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Background The forecast accuracy of the European Association for the Study of the Liver-Chronic Liver Failure
(EASL-CLIF) and Asian Pacific Association for the Study of the Liver (APASL) acute-on-chronic liver failure (ACLF)
criteria in assessing long-term outcomes after liver transplantation (LT) is still unclear, especially when the staging
of the two standards is inconsistent.

Methods A retrospective cohort (NCT05036031) including 565 patients from January 2015 to June 2021 was con-
ducted. The 28 and 90 days, 1- and 3-years overall survival (OS) after LT were compared between different grades.

Findings Total of 162 (28.7%) and 230 (40.7%) patients met the ACLF standards. In the EASL-CLIF criteria, the 3-
year OS rates were 83¢0%, 80¢3%, and 69¢8% for ACLF1-3, respectively. In the APASL criteria, the 3-year OS rates
were 85¢7% for APASL ACLF Research Consortium (AARC)-1, similar to ACLF-1. The 3-year OS rates were 84¢5%
for AARC-2, which were slightly better than ACLF-2. Regarding AARC-3, the 3-year OS rate was 5¢8% higher than
ACLF-3. For patients who met neither set of criteria for ACLF, the 3-year OS rates were 89¢8%. The multivariate
analysis showed that alanine aminotransferase >100 U/L, respiration failure, and cerebral failure were independent
risk factors for post-LT death.

Interpretation This study provides the first large-scale long-term follow-up data in Asia. Both criteria showed favor-
able distinguishing ability for post-LT survival. Patients with ACLF had a higher post-LT mortality risk, and ACLF-3
and AARC-3 correlated with significantly greater mortality.
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Research in context

Evidence before this study

To appraise the current evidence, we searched PubMed
for research articles published up to May 7, 2022, using
the terms “European Association for the Study of the
Liver - Chronic Liver Failure (EASL-CLIF)”, “Asian Pacific
Association for the Study of the Liver (APASL)”, “acute
on chronic liver failure” (ACLF), and “liver transplanta-
tion (LT)”. We found eighteen peer-reviewed scientific
publications and were unable to identify any studies
comparing these two criteria in the prediction of post-
transplant prognosis in ACLF.

Added value of this study

Existing high-quality data regarding liver transplanta-
tion for ACLF mainly came from the UNOS and ECLIS
studies with a one-year follow-up. Our study provides
the first large-scale long-term follow-up data in Asia. In
this retrospective study of 565 cirrhosis patients who
underwent LT, both EASL-CLIF and APASL-ACLF criteria
showed favorable ability to distinguish post-LT survival,
with a similar 3-year overall survival (OS) between Grade
1 and non-ACLF patients, and a significantly lower OS in
Grade 3. In addition, except for ACLF-3, for the consis-
tently graded ACLF, the survival rate of the same grade
in the EASL-CLIF criteria could be a reference point, with
a 3-year OS of 76% for the ACLF2/ APASL ACLF Research
Consortium (AARC)2 group and 61% for the ACLF3/
AARC3 group. When the two grades were inconsistent,
the OS was close to that predicted by the lower grade.
Multivariate analysis showed that alanine aminotrans-
ferase >100 U/L, respiration failure, and cerebral failure
were independent risk factors for post-LT death.

Implications of all the available evidence

The present study might provide more insight into the
impact of severity of illness, multiple dimensional evalu-
ation, and clinician decision-making in ACLF patients.
Introduction
Acute-on-chronic liver failure (ACLF) is a clinical syn-
drome characterized by liver decompensation caused by
an acute liver insult in patients with chronic liver dis-
ease and is associated with high short-term mortality
rates.1,2 The etiology of acute insults includes bacterial
infection, viral infection, hepatotoxic drugs, and hepatic
ischemia. Liver cirrhosis presents progressively in
patients. Unless effective treatment is provided, the
destruction of liver cells inevitably leads to
decompensation.3

Although their clinical presentation is similar,
patients with acute decompensation and ACLF have dif-
ferent clinical phenotypes and baseline inflammatory
profiles. In addition, patients with ACLF have intense
systemic inflammation and alterations in major meta-
bolic pathways compared with patients with cirrhosis
without ACLF, leading to organ failure.4-7

Currently, several organizations have suggested dif-
ferent definitions of ACLF.8-11 At present, the most
widely used standard is the European Association for
the Study of the Liver-Chronic Liver Failure (EASL-
CLIF) ACLF standard, which is based on a large-scale
prospective study (CANONIC study) focused on organ
failure that was published in 2013. It evaluated whether
patients had ACLF and determined severity by scoring
six organs or systems.9,12 An alternative definition pro-
posed by the Asian Pacific Association for the Study of
the Liver (APASL) focuses mainly on liver dysfunction,
jaundice (serum bilirubin ≥5 mg/dL), coagulopathy
(international normalized ratio [INR] ≥1¢5 or prothrom-
bin activity <40%), ascites, and/or hepatic encephalopa-
thy (HE) for diagnosis. A liver failure score (APASL
ACLF Research Consortium, AARC score) calculated
using total bilirubin level (TB), INR, HE grades, and
plasma lactate and serum creatinine levels was pro-
posed to distinguish disease severity and predict out-
comes. ACLF patients can be divided into three groups
based on their score. Considering the high 28-day mor-
tality rate (85¢9%) in grade 3 patients (AARC score
>10), immediate interventions and liver transplantation
(LT) are recommended to improve clinical outcomes.8

Regardless of the absence of a unified standard to assess
whether patients with ACLF could achieve maximum
benefit through LT, it is the only treatment for patients
with severe ACLF that effectively increases survival,
especially if surgery is offered early after diagnosis.13

However, the upper limits of recipient severity of illness
should be considered to avoid futile LT in the current
era of organ shortage.

Because of the different predominant etiologies of
underlying liver disease, the nature of precipitating
events in different regions and liver disease’s compli-
cated pathological mechanism, observations in patients
in large-scale clinical trials in the East and West dif-
fered, resulting in discrepancies in the definition and
diagnostic criteria for ACLF. In the Asia-Pacific region,
the underlying lesions and exacerbations of ACLF
strongly correlated with hepatitis B virus (HBV) infec-
tion, while in Western countries, the cause was mainly
www.thelancet.com Vol 49 Month July, 2022
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non-viral liver damage. A study by Li H et al. suggested
that in patients with HBV-related cirrhosis, the CLIF-C
organ failure score standard proposed in the CANONIC
study could also be applied to predict short-term mortal-
ity.14 At present, the therapeutic effect of LT in patients
with liver cirrhosis still needs a sensitive standard to
predict and evaluate outcomes.

In this study, we collected the clinical data of patients
who underwent LT for ACLF at our center to evaluate
the etiology of ACLF, characteristics of patients with dis-
ease of different severity levels, and impact on complica-
tion and survival rates after LT.
Methods

Study cohort
In this retrospective study, the Transplantation for
EASL-CLIF and APASL ACLF cohort, including 565
patients who underwent LT for cirrhosis at Renji Hospi-
tal, affiliated with School of Medicine Shanghai
Jiao Tong University, between January 1st 2015 and
June 30th 2021, were considered for inclusion
(NCT05036031). Patients with malignant tumor or who
underwent living donor LT were excluded. No organs
from executed prisoners were used in the present study.
ACLF diagnosis followed the APASL and EASL-CLIF
definitions. The non-ACLF cohort here included
patients with progressive chronic liver disease who
underwent transplant electively. In patients with cirrho-
sis undergoing LT at our institution, patients who did
not fulfill the diagnostic ACLF criteria before LT were
included in the non-ACLF cohort. The median time
from listing to LT was 7 days.

Urgent LT for ACLF is an evolving therapeutic
option. The selection criteria for urgent LT in our center
are based on the “Basic principles and core policies on
allocation and Sharing of Human Organs.” Medical
urgency scores for patients waiting for LT are shown in
Supplementary Table 1-2. The allocation of grafts was
basing on COTRS (China Organ Transplant Response
System, https://www.cot.org.cn/). The study was
reviewed and approved by the Ethical Committee of
Renji Hospital. Written informed consent on study
aims, participation requirements and the right to refuse
was obtained from all participants, and the trial conducted
in accordance with the principles of the Declaration of Hel-
sinki and Good Clinical Practice. All procedures were in
accordance with the STROBE guidelines.
Surgical procedure and postoperative
immunosuppression
All surgical procedures at our institution were per-
formed by surgeons specialized in LT. Most patients
underwent classic orthotopic LT, while 25 underwent
split LT.
www.thelancet.com Vol 49 Month July, 2022
Patients received our center’s standard immunosup-
pressive program post-LT. To prevent acute rejection,
methylprednisolone was used during surgery at a dose
of 500 mg.15 The postoperative immunosuppression
protocol included basiliximab, a tapered dose of methyl-
prednisolone, and a drug regimen of calcineurin inhibi-
tor (tacrolimus or cyclosporine) and/or mycophenolate
mofetil.
Data collection and follow-up
Clinical data of patients from both perioperative and
long-term follow-up was obtained from our institutional
database. Characteristics listed in the patient chart
included basic demographics (age, sex), etiology, preop-
erative clinical parameters (white blood cell count
[WBC], hemoglobin, platelets, albumin, alanine amino-
transferase [ALT], aspartate aminotransferase [AST],
total bilirubin, creatinine, INR, lactate), and clinical
manifestations (ascites, hepatic encephalopathy, and
gastrointestinal hemorrhage). Preoperative severity was
classified using the Child−Pugh score and Model for
End-Stage Liver Disease (MELD) score. Surgical varia-
bles included waiting time and intraoperative factors
(duration of operation, estimated bleeding, transfusion,
and anhepatic period). Outcome variables included
length of hospital stay and short-term and long-term
survival rates. The median follow-up time was 33
months.
Statistical analysis
Categorical variables distributions were compared using
the chi-squared or Fisher’s exact test and are presented
as n (percentage). Continuous variables were compared
using the t-test, Mann-Whitney U test or the Kruskall-
Wallis test, when appropriate and are expressed as
mean § standard deviation or median value (interquar-
tile range [IQR]). Survival of different patient groups
was estimated using Kaplan−Meier survival analysis
and compared using a log-rank test. Multivariable analy-
sis was conducted by logistic regression to identify the
risk factors for post-LT death. All statistical tests were
performed using IBM SPSS Statistics (version 26;
SPSS, Inc. Chicago, IL) and R (version 4.0.3). All tests
were two-tailed; p < 0¢05 was considered statistically
significant.
Role of the funding source
The study was funded by the National Natural Science
Foundation of China (92059205, 81902388), Shanghai
Natural Science Foundation (18ZR1424200), and Shang-
hai Medical Innovation Program (20Y11908900). The
funding source did not have any involvement in study
design, data collection and management, data analysis or
interpretation, preparation, review, or approval of the
manuscript, or the decision to submit the manuscript for
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Characteristic Non-ACLF(n=330) EASL-CLIF ACLF(n=162) APASL ACLF(n=230) p

Age, years 50 (41-57) 47 (38-55) 47 (39-55) 0.036

Sex, male 206 (62.4%) 129 (79.6%) 183 (79.6%) <0.001

Etiology <0.001

Hepatitis B 176 (53.3%) 115 (71.0%) 155 (67.4%)

Hepatitis C 10 (3.0%) 1 (0.6%) 1 (0.4%)

Alcohol 19 (5.8%) 6 (3.7%) 11 (4.8%)

Autoimmune 86 (26.1%) 15 (9.3%) 26 (11.3%)

Drug 4 (1.2%) 4 (2.5%) 8 (3.5%)

Wilson’s disease 4 (1.2%) 5 (3.0%) 9 (3.9%)

Unknown 20 (6.1%) 7 (4.3%) 10 (4.3%)

Multiple etiologya 6 (1.8%) 6 (3.7%) 8 (3.5%)

Othersb 5 (1.5%) 3 (1.9%) 2 (0.9%)

Clinical parameters

White blood count, *109/L 3.5 (2.4-5.0) 7.8 (5.6-11.1) 6.9 (4.7-10.3) <0.001

Hemoglobin, g/dL 101 (81-118) 107 (84-127) 105 (86-125) 0.043

Platelets, *109/L 73 (46-124) 62 (40-102) 60 (40-93) 0.020

Albumin, g/dL 34.2 § 6.0 33.6 § 5.7 33.2 § 5.7 0.178

Alanine aminotransferase, U/L 29 (19-50) 101 (50-242) 82 (41-212) <0.001

Aspartate aminotransferase, U/L 43 (29-78) 110 (72-201) 108 (68-201) <0.001

Total bilirubin, mg/dL 2.2 (1.2-4.3) 25.1 (17.6-32.1) 23.5 (15.7-30.6) <0.001

Creatinine, mg/dL 0.8 (0.7-1.0) 1.0 (0.7-1.6) 0.9 (0.7-1.3) <0.001

INR 1.38 (1.22-1.55) 2.73 (2.29-3.27) 2.38 (1.81-2.97) <0.001

Lactate, mmol/L 1.3 (1.1-1.6) 2.5 (1.7-3.4) 2.2 (1.6-3.2) <0.001

Decompensating events

Ascites 232 (70.3%) 150 (92.6%) 215 (93.5%) <0.001

Hepatic Encephalopathy <0.001

I-II 7 (2.1%) 35 (21.6%) 38 (16.5%)

III-IV 4 (1.2%) 23 (14.2%) 25 (10.9%)

Gastrointestinal hemorrhage 133 (40.3%) 13 (8.0%) 24 (10.4%) <0.001

Bacterial infection 36 (10.9%) 49 (30.2%) 62 (30.0%) <0.001

MELD score 11 (7-16) 32 (27-38) 29 (23-35) <0.001

Child-Pugh score 8 (7-10) 12 (11-13) 12 (11-12) <0.001

Table 1: Baseline clinical characteristics of patients.
Results are expressed as mean§standard deviation, median value (interquartile range) or n (percentage). BMI, body mass index; INR, international normalized

ratio. a Hepatitis B + drug (n = 6, 1.1%), hepatitis B + alcohol (n = 3, 0.5%), hepatitis B + AIH (n = 1, 0.2%), hepatitis B + hepatitis C (n = 1, 0.2%), alcohol + drug

(n = 1, 0.2%), alcohol + hepatic venule occlusion (n = 1, 0.2%), AIH + drug (n = 1, 0.2%). b Polycystic liver disease (n=4, 0.7%), schistosomiasis cirrhosis (n=3,

0.5%), Langerhans cell hyperplasia (n = 1, 0.2%).
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publication. Hao Feng, Qiang Xia, Lei Xia, and Zi-yun
Qiao accessed and verified the data and responsible for
the manuscript submission.
Results

Baseline characteristics and pre-LT assessment
There were 565 patients enrolled in this study. The basic
characteristics of the recipients and donors are summa-
rized in Table 1. HBV infection was the most common
etiology of ACLF (53¢3% in non-ACLF and 66¢8% in
ACLF patients). Autoimmune hepatitis (ACLF-AIH)
was found in 113 (20%) patients, and 31 (5¢5%) had alco-
holic liver failure. Fourteen patients had more than one
etiology, and 11 of those had hepatitis B combined with
another etiology.
Among the clinical manifestations of decompen-
sated liver cirrhosis, 220 (93¢6%) patients with ACLF
and 232 (70¢3%) without ACLF developed ascites. Sig-
nificantly more patients with ACLF (63, 26¢4%) than
patients without ACLF (11, 3¢3%) had HE (p<0¢001). In
patients without ACLF, the reason for admission was
significantly more likely to be gastrointestinal hemor-
rhage (p<0¢001). Compared with patients without
ACLF, the majority of patients who developed ACLF
were male (p<0¢001) and had a lower PLT (p=0.020), a
higher WBC (p<0¢001), hemoglobin (p=0¢043), ALT
(p<0¢001), AST (p<0¢001), TB (p<0¢001), creatinine
(p<0¢001), INR (p<0¢001), and lactate (p<0¢001).
Among decompensating events secondary to cirrhosis,
gastrointestinal hemorrhage happened more constantly
in non-ACLF patients (p<0.001), constituting a crucial
reason for LT. Pre-LT infection developed more
www.thelancet.com Vol 49 Month July, 2022
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frequently in ACLF patients (p<0.001), and mainly
appeared as spontaneous bacterial peritonitis (SBP) and
pneumonia. They also had a worse status in various
scores related to liver function, with a MELD score of 29
(23−35) vs. 11 (7−16) (p<0¢001), and a Child−Pugh score
of 12 (11−12) vs. 8 (7−10) (p<0¢001). Based on the preop-
erative temperature, infectious index, and bacterial hemo-
culture data, 63 infections (26.8%) in ACLF patients and
36 (10.9%) in the non-ACLF group were found.
Patient distribution in EASL-ACLF and APASL criteria
(AARC grade)
According to the EASL-CLIF criteria, 162 patients were
diagnosed with ACLF, of whom, 18, 97, and 47 had
ACLF-1, ACLF-2, or ACLF-3, respectively. Using the
APASL criteria, there were 230 patients diagnosed with
ACLF, of whom 45, 118, and 67 had AARC-1, AARC-2,
or AARC-3, respectively (Table 2).

Liver failure was the most common type of organ
failure (Figure 1A). According to the organ failure stan-
dard of EASL-CLIF, among all 565 patients, liver failure
was the most common occurrence (233 patients,
41¢2%), followed by coagulation failure (118, 20¢9%).
There were 31 (5¢5%), 28 (5¢0%), 25 (4¢4%), and 21
(3¢7%) with renal, cerebral, respiratory, and circulatory
failure, respectively. In the 18 patients with ACLF-1, 12
had liver failure combined with renal insufficiency and/
or grade 1−2 HE. Among patients with ACLF-2, liver and
coagulation failure was the most common combination of
organ failure (67/97, 69¢1%), and 21 (28¢9%) patients had
liver failure combined with another organ failure. There
were only two patients who had coagulation and circulation
failure without liver failure. Among patients with ACLF-3,
three, four, and five organ failures occurred in 36, 10, and 1
patients, respectively (Figure 1B).
Outcomes of patients with different types of organ/
system failure
In 97 patients with EASL-CLIF ACLF-2, patients with
liver and coagulation failure or liver and kidney failure
before LT had no significant difference in OS. Patients
with liver circulatory failure (n=6) had the highest OS,
which may be related to discrepancies in clinical use of
vasopressors. Patients with liver and cerebral failure had
a significantly poorer prognosis (p=0¢0082, Figure 1C).
Comorbidity, mortality, and hospital stay
Table 3 shows the operative variables and clinical out-
comes of all patients. Patients with a higher grade
according to either APASL or EASL-CLIF criteria were
considered more urgently in need of LT and had a
shorter waiting time (p<0¢001). Although there was no
significant difference in the surgery duration or anhe-
patic period in these patients, they had more intraopera-
tive bleeding (p<0¢001) and underwent more blood
www.thelancet.com Vol 49 Month July, 2022
transfusions (p<0¢001), potentially because of the more
severe coagulation disorder. There was no significant
difference in hospital stay length between patients with
all grades of APASL ACLF (p=0¢056). However, accord-
ing to the EASL-CLIF criteria, patients with ACLF had
longer hospital stays (p=0¢003). ACLF-1 and ACLF-3
patients had relatively longer hospital stays of 26 (IQR:
15−44) and 26 (IQR: 17−33) days, respectively, which
were longer than those of ACLF-2 and non-ACLF
patients.

The survival rate and specific causes of death after
LT are listed in Table 2 and Figure 1. Three hundred
thirty patients who did not have ACLF according to
either set of criteria had the best prognosis, with 28-
day and 90-day survival rates of 96¢7% and 93¢0%,
respectively. The major causes of early postoperative
death were severe infection in nine patients, multiple
organ dysfunction syndrome in six patients, and
graft versus host disease in four patients. One-year
and 3-year survival rates were 91¢5% and 89¢8%,
respectively, and the major causes of death were bili-
ary complications in four patients and liver failure in
two patients.
Post-LT survival of patients with ACLF1−3 and AARC1
−3
In the two diagnostic criteria, the short-term and long-
term survival rates of ACLF patients decreased as the
grade increased. The survival rate of AARC-1 patients
was closest to that of non-ACLF patients, with 90-day
and 3-year survival rates of 93¢3% and 85¢7%, respec-
tively. A horizontal comparison of the two diagnostic
criteria showed that 47 patients with ACLF-3 and 67
patients with AARC3 had relatively similar prognoses,
which were significantly worse than that of the other
two grades. The 90-day survival rates were 76¢6%
and 79¢1%, respectively, and the 3-year survival rates
were 69¢8% and 75¢6%. Figure 2A-B shows patients’
survival curve. Both APASL and EASL-CLIF criteria
had good ability to distinguish patients (p=0¢0065 and
p<0¢0001, respectively). Among patients classified
according to the APASL, AARC-1 patients had a survival
rate close to that of AARC-0 patients for nearly 2 years
after LT; however, long-term survival after 2 years had a
downward trend and was closer to that of AARC-2
patients. The EASL-CLIF criteria showed better discrim-
ination between ACLF-1 and non-ACLF patients. The
survival rate of ACLF-1 and -2 patients were similar, and
both were significantly higher than that of ACLF-3
patients.
Predictors for post-LT mortality
In univariate analysis, risk factors that were indepen-
dently associated with post-LT death were bacterial
infection, ALT>100U/L, AST>80U/L, TB>15mg/dL,
5



Table 2: Classification and survival of all patients underwent LT. COD, cause of death; MODS, multiple organ dysfunction syndrome.

A
rticles

6
w
w
w
.th

elan
cet.com

V
ol49

M
on

th
July,2022



Figure 1. Distribution of organ/system failure according to CLIF-OF criteria. A. Organ/system failure found in all 565 patients. B.
Number of patients diagnosed in ACLF-1, -2, and -3. C. Types of organ/system failure in EASL-CLIF ACLF patients of all levels. D. OS
in EASL-CLIF ACLF-2 patients with different types of organ/system failure.
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creatinine>1.0 mg/dL, INR>2.0, lactate>2.0 mmol/L,
liver failure, coagulation failure, kidney failure, respira-
tion failure, cerebral failure, and circulation failure.
A multivariate analysis was also utilized, the results
showed that ALT>100 U/L (HR: 2.030, 95%CI: 1.157-
3.561, p=0.014), respiration failure (HR: 3.516, 95%CI:
1.420-8.706, p=0.007), and cerebral failure (HR:
0.009, 95%CI: 1.338-7.572, p=0.009) were independent
risk factors for post-LT death (Table 4).
Prognosis prediction for consistent and discrepant
grades in the EASL and APASL criteria
For consistently graded ACLF according to both criteria,
the 3-year OS was 76% for the ACLF2/AARC2 group
and 61% for the ACLF3/AARC3 group. For inconsistent
classifications, using EASL-CLIF classification as a ref-
erence, the 3-year OS rates of APASL criteria overesti-
mated patients (e.g., AARC3 but ACLF2) proximity to
the related EASL-CLIF standards (e.g., ACLF2). The 3-
year OS rates of the APASL criteria underestimated
patients (e.g., AARC2 but ACLF3) relative to the related
APASL criteria (e.g., AARC2). The major cause of 28-
day postoperative mortality was severe infection, and
that of long-term mortality was biliary complications
(Figure 3).
Discussion
This study evaluated the value of two diagnostic criteria,
EASL-CLIF ACLF and APASL, in determining the prog-
nosis following LT in patients with ACLF. EASL-CLIF
obtained the definition of ACLF based on the
CANONIC study, requiring 3 major characteristics of
the syndrome: Acute decompensation (AD) defined by
the acute development of one or more major complica-
tions of liver disease (i.e., ascites, encephalopathy, gas-
trointestinal hemorrhage, bacterial infection), organ
failure, and high 28-day mortality rate.9,12 We strictly
followed this protocol when evaluating whether patients
meet the CLIF criteria. APASL ACLF is defined as an
acute hepatic insult manifesting as jaundice and coagul-
opathy complicated within 4 weeks by clinical ascites
and/or encephalopathy in a patient with previously diag-
nosed or undiagnosed chronic liver disease/cirrhosis
and is associated with a high 28-day mortality. The
EASL-CLIF ACLF criteria have relatively stricter stand-
ards that comprehensively evaluate the failure of six
organs or systems to assess the presence and grade of
ACLF. The APASL criteria are more convenient to
implement and require a few routine tests, and the
patient’s medical history and clinical characteristics to
make a diagnosis. There are similarities between the
two. APASL criteria uses TB and INR as the main clini-
cal indicators for judging liver decompensation, while
the EASL-CLIF ACLF criteria uses these two indicators
as standards for liver and coagulation failure, to predict
www.thelancet.com Vol 49 Month July, 2022



Figure 2. A. Overall survival (OS) in AARC no ACLF and I, II, and III groups (P = 0¢0065). B. OS in EASL-CLIF non-ACLF and ACLF-1, -2,
and -3 groups (P < 0¢0001).

Articles
the prognosis of patients with cirrhosis. Regarding dif-
ferences between the two, the APASL criteria focus on
patients with HBV infection and pay more attention to
clinical changes brought about by the decline of synthe-
sis and metabolism after liver failure, such as ascites
and HE. The EASL-CLIF ACLF criteria attach great
importance to extrahepatic organ/system failure, espe-
cially renal and cerebral failure. It defines renal insuffi-
ciency or stage I−II HE combined with other organ/
system failure, or single renal failure as ACLF-1, sug-
gesting that patients with these two conditions had
higher severity and lower survival expectations than
those with other organ/system failures.
www.thelancet.com Vol 49 Month July, 2022
To clarify which criteria should be used to make a
preliminary prediction of survival after LT when the
ACLF grades assessed according to the two criteria are
inconsistent, we conducted a grouping analysis. When
focusing on the 3-year survival rate, it was found out
that survival in the AARC overestimated group was
closer to that predicted by EASL-CLIF, but the result of
the AARC underestimated group was the opposite, and
the survival rate of most subgroups was closer to that of
their original APASL grade. In this analysis, patients
with AARC-2 and ACLF-3, as well as those with AARC-3
and ACLF-2, theoretically should have a worse clinical
status and prognosis than patients with grade 2
9



Predictors Univariable analysisHR (95% CI) p Multivariable analysisHR (95% CI) p

Age > 60 years 1.186 (0.632-2.226) 0.594

Gender, male 1.392 (0.791-2.450) 0.251

Ascites 1.313 (0.681-2.532) 0.416

Gastrointestinal hemorrhage 0.978 (0.564-1.696) 0.936

Bacterial infection 1.973 (1.118-3.481) 0.019 - 0.276

WBC > 10 *109/L 2.607 (1.475-4.606) 0.001 - 0.364

Hemoglobin < 80 g/dL 1.228 (0.661-2.282) 0.516

Platelets < 100 *109/L 0.946 (0.549-1.630) 0.841

Albumin < 28 g/dL 1.587 (0.876-2.874) 0.127

ALT > 100 U/L 2.805 (1.674-4.699) <0.001 2.030 (1.157-3.561) 0.014

AST > 80 U/L 1.756 (1.071-2.877) 0.026 - 0.962

TB > 15 mg/dL 2.573 (1.559-4.249) <0.001 - 0.095

Creatinine > 1.0 mg/dL 1.943 (1.170-3.227) 0.010 - 0.094

INR > 2.0 1.761 (1.058-2.930) 0.029 - 0.734

Lactate > 2.0 mmol/L 1.894 (1.137-3.156) 0.014 - 0.870

Liver failure 2.432 (1.471-4.021) 0.001 - 0.151

Coagulation failure 2.074 (1.211-3.550) 0.008 - 0.471

Kidney failure 3.004 (1.325-6.810) 0.008 - 0.109

Respiration failure 6.058 (2.634-13.931) <0.001 3.516 (1.420-8.706) 0.007

Cerebral failure 4.957 (2.220-11.069) <0.001 3.183 (1.338-7.572) 0.009

Circulation failure 1.674 (1.011-2.770) 0.045 - 0.841

Table 4: Univariable and multivariable analyses of predictors for post-LT death.
HR, hazard ratio; CI, confidence interval; WBC, White blood count; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; TB, Total bilirubin;

INR, international normalized ratio.
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according to both criteria; however, their actual 3-year
survival rates were even higher. After comparing the
90-day survival in Figure 3A with the 3-year survival in
Figure 3B, we found that the deaths that led to this con-
tradictory result mainly occurred within 90 days to
3 years after LT. There were five deaths in patients with
AARC-2 and ACLF-2 (n=52) during this period, two of
which were caused by chronic rejection and postopera-
tive infection, while the other three cases were not
related to the primary disease and LT surgery (cardiovas-
cular diseases, renal failure, and new bile duct cancer).
One death occurred in patients with AARC-2 and EASL-
3 (n=18) due to biliary complications, while no deaths
happened from 90 days to 3 years after LT in patients
with AARC-3 and EASL-2 (n=34). Subsequent large-
scale clinical trials may strengthen the results of this
study.

Previous studies had initially demonstrated that pre-
existing organ failure was related to higher waiting list
and post-LT mortality; however, in the process of organ
allocation, the existence of extrahepatic organ failure
has not received sufficient attention.16 Sundaram V.
et al. compared the 1-year survival rate of more than
3600 patients diagnosed with ACLF-3 when entering
the waiting list based on whether there was a specific
organ failure at the time of transplantation.17 They
found that the presence of liver or renal failure did not
increase mortality in that particular patient group, but
patients with respiratory (p<0¢001), circulatory
(p<0¢001), and cerebral failure (p=0¢002) had a higher
risk than patients without these organ failures. A recent
study from the ELITA/EF-CLIF collaborative study
(ECLIS) evaluated the survival of over 2000 LT patients,
of whom 234 were diagnosed with EASL-CLIF ACLF.18

One-year post-LT survival varied between 78¢9% for
ACLF-3 and 88¢6% for ACLF-1 (log-rank p=0¢38).
Patients with ACLF-3 had an increased risk of complica-
tions and longer intensive care unit and hospital stay.
In most countries, the MELD score is the most com-
monly used standard to assess the severity of a patient's
condition.19 However, the MELD score mainly focuses
on abnormalities in liver, kidney, and coagulation func-
tion, but omits the negative effects of other organ fail-
ures on overall survival. With deepening research on
ACLF, there may be insufficient model complexity, as
some patients with more urgent clinical conditions can
be overlooked during selection.

The overall 90-day transplant-free survival of ACLF
patients was approximately 50%, with rates of 35%
−59%, 33%−53%, and 0%−37% among ACLF-1, ACLF-
2, and ACLF-3 patients, respectively, compared with 5%
−10% in non-ACLF patients.3,14,20 In our study,
patients with higher AARC or EASL-CLIF grades were
in an urgent clinical state, and their waiting times were
shorter. The 90-day survival rate of patients after trans-
plantation was 79¢1% in AARC-3 patients and 76¢6% in
ACLF-3 patients. The 3-year survival rate was 75¢6% and
69¢8%, respectively. Compared with patients without
www.thelancet.com Vol 49 Month July, 2022



Figure 3. Comparison of the predictive value of APASL and EASL-CLIF criteria for the survival of cirrhosis patients after LT. Patients
were divided into three groups. When the both criteria provided the same grade, patients were included in the ACLF-AARC consis-
tent group. “AARC overestimated” (orange circles) represented patients in whom the APASL grade was higher than the EASL-CLIF
grade, and “AARC underestimated” represented patients in whom the APASL grade was lower than the EASL-CLIF grade (green
circles). A. 90-day overall survival rate after LT. B. 3-year overall survival rate after LT. For patients with consistent ACLF grading
according to both criteria, the 3-year OS was 76% for the ACLF2/AARC2 group and 61% for the ACLF3/AARC3 group. For patients
with inconsistent classifications, using the EASL-CLIF classification as a reference, the 3-year OS rates of the APASL criteria overesti-
mated patients (e.g., AARC3 but ACLF2) relative to the related EASL-CLIF standards (e.g., ACLF2). In contrast, the 3-year OS rates of
the APASL criteria underestimated patients (e.g., AARC2 but ACLF3) relative to the related APASL criteria (AARC2).
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LT, the survival rate was significantly better, and a rela-
tively stable status could be maintained during long-
term postoperative follow-up.

Regardless of their ACLF status, the majority of
deaths occur in the early postoperative period, and seri-
ous uncontrollable infection is an important cause of
early death. The APASL definition does not include bac-
terial infection or sepsis as a primary cause for liver fail-
ure, but in the EASL definition, bacterial infection or
sepsis is considered as the most common precipitant.
Bacterial infection or sepsis was also not included in the
exclusion criteria of APASL. On the other hand, APASL
highlights the role of bacterial infection in the progres-
sion of ACLF, which is only not part of the diagnostic
criteria. Patients with cirrhosis are at increased risk of
bacterial infection, which increases the mortality rate by
3¢75 times.21 Patients with cirrhosis who develop ACLF
usually have a significantly higher level of systemic
inflammation upon admission, and the levels of
www.thelancet.com Vol 49 Month July, 2022
inflammatory markers are higher when accompanied
by ACLF progression, leading to a higher prevalence of
liver failure, renal dysfunction, ascites, HE, and bacte-
rial infections.22 Fernandez J et al. reported that infec-
tion was observed in approximately 36% of patients
among over 2000 cases, with spontaneous bacterial
peritonitis (SBP), urinary tract infections, and pneumo-
nia the most frequent infection types, in which 23%
−29% were caused by multidrug-resistant organisms
(MDROs).23 Bacterial infections occurring within 1
month before surgery are related to infection after LT.24

Our research also proved that infection has an impor-
tant link with the disease process and survival in
patients with liver cirrhosis who undergo LT. For ACLF
patients, it is necessary to closely examine patients for
the presence of infection, pay attention to patients’ body
temperature and changes in symptoms, and regularly
check blood or body fluids for early diagnosis and treat-
ment. Once a bacterial infection is diagnosed or suspected,
11
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broad-spectrum antibacterial agents or a combination of
antibiotics are preferred, and the treatment is then adjusted
according to the results of sensitivity tests.

In the long-term follow-up, LT has outstanding effi-
cacy in improving the long-term prognosis of patients
with cirrhosis. The major cause of death related to the
patients’ primary disease and operation were biliary
complications, which led to eight deaths (4/235, 1¢7% in
ACLF patients; 4/330, 1¢2% in non-ACLF patients). Pre-
vious studies indicated that the overall death and graft
loss rate caused by biliary complications was approxi-
mately 1¢5%−2¢0% in post-LT patients.25,26 After com-
parison, the appearance of ACLF did not increase the
risk of biliary complications in this study.

Our study had several limitations. As a single-center
retrospective study, selection bias inevitably appeared. In
addition, the etiology of patients is restricted by region,
mainly composed of patients with HBV infection, and
might not accurately represent the prognosis of global
ACLF patients. When discussing the impact of organ fail-
ure types on survival prognosis, the number of patients
in some categories was small, such as liver and brain fail-
ure, and liver and circulatory failure, leading to errors in
statistical analysis results. Multi-center prospective stud-
ies are needed during the follow-up to reduce this bias.

In conclusion, our study provides the first large-scale
long-term follow-up data in Asia for ACLF treatment
with LT. Although the EASL-CLIF and APASL ACLF
criteria had their own different key tendencies, they
could both be used in the diagnosis and classification of
patients with cirrhosis mainly caused by hepatitis B,
and they were also of good value in assessing post-LT
survival. The two could be combined in diagnosis based
on the medical environment. Patients diagnosed with
ACLF-3 or AARC-3 had very low transplant-free survival;
although LT could significantly improve prognosis, it was
still significantly worse than that of non-ACLF and lower-
grade ACLF patients. Therefore, it is necessary
to strengthen supportive treatment for ACLF patients and
perform LT as soon as possible before disease progression.
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