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Abstract

Background
Acute-on-chronic liver failure (ACLF) is characterized by the development of a syndrome associated with
a high risk of short-term death in patients with acute decompensated cirrhosis, and better biomarkers are
needed to predict such outcomes. Sarcopenia, a common complication of cirrhosis, is tightly associated
with poor prognosis and increased mortality. In this study, the skeletal muscle index of ACLF patients was
measured to determine whether sarcopenia combined with clinical parameters helps in identifying those
at high risk of progression.

Methods
A total of 314 hospitalized ACLF patients were included and allocated into groups of transplantation-free
survival (n = 214) or progression (n = 100) within 90 days. Muscle mass was assessed based on the
skeletal muscle index. The optimal cutoff value of the AMPAS1 model (age, MELD score, platelet count,
alpha-fetoprotein level, sarcopenia and more than one complication combination) for progressive
prediction was identi�ed using receiver operating characteristic (ROC) analysis.

Results
Sarcopenia was an independent risk factor for progression in the ACLF population (HR 3.705 95%CI
2.131-6.441, P<0.001). AMPAS1 was a good predictor, with an area under the ROC curve of 0.908, and the
cutoff value for poor outcome prediction was 0.21 (sensitivity 93.2%, speci�city 71.1%).

Conclusion
We demonstrate that sarcopenia is a simple and objective biomarker for predicting short-term prognosis
in patients with ACLF. Moreover, compared to conventional prognostic scores, AMPAS1 is a better model
to predict 90-day adverse outcomes in ACLF patients.

Introduction
Acute-on-chronic liver failure (ACLF) involves rapid deterioration of liver function in chronic liver disease
and is often associated with the development of serious complications such as hepatorenal syndrome
and hepatic encephalopathy (HE) within a short period of time.(1, 2) ACLF has a high rate of short-term
mortality, with 28- and 90-day mortality rates as high as 25% and 40%, respectively.(3) Liver
transplantation may be the only curative treatment for these patients. Although prognostic scores
including Model for End-stage Liver Disease [MELD] and MELD-Na scores help guide donor liver
allocation for transplantation, both of these scoring systems lack important parameters that re�ect the
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nutritional and functional status of patients with ACLF. Indeed, the MELD score did not capture ACLF
severity among candidates listed for liver transplant (LT) in a large cohort study.(4) Another multicenter
study of 18,979 patients with ACLF in the United States found that MELD-Na did not capture 90-day
mortality risk in ACLF, with only a small proportion of ACLF patients exceeding the median MELD
thresholds for transplantation in designated LT centers.(5)

To help clinicians predict the condition of patients and take timely intervention measures, a clinical index
closely related to the prognosis of ACLF patients and a better prediction model are needed. Sarcopenia, a
common complication of cirrhosis, is de�ned as a progressive and generalized loss of skeletal muscle
mass, strength, and function. A recent study found that sarcopenia is strongly and independently
associated with a high risk of mortality in patients with cirrhosis.(6) However, there are few real-world
studies of sarcopenia in predicting the prognosis of ACLF. Therefore, in this study, a new model was
developed to predict 90-day progressive risk in patients with ACLF by measuring the L3 skeletal muscle
index in combination with other key clinical indicators.

Methods
Patients

For this retrospective study, we recruited all patients with ACLF (de�ned as TBIL ≥ 171 μmol/L and INR ≥
1.5 according to the Chinese criteria(7)) treated at our institution between July 2019 and March 2021. We
excluded patients younger than 18 years old, those who were pregnant, and those diagnosed with
hepatocellular carcinoma or any extrahepatic malignancy, as well as patients with comorbidities
associated with poor outcomes (severe cardiopulmonary disease de�ned by a New York Heart
Association score > 3, oxygen/steroid-dependent chronic obstructive pulmonary disease, chronic kidney
disease). All patients were given standard medical treatments, including arti�cial liver support systems,
energy supplements, intravenous infusion of albumin and plasma, and preventive treatment for
complications after admission. The 90-day transplantation-free survival rate was determined.

The present study was approved by the ethics committee of Guizhou Provincial People's Hospital and
performed according to the ethical guidelines of the 1975 Declaration of Helsinki. The requirement for
obtaining informed consent from patients was waived because of the retrospective nature of the study.

Data collection

Demographic data and laboratory parameters for all patients were extracted through retrospective review
of medical records. Laboratory parameters included prealbumin, albumin, alanine aminotransferase,
aspartate aminotransferase, creatinine, TBIL, INR, white blood cell count, platelet count, and blood urea
nitrogen. Effective hepatic blood �ow (EHBF) was measured by the indocyanine green (ICG) clearance
test. Prognostic scores (including Model for End-stage Liver Disease [MELD] and MELD-Na scores) were
calculated using baseline values of relevant parameters (measured at the time of admission).
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Evaluation of skeletal muscle mass and de�nition of sarcopenia

Skeletal muscle mass was evaluated according to the skeletal muscle index (SMI) based on computer
tomography (CT) scans at L3.(8) SMI was calculated by normalizing the L3 skeletal muscle areas by the
square of the patient's height (m2).(9) The muscle masses evaluated in the L3 region were the psoas,
erector spinae, quadratus lumborum, transversus abdominis, external and internal obliques, and rectus
abdominis. Skeletal muscle is identi�ed and quanti�ed by Houns�eld unit (HU) thresholds of –29 to
+150(10); with these speci�c HU thresholds, SMI measurements are not in�uenced by the presence of
ascites. This analysis was performed using the diagnostic software ImageJ (NIH, Bethesda, MD, USA).
(11) Sarcopenia was de�ned according to the Japan Society of Hepatology guidelines for sarcopenia in
liver disease as L3 SMI < 38 cm2/m2 for female patients and < 42 cm2/m2 for male patients.(12)

Statistical analysis

Continuous variables were analyzed using Student's t test or the Mann–Whitney U test, as appropriate;
the results are expressed as the mean ± standard deviation or median (25th centile; 75th centile).
Categorical data were compared using the χ2 test, and the results are expressed as numbers
(percentages). Cox proportional hazard model and receiver operating characteristic curve (ROC) analyses
were used to identify independent factors for progression in patients with ACLF. Finally, the independent
predictors obtained from the above screening progress were considered for nomogram construction.
Calibration curves and the C-index were subsequently evaluated to assess the calibration of the model.
Cumulative rates of the 90-day transplantation-free survival rate were plotted using a Kaplan–Meier curve
and compared using the log-rank test. All statistical analyses were carried out using SPSS 25.0 (Chicago,
IL, USA) and R 3.6.0. Statistical signi�cance was set at two-sided P <0.05.

Results

Patient characteristics
Of 392 patients who were recruited for the present study, 78 were excluded: 42 due to hepatocellular
carcinoma, 12 due to other extrahepatic malignancies, 5 due to pregnancy, 4 due to severe
cardiopulmonary disease, 3 due to chronic obstructive pulmonary disease, and 12 due to chronic kidney
disease. Ultimately, 314 patients with ACLF were enrolled for analysis. The baseline characteristics and
biochemical data of the participants are listed in Table 1. Among the 314 participants, 214 were in the
transplantation-free survival group, and 100 were in the progression group (76 died; 24 underwent liver
transplantation), representing a 90-day transplantation-free survival rate of 68.2%. Overall, mean age,
MELD score, lymphocyte count, NLR, TBIL, INR, CRP, IL-6, proportion of sarcopenia and more than one
complication were higher in the patients who experienced progression; conversely, the mean L3 SMI,
platelet count, ALT, sodium and AFP were lower (P<0.05). At the same time, we compared 28-day
transplantation-free survival in the 314 patients, with 272 (86.6%) having transplantation-free survival.
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MELD score, TBIL, INR and proportion of more than one complication were higher in the progression
group, and age and CRP were close to statistically signi�cant (Table S1).
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Table 1
Baseline characteristics of the study participants

Characteristic Total (N =
314)

90-day transplantation-
free survival (n=214)

Progression
(n=100)

p
value

Age, y 47.0 (34.8-
54.3)

44.0 (34.5-53.0) 49.0 (37.5-
64.0)

0.006

Sex, n (%)        

Male 246 (78.30) 169 (79.3) 77 (76.20)  

Female 68 (21.70) 44 (20.7) 24 (23.80)  

MELD score 22.0 (16.8-
25.0)

22.0 (16.0-25.0) 22.0 (18.0-
29.0)

<0.001

Etiology, n (%)       0.484

HBV/HCV 177 (56.40) 118 (55.40) 59 (58.40)  

Alcohol 65 (20.70) 49 (23.00) 16 (15.80)  

HBV/HCV+Alcohol 24 (7.60) 16 (7.50) 8 (7.90)  

Others 48 (15.30) 30 (14.10) 18 (17.80)  

L3 SMI, cm2/m2 40 (36-45.5) 42.6 (38.0-47.0) 37.0 (30.0-
40.0)

<0.001

Sarcopenia, n (%) 154 (49.0) 79 (36.9) 75 (75) <0.001

BMI 23.7 (21.6-
26.4)

23.7 (21.5-29.5) 25.0 (22.1-
26.5)

0.989

Platelet (×109/L) 88.5 (60.8-
131.0)

98 (64.0-150.0) 59 (43.5-
92.0)

<0.001

Neutrophil (×109/L) 2.95 (1.26-
5.44)

3.39 (1.35-6.10) 1.30 (0.74-
4.24)

0.435

Lymphocyte (×109/L) 1.45 (0.85-
4.02)

1.41 (0.94-4.39) 1.68 (0.76-
3.91)

0.016

NLR 2.21 (0.26-
6.03)

2.23 (0.37-6.17) 0.40 (0.16-
6.64)

0.019

Continuous variables are expressed as the median (IQR).

Abbreviations: MELD score, end-stage liver disease score; HBV, hepatitis B virus; HCV, hepatitis C virus;
L3 SMI, L3 skeletal muscle index; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio.

*More than one complication included gastroesophageal varices, hepatic encephalopathy,
hepatorenal syndrome and infections.
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Characteristic Total (N =
314)

90-day transplantation-
free survival (n=214)

Progression
(n=100)

p
value

PLR 57.88
(17.40-
101.52)

61.84 (24.20-101.61) 20.68
(12.09-
84.34)

0.955

Serum albumin, g/L 28.1 (25.8-
31.3)

28.5 (26.8-33.1) 27.1 (20.6-
29.0)

0.31

Creatinine, µmol/L 71.0 (60.0-
88.0)

68.9 (56.1-81.5) 87.7 (65.5-
128.1)

0.068

Total bilirubin, µmol/L 244.6
(161.7-
332.5)

222.4 (150.6-328.0) 264.6
(220.2-
459.9)

<0.001

Alanine aminotransferase,
U/L

112.5 (36.5-
522.3)

129.0 (40.5-532.5) 62.0 (28.5-
151.0)

0.033

International normalized ratio 1.82 (1.56-
2.09)

1.78 (1.56-2.04) 1.91 (1.63-
2.60)

<0.001

C-reactive protein, mg/L 12.06 (7.27-
28.25)

11.00 (6.92-22.25) 25.13
(10.60-
48.69)

0.002

Interleukin-6, pg/mL 18.34 (8.55-
32.46)

16.56 (7.50-23.11) 44.98
(18.29-
61.93)

0.002

Effective hepatic blood �ow,
L/min

0.20 (0.14-
0.27)

0.21 (0.16-0.28) 0.17 (0.11-
0.24)

0.063

Sodium, mmol/L 136.0
(133.0-
138.4)

136.7 (133.5-138.7) 134.0
(131.7-
138.3)

0.009

Prealbumin, g/L 59.9 (50-
89.2)

57.3 (50-87.0) 72.8 (50-
94.05)

0.806

Alpha-fetoprotein, mmol/L 28.0 (5.0-
119.6)

39.2 (6.0-125.4) 15.0 (4.1-
85.9)

0.006

*More than one complication,
n (%)

168(53.5) 85 (39.9) 83(82.2) <0.001

Continuous variables are expressed as the median (IQR).

Abbreviations: MELD score, end-stage liver disease score; HBV, hepatitis B virus; HCV, hepatitis C virus;
L3 SMI, L3 skeletal muscle index; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio.

*More than one complication included gastroesophageal varices, hepatic encephalopathy,
hepatorenal syndrome and infections.
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Factors Associated With Progression
Univariate analysis revealed sarcopenia, more than one complication (including gastroesophageal
varices, hepatic encephalopathy, hepatorenal syndrome and infection), age, MELD score, CRP≥20 mg/L,
EHBF<0.53 L/min, sodium<135 mmol/L, platelet<100×109/L, NLR≥2.8, and AFP<5 mmol/L to be
associated with 90-day progression in patients with ACLF (cutoff values of CRP, EHBF, platelet, NLR and
AFP were analyzed by ROC curve analysis). However, multivariate analysis identi�ed only sarcopenia,
more than one complication, age, MELD score, platelet<100×109/L and AFP<5 mmol/L as independent
predictors of progression (Table 2). In addition, the C-index of internal validation was 0.815, which
indicated that the model had a high degree of differentiation and accuracy. We also compared
independent risk factors in patients with progression at 28 days, but only age, MELD score and CRP were
found to be independent predictors by multivariate analysis (Table S2).
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Table 2
Univariate and multivariate Cox proportional hazard models to predict 90-day progression in ACLF

patients
Variables Univariate analysis Multivariate analysis

HR 95% CI p
value

HR 95% CI P
value

Age 1.4 1.047-
1.872

0.023 1.505 1.026-
2.208

0.036

MELD score 2.103 1.348-
3.281

0.001 1.886 1.127-
3.154

0.016

C-reactive protein ≥ 20 mg/L 2.013 1.337-
3.031

0.001      

Effective hepatic blood �ow<0.53
L/min

3.179 1.146-
8.818

0.026      

Sodium<135 mmol/L 1.732 1.167-
2.569

0.006      

Platelet<100×109/L 1.750 1.152-
2.659

0.009 2.658 1.319-
5.357

0.006

NLR ≥2.8 2.241 1.485-
3.382

<0.001      

Alpha-fetoprotein<5 mmol/L 1.856 1.217-
2.832

0.004 1.955 1.160-
3.294

0.012

Sarcopenia 3.705 2.131-
6.441

<0.001 3.299 1.786-
6.096

<0.001

*More than one complication 4.943 2.965-
8.239

<0.001 3.246 1.600-
6.587

0.001

Abbreviations: HR, hazard ratio; CI, con�dence interval; MELD score, end-stage liver disease score;
NLR, neutrophil-to-lymphocyte ratio.

*More than one complication included gastroesophageal varices, hepatic encephalopathy,
hepatorenal syndrome and infections.

Analysis Of The Predictive Value Of The Model
Next, we built a nomogram by combining prognostic factors, including age, MELD score, platelet count,
AFP, sarcopenia, and more than one complication (Fig. 1A), and the vertical line from the coordinate axis
of each risk index was used to obtain corresponding scores. These scores were added to obtain the total
score, corresponding to the 90-day transplantation-free survival rate in the last coordinate axis, and the
survival percentage for each individual was obtained. To assess our model, we drew a calibration curve



Page 10/18

based on the actual incidence and the prediction rate, which showed that the apparent curve had a
similar prediction function compared with the ideal model (Fig. 1B).

Furthermore, the prognostic value of the MELD score and MELD-Na score for predicting outcomes was
assessed by analyzing the area under the ROC curve. The sensitivity and speci�city were 50.0% and
77.5% for the MELD score and 78.0% and 49.0% for the MELD-Na score, respectively. The powers of the
MELD score and MELD-Na score for predicting outcome were not signi�cantly different, as indicated by
their similar area under curve values (0.691 and 0.687, respectively, P =0.850). When age, MELD score,
platelet count, AFP, sarcopenia and more than one complication were combined (AMPAS1), the area
under the curve for predicting mortality was 0.908, which was higher than that of either parameter alone
(both P < 0.05), and the cutoff value, sensitivity, and speci�city were 0.21, 93.2%, 71.1% (Fig. 2).

Two Risk Groups For Prediction Of 90-day Progression
Finally, patients were divided into 2 signi�cantly different risk groups (high and low) according to the
preselected cutoff points, and 90-day progression in these patients was compared. According to previous
clinical studies, patients with MELD scores > 20 and MELD-Na scores ≥25 are considered to be at high
risk,(13–15) and a total of 199 and 116 ACLF patients in our study met these criteria. In addition, the
cutoff value of AMPAS1 was 0.21. In total, 89 high-risk patients were screened by ROC analysis;
according to Cox proportional hazard regression, patients in the high-risk group with MELD scores > 20
had a 2.7-fold higher likelihood of progressive events than did patients in the low-risk group with MELD
scores below 20, and those in the high-risk group with MELD-Na scores had a 2.5-fold higher likelihood of
progression than did low-risk patients with MELD-Na scores below 25. Moreover, those with sarcopenia
had a 3.7-fold higher likelihood of progression than did those without sarcopenia, and AMPAS1≥0.21 in
the high-risk group was associated with a 15.9-fold higher progressive event likelihood than low-risk
patients with AMPAS1 below 0.21 (Table 3). Moreover, 90-day cumulative survival rates were compared
using the different models between the low- and high-risk groups. Survival for patients with AMPAS1 ≥
0.21 was extremely low, at 39%; survival for those with sarcopenia, MELD-Na and MELD was 49.8%,
52.6% and 59.8%, respectively. Similarly, the median survival 61.3 days based on AMPAS1 (95%CI (55.3–
67.5)), 66.8 days based on sarcopenia (95%CI (61.3–72.5)), 64.7 days based on MELD-Na (95%CI (59.1–
70.5)) and 69 days based on MELD (95%CI (65.0–73.2)). There was a signi�cant difference in survival
curves among the groups (P <0.001) (Fig. 3).
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Table 3
Risk of 90-day progressive events for 2 risk groups de�ned by test-speci�c cutoffs.

Risk groups Event (%) Hazard ration p value

MELD score      

≤ 20 20 (17.54) 1 -

> 20 80 (40.20) 2.701 (1.655-4.412) <0.001

MELD-Na score      

<25 45 (22.73) 1 -

≥ 25 55 (47.41) 2.529 (1.705-3.753) <0.001

Sarcopenia      

No 23 (16.67) 1 -

Yes 77 (50.00) 3.705 (2.131-6.441) <0.001

AMPAS1      

<0.21 10 (5.49) 1 -

≥ 0.21 90 (60.67) 15.945 (6.364-39.953) <0.001

Hazard ratios from univariable Cox proportional hazard regression for prediction of 90-day
progressive events according to low- and high-risk patients, with P values for between-group
differences shown as hazard ratios. We used previously published cutoff points to de�ne the risk
groups.

Abbreviations: MELD score, End-stage Liver Disease score; MELD-Na, End-stage Liver Disease
includes serum sodium score; AMPAS1, including age, MELD score, platelet, AFP, sarcopenia and
more than one complication.

Discussion
Differences between Eastern and Western diagnostic criteria for ACLF have resulted in considerable
discrepancies in the identi�cation, rescue regimen, and eventual prognosis of the condition.(16–18) The
main causes of liver failure in Western countries are nonsteroidal anti-in�ammatory drugs and alcohol; in
China, the main cause is hepatitis virus infection, especially hepatitis B virus.(19) The established MELD
score and MELD-Na score prognostic models are based on European and American studies, and better
predictive models for Asian patients with ACLF need to be further explored. For the present study, we used
Chinese criteria for ACLF, which have been validated for the diagnosis of ACLF in China. Our analyses of
a cohort of patients with ACLF revealed three major �ndings. First, to our knowledge, this is the �rst study
to report sarcopenia as an independent risk factor for progression in an ACLF population. Second, we are
the �rst to combine sarcopenia with clinical indicators to predict poor 90-day outcomes in patients with
ACLF. Third, MELD scores and MELD-Na scores did not capture the severity of 90-day adverse outcomes
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in patients with ACLF, whereas our new model, AMPAS1, was a good predictor of such outcomes.
Interestingly, by comparing clinical markers of patients with 28-day progression to those with 90-day
progression, we also found that sarcopenia had no predictive value for 28-day progression. We suspect
that the reason for this difference may be related to the different mechanisms of disease progression.
Patients who experienced progression at 28 days were more likely to have an acute in�ammatory storm
with massive hepatocyte necrosis, whereas progression at 90 days may be associated with anabolism
and even host immune function.

The MELD score is the most commonly used model to predict the prognosis of liver disease and
incorporates three laboratory variables: TBIL, INR, and creatinine.(13, 14) Although the MELD score
considers liver dysfunction and renal insu�ciency, it does not incorporate other crucial factors, such as
HE, organ failures, or infection, which can affect prognosis.(20) Moreover, our data show that both the
MELD score and MELD-Na score do not fully capture underlying disease severity in ACLF. This is likely
due to the effect of extrahepatic organ failures on patient outcomes, which are not considered when
calculating MELD-Na. Scores other than MELD or MELD-Na based on organ failure may be more
appropriate to predict prognosis in patients with ACLF. Previous studies have identi�ed several factors,
including age, AFP, and platelets, to be associated with poor outcomes of liver failure, consistent with our
study.(7) In addition, the nutritional status of patients with liver disease is a problem that is easy to
ignore. Sarcopenia has also been found to be associated with high mortality and poor posttransplant
outcomes in patients awaiting liver transplantation.(21–23) The present study complements these
studies, adding sarcopenia, complications and clinical indicators as a predictor of prognosis in patients
with ACLF, and combining these elements with the MELD score adds to the power of the score for
predicting progression.

The relationship between sarcopenia and unfavorable outcomes of ACLF is complex and has yet to be
fully elucidated. Because ACLF itself is associated with mortality, systemic in�ammation, and organ
failure, it is unclear which factors associated with sarcopenia are relevant for ACLF. The present study
indicates that sarcopenia is an independent risk factor for progression in the ACLF population, as
patients presenting sarcopenia had a higher risk of LT or mortality than those without sarcopenia. Our
conclusions are consistent with those of Montano-Loza and colleagues,(24) who determined that
sarcopenia is associated with a 5-fold increased risk of mortality in patients with cirrhosis, independent
of the MELD-Na score. Tandon et al also reported that sarcopenia is associated with a 2-fold increased
risk of liver transplant waitlist mortality.(25) Sarcopenia results from an imbalance between protein
synthesis and catabolism. Major pathways involved in peripheral muscle breakdown include activation of
autophagy and the ubiquitin–proteasome pathway (UPP) and the mammalian target of rapamycin
(mTOR) pathway.(26, 27) Myostatin, a myokine, is an inhibitor of protein synthesis and regeneration. In
addition, a number of proin�ammatory cytokines (TNF-α, IL-6, IL-1 and IFN-γ) have been reported to
trigger muscle wasting, but the precise contributions of these factors remain controversial and unclear
under different conditions.(26) Hyperammonemia, which upregulates myostatin levels and activates
autophagy, also plays a crucial role in the development of sarcopenia.(28) Elevated levels of ammonia
lead to impairment of the mTOR pathway through increased mitochondrial dysfunction and production
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of reactive oxygen species (ROS).(28) We hypothesize that an impaired liver-muscle axis is an essential
contributor to ACLF. Consequently, malnutrition has been shown to lead to increased liver damage and
worse outcomes.(29)

Our study also has some limitations. First, the study was retrospective in nature, and the sample size was
small. Second, L3 SMI levels were not measured dynamically; thus, it remains unclear whether dynamic
changes in L3 SMI levels have more clinical value in predicting adverse outcomes in patients with ACLF.
Third, the mechanism underlying the contribution of sarcopenia to the progression of ACLF remains
unknown. Further prospective multicenter studies are needed to clarify these uncertainties and con�rm
our conclusions.

In summary, the current study indicates that sarcopenia is a simple and objective biomarker able to
predict 90-day prognosis in patients with ACLF. Nutritional status may provide valuable information to
supplement conventional approaches of assessing disease condition in these patients, representing a
useful tool in clinical practice to assess patient prognosis and help clinicians identify individuals in need
of nutritional intervention. AMPAS1 is a better model to predict 90-day adverse outcomes in patients with
ACLF than conventional prognostic scores.
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Figure 1

Nomogram to predict the probability of 90-day transplantation-free survival in patients with acute-on-
chronic liver failure. And Calibration curve to predict the probability of 90-day transplantation-free
survival.
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Figure 2

Receiver operating characteristic curves indicating the relative e�ciencies of the Chinese cohort with
acute-on-chronic liver failure of end-stage liver disease (MELD) score. End-stage liver disease includes
serum sodium (MELD-Na) and the combination of age, MELD score, platelet count, AFP, sarcopenia and
more than one complication (AMPAS1) for predicting 90-day progression in patients with acute-on-
chronic liver failure.

Figure 3

Kaplan–Meier curve depicting 90-day transplantation-free survival in patients with acute-on-chronic liver
failure.
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