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Abstract
Early Allograft Dysfunction (EAD) is a severe complication that may arise after liver transplantation, 
and the factors related to EAD have not been established. The aim of this study was to investigate 
the risk factors and survival time associated with EAD after Deceased Donor Liver Transplantation 
(DDLT). This was a retrospective cohort study that included the data from 265 adult patients 
who underwent their first DDLT between April 2003 March 2017. Twenty-three patients (8.7%) 
developed EAD. The cumulative overall survival rates at 1, 3, and 5 years were 81.4%, 76.2%, and 
74.2%, respectively, in the non-EAD group and 52.2%, 52.2%, and 44.7% in the EAD group (P<0.001). 
Multivariate analysis showed that a high Model for End-stage Liver Disease (MELD) score and a 
Warm Ischemic Time (WIT) >35 min predicted development of EAD. Rapid revascularization to 
minimize WIT prevented development of EAD in patients with high MELD score after DDLT.

Keywords: Liver transplantation; Ischemic time; Reperfusion

Jong Man Kim1, Jongwook Oh2, Jinsoo Rhu1, Gyu-Seong Choi1 and Jae-Won Joh1*
1Department of Surgery, Samsung Medical Center, Sungkyunkwan University, School of Medicine, Republic of 
Korea

2Department of Surgery, Samsung Changwon Hospital, Sungkyunkwan University, School of Medicine, Republic of 
Korea

Introduction
Early Allograft Dysfunction (EAD) is a severe complication that may occur after Liver 

Transplantation (LT) and affects 5.2% to 38.7% of transplant recipients depending on the diagnostic 
criteria used [1-5]. EAD is an immature graft function after LT. Progression to the graft dysfunction 
is multifactorial. Several previous studies have identified intraoperative problems, baseline 
characteristics of the donor and recipient, severe ischemia-reperfusion injury, and postoperative 
complications as factors affecting graft dysfunction [2,3,6,7].

The degree of impairment in transplanted liver graft can range from temporary, minor to severe 
damaged leading to fatal conditions that require early re-transplantation. The ability to regenerate 
implanted liver graft leads to rapid recovery in most graft dysfunction conditions [1,2,5]. EAD that 
occurs after DDLT is associated with impaired renal function and long hospitalization as well as 
lower graft and patient survival [4,5,8].

EAD data from East Asia regarding Deceased Donor Liver transplantation (DDLT) are scarce. 
This study aims to identify factors related to EAD and to determine how it affects mortality after 
DDLT.

Materials and Methods
Patient population

Two hundred sixty-five adult DDLTs were performed in our institution from April 2003 to 
March 2017. The present study was approved by the Institutional Review Board (IRB) of Samsung 
Medical Center (SMC-2019-08-033). The need for patient consent was waived by the IRB because 
this was a retrospective observational study of data that used patient medical records.

Patients were excluded according to the following criteria: living donor liver transplantation, 
re-transplantation, pediatric liver transplantation (age <18 years), synchronous multiple organ 
transplants, receiving a split graft, liver graft use after donor cardiac death, incomplete medical 
records, and follow-up loss. Patients who died after surgery and those with postoperative graft 
dysfunction due to surgical complications, such as biliary or vascular complications, were also 
excluded.
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Surgical technique and data
Patients underwent DDLT via a piggyback technique and side-to-

side inferior vena caval anastomosis. The immunosuppression strategy 
used at our center was as described previously [9]. Steroids were 
reduced and discontinued at 3 months after LT. A tacrolimus-based 
regimen was administered for maintenance immunosuppression.

The following donor characteristics were collected: Sex, age, Body 
Mass Index (BMI), length of Intensive Care Unit (ICU) stay, sodium 
level, steatosis of liver graft, and cause of brain death. Recipient data 
included sex, age, BMI, etiology for LT, Model for End-stage Liver 
Disease (MELD) score, Cold Ischemia Time (CIT), Warm Ischemia 
Time (WIT), length of follow-up and patient survival time.

Definition
EAD was defined according to the criteria proposed by Olthoff et 

al. [4]. Study patients were divided into EAD and non-EAD groups 
according to EAD criteria. The overall survival rate was calculated 
from the date of transplantation to the date of last follow-up visit.

Statistical methods
Continuous variables were analyzed using the Mann-Whitney 

U-test, with results expressed as mean ± standard deviation or 
median and range. Categorical variables were expressed as numbers 
and percentages of patients. Chi-square tests or Fisher’s exact tests 
were conducted to evaluate differences in frequencies of categorical 
variables between groups. Patient survival rates were estimated using 
the Kaplan-Meier method, and survival curves were compared with 
the log rank test. Binary logistic regression hazard regression models in 
a conditional stepwise approach were used to predict EAD. All factors 
assessed in univariable analysis, including those that were found to 
be non-significant, were considered for inclusion in multivariable 
models to account for possible interdependence of factors. All tests 
were two-sided, and statistical significance was defined as P<0.05. 
Analyses were carried out using the Statistical Package for the Social 
Sciences (SPSS) software, version 24 (IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics

Information describing the deceased donors and liver recipients 
is summarized in Tables 1 and 2. Twenty-three (8.7%) of 265 patients 
developed EAD. Sex, age, BMI, hypertension, diabetes, cause of death, 
cardiopulmonary resuscitation, use of inotropes, length of ICU stay, 
and laboratory findings in the non-EAD group did not differ from 
those in the EAD group (Table 1).

In liver recipients, ventilator care in the pre-transplant period and 
pre-transplant MELD score in the EAD group were higher than in the 
non-EAD group (30.4% vs. 12.4%; P=0.026 and 34 vs. 29; P=0.006, 
respectively). The mean follow-up duration in the EAD group was 
shorter than in the non-EAD group (26.5 months vs. 56.1 months; 
P=0.001) because the EAD group had a lower survival time compared 
with the non-EAD group (Figure 1). There were no significant 
differences regarding sex, age, BMI, hypertension, diabetes, etiology 
of liver transplantation, hepatic encephalopathy, varix bleeding, 
ascites, hepatorenal syndrome, or incidence of spontaneous bacterial 
peritonitis between the two groups.

Perioperative characteristics
Perioperative characteristics are outlined in Table 2. The median 

macrosteatosis and microsteatosis were 5% (range, 0% to 70%) and 

5% (range, 0% to 90%) in the non-EAD group and 5% (range, 0% to 
60%) and 5% (range, 0% to 45%) in the EAD group, respectively. The 
median WIT in the EAD group was longer than that in the non-EAD 
group (40 min vs. 35 min; P=0.040). The proportion of patients with 
a WIT>35 min in the EAD was higher than the rate in the non-EAD 
group (75.0% vs. 46.4%; P=0.018). The median graft-to-weight ratio 
in the EAD group was higher than that in the non-EAD group (2.61% 
vs. 2.12%; P=0.006). Four patients in the EAD group developed PNF. 
Liver function tests and INR values within the first postoperative 
week in the EAD group were significantly higher than those recorded 
in the non-EAD group.

Outcomes
The cumulative overall survival rates at 1, 3, and 5 years were 

81.4%, 76.2%, and 74.2% in the non-EAD group and 52.2%, 52.2%, 
and 44.7% in the EAD group, respectively (P<0.001). Multivariate 
analysis showed that high MELD score (Odds Ratio [OR], 1.064; 
95% Confidence Interval [CI]; 1.018 to 1.113; P=0.006) and WIT>35 
min (OR; 4.096; 95% CI; 1.401 to 11.972; P=0.010) predicted the 
development of EAD.

Discussion
EAD patients easily progress to sepsis due to graft dysfunction, 

resulting in long ICU or hospital stays and a significant increase 
in graft failure and mortality [2,4,8]. The present study examined 
the difference in outcomes of 265 primary DDLT recipients either 

Non-EAD (n=242) EAD (n=23) P-value

Sex (Male) 163 (67.4%) 18 (78.3%) 0.353

Age (years) 49 (8-83) 47 (22-71) 0.723

Body mass index 22.9 (10.4-33.3) 23.8 (16.5-28.5) 0.161

Hypertension 34 (14.0%) 7 (30.4%) 0.063

Diabetes 15 (6.2%) 1 (4.3%) 0.722

Cause of death   0.623

Trauma 63 (26.0%) 5 (21.7%)  

Anoxia 59 (24.4%) 8 (34.8%)  

Cerebrovascular accident 113 (46.7%) 10 (43.5%)  

Others 7 (2.9%) 0 (0%)  

Cardiopulmonary resuscitation 115 (47.5%) 13 (56.5%) 0.514

Use of inotropes 206 (85.1%) 19 (82.6%) 0.761

Norepinephrine 146 (60.3%) 12 (52.2%) 0.507

Vasopressin 22 (9.1%) 2 (8.7%) 0.95

Dopamine 126 (52.1%) 13 (56.5%) 0.828

Dobutamine 22 (9.1%) 2 (8.7%) 0.95

Length of ICU stay (days) 7 (2-113) 8 (3-30) 0.186

Total bilirubin (mg/dL) 0.9 (0.1-6.6) 0.8 (0.2-7.2) 0.358

AST (IU/L) 54 (10-1673) 53 (5-374) 0.587

ALT (IU/L) 36.5 (5-1637) 43 (17-128) 0.317

Creatinine (mg/dL) 1.20 (0.10-7.19) 1.54 (0.56-4.67) 0.161

Na (mEq/L) 151.5 (118-192) 148 (132-167) 0.151

INR 1.26 (0.87-2.69) 1.28 (1.00-1.55) 0.986

Albumin (g/dL) 2.7 (1.1-5.1) 2.7 (1.7-4.0) 0.649

Table 1: Characteristics of deceased donors.

*ICU: Intensive Care Unit; AST: Aspartate Transaminase; ALT: Alanine 
Transaminase; INR: International Normalized Ratio
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with or without EAD. The incidence of EAD in our study was 8.7%, 
which was lower than a previous study [1]. This was likely because of 
difference in our study population, which did not include donors or 
recipients with high risk-risk factors, such as donation after cardiac 
death (DCD), re-transplantation, a split liver graft, or a long CIT. The 
present study also found that the EAD group had a poorer survival 
curve compared with the non-EAD group. A high MELD score and 
a long WIT were closely associated with EAD following adult DDLT.

The initial function of the liver allograft after DDLT is determined 
by donor, perioperative, and recipient factors. Donor age and 
recipient MELD score were significant risk factors for development 
of EAD [4]. MELD score does not reflect the liver graft itself, but 
the status of the recipient regardless of liver function. MELD score 
is a capable of predicting graft loss and early death after LT and is a 
marker based on patient severity.

Ischemia time has a major influence on solid organ transplant 

outcomes [2,10]. Intraoperative anesthetic management and 
surgical techniques during DDLT can strongly impact postoperative 
graft function and patient survival. Difficult arterial and portal 
vein anastomosis, high blood loss and red blood cell transfusion, 
intraoperative hemodynamic instability, long cold and warm ischemia 
times, ischemia/reperfusion injury after perfusion, and the need for 
reoperation can all affect the recovery of liver allograft function and 
patient outcomes [11-13].

Warm ischemia occurs during hepatic vein and portal vein 
anastomosis before blood reperfusion in liver graft implantation and 
is an essential step in the surgical procedure. Ischemic-reperfusion 
injury caused by accumulation of toxic free radicals after a warm 
ischemic injury is very harmful to the liver graft [6,14,15]. To minimize 
the effect of WIT on the liver graft, the graft revascularization time 
during DDLT should be minimized as much as possible. Recent 
studies reported that prolonged revascularization time is a significant 
risk factor for delayed graft function and not only exacerbates kidney 
allograft dysfunction, but also significantly affects graft loss and 
patient survival [16,17]. A Eurotransplant cohort study found that 
prolonged vascular anastomosis time was related to kidney allograft 
loss, but did not influence recipient survival [17].

Little is known about the relationship between revascularization 

 Non-EAD 
(n=242) EAD (n=23) P-value

Sex (male) 166 (68.6%) 13 (56.5%) 0.25

Age (years) 52 (19-77) 55 (26-68) 0.419

Body mass index 24.1 (14.9-38.0) 25.7 (17.1-
36.1) 0.136

Hypertension 28 (11.6%) 4 (11.7%) 0.498

Diabetes 59 (24.4%) 6 (26.1%) 0.804

Etiology   0.664

Hepatocellular carcinoma 5 (2.1%) 0 (0%)  

Hepatitis B virus 119 (49.2%) 12 (52.2%)  

  Hepatitis C virus 25 (10.3%) 0 (0%)  

Alcoholic 39 (16.1%) 5 (21.7%)  

Autoimmune hepatitis 4 (1.7%) 1 (4.3%)  

Primary biliary cirrhosis 3 (1.2%) 0 (0%)  

Acute hepatic failure 35 (14.5%) 3 (13.0%)  

Others 12 (5.0%) 2 (8.7%)  

Hepatic encephalopathy   0.079

None 160 (66.1%) 11 (47.8%)  

Grade 1 or 2 43 (17.8%) 4 (17.4%)  

Grade 3 or 4 39 (16.1%) 8 (34.8%)  

Varix bleeding 39 (16.1%) 2 (8.7%) 0.546

Ascites   0.638

None 57 (23.7%) 7 (30.4%)  

Diuretics controlled 79 (32.8%) 3 (13.0%)  

Diuretics uncontrolled 105 (43.6%) 13 (56.5%)  

Hepatorenal syndrome   0.891

None 174 (71.9%) 17 (73.9%)  

Without CRRT 40 (16.5%) 3 (13.0%)  

With CRRT 28 (11.6%) 3 (13.0%)  

Spontaneous bacterial peritonitis 31 (12.8%) 2 (8.7%) 0.749
Ventilator care in pre-transplant 
period 30 (12.4%) 7 (30.4%) 0.026

MELD 29 (8-64) 34 (15-49) 0.006

Follow-up duration (months) 56.1 ± 46.0 26.5 ± 33.5 0.001

Table 2: Baseline characteristics of recipients.

*CRRT, continuous renal replacement therapy; MELD, model for end-stage liver 
disease.

 Non-EAD 
(n=242) EAD (n=23) P-value

Door macrosteatosis (%) 5 (0-70) 5 (0-60) 0.741

Donor microsteatosis (%) 5 (0-90) 5 (0-45) 0.42

Cold ischemic time (min) 304 (45-908) 284 (142-474) 0.57

Warm ischemic time (min) 35 (3-214) 40 (14-203) 0.04

Warm ischemic time >35min 102 (46.4%) 15 (75.0%) 0.018

GRWR 2.12 ± 0.71 2.61 ± 0.65 0.006
Total bilirubin on postoperative 
day 7 7.9 (0.3-52.8) 19.1 (9.8-43.7) <0.001

INR on postoperative day 7 2.08 (1.01-9.55) 2.56 (1.64-6.23) 0.013

Peak AST within 1 week 743 (26-17,425) 5.079 (2.037-
17.284) <0.001

Peak ALT within 1 week 407 (24-8,464) 1.749 (371-5.028) <0.001

Table 3: Perioperative characteristics of recipients.

*GRWR: Graft to Weight to Ratio; AST: aspartate transaminase; ALT: Alanine 
Transaminase

Figure 1: The overall survival between the EAD and non-EAD groups.
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time and EAD in DDLT. WIT indicates revascularization time in the 
present study. The relationship between prolonged revascularization 
time and EAD in DDLT is a novel observation. The present 
study clearly demonstrated the detrimental effects of prolonged 
revascularization time in recipients, including high rates of liver 
allograft dysfunction.

The skill of the surgeon performing fast vascular anastomosis 
for minimizing WIT is the most important factor in improving 
results after DDLT. Reducing WIT is particularly important for 
increasing patient survival when implanting marginal liver grafts 
into sick patients [18]. Large liver graft, small abdominal space in the 
liver recipient compared with the liver graft, and unskilled surgical 
technique independently or concurrently predicted prolonged 
revascularization time, and these risk factors should be avoided in 
order to improve graft survival or patient outcomes. To reduce 
prolonged RT in our team, the patient's surgical plan must be 
precisely planned before DDLT and unnecessary procedures during 
surgery should be minimized.

This study has several limitations. First, our study is a single-
center retrospective study and is not applicable to all institutions. 
Second, zero-time biopsies were not performed in recipients, so we 
do not have any information regarding ischemic-reperfusion injury 
in patients who developed EAD. Third, since only adult patients 
undergoing their first DDLT were evaluated, the present results are 
not applicable to pediatric liver recipients or adults who received a 
liver graft from donation after cardiac death or who received multi-
organ grafts.

In conclusion, present study showed that long WIT and high 
MELD score were predisposing factors for EAD after DDLT. The 
EAD group had a lower patient survival rate than the non-EAD 
group. Rapid surgical techniques should be used to minimize WIT in 
patients with higher preoperative MELD score. More research is also 
needed on the effects of revascularization time on LT.
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