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Background: Patients with acute-on-chronic liver failure (ACLF) are critically ill and have high
waiting-list mortality. Although studies demonstrated that appropriately treated coronary ar-
tery disease (CAD) should not be regarded as a contraindication to liver transplant (LT), data
regarding long-term outcomes in critically ill liver LT recipients are lacking. The aim of this
study was to compare the rates of all-cause death at 5 years following LT in patients with
ACLF with or without CAD.

Methods: Between 2010 and 2020, we evaluated 921 consecutive LT patients (MELD
score, 32 * 9) and ACLF classified by CLIF-C ACLF score. Up to 5-year all-cause death ac-
cording to the CAD status was examined. CAD was defined as a preoperative history of coro-
nary artery bypass graft or a percutaneous intervention and old myocardial infarction. Ka-
plan-Meier survival analysis was used.

Results: Up to 5 years, 212 (23.0%) of all ACLF patients (n = 921) in whom 17 (29.3%) of
58 CAD patients died. In patients with CAD (6.3%, 58/921), the Kaplan-Meier cumulative
mortality rate at 5 years was numerically higher but was not statistically significant when
compared with those without CAD (32.9% vs. 23.5%, log-rank, P=0.25). In subgr oup analy-
sis, there were comparable risks of cumulative mortalities at 5 years across the stratifica-
tion of ACLF grade 1, 2, and 3 (log-rank P = 0.062, P = 0.72, and P = 0.999, respectively).

Conclusions: All-cause mortality is high in patients with ACLF after LT but is not related to
the presence of revascularized or treated CAD, across the stratification of ACLF grades.

Keywords: Acute-on-chronic liver failure; Coronary artery disease; Liver transplantation; Mor-
tality.

INTRODUCTION

Cardiovascular disease (CVD) is a major contributor to
short- and long-term mortality after liver transplantation
(LT) in the modern era [1], ahead of graft rejection and infec-
tion, therefore it is generally considered that exact preopera-
tive diagnosis and vigorous modification of CVD risks are

mandatory [2-4].

Although severe obstructive coronary artery disease
(CAD) was a contraindication at most centers previously, re-
cent studies have demonstrated that appropriately treated or
revascularized CAD should not represent a contraindication
to LT [5-7].

Acute-on-chronic liver failure (ACLF), characterized by
acute decompensation of cirrhosis with multi-organ failures,
is associated with extremely high wait-list mortality [8]. Spe-
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cifically, high-grade ACLF patients with more than three or-
gan failures have noticeably high post-LT mortality rates [9].
Therefore, considering the escalating risk profiles of the LT
candidates with ACLE decision making for LT in critically ill
ACLF patients with a previous history of CAD is clinically
challenging because data to predict long-term outcomes are
lacking and understudied.

The aim of this study was to compare rates of all-cause
death at 5 years following LT in patients with ACLF with or
without CAD, across the stratification of ACLF grade.

MATERIALS AND METHODS
Patients and data collection

A total of 4,432 consecutive, prospectively registered pa-
tients who underwent LT from 2010 to 2020 were enrolled
after approval from the Institutional Review Boards of Asan
Medical Center (no. S2022-0688). Of these patients, accord-
ing to the STROBE (strengthening the reporting of observa-
tional studies in epidemiology) Statement with effort to ad-
dress potential sources of bias, we excluded patients with
less than 18 years old, re-transplantation, toxic or fulminant
hepatitis, and incomplete data (Fig. 1). Out of 3,764 end-
stage liver disease who underwent LT, final 921 ACLF pa-
tients according to definition from chronic liver failure con-
sortium ACLF score (CLIF-C ACLFs) was selected.

Patient demographics, medical history, model for end-
stage liver disease score (MELDs), and laboratory and in-
traoperative variables were automatically obtained using a
fully computerized data extraction software (ABLE). Mor-
tality data were obtained from patients’ electronic medical
records and the updated record from the institution’s LT
registry.

ACLF definition and 6 organ failures

Briefly, the CLIF-C ACLFs were defined as follows; Liver
failure: bilirubin level of > 12 mg/dl, kidney failure: creati-
nine > 2.0 mg/dl or renal replacement, brain failure: hepatic
encephalopathy grade by West-Haven, 3-4, coagulation fail-
ure: international normalized ratio > 2.5, circulatory failure:
use of vasopressor, respiratory failure: PaO,/FiO, < 200;
Sp0,/FiO, < 214; or on ventilator treatment [10].

The grade of ACLF was based on the CLIF-C organ failure
(CLIF-C OF) criteria including 6 failing organs (liver, kidney,

brain, coagulation, circulation, and respiration). Briefly, a)
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presence of at least renal failure, b) any other single organ
failure if associated with renal dysfunction (serum creatinine
1.5-1.9 mg/dl) and/or grade I-II hepatic encephalopathy
(ACLF-grade 1). Patients with two failing organs were graded
as ACLF-grade 2, while those with three or more failing or-
gans were graded as ACLF-grade 3 [8,11].

Definition of CAD and outcome

CAD was diagnosed by cardiologists based on the pre-
transplant history with imaging study and angiography.
CAD was considered “appropriately treated” when patients
with CAD have previous history of coronary artery bypass
graft or percutaneous intervention and old myocardial in-
farction with antianginal medications.

The primary outcome was Kaplan-Meier cumulative all-
cause mortality at 5 years since the date of LT. Mortality data
were collected from the medical record database and the in-
stitution’s LT registry, which is regularly updated by the Or-
gan Transplantation Center.

Statistics

Data were expressed as mean with standard deviation or
median with interquartile range (IQR) for continuous vari-
ables, and numbers and percentages for categorical vari-
ables. In univariate statistical comparisons, the chi-square
test or Fisher’s exact test was used for categorical variables,

Student’s t-test and Mann-Whitney test for continuous vari-

Patients underwent liver transplantation between
January 2010 and December 2020 (n = 4,432)

Excluded (n = 668)

+ Age < 18 years (n = 227)

— - Re-transplantation (n = 180)

+ Toxic or fulminant hepatitis
(n=261)

A4

Enrolled (n = 3,764)

A\ 4 A4

Non acute-on-chronic
liver failure patients
(n=2,843)

Acute-on-chronic liver
failure patients
(n=921)

Fig. 1. Flow diagram.
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ables, as appropriate. The Kaplan-Meier survival curve was
used to depict the risk of all-cause mortality up to 5 years
follow-up period. The proportional hazard assumption was
tested by analysis of Schoenfeld residuals and log-rank test
was performed for the comparison. When the assumption
was violated, Gehan-Breslow-Wilcoxon test was used. To
evaluate the relationship between clinical, biochemical pa-
rameters, liver disease severity and mortality events, a Cox
proportional multiple regression model was built and ob-
tained adjusted hazard ratios (HR) for 5-year mortality. Co-
variates included for Cox analysis were age, sex, body mass
index, diabetes, hypertension, MELD score, intraoperative
red blood cell transfusion, and post-reperfusion syndrome.
Statistical analyses were conducted in R (Version 4.1.2, R
Foundation for Statistical Computing, Austria), with packag-
es of ‘moonBook’ [12], ‘autoReg’ [13], “survminer” [14] “sur-
vival” [15] and a 2-sided significance level of 0.05.

RESULTS

Of 921 ACLF patients included, their age was 52 (IQR:
45.0, 58.0) years and men were 663 (72%). The MELDs were

Table 1. Descriptive Statistics by CAD in Patients with ACLF

31.0 (26.0, 39.0) and total bilirubin was 22.0 (11.5, 32.7) mg/
dl. The primary causes of liver disease were hepatitis B or C
virus-related liver cirrhosis (52.1%), alcoholic liver disease
(32.5%) and others (15.4%) (Table 1). Prevalence of organ
failures defined by CLIF-C ACLFs were liver failure (73.9%),
respiratory failure (23.0%), kidney failure (32.2%), coagula-
tion failure (34.7%), circulatory failure (16.0%), and brain
failure (12.5%), respectively (Table 2).

CAD patients

CAD patients (n = 58, 6.3%) showed increased age, and
higher prevalence of history of previous cardiovascular dis-
ease including stroke and diabetes, but pretransplant MELD
score and intraoperative transfusion amount and postreper-
fusion syndrome were similar (Table 1).

All-cause mortality at 5 years

In patients with CAD (6.3%, 58/921), the Kaplan-Meier
cumulative mortality rate at 5 years was numerically higher
but was not statistically significant when compared with

Variable Without CAD (n = 863) With CAD (n = 58) Total (n = 921) P value
Age 52.0 (45.0, 58.0) 55.5 (50 0, 59.0) 52.0 (45.0, 58.0) 0.001
Sex, male 617 (71.5) 6(79.3) 663 (72.0) 0.258
BMI 23.9 (21.3, 26.4) 24.3 (21.5, 27.6) 23.9 (21.3, 26.5) 0.247
MELD 31.0 (26.0, 39.0) 29.0 (25.0, 35.0) 31.0 (26.0, 39.0) 0.127
CVvD 203 (23.5) 58 (100.0) 261 (28.3) 0.000
Diabetes 84 (21.3) 23 (39.7) 207 (22.5) 0.002
Hypertension 50 (17.4) 14 (24.1) 164 (17.8) 0.261
Varix bleeding 27 (3.1) 1(1.7) 28 (3.0) 0.835
Intractable ascites 348 (40.3) 28 (48.3) 376 (40.8) 0.292
Pre-RRT 241 (27.9) 23(39.7) 264 (28.7) 0.078
Pre-Vasopressor 137 (15.9) 10 (17.2) 147 (16.0) 0.928
Pre-Ventilator 194 (22.5) 8(13.8) 202 (21.9) 0.166
Viral liver disease 457 (53.0) 23(39.7) 480 (52.1) 0.068
Alcoholic liver disease 277 (32.1) 22 (37.9) 299 (32.5) 0.439
Biliary liver disease 57 (6.6) 2(3.4) 59 (6.4) 0.501
Total bilirubin (mg/ml) 22.6 (11.7, 33.5) 15.2 (8.3, 22.9) 22.0(11.5, 32.7) 0.001
INR 2(1.8,2.7) 2(1.6,2.8) 2(1.8,2.7) 0.829
Creatinine (mg/ml) .2(0.8,2.3) .3(0.8,2.5) .2(0.8,2.4) 0.907
Sodium (mmol/L) 136.0 (132.0, 139.0) 136.0 (132.0, 138.0) 136.0 (132.0, 139.0) 0.520
PRBC transfusion 16.0 (10.0, 26.0) 15.0 (10.0, 26.0) 16.0 (10.0, 26.0) 0.872
PRS 534 (61.9) 37 (63.8) 571 (62.0) 0.880

Values are presented as median (1Q, 3Q) or number (%). CVD: cardiovascular disease, ACLF: acute-on-chronic liver failure, BMI: body mass
index, MELD: model-for end liver disease, RRT: renal replacement therapy, Pre-Vasopressor: preoperative use of vasopressor, Pre-Ventilator:
preoperative use of ventilator, INR: international normalized ratio, pRBC: packed red blood cells, PRS: post-reperfusion syndrome.
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Table 2. Descriptive Statistics of Organ Failures in CAD Patients with ACLF

Variable Without CAD (n = 863) With CAD (n = 58) Total (n = 921) P value

CLIF liver failure 641 (74.3) 40 (69.0) 681 (73.9) 0.461
CLIF kidney failure 277 (32.1) 20 (34.5) 297 (32.2) 0.817
CLIF brain failure 110 (12.7) 5 (8.6) 115 (12.5) 0.475
CLIF coagulation failure 298 (34.5) 22 (37.9) 320 (34.7) 0.701
CLIF circulatory failure 137 (15.9) 10 (17.2) 147 (16.0) 0.928
CLIF respiratory failure 204 (23.6) 8(13.8) 212 (23.0) 0.118
ACLF grading 0.673

1 392 (45.4) 28 (48.3) 420 (45.6)

2 263 (30.5) 19 (32.8) 282 (30.6)

3 208 (24.1) 11 (19.0) 219 (23.8)

Values are presented as number (%). ACLF: acute-on-chronic liver failure, CAD: coronary artery disease, CLIF: chronic liver failure
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Fig. 2. Kaplan-Meier plot by coronary artery disease (CAD).

those without CAD (32.9% vs. 23.5%, log-rank, P = 0.25,
Fig. 2). In subgroup analysis, there were comparable risks
of cumulative mortality at 5 years across the stratification
of ACLF grade 1, 2, and 3 (Gehan-Breslow-Wilcoxon P =
0.19, log-rank P = 0.72, and log-rank P = 0.999, respective-
ly, Fig. 3).

In multivariable Cox proportional HR analysis, CAD did

not remain as an important determinant for 5-year survival,
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as expected in the univariate analysis (Fig. 4).

DISCUSSION

In the current study of 921 patients with ACLE we found
that 5-year all-cause mortality is high after LT but is not re-
lated to the presence of revascularized or treated CAD,
across the stratification of ACLF grade 1,2, and 3.
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5-year Mortality -=- Multivariable -= Univariable

1.04 (1.02-1.06, P < 0.001)

Age 1.04 (1.02-1.05, P < 0.001)

0.89 (0.66-1.20, P = 0.450)

Sex 0.77 (0.57—1.04, P = 0.084)

0.96 (0.93-0.99, P = 0.020)

Body mass index 0.95 (0.92-0.99, P = 0.007)

1.35(0.99-1.83, P = 0.054)

Diabetes 1.31 (0.96-1.79, P = 0.087)

1.06 (0.75-1.50, P = 0.746)

Hypertension 0.99 (0.69-1.42, P = 0.941)

1.03 (1.01-1.04, P < 0.001)

MELD score 1.03 (1.01-1.04, P = 0.001)

1.02 (1.01-1.02, P < 0.001)

PRBC transfusion 1.02 (1.01-1.02, P < 0.001)

1.15 (0.87-1.52, P = 0.335)

PRS 1.03 (0.77-1.37, P = 0.844)

1.33 (0.81-2.19, P = 0.255)

CAD 1.30 (0.78-2.14, P = 0.311)

++

N
o

15 2.0
Hazard ratio (95% CI)

Fig. 3. Univariable and multivariable cox-proportional hazard regression analysis for the 5-year all-cause mortality. MELD: model for end-
disease liver disease, pRBC: packed red blood cell, PRS: post-reperfusion syndrome, CAD: coronary artery disease, Cl: confidence interval.

Of numerous ACLF risk scoring systems such as The North
American Consortium for the Study of End-Stage Liver Dis-
ease's definition (NACSELD-ACLF), The Asian Pacific Asso-
ciation for the Study of the Liver (APASL-ACLF) [16], the es-
tablished prognostic score of the European Association for
the Study of the Liver-CLIF-C ACLF score has shown a great-
er ability to predict mortality compared to MELD incorpo-
rating sodium (MELD-Na) score in waiting list for LT
[10,11,17]. Therefore, we adopted this score to grade patients
with ACLF in the current study.

ACLF is associated with tremendously high short-term
mortality rates when multiple organ failures develop rapidly
[16,18]. Therefore, LT is believed to be the only definite treat-
ment for patients with ACLF at present. Particularly, ACLF-
grade 2 or 3 appears to benefit the most from early LT [19].
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Previous studies revealed that short-term mortality of pa-
tients with ACLF grade 3 is particularly high, approaching
80% at 28-days before LT [16].

Pretransplant cardiac risk assessment can help prognosti-
cate long-term survival, allowing adequate LT allocation and
optimization of clinical outcomes [20]. Of these, CAD preva-
lence is increasing among LT candidates together with aging
and increasing prevalence of diabetes, obesity, hyperten-
sion, and non-alcoholic fatty liver disease, therefore, asymp-
tomatic moderate CAD is present in nearly 25% of LT candi-
dates [21].

Moon et al. [22] demonstrated that patients with comput-
ed tomography coronary angiography (CTCA) diagnosed
obstructive CAD (> 50% stenosis, 9.2% prevalence) and pa-

tients with severe stenosis (> 70% stenosis, 4.2% prevalence)

www.anesth-pain-med.org
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Fig. 4. Kaplan-Meier plots by coronary artery disease (CAD) across the stratification of acute-on-chronic liver failure (ACLF) grade 1, 2, and 3.

P value < 0.05 is considered significant in the figure.

showed occurrence of 6.2% and 8.9% post-LT type 2 myocar-
dial infarction (MI). Additionally, the prevalence of post-LT
MI increased with increasing severity of CTCA-diagnosed
CAD; the prevalence was 3.4%, 4.3%, and 21.4% in 1-, 2-, and
3-vessel obstructive CAD, respectively [22].

The American Heart Association (AHA)/American Col-
lege of Cardiology Foundation (ACCF) scientific statement
recommends further noninvasive functional stress testing if
an LT candidate has 3 or more known CAD risk factors (dia-
betes mellitus, hypertension, prior cardiovascular disease,
left ventricular hypertrophy, age of > 60 years, smoking, and
dyslipidemia) [23]. In this regard, Moon et al. [22] recom-
mended that because the significant incidence of obstruc-
tive CAD (21.7%) in patients with 3 or more risk factors of or
> 3 AHA/ACCEF risk factors, it seems advisable to test the
CTCA in that population.

Patel et al. [7], showed that there was no evidence of a re-
lationship between the presence and severity of CAD and
composite cardiovascular events. Rather, only diabetes was

www.anesth-pain-med.org

associated with the likelihood of having a cardiovascular
event. Therefore, they concluded that cardiovascular disease
mortality is the most important contributor to early mortali-
ty after LT but is not related to the severity of CAD [7].

However, all those studies are not dedicated for the pa-
tients with critically ill LT recipients. The strength of our
study is that we assessed the ACLF cohort, across the stratifi-
cation of ACLF grade 1, 2, and 3. Although patients with
ACLF grade 1 closely reached the statically significant P val-
ue (P = 0.062), rather more severe ill patients of ACLF grade
2 and 3 patients showed comparable results between pa-
tients with CAD and without CAD. These findings empha-
size the importance of pretransplant adequate treatment of
severe obstructive CAD.

Our study has several limitations, first, prospective multi-
center study is recommended because of our study’s retro-
spective characteristics. Secondly, we did not include the
nonobstructive CAD or untreated patients with CAD in this
study protocol, therefore further study is needed including
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such patients. Thirdly, sample size of patients with CAD (n
= 58) might not be sufficient for the statistical power, there-
fore, further study will be needed. However, this is one of the
frontier studies to report the impact of CAD on post-trans-
plant outcomes on ACLF patients.

In conclusion, 5-year all-cause mortality is not related to
the presence of revascularized or treated CAD in patients
with ACLE across the stratification of ACLF grade 1, 2, and 3.
As such, CAD, if appropriately treated, should not be an ex-
clusion criterion for undergoing LT in patients with ACLE
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