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ABSTRACT

Background and aims: Controversy exists over whether emergent liver transplantation (LT) should be
performed for patients with acute-on-chronic liver failure (ACLF), especially for patients with multiple
organ failure.
Methods: A total of 110 ACLF patients, defined by the European Association for the Study of the Liver
(EASL) Chronic Liver Failure-Sequential Organ Failure Assessment (CLIF-SOFA) criteria were analyzed. The
primary outcome was overall survival after ACLF diagnosis.
Results: During follow-up, 76 patients received LT (59 received deceased-donor LT and 17 patients re-
ceived living-donor LT). The overall survival was better for patients who received LT than patients who
did not (82.9% vs. 17.6%, P < 0.001). Among the 76 patients who received LT, the overall survival was
not different according to ACLF grade at diagnosis (70.0%, 85.3%, and 84.4% at one-year for ACLF grades
1, 2, and 3, respectively, P=0.45). The baseline model for end-stage liver disease (MELD) score and pro-
gression of the ACLF grade during the pre-transplant period were independent factors for survival after
LT. The one-year survival rate was 92.3% for patients with baseline MELD scores of < 32 without ACLF
grade progression, whereas it was 33.3% for those with baseline MELD scores of > 32 and ACLF grade
progression.
Conclusions: Emergent LT provided a significant survival benefit to ACLF patients, regardless of the base-
line ACLF grade. Post-LT outcomes were associated with baseline MELD scores and ACLF progression dur-
ing the pre-transplant period, which might be used in the emergent LT plan for patients presenting with
ACLE.

© 2021 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

from living liver donor evaluation) can be considered for patients
with acute-on-chronic liver failure (ACLF). However, the role of LT

Liver transplantation (LT) is indicated for patients with acute
liver failure and patients with end-stage liver disease (ESLD) when
the limits of medical therapy have been reached [1,2]. Emergent
adult living donor LT (LDLT) has been shown to improve the sur-
vival rate greatly in patients with acute liver failure [3]. Emergent
deceased donor LT (DDLT) or living donor LT (e.g., within two days

Abbreviations: LT, liver transplantation; ACLF, acute-on-chronic liver failure;
EASL, European Association for the Study of the Liver; CLIF-SOFA, Chronic Liver
Failure-Sequential Organ Failure Assessment; MELD, model for end-stage liver dis-
ease; LDLT, living donor liver transplantation; UNOS, United Network for Organ
Sharing; DDLT, deceased donor liver transplantation.
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in patients with ACLF is controversial. ACLF is a syndrome charac-
terized by the acute decompensation of chronic liver disease as-
sociated with organ failure that includes extrahepatic organ fail-
ure [4-6]. Although extrahepatic organ failure is not an absolute
contraindication for LT, it does confer high risks for LT [7]. The re-
ported one year survival rate of ACLF patients with multiple or-
gan failures are 43~46% [8,10], which was lower than the threshold
classically accepted for LT (> 50% expected five-year survival post-
LT) [9]. Donor livers are a scarce, life-saving resource. Hence, the
posttransplant mortality risk should be considered in decisions to
proceed with an emergent LT in very sick patients [11]. The low
post-LT survival rates among ACLF patients with multiple organ
failure suggest that ACLF patients with multiple organ failure need
careful consideration to prevent futile or inappropriate LT.
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In contrast, some studies found comparable or excellent out-
come in ACLF patients with multiple organ failures [12,13], sug-
gesting that emergent LT can be an option to improve the outcome
of patients with ACLF and multiple organ failure if selected appro-
priately. Presently, where the sickest candidates are prioritized and
no delisting criteria are given, identifying patients who may bene-
fit from an emergent LT is a clinically unmet need [14]. This crit-
ical question is more challenging in the setting of living donor LT
(LDLT), as the timing of LT can be selected by the doctor in LDLT
[15]. Hence, in a region where LDLT is a major mode of LT, deter-
mining the optimal timing, selection, and delisting criteria for LT in
patients with ACLF is needed. In this study, we analyzed patients
with ACLF on LT waiting lists to identify factors that could be used
to guide the management plans of patients with ACLF.

2. Methods
2.1. Study design, setting, and participants

This study was a retrospective cohort study performed at the
Samsung Medical Center, Seoul, South Korea. We screened the LT
waiting list between January 2014 and December 2018 (n=1989)
for potential study participants. Among them, we included adult
patients with ACLF defined by the European Association for the
Study of the Liver (EASL)-CLIF without malignancy or prior LT
(n=130). Among the eligible participants, 20 patients were ex-
cluded due to early referral to other hospitals. Finally, 110 patients
were analyzed in this study (Supplementary Fig. 1). The detailed LT
evaluation process in our institution are described in the Supple-
mentary Method. The study protocol was reviewed and approved
by the Institutional Review Board at Samsung Medical Center. As
the study used only de-identified data routinely collected during
hospital visits, the requirement to obtain informed consent from
the patients was waived.

2.2. Study endpoints, variables, and definitions

The primary outcome was overall survival. The patients were
monitored from the day of ACLF diagnosis to mortality or the last
follow-up, whichever came first. The following variables were col-
lected by reviewing the electronic medical record of each patient
for the day of ACLF diagnosis, age, sex, etiology of chronic liver dis-
ease, potential triggers, the presence of liver failure, kidney failure,
coagulation failure, cerebral failure, circulatory failure, respiratory
failure, and model for end-stage liver disease (MELD) score. Organ
failure was defined according to the CLIF-SOFA definition for each
organ [16]. ACLF grade was assessed according to the CLIF-SOFA
definitions (Supplementary Method: ACLF grade) [16]. The etiol-
ogy of liver disease was classified into viral (chronic hepatitis B
virus or chronic hepatitis C virus infection), alcohol-related liver
disease, and chronic liver disease from other causes. To identify
the potential triggering event for ACLF, we searched for informa-
tion on a hepatitis B virus flare, active alcohol ingestion, infection,
or gastrointestinal bleeding. Patients without an identifiable poten-
tial trigger for ACLF were classified as unknown causes. We also
collected data on whether the patients received LT during follow-
up, the type of LT (DDLT or LDLT), and the time from diagnosis of
ACLF to LT. Among the patients who received LT, we additionally
collected the ACLF grade at the time of LT. ACLF progression was
defined by any increase in the ACLF grade at the time of LT com-
pared to the grade at the time of ACLF diagnosis.

2.3. Statistical analyses

Variables were compared using t-tests, Chi-squared tests, and
Fisher’s extract test, as appropriate for the group comparisons. The
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overall survival was estimated with the Kaplan-Meier method and
differences in survival between the groups were compared using a
log-rank test. Cox regression was performed to identify the factors
associated with survival. For the MELD scores, the patients were
divided into two groups (MELD score > 32 or < 32) and tested
by Cox regression analysis. The cutoff value for MELD scores was
determined by area under the receiver operating characteristics
(AUROC) analysis. The difference in grade distribution at the time
of diagnosis and transplantation was analyzed by the generalized
estimating equation (GEE). Multivariable Cox regression analysis
was performed using variables with p-values < 0.05 on univariable
analysis. Statistical significance was declared for p-values < 0.05.

3. Results
3.1. Baseline characteristics

The baseline characteristics of the analyzed patients are sum-
marized in Table 1. A potential trigger for ACLF was not identi-
fiable in 54.5% of the participants and among those with identi-
fiable triggers, infection was the most common cause. Acute al-
coholic hepatitis was identified in 11 patients. The mean MELD
score at ACLF diagnosis was 28 points. The ACLF grades were 1,
2, and 3 for 18.2%, 40.9%, and 40.9% of the patients, respectively.
Of 110 patients, 17 patients had already been on the waiting list
(15.4%), and 93 patients were on the waiting list at the time of
the ACLF episode. During follow-up, 76 patients received LT and
34 patients did not receive LT. The specific reasons were: 1) no de-
ceased donor allocation (n =24, 70.6%); 2) recovered spontaneously
(n=6, 17.6%); 3) allocated deceased donor canceled by the patient
or family members due to cost or other issues (n=2, 5.9%); and
4) allocated deceased donor canceled by the physician due to high
risk of futility (worsening of multi-organ failure) (n=2, 5.9%). Of
the 28 patients who died without LT, the median time from ACLF
diagnosis to death was 25 days. A comparison of the baseline char-
acteristics between those who received and did not receive LT is
shown in Table 1.

3.2. Outcome and predictors of patients with ACLF

During the median 2.35 years of follow-up (range: 0.01 - 6.91
years), 42 patients died. Of 42 patients with mortality, 41 patients
died within one year of the ACLF diagnosis. DDLT was performed
in 59 patients and 17 patients received LDLT. In a comparison of
those who received LDLT and DDLT, those who received LDLT were
younger (48.0+8.3vs. 52.0+10.8, p=0.004), and more patients
had ACLF grade 1 at baseline (ACLF grades 1, 2 and 3: 35.3%, 23.5%,
and 41.2% for LDLT vs. 6.8%, 50.8% and 42.8% for DDLT, respec-
tively, p=0.009). There was no difference in sex, etiology, potential
trigger, organ failure, MELD score, or LT waiting time between the
LDLT and DDLT patients (data not shown). Sex, history of cirrhosis
decompensation, MELD score, ACLF grade, and LT were associated
with overall survival in univariable analysis. In multivariable analy-
sis, LT was the only independent factor associated with overall sur-
vival (Supplementary Table S1). When stratified by LT, the survival
rates were better for those who received LT (88.2% vs. 17.6% for LT
vs. non-LT at 90 days; 82.9% vs. 17.6% for LT vs. non-LT at one year;
81.6% vs. 17.6% for LT vs. non-LT at five years, Fig. 1A, p < 0.001).
When the type of LT was compared, there was no difference in sur-
vival between LDLT and DDLT patients (94.1% vs. 86.3% at one year,
Fig. 1B, p=0.51). When stratified according to ACLF grade and LT,
survival was better for those who received LT than for those who
did not, regardless of the ACLF grade (one-year survival rate: 70.0%
vs. 20.0% for LT vs. non-LT for ACLF grade 1, p=0.028; 85.3% vs.
36.4% for LT vs. non-LT for ACLF grade 2, p < 0.001; and 84.4% vs.
0% for LT vs. non-LT for ACLF grade 3, p < 0.001; Fig. 2A-C). When
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Table 1
Baseline characteristics.
Variables Overall(n=110) LT(n=76) Non-LT(n =34) p value
Age (years) 51.0+10.1 51.1+10.3 50.9+9.8 0.90
Men 72 (65.5) 43 (56.6) 29 (85.3) 0.004
Etiology 0.48
Viral 29 (26.3) 0 (26.3) 9 (26.5)
Alcohol 57 (51.8) 7 (48.7) 20 (58.8)
Others 24 (21.8) 9 (79.2) 5(14.7)
History of cirrhosis decompensation 51 (46.4) 7 (35.5) 24 (70.6) 0.001
Potential trigger 0.57
HBV flare 2(1.8) 2 (2.6) 0
Active alcohol use 11 (10.0) 8(10.5) 3(8.8)
Infection 28 (25.5) 17 (22.4) 11 (32.4)
Bleeding 9 (8.1) 5 (6.6) 4 (11.7)
Unknown 60 (54.5) 44 (57.9) 16 (47.1)
Hepatic encephalopathy 0.019
None 47 (42.7) 38 (50.0) 9 (26.5)
Grade 1/2 25 (22.7) 18 (23.7) 7 (20.6)
Grade 3/4 38 (34.5) 20 (26.3) 18 (52.9)
Renal replacement therapy 24 (21.8) 17 (22.3) 7 (20.6) 1.00
Mechanical ventilator 12 (10.9) 12 (15.8) 0 0.017
Vasopressor use 46 (41.8) 30 (39.4) 16 (44.1) 0.53
International normalized ratio 2.61+1.12 2.75+0.97 2.29+1.36 0.043
Bilirubin (mg/dl) 17.8 (11.4-28.9) 20.5 (12.3-28.7) 17.3 (4.3-30.8) 0.21
Creatine (mg/dl) 1.84+£1.32 1.69 £1.06 2.18+1.72 0.068
Organ failure
Liver failure 81 (73.6) 59 (77.6) 22 (64.7) 0.17
Kidney failure 51 (37.3) 26 (34.2) 15 (44.1) 0.39
Coagulation failure 58 (52.7) 6 (60.5) 12 (35.3) 0.022
Cerebral failure 38 (34.5) 0 (26.3) 18 (53.0) 0.009
Circulation failure 47 (42.7) 1 (40.8) 16 (47.1) 0.68
Lung failure 6 (5.5) 4 (5.3) 2 (5.9) 1.00
ACLF grade 0.13
Grade 1 20 (18.2) 10 (13.2) 10 (29.4)
Grade 2 45 (40.9) 34 (44.7) 11 (32.4)
Grade 3 45 (40.9) 32 (42.1) 13 (38.2)
MELD 28.2+35 28.6+3.3 27.2+38 0.07
<32 97 (88.2) 67 (88.2) 30 (88.2)
> 32 3(11.8) 9(11.8) 4(11.8)
LT waiting time 12 (5.0-19.8)
Within 2 wks 8 (63.2)
Beyond 2 wks 8 (36.8)

NOTE: Values are expressed as number (%), mean + standard deviation or median (quartile), as appropriate.
Abbreviation: LT =liver transplantation; LDLT = living donor liver transplantation; DDLT = deceased donor liver transplantation; ACLF=Acute on chronic liver failure.

Table 2
Factor associated with post-LT outcome (n=76).
Variables Univariable p value Multivariable p value
Age (per year) 1.04 (0.99-1.10) 0.11
Men (vs. female) 1.47 (0.49-4.37) 0.49
Etiology
Viral Reference
Alcohol 0.33 (0.10-1.06) 0.064
Others 0.25 (0.05-1.22) 0.087
Potential trigger
Hepatic insult Reference
Non-Hepatic insult 1.19 (0.12-11.4) 0.87
Unknown 2.09 (0.26-16.3) 0.48
History of cirrhosis decompensation (vs.no) 1.05 (0.35-3.15) 0.92
Baseline factors
MELD score >32 (vs.<32) 4.75 (1.48-15.2) 0.009 3.54 (1.01-12.5) 0.049
ACLF grade
Grade 1 Reference
Grade 2 0.53 (0.13-2.13) 0.37
Grade 3 0.47 (0.11-1.97) 0.30
Factors at the time of LT
ACLF progression (yes vs. no) 491 (1.70-14.1) 0.003 3.75 (1.16-12.1) 0.027
ACLF grade 3 (vs. grade 0-2) 4.52 (1.26-16.2) 0.021 1.87 (0.42-8.34) 0.40
Type of LT
DDLT Reference
LDLT 0.54 (0.12-2.42) 0.42

Abbreviation: See Table 1.
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Fig. 1. Overall survival according to the type of liver transplantation.

stratified according to MELD scores and LT, survival was better for
those who received LT than for those who did not, regardless of
the MELD score (one-year survival rate: 86.6% vs. 20.0% for LT vs.
non-LT for MELD < 32, p < 0.001; and 55.6 vs. 0% for LT vs. non-LT
for MELD score > 32, p=0.048).

3.3. Outcomes and predictors in patients with ACLF who received LT

Among the 76 patients who received LT, the median waiting
time was 12 days. There was no difference in waiting time between
the LDLT (median 12 days, interquartile range: 5.0-20.0 days) and
DDLT patients (median 12 days, interquartile range: 6.5-20.5 days,
P=0.49). The variables at the time of ACLF diagnosis and at the
time of LT are shown in Supplementary Table S2. The mean MELD
score was 28.5 at the time of ACLF diagnosis and 28.0 at the time
of LT. Notably, 21 patients (27.6%) showed improvement in ACLF
grade, 37 patients (48.7%) had no change in ACLF grade, and 18 pa-
tients (23.7%) showed progression in their ACLF grade at the time
of LT (Supplementary Table S2). Detailed post-LT outcomes accord-
ing to changes in the ACLF grade during the pre-transplant period
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are shown in Fig. 3. The post-LT mortality rate was highest (50%)
in 12 patients with ACLF grade 2 at diagnosis who progressed to
ACLF grade 3 on the day of LT. Those with ACLF grade progres-
sion from the pre-transplant period showed worse post-LT mortal-
ity (44.4%, 10.8%, and 9.5% for patients with ACLF grade progres-
sion, no change, and improvement, respectively, p =0.015).

During follow-up, 14 patients died after LT. The specific causes
of mortality after LT are shown in Supplementary Table S3. MELD
score, ACLF progression during the pre-transplant period, and ACLF
grade on the LT day were factors associated with post-LT mortality
in univariable analysis. Post-LT mortality was higher for patients
with higher baseline MELD scores (44.4% vs. 14.9 for MELD > 32vs.
< 32, p=0.054), and for patients with ACLF progression (44.4%
vs. 10.3 for ACLF progression vs. no change/improved, p=0.003).
When stratified according to ACLF grade on the LT day, the dura-
tion of hospital stay was similar between the two groups (median
26.5vs. 27.5 days for ACLF grade 3vs. ACLF grade 0-2, p=0.94),
whereas the post-LT mortality was higher for patients with ACLF
grade 3 than ACLF grades O to 2 on the LT day (30.6% vs. 7.5%,
p=0.016). Notably, there was no difference in post-LT survival

Downloaded for AdminAigo AdminAigo (rcozzolongo@gmail.com) at Italian Hospital Gastroenterologists and Endoscopists Association from
ClinicalKey.com by Elsevier on August 07, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights
reserved.



J.E. Kim, D.H. Sinn, G.-S. Choi et al.

A Grade=1

o

o
o

70.0%

o
o
————

o
~
I

.

o
N

20.0%

Cummulative incidence of survivor

o
=3
o
"
o
Q
I
@

0 3 6 9 12
1yr duration (month)
No. at risk
-— LT 10 7 7 7 7
== Non-LT 10 2 2 2 2
c Grade=3
.10
5 ||ﬂ_|
2 !
H | L 84.4%
208 !
» |
- 1
° 1
o 1
206 I
3 b
S %
£ 1
S 04 L
2 L
] i
= [
g 02 )
£ i
-] L
© oo ! p<0.001 go
0 3 6 9 12
1yr duration (month)
No. at risk
— LT 32 28 27 27 26
== Non-LT 13 0 0 0 0

Digestive and Liver Disease 53 (2021) 1004-1010

B Grade=2

=)

E 0.8 t
2 i
b 1
2 06 !
H 1
=] 1
£ b=
2 9t S tomm——————- 36.4%
£
g 02
5
2 5 p<0.001
0 3 6 9 12
1yr duration (month)
No. at risk
— LT 34 31 30 29 29
== Non-LT " 4 4 3
D 8.

70.0%

0.2

p=045
3 0.0
0 3 6 9 12
1yr duration (month)

No. at risk

—— Grade 3 32 28 27 27 26
— Grade 2 34 31 30 29 29
~~~~ Grade 1 10 7 7 7 7

Fig. 2. Outcome of liver transplantation according to ACLF grade.

ACLF grade ACLF Grade 1
at baseline (n=10)
Improved Progressed Improved
(n=4) (n=6) (n=6)
ACLF grade l
at LT day
Grade 0 Grade 2, 3 Grade 0, 1
(n=4) (n=6) (n=6)

ACLF Grade 3
(n=32)

Progressed Improved
(n=12) (n=11)
Grade 3 Grade 0-2
(n=12) (n=11)

Post-liver transplantation mortality

EER

50 %

Fig. 3. Change in acute on chronic liver failure grade and post-liver transplantation mortality among patients who received liver transplantation.

when stratified according to ACLF grade at diagnosis (Fig. 2D,
P=0.45). In the multivariable analysis, a baseline MELD score of
32 and ACLF progression during the pre-transplant period were
two independent factors for post-LT outcome (Table 2). When the
patients were grouped according to the two identified risk factors
(baseline MELD scores and ACLF grade changes during follow-up),
the post-LT survival was low (33.3% at one year) for those with
high baseline MELD scores with ACLF grade progression at the time
of LT compared to those with either risk factor (66.7% at one year)
or no risk factors (92.3% at one year, p < 0.001, Fig. 4).

regardless of ACLF grade, including patients with ACLF grade 3,

whereas survival without LT was poor, especially for patients with
ACLF grade 3. Our findings are consistent with previous studies
that reported high mortality rates without LT in patients with
ACLF [17], and improved outcomes by LT regardless of ACLF grade
[13,18]. These findings indicate that LT can be an effective option
to improve the outcome of patients with ACLF, including patients
with multiple organ failure. Thus, LT should be considered for ACLF
patients regardless of ACLF grade.

4. Discussion

In this study, we found that emergent LT was feasible with ex-
cellent outcomes in patients with ACLF, including patients with
multiple organ failure. LT provided an excellent survival benefit
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However, careful interpretation is required as all the data were
from observational studies. The studied populations, which re-
ported excellent outcomes of LT for ACLF patients, started from LT
waitlists [13,18], as in this study. There are no universally accepted
criteria to add patients to the LT waitlist. Yet, it is very likely that
very sick patients may not have been added to the LT waitlist. In
a study of 218 ACLF patients, fewer patients with ACLF grade 3 re-
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ceived LT compared to those with ACLF grades 2 or 1 (35%, 72.7%,
and 80% for ACLF grade 3, 2, and 1, respectively) [19]. Circulatory
and respiratory system failures were higher in the nontransplant
group and none of the patients on high support for circulatory and
respiratory failure underwent LDLT [19]. In addition, the dropout
rate from waitlists is higher for those with multiple organ failure.
Again, there are no universally accepted criteria to delist patients
from the LT waitlist. Hence, excellent post-LT outcomes may come
from selection bias by listing and delisting from the LT waitlist. In
our center, there are no criteria for delisting and the decision to
proceed with LT is decided at a multidisciplinary conference on a
case-by-case basis. For LDLT, the time of LT was selected at a mul-
tidisciplinary conference. For DDLT, the decision to “go or stop” for
LT was discussed at the time of allocation of the deceased donor,
considering the recipient condition, as well as the donor charac-
teristics. Thus, selection bias might have been present in this pro-
cess. Taken together, the current data suggest that ACLF patients
with multiple organ failure are not too sick to be considered for
LT. However, the decision to proceed with LT should be made for
carefully selected patients, not for all patients [20].

In a study of 159 patients who underwent LT for ACLF, the
MELD-Na scores (> 35 points) were the only risk factor associ-
ated with post-LT mortality [21]. In a study of 98 patients with
ACLF, clinical improvement in the pre-transplant period, defined
as the recovery of at least one previously failed organ systems
(observed in 37 patients), was associated with significantly better
survival than those without improvement (86.5% vs. 55.7% 90-day
transplant-free survival, p < 0.001) [22]. In this study, we noticed
that the MELD score at ACLF diagnosis and ACLF grade progression
during the pre-transplant period were independent factors associ-
ated with poorer post-LT outcomes (Table 2). Of note, ACLF grade
at diagnosis was not associated with post-LT outcome, while ACLF
grade at LT was associated with post LT outcome. ACLF grade is
a dynamic variable during clinical course of ACLF patients, and
in multivariable analysis we observed that change in ACLF grade
(ACLF progression) as a strong risk factor for post-LT outcome. In
this study, we noticed very poor outcomes for those with high
baseline MELD scores with ACLF grade progression. In the case of
LDLT where the timing of LT can be selected, the risk-benefit of
performing LT should be carefully evaluated when the ACLF grade
progresses in patients with high MELD scores. The optimal time
should be selected when the ACLF does not progress, although
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this observation needs further validation. These findings have some
clinical implications in LT strategies regarding go or stop and de-
ciding when to transplant in the setting of ACLF. While preparing
for LT, progression or improvement in the ACLF grade should be
carefully assessed daily. The decision to go or stop might be guided
by assessing the progression of or improvement in the ACLF grade
during the pre-transplant period. If the time of LT can be selected,
high MELD score patients warrant an urgent approach before the
ACLF grade progresses. Nevertheless, this concept is based on ret-
rospective studies with relatively small numbers of patients and
requires prospective validation.

Other factors are associated with the post-LT mortality of pa-
tients transplanted in the setting of ACLFE. In the UNOS data, me-
chanical ventilation at LT, a marginal donor liver, and early LT were
factors associated with post-LT outcomes [18]. Early LT (within
two weeks from the ACLF diagnosis) was also associated with bet-
ter post-LT outcomes [23,24]. In a study of 84 patients (29 with
acute liver failure and 55 with ACLF) requiring ICU care prior to LT,
the pretransplant lactate levels and the presence of acute respira-
tory distress syndrome (ARDS) were independent factors for post-
transplant mortality [25]. In our study, there was no difference in
post-LT outcome according to the type of donor (deceased donor
vs. living donor), mechanical ventilation at LT, or early LT within
two weeks from ACLF diagnosis. In addition, we did not observe a
difference in outcome according to potential trigger or subsequent
organ failure. There is an on-going debate on the definition of ACLF
[26,27] and the impact of specific types of organ failure and trig-
gers (e.g., infection) on patient outcomes [28,29]. However, consid-
ering the study size and retrospective nature of the current study,
further studies are required to identify the most important clinical
factors for guiding LT plans for patients with ACLF.

There were some other limitations to this study. Although per-
formed in a single center, several physicians and transplant sur-
geons took care of the patients, and the decision to list a patient
was at the discretion of the doctors in charge of the patient, in-
dicating potential selection bias. In this study, we used two time
points (ACLF grade at diagnosis and on the LT day) to classify
changes in the ACLF grade. The clinical course of patients with
ACLF is dynamic and the ACLF grade can change daily (one may
deteriorate, recover, and deteriorate again). Using two time points
(at diagnosis and on the LT day) may not fully capture the dynamic
nature of ACLF patients. The relatively small study sample size lim-
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ited us from performing more accurate statistical analyses (e.g.,
time-dependent analysis). Hence, further larger-scale studies are
needed to better understand the prognostic significance of ACLF
grade changes during the pre-transplant period, and the best way
to classify ACLF changes during the pre-transplant period. By using
AUROC analysis, we chose a MELD cutoff point of 32 but the spe-
cific MELD score cutoff point to predict post-LT outcomes needs
to be determined. One great advantage of LDLT is that the time of
LDLT can be selected early in the course of ACLF. However, we did
not notice a difference in the LT waiting time between LDLT and
DDLT patients and the exact reason for undergoing LDLT at a spe-
cific time point (e.g., two weeks after ACLF diagnosis) could not be
accurately assessed (e.g., whether it was a donor issue or a recip-
ient issue). In addition, the number of patients who received LDLT
was small (n=17). Hence, although the post-LT outcome was sim-
ilar between LDLT and DDLT patients, further studies on the safety
of LDLT for ACLF patients are needed. There also may have been
unmeasured factors associated with the post-LT outcomes, includ-
ing donor quality, operation time, and sarcopenia. In this study, the
number showing ACLF progression was relatively small (n=18).
The strength of the study was the careful assessment of variables
and identification of the importance of ACLF grade progression dur-
ing the pre-transplant period.

In conclusion, we observed that LT provided a significant sur-
vival benefit to ACLF patients, regardless of the ACLF grade. The
survival advantage of LT for ACLF patients was so large that LT
should be considered for ACLF patients, regardless of the ACLF
grade. The post-LT outcome was associated with MELD scores and
ACLF grade progression during the pre-transplant period. These
factors can be used to guide LT planning and counseling for pa-
tients presenting with ACLF and the decision to go or stop for LT.
These findings warrant further validation.
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