) 0.518

PPG pre‐TIPS/HVPG at BLa (mmHg), (median, [IQR]) 20.0 (15.0; 24.0) 21.0 (19.0; 24.0) 0.017

Child‐pugh stage C (n, [%]) 12 (18.2) 11 (20.0) 0.432

Child‐pugh score (median, [IQR]) 8.0 (8.0; 9.0) 7.0 (7.0; 9.0) 0.061

MELD score (points), (median, [IQR]) 10.9 (9.9; 15.0) 12.0 (11.0; 15.0) 0.249

Previous decompensation events (n, [%])

Hepatic Encephalopathyb 17 (21.5) 23 (41.8) 0.012

Variceal Bleeding 29 (32.2) 21 (38.2) 0.581

Ascites 65 (72.2) 49 (89.1) 0.028

BL creatinineb (mg/dL), (median, [IQR]) 0.9 (0.7; 1.2) 0.8 (0.7; 1.1) 0.145

BL albuminc (g/L), (median, [IQR]) 32.0 (27.9; 35.7) 34.2 (30.6; 37.5) 0.077

BL INRd (median, [IQR]) 1.3 (1.2; 1.4) 1.4 (1.2; 1.5) 0.009

BL bilirubine (mg/dL), (median, [IQR]) 1.2 (1.0; 1.7) 1.8 (1.1; 2.5) 0.002

BL GGT (U/l), (median, [IQR]) 126 (76; 214) 145 (95; 334) 0.152

BL sodiume (mmol/L), (median, [IQR]) 135 (133; 138) 136 (133; 139) 0.755

BL WBCe (G/L), (median, [IQR]) 6.6 (4.6; 8.5) 5.8 (4.6; 7.7) 0.186

BL CRPf (mg/dL), (median, [IQR]) 1.0 (0.5; 2.6) 0.6 (0.3; 1.1) 0.007

Follow‐up

Follow‐up time (months), (median, [IQR]) 37.5 (18.0; 65.0) 32.0 (14.0; 52.5) 0.160

Any further decompensation (n, [%]) 63 (70.0) 43 (78.2) 0.376

Recurrent Ascites 32 (35.6) 30 (54.5) 0.038

Variceal Bleeding 8 (8.9) 13 (23.6) 0.027

Hepatic Encephalopathy 44 (48.9) 21 (38.2) 0.278

SBP (n, [%]) 2 (2.2) 9 (16.4) 0.003

ACLFg (n, [%]) 50 (55.6) 33 (63.5) 0.457

HCC (n, [%]) 7 (7.8) 3 (5.5) 0.742

Death (n, [%]) 65 (72.2) 40 (72.7) 1.000

Liver‐Related death 48 (53.3) 33 (60.0) 0.540

Non Liver‐related death 17 (18.9) 8 (14.5) 0.656
Note: The comparison cohort (“Alco‐No‐TIPS”) consisted of patients with ALD‐related decompensated cirrhosis with an HVPG ≥ 16mmHg who had a history of either
ascites and/or variceal bleeding and who did not undergo TIPS implantation. The baseline of the observation period was defined as the date of TIPS implantation in
patients undergoing TIPS and the date of the first HVPG measurement in patients not undergoing TIPS, respectively. In patients who underwent TIPS, PPG before TIPS
implantation was reported while in patients not undergoing TIPS, HVPG at the first HVPG measurement was reported.
Abbreviations: ACLF, acute‐on‐chronic liver failure; ALD, alcohol‐related liver disease; BL, baseline; CRP, C‐reactive protein; HCC, hepatocellular carcinoma; HVPG,
hepatovenous pressure gradient; INR, international normalized ratio; MELD, Model of End‐stage Liver Disease; PPG, portal pressure gradient; SBP, spontaneous
bacterial peritonitis; TIPS, transjugular intrahepatic portosystemic shunt; WBC, white blood cell count.
aavailable in 137 patients.
bavailable in 134 patients.
cavailable in 124 patients.
davailable in 132 patients.
eavailable in 135 patients.
favailable in 130 patients.
gavailable in 52 patients who did not undergo TIPS.
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Our data showed a substantial increase in ACLF‐incidence
among patients with ongoing AU after TIPS in the overall as
well as in subgroup analyses stratified by TIPS indication. Of
note, the detrimental impact of post‐TIPS AU was maintained in
multivariable competing risks regression models, identifying
post‐TIPS AU as an independent risk factor for a deterioration
in outcomes. Ongoing AU remained an independent risk factor
for the development of ACLF in multivariable competing risks
analyses stratified by TIPS indication, and predisposed patients

undergoing TIPS for ascites toward liver‐related death despite
falling just below the level of significance (asHR 1.64, 95% CI
0.98–2.74; p = 0.058). Moreover, ongoing AU was independently
associated with liver‐related death in patients undergoing TIPS
for variceal bleeding; it became significant (asHR 4.00, 95% CI
1.73–9.22; p = 0.001). By performing these subgroup analyses
stratified by TIPS indication, we aimed to explore whether the
association between post‐TIPS AU and adverse outcomes
differed by TIPS indication; however, while the respective

FIGURE 3 | Cumulative incidence of outcomes stratified by management with or without TIPS. Liver transplantation and non‐liver‐related death
were determined as competing risks. Cumulative incidences were compared using Gray's test. (A) Cumulative incidence of ACLF. ACLF, acute‐on‐
chronic liver failure; TIPS, transjugular intrahepatic portosystemic shunt. (B) Cumulative incidence of liver‐related death.

TABLE 5 | Impact of ongoing alcohol use on the risk for (i) ACLF and (ii) liver‐related death according to management with or without TIPS.

Univariate (unadjusted) analysis Multivariate (adjusted) analysis
Parameter sHR 95% CI p value asHR 95% CI p value

(i) Outcome: ACLF

TIPS placement (vs. No TIPS) 0.75 0.49–1.14 0.180 0.70 0.45–1.10 0.120

Sex (M vs. F) 0.65 0.42–1.00 0.052 0.62 0.39–1.00 0.052

Age (per year) 1.00 0.97–1.02 0.550 0.99 0.97–1.01 0.360

MELD at TIPS/HVPG (per point) 1.07 1.01–1.13 0.030 1.07 1.01–1.13 0.033

Smoking (vs. Non‐smoking) 1.20 0.87–1.65 0.270 — — —

CRP (per mg/L) 1.00 0.93–1.08 0.970 — — —

(ii) Outcome: Liver‐related death

TIPS placement (vs. No TIPS) 0.73 0.47–1.14 0.170 0.66 0.41–1.07 0.094

Sex (M vs. F) 0.57 0.35–0.92 0.021 0.61 0.35–1.08 0.090

Age (per year) 1.00 0.97–1.02 0.810 1.00 0.97–1.02 0.820

MELD at TIPS/HVPG (per point) 1.05 1.00–1.11 0.055 1.05 0.98–1.12 0.200

Smoking (vs. Non‐smoking) 1.38 0.98–1.95 0.064 — — —

CRP (per mg/L) 1.07 1.01–1.13 0.018 1.06 1.00–1.13 0.041
Note: The comparison cohort (“Alco‐no‐TIPS”) consisted of patients with ALD‐related decompensated cirrhosis with an HVPG ≥ 16mmHg who had a history of either
ascites and/or variceal bleeding and who did not undergo TIPS implantation. The baseline of the observation period was defined as the date of TIPS implantation in
patients undergoing TIPS and the date of the first HVPG measurement in patients not undergoing TIPS, respectively. Univariate and multivariate Fine and Gray
competing risk regression models are shown. Liver transplantation and non‐liver‐related death were determined as competing risks. p values in bold indicate statistical
significance.
Abbreviations: ACLF, acute‐on‐chronic liver failure; asHR, adjusted sHR; CRP, C‐reactive protein at baseline; HVPG, hepatovenous pressure gradient; MELD, Model of
End‐stage Liver Disease; sHR, subdistribution hazard ratio; TIPS, transjugular intrahepatic portosystemic shunt.
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results support our findings, it has to be taken into consider-
ation that the resulting subgroups were small and validation in
larger cohorts is needed.

Cumulative incidence visualization regarding ACLF and liver‐
related death revealed overlapping confidence intervals and a
separation of curves, demonstrating a discrimination concern-
ing risk toward the respective outcomes, approximately 2 years
from BL (Figure 2 and 3). Because of the exploratory design of
this study, our interpretation remains speculative, yet it seems
likely that a combination of factors contributes to this phe-
nomenon. First, the risk for ALD‐associated complications all
included patients shared due to the decompensated liver disease
and hazardous AU that were universally prevalent at BL, which
was only modified by abstinence or ongoing AU over time.
Second, the initial HVPG reduction achieved through TIPS
followed by the individual reestablishment of risk behavior
through AU post‐TIPS. Ultimately, modifying factors aside from
AU that were not specifically assessed in this study, such as
nutrition, physical activity, and psychological wellbeing, may
contribute substantially to individual outcomes over time.

While our observation period of a median 32.0 (“Alco‐No‐
TIPS”) and 37.5 (“Alco‐TIPS”) years did not reveal any differ-
ence in ACLF or mortality among the two groups, the incidence
of recurrent ascites, SBP, and variceal bleeding was significantly
reduced in the “Alco‐TIPS” cohort, suggesting that TIPS may
still improve clinical outcomes among patients with ongoing AU
(Table 4). As our study cohorts were limited in size and FU
periods varied grossly among the included patients, a relevant
effect of ongoing AU and/or TIPS on mortality may have been
overlooked by our specific analyses. Therefore, further investi-
gation in larger prospective studies is necessary to validate our
findings and to refine recommendations for TIPS implantation
in patients with ALD‐related dACLD and ongoing AU.

Despite the clinical relevance of our findings, our study has
some limitations. First and foremost, it must be acknowledged
that AU was assessed by structured patient interviews, physi-
cian recordings, and indirect blood‐based biomarkers; therefore,
we solely based our analysis on a binary assessment of AU
without further quantification or longitudinal assessment of
alcohol intake, which represents the main weakness of our
study. This retrospective assessment of AU, including potential
underreporting, represents potential bias and is the main limi-
tation of our study. While our approach to AU assessment does
not allow for discrimination between no versus different extents
of AU and its effects on post‐TIPS outcomes, all patients
analyzed in the AU group did have documented AU during the
observation period; however, it cannot be reliably ruled out that
patients in the non‐AU group may have had occasional or
moderate unreported/undetected AU. In future prospective
studies, post‐TIPS AU should be objectively investigated by us-
ing validated questionnaires (e.g., AUDIT) in combination with
direct alcohol biomarkers. However, indirect alcohol‐related
surrogates, that is GGT and MCV levels [25], were available and
were significantly higher in ALD patients with post‐TIPS AU,
supporting the value of our binary assessment of post‐TIPS AU
(Supporting Information S2: Figure S2). Secondly, no prospec-
tive study protocol was followed due to the retrospective design
of the study, and psychiatric comorbidities could not be assessed

in a systematic way. Related to the long observation period
spanning up to 25 years, changes in standards for the manage-
ment of PH, specifically HE, over time may result in the po-
tential heterogenicity of our study cohort. However, post‐TIPS
AU is a constant and ongoing phenomenon with the potential to
affect any patient undergoing TIPS for ALD‐related complica-
tions of cirrhosis independent of the respective treatment
period, while national guidelines [2] for PH management have
been in place and regularly updated, thereby supporting
consistent and comprehensible management according to the
respective time periods within our study population. Further-
more, the comparison cohort with ongoing AU who did not
receive TIPS was smaller than the subgroup undergoing TIPS
and reasons why TIPS was not performed in this subgroup were
not systematically retrieved. While we believe it is a positive
signal that a large share of ALD patients with decompensated
cirrhosis can be treated with TIPS, absolute and relative con-
traindications [2] must be carefully assessed before indicating
the intervention. At our center, this evaluation is made based on
current guidelines [2] upon interdisciplinary discussion in
regularly performed dedicated TIPS board sessions. Due to the
retrospective nature of the analyses performed in this study,
potential indications for TIPS and consecutive reasoning why
TIPS was eventually abandoned in the no‐TIPS group were not
available as, according to clinical protocols at the participating
centers, only patients considered eligible for TIPS are discussed
in the interdisciplinary TIPS boards, for which corresponding
written protocols including the final verdict pro or contra TIPS
implantation and specific respective reasoning are provided. It is
likely that in the no‐TIPS group, contraindications according to
current guidelines, limited performance status, and/or lack of
patients' consent led to refraining from discussion in the
respective interdisciplinary TIPS board and, hence, only clinical
documentation, which was not comprehensively accessible for
the study team, but not the official TIPS board's protocol were
available in most of these patients. Ultimately, there may be a
selection bias due to the exclusion of patients who died within
90 days after TIPS placement. The selection of this minimum
follow‐up of 90 days was made based on clinical observations
with the idea to rule out—as well as possible, given the study
design—the influence of acute events, e.g. infections or exces-
sive AU prior to TIPS, at the time of TIPS implantation, and
acute or short‐term procedure‐related complications [34, 35] as
the cause of negative short‐term post‐TIPS outcomes. Addi-
tionally, we aimed to ensure that all patients were discharged
from the hospital and had time to reestablish potential AU
patterns to obtain results as reliable as possible according to the
study design. To our knowledge, there is currently no data
supporting a specific minimum post‐TIPS follow‐up time with
regard to our study objective; hence, the cutoff of 90 days post‐
TIPS implantation was chosen for this analysis. Importantly,
among the 28 patients who were excluded due to insufficient FU
time, 18 (64.3%) died within 90 days after TIPS, yet only 3/18
(16.7%) ongoing AU was documented. One of these three pa-
tients died due to interventional complications during the TIPS
procedure while for the remaining two the cause of death could
not be retrieved from the available data. Additionally, it must be
considered that our study cohort was derived from two tertiary
care centers and may therefore differ from patient cohorts
treated in peripheral settings, underlining the need for external
validation through future studies.
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Considering the clinical implications of our findings and the
high prevalence of ongoing AU among patients undergoing
TIPS for ALD, we believe that the results of our study add
important data to improve post‐TIPS optimization in patients
with ALD. Most importantly, our data may support the speci-
fication of patients with ALD‐related cirrhosis benefiting from
TIPS implantation, as compared to those in whom TIPS may not
lead to any clinical improvement or could even be associated
with increased liver‐related complications [2].

Achieving alcohol abstinence in patients with ALD is chal-
lenging, and once accomplished, its maintenance requires a
lifelong effort from patients and their caregivers, including
health care workers and physicians [30, 33]. The results from
our study highlight the paramount role of close multidisci-
plinary collaboration to facilitate long‐term success of hepato-
logical treatment in ALD cirrhosis patients and promote harm
reduction measures to support alcohol abstinence whenever
possible. Our findings may add to guiding the design of multi-
disciplinary post‐TIPS support programs which should focus on
psychiatric assistance in strong conjunction with dietological
measures, physical activity, and social reintegration plans to
facilitate alcohol abstinence and improve overall outcomes in
patients undergoing TIPS for ALD‐related complications.
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