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Abstract

Background and aims Acute-on-chronic liver failure (ACLF) is considered a main prognostic event in patients with chronic
liver disease (CLD). We analyzed the 28-day and 90-day mortality in ACLF patients with or without underlying cirrhosis
enrolled in the ACLF Research Consortium (AARC) database.

Methods A total of 1,621 patients were prospectively enrolled and 637 (39.3%) of these patients had cirrhosis. Baseline
characteristics, complications and mortality were compared between patients with and without cirrhosis.

Results Alcohol consumption was more common in cirrhosis than non-cirrhosis (66.4% vs. 44.2%, p < 0.0001), while non-
alcoholic fatty liver disease/cryptogenic CLD (10.9% vs 5.8%, p <0.0001) and chronic HBV reactivation (18.8% vs 11.8%,
p <0.0001) were more common in non-cirrhosis. Only 0.8% of patients underwent liver transplantation. Overall, 28-day
and 90-day mortality rates were 39.3% and 49.9%, respectively. Patients with cirrhosis had a greater chance of survival
compared to those without cirrhosis both at 28-day (HR =0.48; 95% CI 0.36-0.63, p <0.0001) and 90-day (HR =0.56;
95% CI 0.43-0.72, p <0.0001), respectively. In alcohol CLD, non-cirrhosis patients had a higher 28-day (49.9% vs. 23.6%,
p<0.001) and 90-day (58.4% vs. 35.2%, p < 0.001) mortality rate than cirrhosis patients. ACLF patients with cirrhosis had
longer mean survival than non-cirrhosis patients (25.5 vs. 18.8 days at 28-day and 65.2 vs. 41.2 days at 90-day). Exagger-
ated systemic inflammation might be the reason why non-cirrhosis patients had a poorer prognosis than those with cirrhosis
after ACLF had occurred.

Conclusions The 28-day and 90-day mortality rates of ACLF patients without cirrhosis were significantly higher than those
with cirrhosis in alcoholic CLD. The presence of cirrhosis and its stage should be evaluated at baseline to guide for manage-
ment. Thai Clinical Trials Registry, TCTR20191226002.

Keywords Cirrhosis - Acute-on-chronic liver failure - Mortality - Prognosis - Chronic liver disease - Liver injury

Introduction dysfunction with or without extra-hepatic organ failure,

which leads to high short-term mortality [1]. The prevalence

Acute-on-chronic liver failure (ACLF) is a distinct syn-
drome that is described in patients with chronic liver disease
(CLD) who have acute deterioration of liver function after
precipitated by certain factors and results in severe hepatic
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of ACLF is increasing and varies between 23 and 74% in
hospitalized cirrhotic patients [1]. ACLF consumes numer-
ous healthcare resources and poses a financial burden with
unsatisfactory treatment outcomes [7-9]. Ideally, intensive
management and monitoring should be given for all ACLF
patients; nonetheless, many factors in the real world limit
us from providing intensive care to every patient. Patient
selection and allocation of appropriate treatments according
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to the disease severity and prognosis are some of the most
effective strategies to achieve good treatment outcomes,
especially in situations of limited resources. Therefore, to
select suitable patients, adequate prognostic predictors are
essential.

A number of literatures have tried to identify factors that
could be utilized as prognostic predictors. Unfortunately,
results from various studies are inconsistent and cannot be
concluded. The CLIF-SOFA score, based on the types and
number of organ failure, is regarded as the best tool for diag-
nostic accuracy to predict ACLF mortality [2, 3]. However,
this score was developed on the basis of clinical presenta-
tion and complications after ACLF has occurred. In contrast,
the pre-ACLF status of liver histology and function are not
included in the consideration. An original study enrolling
patients was carried out with cirrhosis cases only, but it was
later extrapolated to apply with any CLD patients, which
shows that the effects of cirrhosis on the prognosis ACLF
has not been well studied.

In the initial ACLF definitions, European Association for
the Study of the Liver (EASL) and the American Associa-
tion for the Study of Liver Disease (AASLD), emphasized
only patients with cirrhosis. In contrast, the Asia Pacific
Association for the Study of the Liver (APASL) defini-
tion included both cirrhosis and non-cirrhosis patients. The
APASL ACLF Research Consortium (AARC) data demon-
strated that non-cirrhotic CLD patients with ACLF have a
high 4-week mortality rate (above 33%) [4]. Taking this into
account, the World Gastroenterology Organization (WGO)
consensus included patients with or without cirrhosis in their
definition of CLD underlying ACLF [5]. There are several
evidences which show that even in the absence of cirrhosis,
CLD patients who develop ACLF have a poor prognosis.
In fact, even in the subsequent reports from the CANONIC
study, the patients with cirrhosis were reported to be doing
better than the non-cirrhosis. There is, however, limited
information on the influence of the baseline degree of portal
hypertension and CLD on the severity and outcome of the
patients who have suffered acute decompensation. There are
also very few studies that have primarily evaluated the pres-
ence or absence of cirrhosis on the outcome of patients with
ACLF. The present study was undertaken to analyze the pro-
spectively collected data from the AARC database to assess
the 28-day and 90-day mortality rate of ACLF patients with
respect to the presence of underlying cirrhosis.

Patients and methods
Study design

On behalf of the APASL ACLF Research Consortium
(AARC) (detailed information is made available at http://
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www.aclf.in/), we prospectively collected information from
the hospitalized patients. The study period was from October
2009 to April 2016. All adult patients age above 18 years
who were hospitalized from the emergency room or out-
patient clinical due to having ACLF, were included in the
study. Liver cirrhosis was diagnosed based on the radiologi-
cal imaging findings of liver nodularity and/or portal hyper-
tension. Histopathological study was performed in selected
cases. A diagnosis of ACLF was defined according to the
APASL criteria: jaundice (serum bilirubin > 5 mg/dl) and
coagulopathy (INR > 1.5 or prothrombin activity <40%),
followed by ascites and/or encephalopathy within 4 weeks
in patients with prior diagnosed or undiagnosed chronic
liver disease or cirrhosis [4, 6]. Patients with any of the fol-
lowing; decompensated cirrhosis, concomitant malignancy,
pregnancy, severe comorbidities (such as severe neurological
deficit, poor cardiac function, chronic lung disease that lim-
its activity in daily life, uncontrolled autoimmune diseases,
etc.), chronic kidney disease, and currently received immu-
nosuppressant, were excluded from the study.

Patients with ACLF were investigated to determine the
precipitating cause, etiology of liver disease, and severity of
hepatic decompensation at the time of presentation. Stand-
ard medical care and management of organ dysfunction and
failure were provided to every patient. The course of the
patients and the final outcome were analyzed till 90 days. At
the end of the study, all parameters were compared between
groups of ACLF with and without cirrhosis. Statistical anal-
yses were performed by authors who were not involved in
data collection or treatment.

This study was reviewed and approved by the Institutional
Review Board of the Faculty of Medicine, Chulalongkorn
University (IRB No. 330/59). This study was registered in
the Thai Clinical Trials Registry, ID TCTR20191226002.
All authors had access to the study data, and they reviewed
and approved the final manuscript.

Statistical analysis

Categorical variables were described as counts and percent-
ages and were compared using Fisher's exact test. Continu-
ous variables were demonstrated as means and standard
deviations. The independent sample t-test and Mann—Whit-
ney (Wilcoxon rank) test were used to compare groups
with and without normal distribution. Primary and sec-
ondary outcomes were 28-day and 90-day mortality rates.
Kaplan—-Meier method was used in survival analysis. The
log-rank (Mantel-Cox) test was used to evaluate survival of
cirrhosis and non-cirrhosis groups, which followed a Chi-
square distribution. Crude analysis was demonstrated by the
Kaplan—Meier curves and compared by the mean survival
time between each group. Multivariate analysis by Cox
regression was performed to assess the relationship between
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potential factors that might affect mortality. The parameters
in the multivariate analyses were considered by two types
according to the onset of ACLF development; (1) pre-ACLF
parameters including age, sex, CLD etiologies and precipi-
tating factors, and (2) post-ACLF parameters including the
initial laboratory profiles, CTP and MELD scores, the pres-
ence of hepatic encephalopathy, ascites and number of organ
failure. The Hazard ratio was used to estimate the direction
and degree of each variable to the prognosis of ACLF at the
28-day and 90-day periods.

Results

Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) flowchart of patient enrolment is
shown in Fig. 1. A total of 1621 hospitalized ACLF patients
were enrolled in the study; 1405 of them were male (86.7%)
with a mean age of 44.6 + 11.8 years. Alcohol consumption,
followed by hepatitis B virus (HBV) infection and reactiva-
tion, seemed to be a major health issue because prevalence
was by far more common than other factors in terms of both
underlying and precipitating factors. HBV, hepatitis E virus
(HEV) reactivation, and drug-induced liver injury as causes
of liver decompensation were frequently found in our study,
while these were considered uncommon in western coun-
tries. The mean baseline MELD and CTP scores were 29 +7
and 12+ 1.5, respectively. Most patients (88.8%) had one or
two major organ dysfunctions on admission. The most fre-
quent organ failures were liver (79.8%), coagulation (35.3%),
and renal (23.2%). The average length of hospital stay was
17.5+14.1 days. The overall 28-day and 90-day mortality
rate were 39.3% and 49.9%, respectively (Table 1). The aver-
age age in the non-cirrhosis CLD group was statistically
higher than cirrhosis CLD group, but was not significant.

Assessed for eligibility from
Oct 2009-April2016 Excluded (n=243)
(n=1,864) )

Decompensated cirrhosis
- Concomitant malignancy
- Pregnancy
- Severe comorbidities
- Chronic kidney disease
- Receiving immunosuppressants

Patients with ACLF
(n=1,621)

28-day mortality (n=637)
90-day mortality (n=809)

Fig. 1 The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) flowchart of patient enrolment

The proportion of males was higher in the cirrhosis patients
than the non-cirrhosis patients.

Influence of each etiology of underlying CLD

Alcohol consumption shared a greater number in cirrhosis
than non-cirrhosis in terms of both CLD etiology (66.4%
vs. 44.2%, p<0.0001) and liver insult (63.0% vs. 38.8%,
p <0.0001). Regarding cryptogenic CLD cases, they were
more common in non-cirrhosis than cirrhosis (10.9% vs.
5.8%, p<0.0001). In addition, chronic HBV infection and
reactivation was significantly more common in non-cirrhosis
than cirrhosis (18.8% vs. 11.8%, p <0.0001).

Baseline hematological findings (hemoglobin, white cell
count (WBC), and platelet count) and total bilirubin level
from both groups were similar. Non-cirrhosis CLD patients
had a statistically higher level of serum sodium, creatinine,
albumin, alanine aminotransferase, and INR than cirrho-
sis CLD patients. Baseline CTP and MELD scores were
significantly higher in non-cirrhosis than cirrhosis group
(12.0+1.6 vs 11.5+11.4, p<0.0001, for CTP scores and
30.0+7.5vs 28.6 +£6.2, p=0.001, for MELD scores).

Organ failures

Most patients had single organ failure (41.3% in cirrhosis
and 33.7% in non-cirrhosis patients), multiple organ failure
was more common in non-cirrhosis group (32.4% and 16.8%
of patients had two and three organ failure, respectively).
Liver failure was the most common type of organ failure in
patients with cirrhosis (79.3%) and non-cirrhosis (80.2%). In
contrast, cerebral failure was the most common extra-hepatic
organ failure in those with cirrhosis (38.9%) and non-cirrho-
sis (51.9%). ACLF patients without cirrhosis had more pro-
portion of cerebral, coagulation, renal and circulatory failure
compared to those with cirrhosis (Table 1). The proportion
of respiratory failure in patients with non-cirrhosis was less
than cirrhosis (8.1% vs. 22.6%, p <0.0001).

Mortality

Only 0.8% of patients underwent liver transplantation.
Overall, 28-day and 90-day mortality rates were 39.3%
and 49.9%, respectively. Non-cirrhosis patients had a sig-
nificantly higher mortality rate than cirrhosis patients,
both at day 28 (47.6% vs. 26.5%, p<0.0001) and day 90
(57.3% vs. 38.5%, p<0.0001) (Table 2). However, con-
cerning etiologies of CLD, only non-cirrhotic patients
with alcoholic and cryptogenic liver disease had a signifi-
cantly higher 28-day and 90-day mortality than cirrhotic
patients (Table 2). In contrast, the mortality rate was not
significantly different between both groups of patients in
HBYV, hepatitis C virus (HCV), and non-alcoholic fatty
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Table 1 Baseline characteristics of patients with acute-on-chronic liver failure

Characteristics Overall (n=1,621) Cirrhosis (n=637) Non-cirrhosis (n=984) p-value
Age (years) 44.0+11.9 44.0+10.7 45.0+125 0.040
Male, n (%) 1,405 (86.7%) 576 (90.4%) 829 (84.2%) <0.0001
CLD etiologies N=1460 N=631 N=829
Alcohol 858 (58.8%) 423 (67.0%) 435 (52.5%) <0.0001
HBV 274 (18.8%) 98 (15.5%) 176 (21.2%) 0.007
HCV 42 (2.9%) 10 (1.6%) 32 (3.9%) 0.011
NASH 81 (5.5%) 37 (5.9%) 44 (5.3%) 0.646
Cryptogenic 144 (9.9%) 37 (5.9%) 107 (12.9%) <0.0001
Other causes” 61 (4.2%) 26 (4.1%) 35 (4.2%) 1.000
Acute insults N=1525 N=607 N=918
Alcohol 783 (51.3%) 382 (62.9%) 401 (43.7%) <0.0001
HBV reactivation 260 (17.0%) 75 (12.4%) 185 (20.2%) <0.0001
Drug-induced 126 (8.3%) 46 (7.6%) 80 (8.7%) 0.449
Acute HEV 62 (4.1%) 28 (4.6%) 34 (3.7%) 0.427
Other viral hepatitis 68 (4.5%) 24 (4.0%) 44 (4.8%) 0.527
Infection-related 30 (2.0%) 0 (0%) 30 (3.3%) <0.0001
Autoimmune hepatitis 48 (3.1%) 21 (3.5%) 27 (2.9%) 0.653
Other causes” 16 (1.0%) 3(0.5%) 13 (1.4%) 0.122
Cryptogenic 68 (4.5%) 21(3.5%) 47 (5.1%) 0.130
CTP score on admission 11.8+1.5 115+14 12.0+1.6 <0.0001
MELD score on admission 293+7.1 28.6+6.2 30.0+7.5 0.001
Number of organs failure 1.68+1.1 1.6+1.0 1.7+1.0 0.001
No organ failure 182 (11.2%) 74 (11.6%) 108 (11.0%)
One organ failure 595 (36.7%) 263 (41.3%) 332 (33.7%)
Two organ failure 505 (31.2%) 186 (29.2%) 319 (32.4%)
Three organ failure 256 (15.8%) 91 (14.3%) 165 (16.8%)
Four organ failure 70 (4.3%) 20 (3.1%) 50 (5.1%)
Five organ failure 12 (0.7%) 3(0.5%) 9 (0.9%)
Six organ failure 1(0.1%) 0(0%) 1(0.1%)
Specific organs failure
Hepatic encephalopathy 759 (46.8%) 248 (38.9%) 511 (51.9%) <0.0001
Coagulation 573 (35.3%) 173 (27.2%) 400 (40.7%) <0.0001
Renal 376 (23.2%) 106 (16.6%) 270 (27.4%) <0.0001
Circulatory 60 (3.7%) 16 (2.5%) 44 (4.5%) 0.004
Respiratory 224 (13.8%) 144 (22.6%) 80 (8.1%) <0.0001
Liver failure 1294 (79.8%) 505 (79.3%) 789 (80.2%) 0.660
Baseline laboratories
Hemoglobin, g/dL 10.6+2.2 10.6+2.1 10.5+2.4 0.756
WBC count, 10°/L 143+9.3 14.1+9.0 14.4+9.5 0.646
Platelet count, 10%/L 145.8+89.4 147.8+91.0 144.5+88.4 0.470
Serum sodium, mEq/L 131.0£8.1 130.0+£7.0 132.0+8.6 <0.0001
Creatinine, mg/dL 1.6+1.6 1.3+1.2 1.8+1.7 <0.0001
Total bilirubin, mg/dL 21.5+9.8 21.5+9.9 21.6+9.8 0.817
Albumin, g/dL 23407 22+0.6 24+0.7 <0.0001
ALT, U/L 203.5+454.5 126.0+257.0 254.0+541.0 <0.0001
INR 26+1.2 23+0.8 27+13 <0.0001
Length of hospital stay (days) 17.5+14.1 18.0+14.2 17.2+14.0 0.243
Mortality rate
28-days 637 (39.3%) 169 (26.5%) 468 (47.6%) <0.0001
90-days 809 (49.9%) 245 (38.5%) 564 (57.3%) <0.0001

ALT alanine aminotransferase, CLD chronic liver disease, CTP Child-Turcotte-Pugh score, HE hepatic encephalopathy, HCV hepatitis C virus,

HEV; hepeatitis E virus, INR international normalized ratio, MELD model for end-stage liver disease, WBC white blood cell count

# Autoimmune hepatitis, primary biliary cholangitis, Wilsons disease and cholestatic liver diseases

®Viral hepatitis (HAV, HDV, HEV, EBV), autoimmune hepatitis, acute Wilsons disease, infection-induced (sepsis, spontaneous bacterial perito-
nitis, malaria, leptospirosis) and post-surgery
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liver disease (NAFLD). In alcoholic CLD, non-cirrhosis
patients had a higher 28-day (49.9% vs 23.6%, p <0.001)
and 90-day (58.4% vs 35.2%, p < 0.001) mortality rate than
cirrhosis patients. Characteristics of ACLF patients with
alcohol-related liver disease with or without cirrhosis were
shown in Supplementary Table 1. Non-cirrhotic patients
had a higher white blood cell count than cirrhotic patients.
In addition, cerebral, coagulation, renal, and circulatory
failure and more than two organ failures were more fre-
quently found in ACLF patients without cirrhosis than
patients with cirrhosis (Supplementary Table 1).

The survival analyses according to the presence of cir-
rhosis in alcoholic CLD are demonstrated in Fig. 2, which
confirmed a better prognosis in cirrhosis patients rather
than non-cirrhosis. Cirrhotic patients had longer survival
than non-cirrhotic patients at both 28-day and 90-day

analyses (25.5 vs. 18.8 days at 28-day evaluation and 65.2
vs. 41.2 days at 90-day evaluation). (Fig. 2p).

Risk factors for mortality

The potential risk factors associated with the 28-day and
90-day mortality were analyzed using univariate and
multivariate analysis (Tables 3 and 4). The presence of
cirrhosis significantly influenced on mortality at both
28-day and 90-day, with the same trends found from crude
analysis by Kaplan—-Meier methods. CLD patients with
cirrhosis had a greater chance to survive compared to
CLD patients without cirrhosis, as demonstrated by the
hazard ratio at both 28-days and 90-days were 0.48 (95%
CI 0.36-0.63, p <0.0001) and 0.56 (95% CI 0.43-0.72,
p <0.0001), respectively. Among the pre-ACLF param-
eters, age was a variable associated with a poorer

Table 2 The 28-day and 90-day mortality rate in ACLF patients with and without cirrhosis

28-day mortality rate

90-day mortality rate

Cirrhosis Non-cirrhosis OR (95%CI) p-value Cirrhosis Non-cirrhosis OR (95%CI) p-value
Overall 26.5% (169/637) 47.6% (468/984) 2.51 (2.02-3.12) <0.001 38.5% (245/637) 57.3% (564/984) 2.15 (1.75-2.63) <0.001
ARLD 23.6% (100/423) 49.9% (217/435) 3.22(2.40-4.31) <0.001 35.2% (149/423) 58.4% (254/435) 2.58 (1.96-3.40) <0.001
HBV infection 39.8% (39/98)  38.6% (68/176) 0.95 (0.57-1.58) 090 46.9% (46/98)  48.9% (86/176) 1.08 (0.66-1.77) 0.80
HCV 10% (1/10) 37.5% (12/32)  5.40(0.61-48.08)  0.10 30.0non% (3/10) 59.4% (19/32)  3.41 (0.74-15.68) 0/10
NASH 40.5% (15/37)  59.1% (26/44)  2.11 (0.87-5.16) 0.10 67.6% (25/37)  61.4% (27/44)  0.76 (0.31-1.91) 0.56
Cryptogenic ~ 24.3% (9/37) 47.7% (51/107)  2.83 (1.22-6.57) 0.01 32.4% (12/37)  57.9% (62/107) 2.87 (1.31-6.31)  0.007
Other causes  19.2% (5/26) 472% (17/36)  3.76 (1.16-12.16)  0.02 34.6% (9/26) 63.9% (23/36)  3.34 (1.16-9.61) 0.02
ARLD alcohol-related liver disease, HBV hepatitis B virus, HCV hepatitis C virus, NASH non-alcoholic steatohepatitis
a Survival Functions b Survival Functions
of oo
\\"1 . _mo X"\L _rmo
an = " "
. iy, oy = 0-censored ‘)"'5,\“ = 0-censored
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\L\ o S Cirrhosis
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Fig.2 Survival according to the presence of cirrhosis or non-cirrhosis in patients with ACLF at 28 days and 90 days. a Survival curves at
28 days (Log Rank Chi-Square =79.5; p <0.0001). b Survival curves at 90 days (Log Rank Chi-Square=73.3; p <0.0001)
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prognosis, while acute injury from alcohol was indepen-
dently associated with lower 28-day mortality. Sex and
etiologies of CLD were not independently associated with
28-day and 90-day mortality. Regarding the post-ACLF
parameters, defined as parameters presented at the time of
ACLF diagnosis, we found that total WBC count, MELD
scores, number of organ failures, and baseline hepatic
encephalopathy were significantly associated with more
significant mortalities at both 28-day and 90-day.

Discussion

This study analyzed the information from the AARC regis-
try, the largest ACLF patients database in the Asia—Pacific
region. In comparison with the previous information pub-
lished by the APASL in 2014 [4], the overall 28-day mortal-
ity rate decreased from over 50% in the previous analysis to
39.3% in the current study. This might reflect an improve-
ment in the quality of care for ACLF patients. In terms of
the CLD etiologies and precipitating causes, the trend of
prevalence in each factor was similar to the study in 2014,
but these differed from the first evaluation in 2009. HBV
infection was the most common cause of CLD, and HBV

reactivation was the most common precipitating factor in
2009. HBV prevalence was predominately found among
Asian countries, whereas alcohol-related complications were
the major contributing factor at both acute and chronic liver
injury in Western countries [7]. The current analysis showed
that alcohol consumption surpassed others to become the
major cause of CLD and liver injury, while HBV-related
complications dropped to second rank (Table 1). It should
be noted that the prevalence of NAFLD from our study was
much increased. Furthermore, the incidence of NAFLD
might be under-detected because the burnt-out NASH might
be misdiagnosed as cryptogenic [4]. Based on these situa-
tions, it might be predicted that according to the westerni-
zation of lifestyle of the Asian people and the significant
changes in dietary habits, the incidence of CLD and ACLF
would exponentially increase, and NAFLD might be one of
the contributing factors for these epidemiological shifts in
CLD etiologies. Changing trends were not only discovered
in the Asia—Pacific region but also observed globally [8, 9].

Several variables that influence ACLF prognosis has
been discovered; however, there were conflicting associa-
tions between each parameter to the outcome. Apart from
the presence of cirrhosis, aging and acute insult from alcohol
were the pre-ACLF factors that influence ACLF mortality,

Table 3 Univariate and

L. . Variables Univariate analysis Multivariate analysis

multivariate analysis of factors

associated with the 28-day p-value Hazard ratio  95% CI p-value  Hazard ratio 95% CI

mortality in patients with acute-

on-chronic liver failure Presence of cirrhosis <0.0001 0.56 0.46-0.69 <0.001 0.48 0.36-0.63
Age 0.02 1.01 1.00-1.02 0.09 1.01 1.00-1.02
Male sex 0.88 098 0.72-1.34
Acute insult (Alcohol vs. 0.02  0.79 0.65-0.97 0.04 0.75 0.56-0.99

non-alcohol)

CLD etiologies 0.36 1.01 0.99-1.03
Hemoglobin 0.10  0.96 0.92-1.01
WBC count 0.002 1.01 1.01-1.02 <0.001 1.03 1.02-1.05
Platelet count 0.21 1.00 0.99-1.00
Serum sodium 0.40 1.01 0.99-1.02
Creatinine 0.21 1.04 0.98-1.10
Total bilirubin 044  1.00 0.99-1.02
Albumin 048 094 0.79-1.12
ALT 0.05 1.00 1.000-1.000
INR 0.005 1.15 1.04-1.26 0.99 1.00 0.87-1.16
CTP scores 0.19 1.05 0.98-1.13
MELD scores <0.0001 1.07 1.04-1.09 <0.001 1.11 1.08-1.14
Number of organ failure 0.005 1.20 1.06-1.36 0.04 1.21 1.01-1.44
Presence of ascites 0.08 1.41 0.96-2.08
Presence of HE* <0.0001 2.03 1.64-2.52 <0.001 2.82 2.16-3.67
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ALT alanine aminotransferase, CLD chronic liver disease, CTP Child-Turcotte-Pugh score, HE hepatic
encephalopathy, INR international normalized ratio, MELD model for end-stage liver disease, WBC white

blood cell count

“Hepatic encephalopathy by any severity



Hepatology International (2022) 16:171-182 177
Tablg 4 .Univariate. and Variables Univariate analysis Multivariate analysis
multivariate analysis of factors
associated with the 90-day p-value  Hazard ratio 95% CI p-value Hazard ratio 95% CI
mortality in patients with acute-
on-chronic liver failure Presence of cirrhosis <0.0001 0.61 0.51-0.73 <0.001 0.56 0.43-0.72
Age 0.001 1.01 1.01-1.02 0.05 1.01 1.00-1.02
Male sex 097 1.01 0.77-1.32
Acute insult (Alcohol 0.03 0.81 0.66-0.98 0.06 0.76 0.58-1.01
vs. non-alcohol)
CLD etiologies 0.39 1.01 0.99-1.03
Hemoglobin 0.04 0.96 0.92-0.99 0.14 0.96 0.90-1.02
WBC count 0.001 1.01 1.01-1.02 0.001 1.03 1.01-1.05
Platelet count 0.04  0.999 0.99-1.00 0.001 0.998 0.996-0.999
Serum sodium 0.99 1.00 0.99-1.01
Creatinine 036 1.03 0.97-1.08
Total bilirubin 0.03 1.01 1.00-1.02 0.02 1.02 1.00-1.03
Albumin 0.64 0.96 0.82-1.13
ALT 0.08 1.00 1.000-1.000
INR 0.005 1.14 1.04-1.24 0.85 1.01 0.88-1.17
CTP scores 0.09 1.06 0.99-1.13
MELD scores <0.0001 1.05 1.03-1.08 <0.001 1.07 1.04-1.10
Number of organ failure 0.001 1.21 1.08-1.36 0.002 1.32 1.11-1.57
Presence of ascites 0.07 1.38 0.98-1.94
Presence of HE® <0.0001 1.66 1.38-2.00 <0.001 1.96 1.52-2.52

ALT alanine aminotransferase, CLD chronic liver disease, CTP Child-Turcotte-Pugh score, HE hepatic
encephalopathy, INR international normalized ratio, MELD model for end-stage liver disease, WBC white

blood cell count

“Hepatic encephalopathy by any severity

while other parameters, including sex and types of CLD eti-
ologies, which were found potentially related with prognosis
by univariate analysis. These parameters were found insig-
nificant to mortality after being adjusted with the presence of
cirrhosis by multivariate analysis. Shi et al. [10] showed that
cirrhotic patients who were injured by non-liver insults, such
as bacterial infection, were related with a worse prognosis
than liver-related insults, such as alcohol drinking. Shalimar
et al. [11] found alcohol and cryptogenic liver insults were
independent risk factors to mortality. They also found that
HEV CLD patients had a significantly better prognosis than
other CLD patients. In concordance with the results of most
literature, the higher level of post-ACLF parameters in our
study including WBC count, MELD scores, the number of
organ failures and hepatic encephalopathy were associated
with poorer prognosis. The presence of cirrhosis was an
independent factor of mortality. However, these parameters
were not observed as significant effects by prior literatures
and systematic reviews [11-20]. Paradoxical impacts from
each variable might be explained by the small sample size
and the heterogeneity of the study protocol and ACLF defini-
tion among different studies [12].

The 28-day and 90-day mortality rates in cirrhosis
patients were significantly lower than in non-cirrhosis

patients. Both univariate and multivariate analyses con-
firmed that the presence of cirrhosis significantly impacted
the prognosis among ACLF patients. Cirrhosis ACLF
patients had about a 50% greater chance to survive at both
28-days and 90-days in comparison to those without cirrho-
sis. To compare our results with other literature, only a few
studies had evaluated the effects of cirrhosis on mortality.
Three studies evaluated CLD patients from any cause. They
did not find noteworthy differences between the presence
of cirrhosis and short-term (28-days) and long-term (after
28-days) mortalities [17, 21, 22]. Four literatures evaluated
the prognostic effects among HBV-related ACLF patients.
Every study performed multivariate analysis considering the
presence of cirrhosis as one of the prognostic parameters.
Interestingly, none of these studies evaluated short-term
mortality. Three studies did not find any critical impacts
from the presence of cirrhosis to long-term mortality (equal
or more than three months) [15, 16, 19]. Another study
found that liver cirrhosis was an independent risk factor for
3-month death [14].

Although most literature did not find significant effects
of the presence of cirrhosis on prognosis, which contrasted
results from our study, we should take into account the fact
that these results were not the primary objective of their
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studies, so the number of the study population might be too
small to discriminate the effect of cirrhosis on mortality. The
significant impact of the presence of cirrhosis was consist-
ently observed from every evaluation in our study, in which
the study protocol was specifically generated. Moreover, our
database was relatively large and enrolled diverse partici-
pants from various countries and ethnicities. This was the
strength of our study, reassuring that the presence of cirrho-
sis influenced ACLF prognosis particularly in patients who
had alcohol-related liver disease.

Systemic inflammatory response after liver injury is a
major contributing mechanism in the pathogenesis of ACLF.
There are two types of triggers that are able to stimulate
inflammatory responses. Exogenous triggers, such as bac-
terial infection stimulate different types of inflammatory
cells and cytokine pathways that give rise to inflammation.
Endogenous triggers originating from necrotic hepatocytes
and products from extracellular matrix breakdown induce
inflammation to promote tissue restoration. Two types of
inducers act synergistically in response to the liver injury
to stimulate inflammatory cascade and repair mechanisms;
however, excessive inflammation could adversely bring
about organ failure and death [23]. Besides the inappropri-
ate immune response after liver injury, gut dysbiosis and
bacterial translocation found in many CLD situations also
play a role in the development of ACLF. They addition-
ally activate inflammatory responses and interact with the
precipitated-inflammatory cascade. As a result, the inflam-
matory response that was already dysregulated would be
more heavily damaged [5, 6, 24].

Two possible reasons might explain why patients with
non-cirrhosis had a worse prognosis than patients with
cirrhosis after ACLF development in alcohol-related liver
disease. First, non-cirrhosis had a more inappropriate and
exaggerated immune response than cirrhosis. Although
ACLF patients did not have cirrhosis, they still developed
systemic inflammation, which repetitively or continuously
provoked an immune response. The study showed that white
blood cell count was higher in alcoholic CLD patients with
non-cirrhosis, demonstrating a higher degree of systemic
inflammatory response. Additionally, patients with non-cir-
rhosis had more cerebral, coagulation, renal, and circulatory
failure than patients with cirrhosis. Systemic inflammation
is a distinct characteristic of ACLF, and it is significantly
more prevalent in alcoholic liver disease-ACLF [25-27].
An alteration in intestinal microbiomes, which is the sup-
ported mechanism of ACLF, was also observed in patients
with non-cirrhosis CLD and alcohol-related liver disease by
many recent literatures [28—30]. Increasing evidence of an
imbalance of gut microbiota and bacterial translocation was
frequently found in alcoholic CLD [31-33]. These might
be the possible explanations for why non-cirrhosis had a
poorer prognosis in patients with alcoholic CLD. However,
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we have no data on the inflammatory parameters in both
groups of ACLF, and this hypothesis needs further stud-
ies to confirm. Second, the limitation of ACLF definition,
patients with decompensated cirrhosis who were likely to
have poorer outcomes, had been excluded. These might lead
to the lower mortality in ACLF patients who had the back-
ground of liver cirrhosis.

Our study demonstrated that although non-cirrhosis CLD
patients had a lower chance of liver-related complications,
they were equally or at higher risk of poor outcome in cases
with complications than patients with cirrhosis. While most
physicians focused their concerns on cirrhosis patients,
we recommended increasing the level of attention to CLD
patients particularly alcoholic CLD. At ACLF presentation,
non-cirrhosis patients should be concerned that they might
have serious systemic inflammation. We encourage includ-
ing the presence of cirrhosis with the type and number of
organ failures at an initial evaluation for severity grading.

Our study had some limitations. First, there was marked
heterogeneity in treatment protocols between each institu-
tion. We did not include treatment effects, particularly liver
transplantation, in prognosis assessment. In addition, only
a small number of patients (0.8%, n=13) underwent liver
transplantation, resulting in difficulty in analyzing its rela-
tion with prognostic outcomes. Second, we did not collect
and compare inflammatory biomarkers between cirrhosis
and non-cirrhosis ACLF patients to confirm our hypothesis.
Hence, we suggest collecting inflammatory biomarkers for
future research, which might help establish the hypothesis
of the exaggerated inflammation and identify correlations
with prognosis.

Conclusion

Baseline cirrhosis in ACLF patients should be thoroughly
evaluated. Non-cirrhotic patients with alcoholic CLD who
developed ACLF were associated with higher 28-day and
90-day mortality rates, which might indicate the state of
overwhelming inflammation and need closed monitoring,
not lesser than patients with cirrhosis.
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