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Abstract
BACKGROUND 
There is no consensus on the usage of extended criteria donor (ECD) grafts in liver 
transplantation (LT) for acute-on-chronic liver failure (ACLF) patients.

AIM 
To summarize the experience of using ECD livers in ACLF-LT.

METHODS 
A retrospective cohort study was conducted, enrolling patients who underwent 
LT at the First Affiliated Hospital of Sun Yat-Sen University from January 2015 to 
November 2021. The patients were divided into ECD and non-ECD groups for 
analysis.

RESULTS 
A total of 145 recipients were enrolled in this study, of which ECD and non-ECD 
recipients accounted for 53.8% and 46.2%, respectively. Donation after cardiac 
death (DCD) recipients accounted for the minority compared with donation after 
brain death (DBD) recipients (16.6% vs 83.4%). Neither overall survival nor graft 
survival significantly differed between ECD and non-ECD and DCD and DBD 
recipients. ECD grafts were associated with a significantly higher incidence of 
early allograft dysfunction (EAD) than non-ECD grafts (67.9% vs 41.8%, P = 
0.002). Postoperative outcomes between DCD and DBD recipients were compa-

https://www.f6publishing.com
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mailto:zhuxiaof@mail.sysu.edu.cn


Gong JL et al. ECD grafts in LT

WJG https://www.wjgnet.com 5631 November 7, 2023 Volume 29 Issue 41

rable (P > 0.05). ECD graft (P = 0.009), anhepatic phase (P = 0.034) and recipient gamma glutamyltransferase (P = 
0.016) were independent risk factors for EAD. Recipient preoperative number of extrahepatic organ failures > 2 (P 
= 0.015) and intraoperative blood loss (P = 0.000) were independent predictors of poor post-LT survival.

CONCLUSION 
Although related to a higher risk of EAD, ECD grafts can be safely used in ACLF-LT. The main factors affecting 
post-LT survival in ACLF patients are their own severe preoperative disease and intraoperative blood loss.

Key Words: Extended criteria donor; Acute-on-chronic liver failure; Liver transplantation

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This manuscript is intended to summarize a Chinese single center experience of using extended criteria donor 
(ECD) grafts in liver transplantation (LT) for acute-on-chronic liver failure (ACLF) patients. In this paper, we found that 
under ECD grafts are associated with a higher risk of early allograft dysfunction than non-ECD grafts but can be safely used 
in ACLF recipients as they do not affect post-LT survival. The main factors affecting the prognosis of ACLF recipients are 
the severity of their own preoperative disease and intraoperative blood loss.

Citation: Gong JL, Yu J, Wang TL, He XS, Tang YH, Zhu XF. Application of extended criteria donor grafts in liver transplantation for 
acute-on-chronic liver failure: A retrospective cohort study. World J Gastroenterol 2023; 29(41): 5630-5640
URL: https://www.wjgnet.com/1007-9327/full/v29/i41/5630.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i41.5630

INTRODUCTION
Acute-on-chronic liver failure (ACLF) is a complex clinical syndrome characterized by the failure of extrahepatic organ(s) 
that has an extremely high short-term mortality and a 90-d transplant-free mortality above 50%[1]. Liver transplantation 
(LT) is the only curative treatment option for various end-stage liver diseases and has been reported to bring strong 
survival benefits to ACLF patients[2]. However, the current supply of acceptable donor livers is far from sufficient to 
meet the demands of the growing number of recipients. In an effort to reduce waiting list mortality, extended criteria 
donor (ECD) livers, also known as marginal livers, are increasingly being used in LT[3,4].

Usually, ECD livers are mainly defined as livers from donors with advanced age, macrovesicular steatosis, donation 
after cardiac death (DCD), and other unfavorable characteristics that indicate suboptimal quality[5,6]. The use of livers 
with ECD in ACLF-LT remains controversial. On the one hand, ECD livers were historically considered to be related to 
poor graft function and even poor survival; on the other hand, although transplanted with ECD grafts, recipients with 
high model for end-stage liver disease (MELD) scores or severe ACLF also obtained strong survival benefits, with 1-year 
post-LT survival rates reaching 78.1%[7,8]. The impact of the increased use of ECD grafts in ACLF patients needs to be 
further researched[9].

To our knowledge, there are still no studies published based on experiences at a Chinese hospital. In this study, we 
aimed to investigate the perioperative and long-term outcomes of ACLF patients in terms of whether they were ECD or 
non-ECD recipients.

MATERIALS AND METHODS
Patients
A retrospective cohort study was conducted. We recruited patients who underwent LT at the First Affiliated Hospital of 
Sun Yat-Sen University from January 2015 to November 2021 for our study. The inclusion criteria were as follows: 
Underwent LT; met the ACLF diagnostic criteria; and age ≥ 18 years. The exclusion criteria were complicated with 
hepatocellular carcinoma or other hepatobiliary cancer, combined transplantation with other organ (s), cases of ischemia-
free LT (IFLT)[10] in a prospective randomized controlled study (registration number: ChiCTR1900021158) conducted 
during the same period, living donor LT, and incomplete medical records. Of note, there is still no unified definition of 
ACLF. Considering the unique epidemiological background in our country in which ACLF is mainly caused by hepatitis 
B virus infection, we adopted the diagnostic criteria recently proposed by the Chinese Group on the Study of Severe 
Hepatitis B[11] in this study; that is, regardless of the presence of cirrhosis, patients with chronic hepatitis B, total 
bilirubin (TB) ≥ 12 mg/dL and international normalized ratio ≥ 1.5 should be diagnosed with ACLF.

Donor and recipient clinical characteristics
The clinical parameters of both donors and recipients were extracted from electronic medical records. The baseline 

https://www.wjgnet.com/1007-9327/full/v29/i41/5630.htm
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characteristics of recipients were based on the last examination before LT. The severity of ACLF was measured by the 
MELD score and the number of extrahepatic organ failures (OFs) at the time before LT. Extrahepatic OF was defined by 
previous reports and included kidney[12], coagulation[13], circulatory system[14], respiratory system[15], and hepatic 
encephalopathy[16]. The baseline characteristics of donors were based on the last examination before organ procurement. 
There is still no precise definition of an ECD liver; with reference to previous reports[5,6] and the experience of our 
center, ECD was defined in this study as meeting any of the following criteria: Age > 65 years, body mass index (BMI) > 
30 kg/m2, macrovesicular steatosis ≥ 30%, serum sodium > 165 mmol/L, serum alanine aminotransferase (ALT)/
aspartate aminotransferase (AST) > 120 U/L, serum TB > 51 μmol/L, cold-ischemia time (CIT) > 12 ho, split, DCD.

Outcomes
The primary endpoint events of interest were graft survival (from LT to re-LT or death) and overall survival (OS), from 
LT to death. The patients were followed up until December 2021. The secondary outcomes mainly included rates of early 
allograft dysfunction (EAD)[17], acute kidney injury (AKI)[17] and other perioperative characteristics [intraoperative 
blood loss/transfusion, operative time, and intensive care unit (ICU) stay].

Statistical analysis
The patients were divided into ECD and non-ECD recipient groups for analysis. As the main factor of concern in ECD, 
DCD recipients were also analyzed as a subgroup for comparison with donation after brain death (DBD) recipients. 
Statistical analyses were conducted using SPSS (version 23.0, IBM). Continuous measurement data are expressed as the 
mean ± SD, and differences between groups were detected by Student’s t test. Enumeration data are expressed as 
numbers (percentages), and differences were detected by the χ2 test. OS and graft survival were calculated by the Kaplan-
Meier method and compared through the log-rank test. Univariate and multivariate logistic/Cox regression analyses 
were performed to identify the risk factors and independent risk factors for EAD/OS, and variables showing univariate 
significance or considered clinically relevant were entered into multivariate analysis[18]. Statistical significance was 
defined as P < 0.05.

RESULTS
Baseline characteristics of recipients
Ultimately, 145 patients were enrolled in our study, of whom 78 (53.8%) were in the ECD group and 67 (46.2%) were in 
the non-ECD group (Table 1). The severity of ACLF was quantified by the MELD score and OFs, and both quantitative 
tools showed no significant difference in the severity of the preoperative disease between these two groups (P = 0.579 and 
0.547 and 0.591 and 0.547, respectively). Other demographic indicators, such as age, sex, blood type, and preoperative 
biochemical tests, also proved to have nonsignificant differences (P > 0.05). In addition, the numbers of IFLT cases were 
approximately similar in both groups (P = 0.170).

This finding indicates that there is no significant bias between these two groups in the allocation and usage of ECD 
grafts, and the probability of being assigned an ECD liver is approximately equal for patients with severe or mild ACLF.

Baseline characteristics of donor livers
Compared with non-ECD, ECD accounted for more than half of the total grafts [Table 2, 67 (46.2%) vs 78 (53.8%)]. The 
specific types of ECD grafts are shown in Table 2. Liver grafts were defined as ECD mainly because ALT/AST was 
greater than 120 U/L (29.5%/46.2%), followed by DCD (30.8%) and high serum sodium (17.9%). A total of 11.5% of grafts 
were classified as ECD due to BMI > 30 kg/m2, and 9% were classified due to TB > 51 μmol/L. Notably, macrovesicular 
steatosis (2.6%), advanced age (1.3%), prolonged CIT (6.4%), and split (1.3%) only accounted for a very small proportion 
of ECD livers.

Primary outcomes
During the follow-up period, only one patient underwent retransplantation. Neither OS nor graft survival significantly 
differed between patients in the ECD and non-ECD groups and in the DCD and DBD groups (Figure 1). In ECD vs non-
ECD recipients, the 1-, 3-, and 5-year OS rates were 87.0%, 83.7%, and 81.4% vs 86.0%, 83.8% and 83.8% (P = 0.901), 
respectively, and the 1-, 3-, and 5-year graft survival rates were 87.0%, 83.8% and 81.5% vs 86.0%, 83.8% and 83.8% (P = 
0.902). In DCD and DBD recipients, the 1-, 3-, and 5-year OS rates were equal to the graft survival rates (83.3%, 83.3%, and 
75.8% vs 87.1%, 83.5% and 83.5%, respectively) (P = 0.631 and 0.633, respectively).

Secondary outcomes
ECD recipients demonstrated a significantly higher postoperative EAD incidence than non-ECD recipients (67.9% vs 
41.8%, P = 0.002). Except for EAD, there were no significant differences (P > 0.05) in the other secondary endpoints 
between these two groups (Table 3).

Then, we divided the patients into DCD and DBD groups, and all secondary endpoints, including EAD, AKI, blood 
loss and other perioperative indicators, showed no significant differences (Table 4, P > 0.05).

Identification of independent risk factors for EAD and OS
We enrolled all potential clinical parameters in univariable and multivariable logistic regression analyses to identify risk 
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Table 1 Baseline characteristics of recipients, n (%)

ECD (n = 78) Non-ECD (n = 67) P value

MELD 30.73 ± 5.96 30.19 ± 5.60 0.579

MELD 0.547

        > 30 40 (51.3) 31 (46.3)

        ≤ 30 38 (48.7) 36 (53.7)

OFs 0.591

        0 25 (32.1) 28 (41.8)

        1 33 (42.3) 20 (29.9)

        2 11 (14.1) 9 (13.4)

        3 7 (9) 8 (11.9)

        4 2 (2.6) 2 (3)

OFs 0.547

        > 2 9 (11.5) 10 (14.9)

        ≤ 2 69 (88.5) 57 (85.1)

Age (yr) 0.365

        > 60 4 (5.1) 6 (9)

        ≤ 60 74 (94.9) 61 (91)

Sex 0.730

        Male 69 (88.5) 58 (86.6)

        Female 9 (11.5) 9 (13.4)

BMI (kg/m2) 0.611

        > 30 5 (6.4) 3 (4.5)

        ≤ 30 73 (93.6) 64 (95.5)

Blood group 0.411

        O 29 (37.2) 28 (41.8)

        A 24 (30.8) 20 (29.9)

        B 22 (28.2) 13 (19.4)

        AB 3 (3.8) 6 (9)

WBC (× 109/L) 6.84 ± 3.56 6.35 ± 3.52 0.411

N/L 6.27 ± 6.34 7.00 ± 6.12 0.482

Hb (g/L) 94.27 ± 22.29 89.45 ± 19.06 0.167

GGT (U/L) 49.51 ± 26.39 50.12 ± 32.49 0.901

ALB (g/L) 36.87 ± 4.94 38.37 ± 4.99 0.071

ALT (U/L) 85.33 ± 96.36 60.88 ± 75.02 0.088

AST (U/L) 114.47 ± 103.80 92.42 ± 82.42 0.163

PLT (× 109/L) 63.50 ± 33.83 62.49 ± 38.57 0.867

Fib (g/L) 1.02 ± 0.47 1.12 ± 0.43 0.176

IFLT 2 (2.6) 5 (7.5) 0.170

MELD: Model for end-stage liver disease; ECD: Extended criteria donor; OFs: Organ failures; BMI: Body mass index; WBC: White blood cell; Hb: 
Hemoglobin; GGT: Gamma glutamyltransferase; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PLT: Platelets; Fib: 
Fibrinogen; IFLT: Ischemia-free liver transplantation.



Gong JL et al. ECD grafts in LT

WJG https://www.wjgnet.com 5634 November 7, 2023 Volume 29 Issue 41

Table 2 Baseline characteristics of donor livers, n (%)

ECD (n = 78) Non-ECD (n = 67) P value

DCD/DBD 24 (30.8)/54 (69.2) 0/ 67 (100) 0.000

Split 1 (1.3) 0 0.352

Macrovesicular steatosis 0.187

    ≥ 30 2 (2.6) 0

    < 30 76 (97.4) 67 (100)

Age (yr) 0.352

    > 65 1 (1.3) 0

    ≤ 65 77 (98.7) 67 (100)

BMI (kg/m2) 0.004

    > 30 9 (11.5) 0

    ≤ 30 69 (88.5) 67 (100)

Na (mmol/L) 0.000

    > 165 14 (17.9) 0

    ≤ 165 64 (82.1) 67 (100)

ALT (U/L) 0.000

    > 120 23 (29.5) 0

    ≤ 120 55 (70.5) 67 (100)

AST (U/L) 0.000

    > 120 36 (46.2) 0

    ≤ 120 42 (53.8) 67 (100)

TB (μmol/L) 0.012

    > 51 7 (9.0) 0

    ≤ 51 71 (91.0) 67 (100)

CIT (h) 0.035

    > 12 5 (6.4) 0

    ≤ 12 73 (93.6) 67 (100)

Reason of death 0.969

    Trauma 41 (52.6) 35 (52.2)

    Other 37 (47.4) 32 (47.8)

DCD: Donation after cardiac death; DBD: Donation after brain death; ECD: Extended criteria donor; BMI: Body mass index; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; TB: Total bilirubin; CIT: Cold-ischemia time.

factors and independent risk factors for EAD. The results showed that ECD graft (P = 0.002), anhepatic phase (P = 0.003), 
operation time (P = 0.005) and recipient gamma glutamyltransferase (GGT), (P = 0.027) were risk factors for EAD. Then, 
ECD graft (P = 0.009), anhepatic phase (P = 0.034) and recipient GGT (P = 0.016) were shown to be independently 
associated with EAD (Table 5).

All potential factors that may be related to OS were included in the Cox regression analysis. Univariable analysis 
showed that blood loss (P = 0.000), EAD (P = 0.048), and OFs > 2 (P = 0.011) were risk factors for OS; then, multivariable 
analysis further demonstrated that blood loss (P = 0.000) and OFs > 2 (P = 0.015) were independent risk factors for OS 
(Table 6). Patients complicated with preoperative OFs > 2 (P = 0.007) or intraoperative blood loss > 2 L (median = 2 L, P = 
0.038) were associated with significantly poorer post-LT survival (Figure 2).
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Table 3 Secondary outcomes of recipients between extended criteria donor and non-extended criteria donor grafts, n (%)

ECD (n = 78) Non-ECD (n = 67) P value

EAD 53 (67.9) 28 (41.8) 0.002

AKI 34 (43.6) 30 (44.8) 0.886

Blood loss (mL) 2.55 ± 1.70 2.82 ± 2.93 0.489

RBC transfused (U) 7.89 ± 3.93 9.13 ± 6.18 1.148

Plasma transfused (U) 9.77 ± 4.28 10.23 ± 4.51 0.534

Operative time (h) 7.48 ± 1.23 7.35 ± 1.37 0.554

ICU stay (d) 4.68 ± 4.95 4.63 ± 6.27 0.958

EAD: Early allograft dysfunction; ECD: Extended criteria donor; AKI: Acute kidney injury; ICU: Intensive care unit; RBC: Red blood cell.

Table 4 Secondary outcomes of recipients between donation after cardiac death and donation after brain death grafts, n (%)

DCD (n = 24) DBD (n = 121) P value

EAD 17 (70.8) 64 (52.9) 0.106

AKI 11 (45.8) 53 (43.8) 0.855

Blood loss (mL) 2.53 ± 1.81 2.70 ± 2.44 0.747

RBC transfused (U) 8.61 ± 3.77 8.43 ± 5.35 0.876

Plasma transfused (U) 9.17 ± 5.03 10.14 ± 4.24 0.319

Operative time (h) 7.67 ± 1.46 7.37 ± 1.26 0.298

ICU stay (d) 5.25 ± 5.00 4.54 ± 5.70 0.571

DCD: Donation after cardiac death; DBD: Donation after brain death; ECD: Extended criteria donor; AKI: Acute kidney injury; ICU: Intensive care unit; 
RBC: Red blood cell.

DISCUSSION
The impact of the increased use of ECD grafts in ACLF patients has not yet been evaluated well[9]. To our knowledge, 
this is the first report from China that summarizes the experiences of using ECD grafts in ACLF-LT patients.

In our study, both OS and graft survival between ECD and non-ECD recipients and DCD and DBD recipients were not 
significantly different. This was approximately consistent with the conclusions of recent studies based on adult recipients 
(regardless of primary disease)[19] and high-acuity patients (MELD ≥ 35)[20]. For severe ACLF recipients[8], a marginal 
donor liver (donor risk index[21] above 1.7) was considered an independent risk factor for 1-year post-LT survival. 
However, as the authors pointed out in this article, although transplanted with marginal livers, it was clear that patients 
still obtain strong survival benefits, with 1-year post-LT survival rates reaching 78.1%. In our study, ECD recipients had a 
5-year post-LT survival rate above 80%. Compared with the poor prognosis of 90-d transplant-free mortality above 50%
[1], ECD grafts undoubtedly provide an important life-saving option for ACLF patients. Moreover, refusing ECD and 
continuing to wait for an ideal graft means a prolonged waiting time, which also means an increased risk of worse 
preoperative disease and higher post-LT mortality[22]. Consequently, it may be better for ACLF patients to accept an 
existing ECD graft rather than waiting for a prospective ideal liver.

In our opinion, the reason why there was no significant difference in survival between ECD and non-ECD patients was 
mainly due to the inevitable selection bias in clinical practice. As shown in Table 2, advanced age, prolonged CIT and 
macrovesicular steatosis, which have been widely recognized as the strongest prognostic risk factors[23], only accounted 
for 1.3%, 6.4% and 2.6% of our ECD grafts, respectively. This indicates that the ECD grafts actually adopted in our clinical 
practice may be relatively safe, and those grafts empirically judged as "high risk" were abandoned. Nevertheless, ECD 
recipients still showed a significantly higher incidence of EAD than non-ECD recipients.

ECD grafts, anhepatic phase and recipient GGT were proven to be significantly associated with EAD in our further 
research. The importance of shortening the anhepatic phase in transplantation is self-evident and has been proven by 
previous studies[24,25]. Our research emphasized the importance of surgical techniques once again. Traditionally, high 
serum GGT has been considered a biomarker of hepatobiliary diseases. Recent studies have shown its predictive role in 
carcinogenesis, tumor progression and many other life-threatening diseases[26]. The potential of donor GGT in predicting 
EAD[27] and graft survival[28] has also been reported, but few studies have focused on its role in recipients. Our study 
found that a high preoperative recipient serum GGT level was significantly correlated with post-LT EAD but did not 
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Table 5 Univariable and multivariable logistic analysis of risk factors for early allograft dysfunction

Univariate analysis Multivariate analysis
Variables OR

HR (95%CI) P value
OR

HR (95%CI) P value

Donor characteristics

        HBV (positive vs 
negative)

1.076 0.522-2.220 0.843

        Death of trauma (yes vs 
no)

1.331 0.689-2.568 0.395

        ECD (yes vs no) 2.953 1.497-5.826 0.002 2.712 1.286-5.720 0.009

Operation characteristics

        Blood loss (L) 1.080 0.925-1.262 0.330

        Anhepatic phase (min) 1.036 1.012-1.060 0.003 1.031 1.002-1.060 0.034

        Operation time (h) 1.487 1.124-1.967 0.005 1.271 0.915-1.767 0.153

        IFLT (yes vs no) 0.121 0.014-1.031 0.053 0.114 0.011-1.218 0.072

Recipient characteristics

        BMI (> 30 vs ≤ 30) 0.779 0.187-3.244 0.732

        MELD (> 30 vs ≤30) 1.455 0.753-2.812 0.265

        OFs (> 2 vs ≤ 2) 0.861 0.327-2.264 0.761

        WBC (× 109/L) 1.039 0.945-1.142 0.432

        N/L 0.997 0.946-1.051 0.906

        Hb (g/L) 1.006 0.990-1.022 0.444

        GGT (U/L) 1.015 1.002-1.029 0.027 1.017 1.003-1.032 0.016

        ALB (g/L) 1.052 0.984-1.126 0.139

        ALT (U/L) 1.002 0.998-1.006 0.288

        AST (U/L) 1.001 0.997-1.004 0.650

        PLT (× 109/L) 1.001 0.992-1.010 0.800

        Fib (g/L) 0.692 0.332-1.441 0.325

OR: Odds ratio; CI: Confidence interval; HBV: Hepatitis B virus; ECD: Extended criteria donor; BMI: Body mass index; IFLT: Ischemia-free liver 
transplantation; MELD: Model for end-stage liver disease; OFs: Organ failures; WBC: White blood cell; Hb: Hemoglobin; GGT: Gamma 
glutamyltransferase; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PLT: Platelets; Fib: Fibrinogen.

affect survival. This may be due to its critical role in the modulation of redox equilibria[29], and high serum GGT may 
reflect worse preoperative disease in recipients. At the same time, it should be noted that the determinants of prognosis in 
LT are numerous and complex.

Our analysis showed that only preoperative recipient OFs and intraoperative blood loss were independently associated 
with OS. This finding indicates that under our current ECD experience, the post-LT survival of ACLF patients mainly 
depends on the severity of their own preoperative disease and intraoperative conditions. The MELD score is widely 
accepted as a tool to quantify the severity of end-stage liver disease and to allocate donor livers. However, in recent years, 
a growing number of studies have found that MELD or MELD-Na underestimates the severity of ACLF, mainly because 
it fails to capture the two key pathophysiological features of ACLF: Extrahepatic OF and systemic inflammation[30,31]. 
Our study also showed that OFs may reflect the severity of ACLF more accurately than MELD.

There are limitations in our study. The first is that the boundary of ECD remains undetermined. It should be recog-
nized that the definition of ECD is not a simple concept of yes or no but should be linearly quantified. The application 
value of the Donor Risk Index[21] in China is limited due to unique ethnic characteristics. What is the safe boundary of an 
acceptable ECD graft? Unfortunately, we have not been able to establish a quantitative formula thus far in our country, 
and this will be the focus of our future research. Second, our results need to be further confirmed by a larger sample 
study.

In conclusion, our experience suggests that ECD grafts are associated with a higher risk of EAD than non-ECD grafts 
but can be safely used in ACLF recipients, as they do not affect post-LT survival. The main factors affecting the prognosis 
of ACLF recipients are the severity of their own preoperative disease and intraoperative blood loss.
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Figure 1 Kaplan-Meier analysis. A: Overall survival between extended criteria donor (ECD) and non-ECD groups; B: Graft survival between ECD and non-ECD 
groups; C: Overall survival between donation after cardiac death (DCD) and donation after brain death (DBD) groups; D: Graft survival between DCD and DBD 
groups. LT: Liver transplantation; ECD: Extended criteria donor; DCD: Donation after cardiac death; DBD: Donation after brain death.

Figure 2 Kaplan-Meier analysis of overall survival. A: Organ failures; B: Blood loss. OFs: Organ failures.

CONCLUSION
In conclusion, our experience suggests that ECD grafts are associated with a higher risk of EAD than non-ECD grafts but 
can be safely used in ACLF recipients as they do not affect post-LT survival. The main factors affecting the prognosis of 
ACLF recipients are the severity of their own preoperative disease and intraoperative blood loss.
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Table 6 Univariable and multivariable Cox analysis of risk factors for overall survival

Univariate analysis Multivariate analysis
Variables OR

HR (95%CI) P value
OR

HR (95%CI) P value

Donor characteristics

        HBV (positive vs 
negative)

1.478 0.646-3.383 0.355

        Death of trauma (yes vs 
no)

0.848 0.379-1.898 0.688

        ECD (yes vs no) 1.053 0.465-2.386 0.901

        No. of ECD features (≥ 2 
vs < 2)

0.840 0.279-2.531 0.757

Operation characteristics

        Blood loss (L) 1.271 1.137-1.421 0.000 1.276 1.123-1.449 0.000

        Anhepatic phase (min) 1.009 0.989-1.028 0.381

        Operation time (h) 1.002 0.746-1.345 0.990

        IFLT (yes vs no) 0.822 0.111-6.107 0.848

        EAD (yes vs no) 2.726 1.009-7.365 0.048 2.481 0.914-6.737 0.075

        AKI (yes vs no) 1.882 0.830-4.269 0.130

Recipient characteristics

        BMI (> 30 vs ≤ 30) 0.831 0.112-6.166 0.856 

        MELD (> 30 vs ≤ 30) 1.528 0.678-3.444 0.307

        OFs (> 2 vs ≤ 2) 3.191 1.309-7.780 0.011 3.042 1.245-7.432 0.015

        WBC (× 109/L) 1.007 0.897-1.129 0.912

        N/L 1.040 0.992-1.090 0.102

        Hb (g/L) 0.984 0.963-1.005 0.128

        GGT (U/L) 0.986 0.968-1.005 0.142

        ALB (g/L) 1.044 0.963-1.131 0.300

        ALT (U/L) 0.992 0.984-1.001 0.070

        AST (U/L) 0.998 0.992-1.004 0.463

        PLT (× 109/L) 0.999 0.987-1.010 0.813

        Fib (g/L) 0.874 0.345-2.211 0.775

OR: Odds ratio; CI: Confidence interval; HBV: Hepatitis B virus; ECD: Extended criteria donor; EAD: Early allograft dysfunction; BMI: Body mass index; 
IFLT: Ischemia-free liver transplantation; AKI: Acute kidney injury; MELD: Model for end-stage liver disease; OFs: Organ failures; WBC: White blood cell; 
Hb: Hemoglobin; GGT: Gamma glutamyltransferase; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PLT: Platelets; Fib: 
Fibrinogen.

ARTICLE HIGHLIGHTS
Research background
There is no consensus on the usage of extended criteria donor (ECD) grafts in liver transplantation (LT) for acute-on-
chronic liver failure (ACLF) patients.

Research motivation
It was intended to summarize the experience of using ECD livers in ACLF-LT.

Research objectives
Our study aimed to summarize the experience of using ECD livers in ACLF-LT, and to provide reference for clinical 
practice.
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Research methods
We conducted a retrospective cohort study to analyze outcomes between ECD and non-ECD recipients.

Research results
There was no significant difference (P > 0.05) in survival between ECD and non-ECD recipients after LT, although ECD 
grafts were associated with a significantly higher incidence of early allograft dysfunction. The most important factors 
affecting post-LT survival of ACLF patients were extrahepatic organ failures (OFs) > 2 (P = 0.015) and intraoperative 
blood loss (P = 0.000).

Research conclusions
ECD grafts can be safely used in ACLF-LT, although related to a higher risk of early allograft dysfunction.

Research perspectives
Due to the unavoidable selection bias in clinical practice, there were only 2 cases of donor liver have diagnosed as 
macrovesicular steatosis more than 30%. This indicates that the ECD grafts actually adopted in our clinical practice may 
be relatively safe, and those grafts empirically judged as "high risk" were abandoned. Admittedly, this is a major 
limitation of our current study, and the next step will be to try to compensate it by including more cases in our study over 
a longer period or in conjunction with other transplant centers.
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