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ABSTRACT

Background and Aims: The role of transjugular intrahepatic portosystemic shunt (TIPS) in older adults remains controversial
because of limited risk-stratification tools. We aimed to assess whether sarcopenia and myosteatosis are independently associ-
ated with post-TIPS mortality and overt hepatic encephalopathy (OHE) in patients aged > 70years, and whether adding sarcope-
nia to established prognostic scores improves discrimination for post-TIPS mortality.

Methods: This multicenter retrospective study included 115 consecutive patients with cirrhosis aged > 70 years undergoing TIPS
for refractory ascites or secondary prophylaxis of variceal bleeding. Sarcopenia and myosteatosis were assessed by computed
tomography at L3. Post-TIPS mortality and time to first OHE episode were analysed using Kaplan-Meier and Cox regression.
Sarcopenia was integrated into established prognostic scores, and predictive performance was evaluated using time-dependent
ROC analyses.

Abbreviations: AUROC, area under the receiver operating characteristic curve; CP, Child Pugh; CT, computed tomography; ExPeCT, Elderly Patients Calculator
TIPS; FIPS, Freiburg index of post-TIPS survival; HCC, hepatocellular carcinoma; HR, hazard ratio; INR, international normalised ratio; IQR, interquartile range; LT,
liver transplantation; MALSD, metabolic dysfunction-associated steatotic liver disease; MELD, Model for End-Stage Liver Disease; OHE, overt hepatic
encephalopathy; PCPG, portocaval pressure gradient; RA, refractory ascites; RI-TIPS, Italian TIPS registry; ROC, receiver operating characteristic; SATI,
subcutaneous adipose tissue index; SD, standard deviation; TIPS, transjugular intrahepatic portosystemic shunt; VATI, visceral adipose tissue index.

Presentation: Preliminary data at EASL Congress 2024 by Dario Saltini on Saturday June 8, 2024, in the session “Abstract session - Cirrhosis and its complications:
Portal hypertension” (OS-099-Y1).
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Results: Sarcopenia and myosteatosis were present in 60% and 80% of patients, respectively. During follow-up, 49% died and
45% developed OHE. Sarcopenia was independently associated with both mortality and OHE, whereas myosteatosis and adipose-
tissue indices were not. Incorporating sarcopenia improved the discriminative performance of all scores, with MELD 3.0-sar-
copenia showing the highest accuracy (AUC 0.845). Predicted survival probabilities clearly separated patients across MELD
3.0 categories according to sarcopenia status. For OHE, sarcopenia increased the risk while underdilated TIPS was protective,

defining four distinct risk profiles.

Conclusions: Sarcopenia is highly prevalent and independently predicts both mortality and OHE after TIPS in older adults. Its inte-

gration into prognostic tools enhances risk stratification and supports individualised decision-making in this vulnerable population.

Lay Summary

In older patients with cirrhosis being considered for a
TIPS procedure, low muscle mass (sarcopenia) measured
on a routine pre-procedural CT scan independently pre-
dicts the risk of dying and of developing hepatic enceph-
alopathy after TIPS. Adding this simple measurement to
existing risk scores improves their accuracy and may help
clinicians and patients make more informed decisions.

1 | Introduction

The concept of age-based absolute contraindications has in-
creasingly been questioned. Recent studies indicate that older
adults may benefit from transjugular intrahepatic portosystemic
shunt (TIPS), a well-established treatment for complications of
portal hypertension (PH) [1-3]. However, favourable outcomes
depend on meticulous patient selection. Although biochemical
parameters, such as creatinine and serum sodium levels, have
been used to guide candidate selection, accurate risk stratifica-
tion remains limited [4]. The survival benefit of TIPS in older
adults has not been thoroughly characterised, and the risk of
shunt-related complications often complicates decision-making,
especially given the frequent unavailability of a transplant life-
line for this population [5].

Body composition has gained increasing attention as a prog-
nostic factor in cirrhosis [6-8]. Sarcopenia [9]—characterised
by reduced muscle mass, strength, and function—and myoste-
atosis [10]—a pathological fat infiltration into skeletal mus-
cle—are highly prevalent in patients with cirrhosis [11] and
contribute to morbidity and mortality [12, 13]. Moreover, both
are intrinsically linked to aging [14, 15], further complicating
their interpretation in older patients with cirrhosis. In the TIPS
setting, sarcopenia may be particularly relevant: skeletal mus-
cle is the primary extrahepatic site of ammonia metabolism,
and reduced muscle reserve may impair the ability to tolerate
the abrupt hemodynamic and metabolic changes induced by
TIPS—a vulnerability magnified in older adults. Despite these
considerations, data on body composition in TIPS candidates
[16-20], particularly in older adults [21], remain limited.

The primary objective of this study was to assess whether sar-
copenia and myosteatosis are independently associated with
post-TIPS mortality and time to first overt hepatic enceph-
alopathy (OHE) episode in older adults with cirrhosis. The
secondary objective was to evaluate whether incorporating

Highlights

This study provides a scientific rationale for incorporat-
ing sarcopenia assessment into pre-TIPS evaluation in
patients aged >70years, showing that reduced muscle
mass independently predicts mortality and overt hepatic
encephalopathy and improves the prognostic performance
of standard liver-severity scores. These findings are rele-
vant for clinicians managing older adults with cirrhosis, in
whom risk stratification before TIPS remains challenging.
Integrating sarcopenia assessment into routine evalua-
tion and procedural planning may support individualised
decision-making and patient counselling, although pro-
spective validation is needed to confirm these results.

sarcopenia into established prognostic scores improves dis-
crimination for post-TIPS mortality. As pre-specified explor-
atory analyses, we examined predicted survival and OHE-free
survival profiles defined by sarcopenia status combined with
key clinical covariates.

2 | Patients and Methods

We conducted a multicenter retrospective study on consecutive
patients aged 70years or older from the Italian TIPS registry
(RI-TIPS) who underwent TIPS for refractory ascites (RA) or
secondary prophylaxis of PH-related variceal bleeding at one of
the four participating centers (Florence, Modena, Palermo, and
Rome) between June 2015 and March 2023. Cirrhosis diagnosis
was based on clinical history, histology, or morphological im-
aging features, and an abdominal computed tomography (CT)
scan within 3months before TIPS was required. Beyond clin-
ical contraindications to TIPS [22], exclusion criteria were: (a)
hepatocellular carcinoma (HCC) or any other active malignant
neoplasm, with the exception of non-melanoma skin cancers
(basal- or squamous-cell carcinomas, given their high prev-
alence in older adults, negligible impact on survival and body
composition, and inconsistent reporting in RI-TIPS); (b) active
alcohol use per addiction-center criteria; (c) concomitant neu-
romuscular disease; (d) loss to 6-month follow-up, unless liver
transplant (LT) or death occurred; and (e) CT scan considered
inadequate for muscle assessment.

TIPS was performed as previously described [23]. During the study
period, patients were treated with first-generation VIATORR
endoprosthesis until 2018, followed by the new-generation VCX
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(W.L. Gore, Flagstaff, AZ). All TIPS procedures were performed
under deep sedation using remifentanil and midazolam. Porto-
caval pressure gradient (PCPG) was measured before and after
TIPS, in accordance with both Italian [22] and international
guidelines [24]. Before TIPS, the patients were treated with non-
selective beta-blockers according to international guidelines [24].
Clinical and laboratory data—including age, sex, aetiology of liver
disease, indication for TIPS, history of OHE and clinical ascites,
comorbidities, biochemistry within 5days before TIPS (serum
bilirubin, albumin, creatinine, sodium, international normalised
ratio [INR], white blood cells and platelet count), stent-graft gen-
eration/diameter, and PCPG values—were recorded in an ano-
nymised dedicated case report form. Prognostic scores—Model
for End-Stage Liver Disease-Sodium (MELD) [25], MELD-Na,
MELD 3.0 [26], Child-Pugh score (CP), Freiburg index of post-
TIPS survival (FIPS) [27], and Elderly Patients Calculator TIPS
(ExPecT) [1], were calculated according to previously reported
formulas (Supporting Information).

Based on the RI-TIPS protocol, no patients received primary
OHE prophylaxis before or after TIPS; patients with prior OHE
received secondary prophylaxis with oral non-absorbable di-
saccharides + rifaximin. Patients were followed up according
to the RI-TIPS protocol, with visits to the outpatient clinic
scheduled at 1, 3, and 6-months post-TIPS, then every 6 months
or as clinically indicated, until death or LT. At each visit, the
same medical team assessed all patients for OHE, defined as
grade II or higher on the West-Haven scale; only patients de-
veloping post-TIPS OHE started pharmacological prophylaxis
according to international guidance [24]. Patients and caregiv-
ers were thoroughly educated on early OHE recognition and in-
structed to promptly notify the medical team for confirmation
and hospitalisation.

The RI-TIPS survey was approved by the Ethical Committee of
the University of Florence (lead-center protocol 93/2012) and by
the ethical committees of all participating centers. This study
complied with the Declaration of Helsinki; all patients provided
data at the time of TIPS placement.

2.1 | Muscle Changes Evaluation

CT images were transmitted to the referral center for muscle
changes analysis (Rome), where two trained experts (98% in-
terobserver correlation) used SliceOmatic V4.2 (Tomovision) to
assess sarcopenia and myosteatosis. Total cross-sectional area
of the abdominal skeletal muscle and fat mass were evaluated at
the L3 vertebra (psoas, paraspinal, and abdominal-wall muscles,
including rectus abdominis, transverse abdominis, and inter-
nal/external oblique). Muscle area was normalised for stature,
resulting in L3 skeletal mass index (SMI, cm?/m?). Sarcopenia
was defined as SMI <50cm?/m? in men and <39cm?/m? in
women [28]. Myosteatosis was defined by mean muscle atten-
uation (MA) at the same image, using mortality-associated cut-
offs: <41 HU in patients with a body mass index (BMI) <25kg/
m? and <33 HU for BMI >25kg/m? [29]. Subcutaneous (SAT)
and visceral (VAT) adipose tissue were defined by HU thresh-
olds (=190 to —30 and —150 to —50, respectively) and normalised
to stature, yielding the subcutaneous (SATI) and visceral (VATI)
adipose tissue indices (cm?/m?) [30].

2.2 | Statistical Analysis

The two co-primary outcomes were post-TIPS all-cause mor-
tality (over total follow-up) and time to first OHE episode after
TIPS. The secondary outcome was the discriminative perfor-
mance of sarcopenia-augmented prognostic scores for post-TIPS
mortality. Analyses of predicted survival and OHE-free survival
profiles by clinically relevant covariate combinations were pre-
specified as exploratory and intended for descriptive risk strati-
fication rather than for formal model derivation.

Continuous variables are reported as mean+SD or median
(IQR), and compared using Student's t-test or the Mann-Whitney
U test; categorical variables were compared with the chi-squared
or Fisher's exact test. Correlations between non-normally dis-
tributed continuous variables were assessed using Spearman'’s
rank coefficient. Time-to-event outcomes were analysed by
Kaplan-Meier and log-rank test, with follow-up calculated from
TIPS to last contact, death or LT. No specific time horizon was
prespecified; 12- and 24-month probabilities are reported as de-
scriptive estimates. For OHE, time to first episode was consid-
ered, censoring at death or last follow-up. Risk factors for both
outcomes were evaluated using Cox proportional hazards mod-
els; variables with p <0.10 in univariable analysis, plus clinically
relevant covariates (sex and history of ascites), entered multivari-
able models. To address death as a competing event for OHE, cu-
mulative incidence functions (Aalen-Johansen) and Fine-Grey
subdistribution hazards models were applied. Because OHE
prophylaxis was administered only to patients with prior OHE
(RI-TIPS protocol), prior OHE and HE prophylaxis were consid-
ered collinear and not entered simultaneously. Sarcopenia was
integrated into prognostic scores by two approaches: for MELD-
based scores (MELD, MELD-Na, and MELD 3.0), sarcopenia
was integrated using a previously validated formula [7], with
sarcopenia coded as a binary variable (0=absent, 1=present);
for non-MELD-based scores (CP, FIPS, and ExPecT), sarcopenia
was incorporated as a binary additive component (score + sar-
copenia). This pragmatic strategy avoided recalibration or
re-estimation of the score coefficients and maintained compara-
bility with the original validated models. Discriminative perfor-
mance was evaluated using time-dependent receiver operating
characteristic (ROC) curves, calculated with the timeROC pack-
age, areas under the curve (AUCs) compared with DeLong's test,
and Harrell's concordance index (C-index). Predicted survival
probabilities for clinically relevant risk profiles were derived
from Cox models. Analyses were performed using R software (R
Foundation for Statistical Computing, Vienna, Austria).

3 | Results
3.1 | Characteristics of Patients

Of 516 patients with cirrhosis undergoing TIPS at the participat-
ing centers, 182 were aged >70years; 134 met the indications
for refractory ascites or secondary prophylaxis. After exclusion
of patients with inadequate baseline CT (n=7) or loss to fol-
low-up (n=12), 115 patients were included (Figure S1). Baseline
characteristics are shown in Table 1. Median age was 74years
(IQR 72-77); 62% were male. TIPS was performed for RA in
57% and for secondary prophylaxis of PH-related bleeding in
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TABLE1 | Clinical, biochemical, muscle and adipose tissue parameters for the entire cohort and stratified according to the presence of sarcopenia.

No sarcopenia (N=46) Sarcopenia (N=69) Total (N=115) P

Male sex, n (%) 23 (50%) 48 (70%) 71 (62%) 0.034
Age, years (IQR) 73 (71, 76) 74 (72,77) 74 (72,77) 0.070
Dry BMI, kg/m2, (IQR) 27.2(24.2,29.4) 23.8 (22.4, 25.6) 24.6(22.6,27.8) <0.001
Patients with obesity, n (%) 10 (22%) 4 (6%) 14 (12%) 0.010
SMI, cm?/m?2, (+SD) 48.1(6.6) 38.7(6.1) 42.5(7.8) <0.001
Muscle Attenuation, HU (+SD) 27.5(8.8) 31.3(7.4) 29.8 (8.1) 0.026
Myosteatosis, n (%) 37 (80.4%) 55(79.7%) 92 (80.0%) 0.924
SATI, cm?/m?2, (IQR) 69.3 (43.3, 85.1) 32.9(20.7, 58.3) 45.9(27.0,75.2) <0.001
VATI, cm?/m?2, (IQR) 42.2(21.8, 58.7) 22.8 (10.6, 43.6) 30.4 (15.7, 49.9) <0.001
Liver disease aetiology 0.941

ALD, n (%) 9 (20%) 15 (22%) 24 (21%)

Viral-related, n (%) 20 (43%) 28 (40%) 48 (42%)

MASLD, n (%) 17 (37%) 26 (38%) 43 (37%)
Diabetes, n (%) 20 (44%) 25 (36%) 45 (39%) 0.435
Chronic kidney disease, n (%) 9 (20%) 7 (10%) 16 (14%) 0.153
Prior OHE, n (%) 9 (20%) 10 (15%) 19 (17%) 0.473
Lactulose prophylaxis, n (%) 9 (20%) 9 (13%) 18 (%) 0.434
Rifaximin prophylaxis, n (%) 7 (15%) 10 (15%) 17 (%) 1.000
History of ascites?, n (%) 25 (54%) 49 (71%) 74 (64%) 0.068
Oesophageal varices, n (%) 37 (80%) 56 (81%) 93 (81%) 0.923
TIPS main indication 0.443

Refractory ascites, n (%) 24 (52%) 41 (59%) 65 (57%)

1I prophylaxis of VB, n (%) 22 (48%) 28 (41%) 50 (43%)
TIPS underdilated®, n (%) 28 (61%) 32 (46%) 60 (52%) 0.127
Post-TIPS PCPG < 12mmHg, 1 (%) 31 (67%) 41 (59%) 72 (63%) 0.387
Post-TIPS PCPG < 10mmHg, n (%) 27 (59%) 31 (45%) 58 (50%) 0.148
PLTs count, 10°/L (IQR) 92 (65, 124) 81 (58, 122) 87 (58, 123) 0.477
Albumin, g/L (+SD) 3.1(0.6) 3.2(0.6) 3.2(0.6) 0.247
Total bilirubin, mg/dL (IQR) 1.25(0.88, 1.78) 1.21(0.88, 1.67) 1.21 (0.88, 1.71) 0.882
INR (IQR) 1.25(1.19, 1.39) 1.23 (1.10, 1.39) 1.23 (1.14, 1.40) 0.220
Creatinine, mg/dL (IQR) 1.11 (0.80, 1.37) 1.15(0.93, 1.50) 1.15(0.84, 1.42) 0.282
Serum sodium, mmol/L (+SD) 138 (4) 137 (5) 137 (5) 0.319
CP score (IQR) 8(7,9) 8(7,8) 8(7,8) 0.660
CP class 0.559

A 9 (20%) 16 (23%) 25 (22%)

B 35 (76%) 47 (68%) 82 (71%)

C 2 (4%) 6 (9%) 8 (7%)
MELD score (IQR) 11.5 (9.9, 14.5) 11.4 (10.0, 14.6) 11.4 (9.9, 14.5) 0.984

(Continues)
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TABLE1 | (Continued)

No sarcopenia (N=46) Sarcopenia (N=69) Total (N=115) P
MELD-Na score (IQR) 13.0 (10.4, 15.1) 13.0 (10.6, 17.8) 13.0 (10.5, 17.0) 0.644
MELD 3.0 score (IQR) 13.8(11.3,15.4) 13.5(10.7,18.3) 13.5(10.8, 17.6) 0.833

ExPeCT score (IQR)
FIPS score (IQR)

—0.51 (=0.79, —0.30)
0.42 (0.23, 0.59)

—0.48(=0.71,—0.18)  —0.48 (—0.76, —0.26) 0.215

0.42 (0.11, 0.79) 0.42(0.12,0.71) 0.786

Abbreviations: BMI, body mass index; CP, Child Pugh; ExPeCT, Elderly Patients Calculator TIPS; FIPS, Freiburg index of post-TIPS survival; HU, Hounsfield unit;
INR, international normalised ratio; IQR, interquartile range; IQR, interquartile range; MASLD, metabolic dysfunction-associated steatotic liver disease; MELD,
Model for End-Stage Liver Disease; OHE, overt hepatic encephalopathy; PCPG, portocaval pressure gradient; SATI, subcutaneous adipose tissue index; SD, standard
deviation; SMI, skeletal muscle index; TIPS, transjugular intrahepatic portosystemic shunt; VATI, visceral adipose tissue index.

2Ascites grade > 2.

TIPS were defined “underdilated” when dilated with an angioplasty balloon-catheter with a diameter less than or equal to 7mm.

43% of cases; 52% received under-dilated TIPS (dilation diam-
eter <7mm). Median CP score was 8 (7, 8) and median MELD,
MELD-Na, and MELD 3.0 scores were 11 (10-15), 13 (11-17),
and 14 (11-18), respectively. Sarcopenia was observed in 60%
(mean SMI 42.5+7.4cm?/m? for females, 44.0+7.7cm?/m?
for males) and myosteatosis in 80% (mean MA 31.8+8.0 HU
for BMI <25kg/m? and 27.4+7.8 HU for BMI >25kg/m?). A
combined analysis of sarcopenia and myosteatosis showed that
only 8% had neither condition, 32% had myosteatosis without
sarcopenia, 12% sarcopenia without myosteatosis and 48% both
(Figure S2). Sarcopenic and non-sarcopenic patients did not dif-
fer in liver disease aetiology, TIPS indications, liver function,
or hemodynamic parameters (Table 1). Sarcopenia was signifi-
cantly more prevalent in male patients (70% vs. 50%, p=0.034),
and sarcopenic patients had a lower baseline median dry BMI
(23.8 vs. 27.2kg/m?, p<0.001). Myosteatosis prevalence was
similar across sarcopenia status (p =0.924). Sarcopenic patients
had reduced VATI [22.8 (IQR 10.6-43.6) vs. 42.2 (IQR 21.8-58.7)
cm?/m?; p<0.001] and SATI [32.9 (IQR 20.7-58.3) vs. 69.3 (IQR
43.3-85.1) cm?/m?; p<0.001]. Baseline SMI was similar be-
tween RA and PH-related bleeding indications (42.1+7.6 vs.
42.9+8.1cm?/m?% p=0.488), while MA was slightly lower in
the RA group (28.6 £8.4 vs. 31.3+7.6 HU; p=0.053). Both SATI
[38.7 (IQR 21.9-61.6) vs. 64.4 (IQR 36.3-88.0) cm2/m?2; p=0.002]
and VATI [23.5 (IQR 13.5-40.9) vs. 44.9 (IQR 17.8-57.7) cm?/m?;
p=0.016] were significantly lower in patients with RA. Adipose
tissue indices showed weak-to-moderate positive correlations
with SMI, whereas SATI, but not VATI, was inversely correlated
with MA (Figure S3).

3.2 | Predictors of Post-TIPS Mortality

During a median follow-up of 13 months (IQR 7-29), 56 patients
(49%) died and none underwent LT. Median post-TIPS survival
was 36 months (IQR 7-68); 12- and 24-month survival probabil-
ities were 69% (95% CI 61-78) and 61% (95% CI 52-72), respec-
tively (Figure S4). Sarcopenic patients had reduced 12-month
post-TIPS survival (55% vs. 91%; log-rank p=0.005), whereas
myosteatosis was not associated with survival (73% vs. 68%; log-
rank p=0.650) (Figure 1). In univariate Cox analysis (Table S1),
liver dysfunction (total bilirubin and INR), renal-function in-
dicators (creatinine, serum sodium), and prognostic scores
(MELD, MELD-Na, MELD 3.0, CP, FIPS, ExPeCT) were signifi-
cantly associated with post-TIPS mortality; sarcopenia, but not

myosteatosis, was among the strongest predictors. Sarcopenia
remained independently associated with mortality in multi-
variable models including selected clinically relevant covariates
(sex, history of clinical ascites) and after addition to MELD 3.0,
FIPS and CP scores, confirming its independent prognostic role
(Table 2).

3.3 | Predictive Performance of Prognostic Scores
and Impact of Sarcopenia

In an exploratory analysis, predicted survival probabilities
according to three MELD 3.0-based risk profiles (low: 10, in-
termediate: 13, and high: 18) showed that within each group,
sarcopenia was consistently associated with lower predicted
survival at 12 and 24 months (Figure 2; Table S2), refining risk
stratification beyond liver-disease severity alone. Established
scores showed moderate-to-good discrimination at 12months
(AUC 0.641-0.761; Figure 3). Addition of sarcopenia signifi-
cantly improved discrimination for every score (DeLong's test;
Figure 3), with the largest gains for scores with lower baseline
performance. MELD 3.0-sarcopenia showed the highest dis-
crimination at 12months (AUC 0.845). Pairwise comparisons
between sarcopenia-augmented scores were significant only
between the MELD 3.0- and MELD-Na-sarcopenia versus
ExPeCT- and CP-sarcopenia (Figure S5). Harrell's C-index val-
ues are reported in Table S3.

3.4 | Risk Factors for Post-TIPS OHE
and Exploratory Profiles

Fifty-two patients (45%) developed OHE at a median 37days
(IQR 24-76) after TIPS (Figure S6). Cumulative OHE proba-
bility was higher in sarcopenic patients [62% (95% CI 47-73) vs.
29% (95% CI 14-42); log-rank p=0.002], whereas myosteatosis
was not associated with OHE (log-rank p=0.770) (Figure 4).
Accounting for death as a competing event, the 12-month cu-
mulative OHE incidence remained higher in sarcopenic patients
[57% (44-67) vs. 28% (16-42); Grey's p=0.004] (Figure S7). On
multivariable Cox analysis, sarcopenia was independently as-
sociated with OHE (hazard ratio [HR] 2.06; 95% CI 1.07-3.96;
p=0.030), whereas underdilated TIPS reduced the risk (HR
0.55, 95% CI 0.31-0.96; p=0.035) (Table 3). Findings were con-
firmed by competing-risk Fine-Grey regression: sarcopenia

Liver International, 2026

50f 14

- 1nzz1 A 03s30Ue. g €EL0/° MITTTT OT/I0P/WOD A8 1M AreIq1 Ul UO//SANY WO papeojumoq L ‘9202 ‘TEZEBLYT

85UBD1 7 SUOWILLIOD 311D 3|qedt|dde ay Aq pausenof are sajo1Le WO ‘9N Jo San. oy Akeid 1 aulUQ A3IM UO (SUO N IPUOI-PUR-SWLBY WO B | IM*AReiq 1P |UO//:SANY) SUOIIPUOD pue SWS | U} 88S *[9202/90/80] U0 AeiqiauljuQ A I ewsIsIS azudllH 1Q BISPAIUN



A Strata == No Sarcopenia =+ Sarcopenia
100% A
:\o\ +—
Z —
= 75%4
a
©
o
o
ey 50%
g
<
=
2 250/ -
g
@]
0% 1
0 6 12 18 24
Months
Number at risk
% No Sarcopenia { 46 42 32 21 15
5 Sarcopenia { 69 50 34 27 23
0 6 12 18 24
Months
B Strata -+ No Myosteatosis =+ Myosteatosis
100%
S
2
= 75%1
9 I
o
< 4 +
o 50%
2
c
=1
)
= 25%1
g p=0.65
>
(@]
0% 1
0 6 12 18 24
Months
Number at risk
-g No Myosteatosis { 23 20 13 13 11
5 Myosteatosis 1 92 72 53 35 27
0 6 12 18 24
Months

FIGURE1 | Kaplan-Meier estimates of post-TIPS overall survival stratified by the presence of sarcopenia (A) and myosteatosis (B). Differences

between the groups were assessed using the log-rank test. TIPS, transjugular intrahepatic portosystemic shunt.

(sHR 1.97; 1.03-3.76; p=0.040) and underdilated TIPS (sHR
0.56; 0.32-0.98; p=0.041) (Table S4).

In an exploratory analysis based on these dichotomous variables,
four distinct 12-month OHE risk profiles emerged (Figure 5).
The most favourable profile—no sarcopenia combined with
underdilated TIPS—was associated with a predicted OHE prob-
ability of 24%; the worst—sarcopenia with standard-diameter
TIPS—with 70%. Two intermediate profiles (no sarcopenia with
standard TIPS and sarcopenia with underdilated TIPS) showed

intermediate predicted risks (39% and 49%, respectively). These
findings highlight the combined and opposing effects of sarco-
penia and TIPS dilation diameter on post-TIPS OHE risk and
support their joint use for individualised risk stratification.

4 | Discussion

The prevalence of cirrhosis among older adults has increased in
recent years, driven by population aging, improved management
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TABLE 2 | Multivariable Cox regression models assessing independent predictors of post-TIPS mortality.

Multivariable
analysis—individual Multivariable Multivariable Multivariable
variables analysis—MELD 3.0 analysis—CP score analysis—FIPS
HR (95%

Variable HR (95% CI) P HR (95% CI) 4] HR (95% CI) P CI) 4]

Male sex 1.08 (0.59-1.96) 0.810 — — 0.99 (0.56-1.77) 0.978 1.05 0.880
(0.58-1.87)

Sarcopenia 2.39 (1.26-4.54) 0.008  2.14 (1.15-3.96) 0.016 2.21 (1.17-4.21)  0.015 2.14 0.018
(1.14-4.01)

History of 1.63 (0.82-3.24) 0.160 1.32(0.69-2.54) 0.402 — — — —

ascites®

Total 1.31 (0.96-1.80) 0.088 — — — — — —

Bilirubin,

mg/dL

INR 1.21 (1.07-1.36)  0.003 — — — — — —

Creatinine, 1.19 (0.66-2.17) 0.563 — — 1.22(0.67-2.23) 0.516 — —

mg/dL

Sodium, — — — — — — 0.99 0.687

mmol/mol (0.92-1.05)

CP score — — — — 1.32 (1.06-1.63)  0.013 — —

MELD 3.0 — — 1.09 (1.04-1.14)  <0.001 — — — —

score

FIPS score — — — — — — 2.43 0.004

(1.33-4.46)

Note: Cox proportional hazards regression was used to explore associations between baseline variables and the risk of post-TIPS mortality. For each variable, hazard
ratios (HR), 95% confidence intervals (CI), and p values are reported. Values in bold indicate statistically significant independent predictors (p <0.05). Prognostic

scores were entered individually to avoid collinearity.

Abbreviations: CI, confidence interval; CP, Child Pugh; FIPS, Freiburg index of post-TIPS survival; HR, hazard ratio; INR, international normalised ratio; MELD,
Model for End-Stage Liver Disease; TIPS, transjugular intrahepatic portosystemic shunt.

2Ascites grade >2.

of etiological factors and cirrhosis-related complications and the
rising incidence of MASLD-related cirrhosis [31], decompensated
cirrhosis is particularly prevalent in older patients [32]. Although
TIPS is an established treatment for PH-related complications,
evidence supporting its efficacy is largely derived from trials in
younger populations (mean age ~55years) [33], leaving uncer-
tainty regarding its safety and effectiveness in older adults, in
whom LT is often unavailable. Physiological resilience to abrupt
portal and systemic hemodynamic changes is reduced in older pa-
tients, in whom sarcopenia, frailty, and diminished cognitive and
cardiac reserve may further increase the risk of post-TIPS compli-
cations, including OHE and cardiac decompensation. The avail-
able literature, despite methodological limitations, often reports
higher morbidity and mortality in older TIPS candidates [2, 34].
We previously reported [1] favourable survival outcomes in pa-
tients aged >70years undergoing TIPS, suggesting that age alone
should not be an a priori exclusion criterion; however, optimal se-
lection criteria for this population remains a significant challenge.

Data on the predictive value of sarcopenia in cirrhosis are par-
tially conflicting [11, 35]. In TIPS, some studies have highlighted
sarcopenia as an independent risk factor for mortality [19, 36],
although evidence—generally in non-elderly patients—remains
inconsistent [18, 37]. Moreover, sarcopenia is intrinsically linked

to biological aging [14, 38], and its impact may be amplified by di-
minished cognitive reserve in older patients with cirrhosis.

In this multicenter cohort of 115 patients with cirrhosis aged
>70years who underwent TIPS for refractory ascites or sec-
ondary prophylaxis of variceal bleeding, sarcopenia was highly
prevalent and independently associated with both post-TIPS
mortality and OHE, indicating that sarcopenia assessment may
refine the identification of suitable TIPS candidates among
older patients. Beyond its independent prognostic value, the
integration of sarcopenia into established prognostic scores
significantly enhances their discrimination for mortality. The
MELD-sarcopenia score was first proposed in 2015 [7], and Bai
et al. later validated MELD-sarcopenia specifically in the TIPS,
identifying sarcopenia as an independent risk factor for post-
TIPS mortality in a predominantly non-elderly population [36].
Similar results were subsequently confirmed, further support-
ing the prognostic relevance of combining liver-severity scores
with muscle mass assessment [21]. Our study expands this ev-
idence to patients aged >70years, showing that the prognostic
value of sarcopenia is preserved in this more biologically vul-
nerable population and that its integration into commonly used
prognostic scores provides meaningful incremental information
for mortality risk stratification.
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temic shunt.

Sarcopenia-adjusted models consistently showed improved dis-
crimination compared with conventional scores. Predicted sur-
vival probabilities derived from MELD 3.0-sarcopenia profiles
separated patients into distinct risk categories, both across in-
creasing MELD 3.0 values and within each class according to
sarcopenia status. Beyond mortality prediction, our data demon-
strated a central role for sarcopenia in post-TIPS OHE: multivari-
able analyses identified sarcopenia and TIPS dilation diameter as
independent determinants of post-TIPS OHE, with opposite effects

(sarcopenia increased the risk; TIPS underdilation was protective).
Because the cohort comprised older adults with substantial mor-
tality, we confirmed these findings in a competing-risk analysis.
Although the sarcopenia-OHE association was slightly attenuated
in the Fine-Grey model—as expected, given the higher competing
risk of death in the sarcopenic group—the relationship remained
statistically and clinically relevant. Overall, incorporating sarco-
penia into prognostic assessment may improve stratification and
support a more personalised approach to TIPS in older adults.
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TABLE 3 | Univariable and multivariable Cox regression analyses of risk factors for post-TIPS overt hepatic encephalopathy.

Univariable analysis

Multivariable analysis

Variable HR (95% CI) p HR (95% CI) p
Male sex 2.15 (1.15-4.03) 0.017 1.85(0.97-3.51) 0.061
Sarcopenia 2.62 (1.39-4.91) 0.003 2.06 (1.07-3.96) 0.030
Myosteatosis 0.91 (0.47-1.76) 0.8 — —
SATI 0.99 (0.99-1.00) 0.14 — —
VATI 0.99 (0.98-1.01) 0.3 — —
Diabetes 1.53 (0.88-2.64) 0.13 — —
TIPS underdilated? 0.50 (0.29-0.87) 0.015 0.54 (0.31-0.96) 0.036
Post-TIPS PCPG <10mmHg 1.37(0.79-2.39) 0.3 — —
History of OHE 1.16 (0.56-2.38) 0.7 — —
History of ascitesP 1.50 (0.83-2.72) 0.2 0.98 (0.52-1.82) 0.938
Total Bilirubin 1.28 (0.96-1.71) 0.090 1.18 (0.87-1.61) 0.281
INR 1.00 (0.27-3.68) >0.9 — —
Creatinine 1.01 (0.56-1.82) >0.9 — —
Serum sodium 0.95 (0.90-1.01) 0.091 0.97 (0.92-1.03) 0.295
Albumin 1.22 (0.75-1.99) 0.4 — —
CP score 1.07 (0.88-1.31) 0.5 — —
MELD score 1.01 (0.94-1.08) 0.8 — —
MELD-Na score 1.03 (0.97-1.08) 0.3 — —
MELD 3.0 score 1.02 (0.97-1.07) 0.49 — —
FIPS score 1.02 (0.53-1.95) >0.9 — —
ExPeCT score 1.12(0.67-1.87) 0.7 — —

Note: Time to first episode of overt hepatic encephalopathy was analysed using Cox proportional hazards regression. For each variable, hazard ratios (HR),
95% confidence intervals (CI), and p values are reported. Values in italics indicate p < 0.10, while values in bold indicate statistically significant predictors (p <
0.05). Variables with p <0.10 at univariable analysis were entered into the multivariable Cox regression model. Clinically relevant covariates (sex and history of ascites)

were included regardless of statistical significance.

Abbreviations: CP, Child Pugh; ExPeCT, Elderly Patients Calculator TIPS; FIPS, Freiburg index of post-TIPS survival; INR, international normalised ratio, MELD,
Model for End-Stage Liver Disease; OHE, overt hepatic encephalopathy; PCPG, portocaval pressure gradient; SATI, subcutaneous adipose tissue index; TIPS,

transjugular intrahepatic portosystemic shunt.

TIPS were defined “underdilated” when dilated with an angioplasty balloon-catheter with a diameter less than or equal to 7mm.

bAscites grade >2.

Myosteatosis, isolated or combined with sarcopenia, was also
highly prevalent (80%), consistent with rates reported among older
adults with other chronic conditions, including chronic kidney
disease, heart failure, and cancer [15, 39-43]. Although myoste-
atosis and adipose-tissue indices have been associated with worse
outcomes in cirrhosis [44, 45], we found no significant association
with mortality or OHE. A possible explanation is that these param-
eters—more rapidly modifiable after TIPS—may exert their prog-
nostic impact through short-term dynamic changes rather than
baseline values. Mean MA and VATT in our cohort were markedly
lower than in younger patients [30], likely reflecting both age and
the cumulative impact of chronic liver disease. Prospective studies
with serial body-composition assessments are needed to clarify the
prognostic role of myosteatosis and adipose-tissue distribution in
older patients with cirrhosis.

Several mechanisms may underlie the association between sar-
copenia and adverse post-TIPS outcomes. Beyond the inability
to cope with abrupt hemodynamic shifts, sarcopenia directly
contributes to OHE: skeletal muscle is a key alternative site for
ammonia detoxification, and its depletion exacerbates hyperam-
monemia [16, 46]. Sarcopenia is also linked to systemic inflam-
mation and immune dysfunction, predisposing to infections and
clinical deterioration; these effects may be magnified in patients
with reduced cardiac reserve and metabolic alterations, espe-
cially those with MASLD [47, 48].

The onset of OHE represents a highly burdensome complication
for both patients and caregivers; in older adults, OHE can trig-
ger a definitive loss of functional autonomy and substantially
increase the risk of permanent institutionalisation.

10 of 14

Liver International, 2026

- 1nzz1 A 03s30Ue. g €EL0/° MITTTT OT/I0P/WOD A8 1M AreIq1 Ul UO//SANY WO papeojumoq L ‘9202 ‘TEZEBLYT

85UBD1 7 SUOWILLIOD 311D 3|qedt|dde ay Aq pausenof are sajo1Le WO ‘9N Jo San. oy Akeid 1 aulUQ A3IM UO (SUO N IPUOI-PUR-SWLBY WO B | IM*AReiq 1P |UO//:SANY) SUOIIPUOD pue SWS | U} 88S *[9202/90/80] U0 AeiqiauljuQ A I ewsIsIS azudllH 1Q BISPAIUN



1.00 §
>
=
8 0.751
]
Ne]
o
o
©
2
g
® 0.50 1
]
(0]
A
L
I
O — TIPS underdilated — No sarcopenia T == -
B 0254
B — = TIPS underdilated — Sarcopenia
g —— TIPS standard — No sarcopenia
o

— = TIPS standard — Sarcopenia
0.00 T T

180 270 360

0 90
Days
Profile Predicted 1-year OHE-free survival
TIPS underdilated — No sarcopenia 0.76
TIPS underdilated — Sarcopenia 0.51
TIPS standard — No Sarcopenia 0.61
TIPS standard — Sarcopenia 0.30

FIGURES5 | Predicted probabilities of 1-year OHE-free survival in older adult patients according to four risk profiles defined by sarcopenia status
and TIPS dilation diameter. Solid green curve: Low-risk profile (underdilated TIPS without sarcopenia); dashed green curve: Intermediate-risk pro-
file (underdilated TIPS with sarcopenia); solid red curve: Intermediate-risk profile (standard-diameter TIPS without sarcopenia); dashed red curve:
High-risk profile (standard-diameter TIPS with sarcopenia). Dashed lines indicate the presence of sarcopenia, while solid lines indicate the absence
of sarcopenia. OHE, overt hepatic encephalopathy; TIPS, transjugular intrahepatic portosystemic shunt.

Within this broader context of biological vulnerability, Kabelitz
et al. [49] recently highlighted the prognostic relevance of
frailty—measured by the Liver Frailty Index—in patients with
cirrhosis undergoing elective TIPS. As the authors note, sar-
copenia is not equivalent to frailty: frailty encompasses mus-
cle quantity, dynamic muscle function, and cognitive decline.
Sarcopenia and frailty represent distinct but complementary di-
mensions of the same underlying vulnerability: sarcopenia pro-
vides an objective morphological metric readily available from
routine pre-procedural CT, whereas frailty assessments capture
functional and physiological decline. Integration of CT-derived
muscle parameters with comprehensive functional frailty as-
sessments may represent the future benchmark for pre-TIPS
risk stratification in the geriatric population, supporting indi-
vidualised decision-making and procedural tailoring. Whether
sarcopenia in older patients with cirrhosis can be effectively
addressed through nutritional or exercise interventions as part
of prehabilitation programs remains uncertain [46], and addi-
tional studies are required to clarify the reversibility of muscle
depletion and identify potential therapeutic targets.

Strengths of this study include its multicenter design, the focus
on older adults—an underrepresented population in the TIPS lit-
erature—and the objective evaluation of muscle mass and qual-
ity. Several limitations should be acknowledged. First, although

data were prospectively collected, the retrospective design and
stringent inclusion criteria may have introduced selection bias.
Second, sarcopenic and non-sarcopenic patients differed in BMI
and sex distribution; despite adjustment for clinically relevant
covariates in multivariable models, residual confounding cannot
be excluded, and generalisability to populations with different
ethnic backgrounds, BMI distributions, or aetiologies may be lim-
ited. Third, per RI-TIPS protocol, no patients received primary
OHE prophylaxis—a strategy that may differ from other cen-
tres and could affect the generalisability of our OHE-incidence
estimates. Fourth, baseline serum ammonia was not routinely
collected in our registry, precluding calculation of recently de-
veloped predictive models such as the AMMON-OHE score [50].
Fifth, post-TIPS changes in sarcopenia and myosteatosis were
unavailable, precluding assessment of dynamic changes over
time. Finally, sarcopenia was integrated using established scores
using a pragmatic, uniform approach rather than score-specific
recalibration; although intentional to preserve interpretability
and the original structure of validated scores, larger studies are
needed for formal recalibration or external validation.

In conclusion, in this multicenter cohort of patients with
cirrhosis aged >70years undergoing TIPS, sarcopenia was
highly prevalent and independently associated with both
mortality and OHE. Although established prognostic scores
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retained acceptable performance, incorporating sarcopenia
consistently improved discrimination and refined outcome
stratification. The combined assessment of sarcopenia and
TIPS dilation diameter further identified clinically distinct
OHE risk profile, highlighting the interplay between patient-
related vulnerability and procedural strategy. These findings
support routine sarcopenia evaluation in older TIPS candi-
dates and suggest that its integration into established prog-
nostic tools may enhance individualised risk assessment and
clinical decision-making.
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Additional supporting information can be found online in the
Supporting Information section. Table S1: Univariable Cox regression
analysis for post-TIPS mortality. Table S2: Predicted post-TIPS sur-
vival probabilities in older adult patients according to three MELD 3.0-
based risk profiles at 12- and 24-months. Table S3: Harrell's C-index
of sarcopenia-augmented prognostic scores. Table S4: Univariable and
multivariable Fine-Grey analysis predicting the overall cumulative
incidence of post-TIPS OHE, considering death as a competing event.
Figure S1: Study flowchart illustrating patient identification, screening
and inclusion. A total of 516 patients with cirrhosis undergoing TIPS at
one of the participating centers (Florence, Modena, Palermo, and Rome)
between June 2015 and March 2023 were included. Of these, 182 were
aged >70years, and 134 had refractory ascites or secondary prophylaxis
of variceal bleeding as the indication for TIPS. For 19 patients, no data
on muscle condition were available. In total, 115 patients met all the
inclusion criteria. Figure S2: Distribution of sarcopenia and myoste-
atosis among the study cohort. Figure S3: Scatter plots illustrating the
correlations between muscle and adipose tissue indices. Specifically,
correlation between: (A) muscle attenuation (MA) and subcutaneous
adipose tissue index (SATI); (B) muscle attenuation (MA) and visceral
adipose tissue index (VATI); (C) skeletal muscle index (SMI) and sub-
cutaneous adipose tissue index (SATI); (D) skeletal muscle index (SMI)
and visceral adipose tissue index (VATI). Figure S4: Kaplan-Meier
estimates of post-TIPS overall survival for the entire study population.
Figure S5: Pairwise comparisons of AUROC values among sarcopenia-
augmented prognostic scores. Differences between AUROCs were as-
sessed using DeLong's test. Pairwise comparisons that did not reach
statistical significance are not shown. Figure S6: Kaplan-Meier esti-
mates of time to first episode of OHE after TIPS. Figure S7: Cumulative
incidence functions for OHE after TIPS, with death as competing event.
Curves are stratified by presence of (A) sarcopenia and (B) myosteato-
sis. p-value from Grey's test.
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