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INTRODUCTION
The standard for organ allocation for deceased donor liver 

transplantation (DDLT) remains controversial. Until June 2016, 
the Child-Turcotte-Pugh (CTP) score was used in South Korea 
as an index to evaluate the emergency degree of waiting for 
DDLT [1,2]. However, various shortcomings of this method 

have been discovered, and since June 2016, the allocation of 
DDLT was performed through the Model for End-Stage Liver 
Disease (MELD) score using the objective medical information 
of the patient [3,4]. The MELD system was designed to predict 
the survival potential of patients with liver cirrhosis after 3 
months, and in the United States, organs have been allocated 
based on the MELD score since 2002 [3]. 
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Purpose: In June 2016, the Model for End-Stage Liver Disease (MELD) score was employed in South Korea instead of 
the Child-Turcotte-Pugh (CTP) score. This study compared the outcomes of deceased donor liver transplantation (DDLT) 
before and after the MELD system application.
Methods: This retrospective study reviewed 48 patients who underwent DDLT for end-stage liver disease at a single tertiary 
referral center between January 2014 and December 2018. The patients were categorized into the pre-MELD (22 patients) 
and post-MELD (26 patients) groups. The demographics, postoperative outcomes, and overall survival time were evaluated 
between the 2 groups. 
Results: The 2 groups had no differences in age, sex, ABO type, etiology for liver transplantation, CTP-score, operation 
time, cold ischemic time, and amount of red blood cell transfusion, although their MELD score differed significantly (post- 
MELD group, 36.2 ± 4.9; pre-MELD group, 27.7 ± 11.8; P < 0.001). The post-MELD group has longer intensive care unit stay 
(11.2 ± 9.5 days vs. 5.7 ± 4.5 days, P = 0.018) and hospital stay than the pre-MELD group (36.8 ± 26 days vs. 22.8 ± 9.3 days, P 
= 0.016). The 1-year survival rate was lower in the post-MELD group (61.5% vs. 86.4%, P = 0.029).
Conclusion: After MELD allocation, patients with high MELD scores had increased DDLT and consequently required a 
longer recovery time, which could negatively affect survival. According to the experience of a small-volume center, these 
problems were related to both severe organ shortages in South Korea and MELD allocation.
[Ann Surg Treat Res 2021;101(6):360-367]
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In the case of DDLT, when the MELD system was used in 
selecting transplant subjects, the mortality rate of waiting 
people decreased compared to when the CTP system was used. 
However, the 1-year survival rate of patients who received DDLT 
decreased, and the incidence of renal failure requiring kidney 
transplantation increased. In addition, the cost of disease 
treatment has increased by 55% since the introduction of the 
MELD system [5]. 

In the high-volume liver transplant center, many comparative 
analyses before and after the introduction of the MELD score 
have been published; however, the lower-volume center has not 
yet performed a comparative analysis, making the effectiveness 
of the MELD system inconclusive [6]. Therefore, by analyzing 
the outcome of patients who underwent DDLT before and 
after the introduction of the MELD score, we could consider its 
effectiveness and the correct direction for future MELD score 
implementation in South Korea. 

This study aimed to analyze whether there were significant 
clinical results before and after the adoption of MELD in 
patients who underwent DDLT in our hospital and to evaluate 
the usefulness of MELD for DDLT in small liver transplant 
centers.

METHODS

Study design and participants
This retrospective study reviewed 48 patients who underwent 

DDLT for end-stage liver disease at Gachon University Gil 

Medical Center, a tertiary referral center, between January 
2014 and December 2018. The patients were then categorized 
into 2 groups according to whether to introduce the MELD 
system; 22 were in the pre-MELD group and 26 were in the 
post-MELD group. The study was approved by the Institutional 
Review Board of Gachon University Gil Medical Center (No. 
GDIRB2020-306). This study was performed in accordance with 
the Declaration of Helsinki and written informed consent was 
waived due to its retrospective nature. 

Main outcomes
The main outcomes of this study were the 1-, 3-, and 5-year 

overall survival rates, 3-, 6-, 9-, and 12-month mortality rates, 
and postoperative intensive care unit stay. The secondary 
outcomes were the length of postoperative hospital stay, 
operation time, morbidity of Clavien-Dindo grade IIIa or worse, 
and readmission within 30 days. 

Variables, sources of data, and measurements
The data on the following parameters were collected from 

each patient: demographic characteristics, including age, 
sex, ABO type, preoperative body mass index, primary liver 
disease, CTP score, MELD score (3.78 ln [bilirubin] + 11.20 ln 
[international normalized ratio] + 9.57 ln [creatinine] + 6.43) 
[7], and proportion of combined hepatocellular carcinoma 
(HCC). Perioperative and postoperative outcomes, including 
operation time, red blood cell transfusion, intraoperative and 
postoperative complications, postoperative intensive care unit 
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Table 1. Baseline characteristics between the groups

Characteristic Total Pre-MELD Post-MELD P-value

No. of patients 48 22 26
Sex >0.999
   Male 24 (50.0) 11 (50.0) 13 (50.0)
   Female 24 (50.0) 11 (50.0) 13 (50.0)
Age (yr) 50.1 ± 10.5 51.2 ± 11.7 49.2 ± 9.0 0.511
Body mass index (kg/m2) 23.1 ± 3.0 23.4 ± 3.0 22.9 ± 3.0 0.546
Original liver disease 0.253
   HBV infection 22 (45.8) 12 (54.5) 10 (38.5)
   Alcoholics 15 (31.3) 5 (22.7) 10 (38.5)
   Fulminant 9 (18.8) 3 (13.6) 6 (23.1)
   HCV infection 2 (4.2) 2 (9.1) 0 (0.0)
Blood type 0.340
   A 14 (29.2) 6 (27.3) 8 (30.8)
   B 10 (20.8) 5 (22.7) 5 (19.2)
   AB 9 (18.8) 2 (9.1) 7 (26.9)
   O 15 (31.3) 9 (40.9) 6 (23.1)
CTP score 12.1 ± 2.0 11.8 ± 2.8 12.4 ± 1.0 0.455
MELD score 27.7 ± 11.8 17.7 ± 9.3 36.2 ± 4.9 <0.001
Combined HCC 11 (22.9) 9 (40.9) 2 (7.7) 0.006

Values are expressed as number only, number (%), or mean ± standard deviation. 
MELD, Model for End-Stage Liver Disease; CTP, Child-Turcotte-Pugh; HCC, hepatocellular carcinoma.
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stay, and hospital stay duration, were prospectively collected 
and evaluated. Additionally, the 1-, 3-, and 5-year overall survival 
rates, 3-, 6-, 9-, and 12-month mortality rates, and readmission 
within 30 days were evaluated between the 2 groups. To assess 
the postoperative morbidity rate, all events that occurred during 
the same hospital stay and within 30 days of operation were 
analyzed. Postoperative morbidities were recorded according to 
the Clavien-Dindo classification system [8]. Survival time was 
defined as the time from the date of operation to the date of 
death or the last follow-up.

Statistical analysis 
Patient demographics and perioperative and postoperative 

outcomes were compared between the pre-MELD and MELD 
groups using the analysis of variance or t-tests for continuous 
variables and the chi-square tests for categorical variables. 
Kaplan-Meier analyses were conducted to compare survival 
rates between the 2 groups, and log-rank tests were used to 
compare differences in survival. The median survival time was 
estimated from the Kaplan-Meier curves. Cox proportional 
hazards models were used to evaluate risk factors affecting 
the survival rate. All analyses were performed using IBM SPSS 
Statistics ver. 22.0 (IBM Corp., Armonk, NY, USA). Statistical 
significance was set at P < 0.05 (2-tailed).

RESULTS

Baseline characteristics of patients before and 
after the implementation of the MELD allocation 
system
The baseline characteristics of the 2 groups are summarized 

in Table 1. The mean age was 50.1 years, and 24 patients were 
male. The causes of end-stage liver disease were HBV infection 
(n = 22, 45.8%), alcohol-induced hepatitis (n = 15, 31.3%), 
fulminant hepatitis (n = 9, 18.8%), and HCV infection (n = 2, 
4.2%). No significant differences were observed in terms of age, 
sex ratio, body mass index, blood type, original liver disease, 
and CTP score between the pre- and post-MELD groups. 
However, there was a relatively large number of patients with 
HBV in the pre-MELD group and a relatively large number of 
patients with alcohol-induced hepatitis or fulminant hepatitis 
in the post-MELD group. Significant differences were observed 
in the MELD score (pre-MELD, 17.7 ± 9.3 vs. post-MELD, 36.2 
± 4.9; P < 0.001), and combined HCC ratio (pre-MELD, n = 9 
[40.9%] vs. post-MELD, n = 2 [7.7%]; P = 0.006) between the 2 
groups. 

Perioperative and postoperative outcomes in 
patients before and after the implementation of 
the MELD allocation system
The perioperative and postoperative outcomes are listed in 

Table 2. No significant difference was observed in terms of 

Table 2. Perioperative and postoperative outcomes between the groups

Outcome Total (n = 48) Pre-MELD (n = 22) Post-MELD (n = 26) P-value

Operation time (min) 642.1 ± 143.9 682.5 ± 145.8 607.8 ± 135.8 0.073
Red blood cell transfusion (pack) 17.2 ± 11.2 15.5 ± 12.0 18.8 ± 10.3 0.332
Ischemic time (min) 357.4 ± 91.6 347.5 ± 102.9 365.4 ± 82.4 0.506
Postoperative hospital stay (day) 30.4 ± 21.2 22.8 ± 9.3 36.8 ± 26.1 0.016*
Postoperative intensive care unit stay (day) 8.7 ± 8.0 5.7 ± 4.5 11.2 ± 9.5 0.018*
Overall morbidity 42 (87.5) 17 (77.3) 25 (96.2) 0.081
Clavien-Dindo classification 0.151
   IIIa 25 (52.1) 12 (54.5) 13 (50.0)
   IIIb 7 (14.6) 2 (9.1) 5 (19.2)
   IVa 10 (20.8) 3 (13.6) 7 (26.9)
Clavien-Dindo IIIb or worse 17 (35.4) 5 (22.7) 12 (46.2) 0.091
Re-do LT due to acute graft failure 3 (6.3) 2 (9.1) 1 (3.8) 0.454
Operation for bleeding control 6 (12.5) 2 (9.1) 4 (15.4) 0.511
Arterial embolization 14 (29.2) 4 (18.2) 10 (38.5) 0.202
Bile duct stricture 11 (22.9) 6 (27.3) 5 (19.2) 0.732
Portal vein stenting 2 (4.2) 0 (0.0) 2 (7.7) 0.184
CRRT 9 (18.8) 3 (13.6) 6 (23.1) 0.404
Abdominal or thoracic PCD 23 (47.9) 6 (27.3) 17 (65.4) 0.011*

Values are expressed as mean ± standard deviation or number (%). 
MELD, Model for End-Stage Liver Disease; LT, liver transplantation; CRRT, continuous renal replacement therapy; PCD, percutaneous 
drainage. 
*P < 0.05.
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operation time, transfusion of red blood cells, or ischemic time 
between the 2 groups. Significant differences were observed 
in terms of length of postoperative hospital stay (pre-MELD, 
22.8 ± 9.3 days vs. post-MELD, 36.8 ± 26.1 days; P = 0.016) and 
length of postoperative intensive care unit stay (pre-MELD, 5.7 
± 4.5 days vs. post-MELD, 11.2 ± 9.5 days; P = 0.018) between 
the 2 groups. 

No significant difference was observed in overal l 
postoperative morbidity (pre-MELD, n = 17 [77.3%] vs. post-
MELD, n = 25 [96.2%]; P = 0.081) and morbidity of Clavien-
Dindo classification IIIb or worse (pre-MELD, n = 5 [22.7%] 
vs. post-MELD, n = 12 [46.2%]; P = 0.091) between the 2 
groups. Three patients underwent liver retransplantation due 
to acute graft failure, and 6 patients underwent reoperation 
for post-liver transplantation bleeding control. No significant 
differences were observed in continuous renal replacement 
therapy or postoperative radiologic intervention procedures 
including arterial embolization, portal vein stenting, 
endoscopic retrograde cholangiopancreatography, percutaneous 

transhepatic biliary drainage, and abdominal or thoracic 
percutaneous drainage between the 2 groups. 

Overall survival in patients before and after the 
implementation of the MELD allocation system
The overall survival rate and 3-, 6-, 9-, and 12-month mortality 

rates are showed in Table 3 and Figs. 1, 2. The overall survival 
time was 32.8 months in all patients. The survival time in the 
pre-MELD group was longer than that in the post-MELD group 
because of differences in the timing of DDLT (pre-MELD, 51.7 
± 23.5 months vs. post-MELD, 16.8 ± 13.2 months; P < 0.001). 
The 1-, 3-, and 5-year overall survival rates in the pre-MELD 
and post-MELD groups were 86.4%, 81.8%, and 81.8% and 61.5%, 
57.7%, and 57.7%, respectively (P = 0.056). The 3-, 6-, 9-, and 
12-month mortality rates in pre-MELD and post-MELD groups 
were 9.1%, 9.1%, 13.6%, and 13.6% and 30.8%, 34.6%, 38.5%, and 
42.3%, respectively (P = 0.036 in 6-month mortality rate and P 
= 0.029 in 12-month mortality rate). 
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Table 3. Overall survival time and 3-, 6-, 9-, 12-month mortality rates between the groups

Variable Total (n = 48) Pre-MELD (n = 22) Post-MELD (n = 26) P-value

Overall survival time (mo) 32.8 ± 25.4 51.7 ± 23.5 16.8 ± 13.2 <0.001
Overall survival rate (%) 0.056
   1-yr 86.4 61.5
   3-yr 81.8 57.7
   5-yr 81.8 57.7
Mortality
   3-mo 10 (20.8) 2 (9.1) 8 (30.8) 0.065
   6-mo 11 (22.9) 2 (9.1) 9 (34.6) 0.036
   9-mo 13 (27.1) 3 (13.6) 10 (38.5) 0.054
   12-mo 14 (29.2) 3 (13.6) 11 (42.3) 0.029

Values are expressed as mean ± standard deviation, percentage only, or number (%). 
MELD, Model for End-Stage Liver Disease.

Fig. 1. Kaplan-Meier curve for overall survival between the 2 
groups. MELD, Model for End-Stage Liver Disease.
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Fig. 2. Kaplan-Meier curve for 12-month survival between 
the 2 groups. MELD, Model for End-Stage Liver Disease.
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The Cox proportional hazards regression analyses 
for 6-month mortality rate in patients before and 
after the implementation of the MELD allocation 
system
The Cox proportional hazards regression analyses are 

performed to identify which factor affected the 6-month 
mortality rate (Table 4). In univariate analysis, MELD 
allocation (hazard ratio [HR], 3.530; 95% confidence interval 
[CI], 0.982–12.685; P = 0.053), graft ischemic time (HR, 1.006; 
95% CI, 1.000–1.013, P = 0.059), and MELD score (HR, 1.070; 
95% CI, 1.070–1.140, P = 0.035) showed possible associations 
with 6-month mortality rate. In multivariate analysis, graft 
ischemic time (HR, 1.012; 95% CI, 1.001–1.022, P = 0.027) and 
MELD score (HR, 1.137; 95% CI, 1.028–1.258, P = 0.012) showed 
significant associations with 6-month mortality rate.

DISCUSSION
The MELD system is a useful indicator for predicting the 

prognosis of liver cirrhosis patients and has been studied 
extensively before its introduction [1,3,6]. Many efforts have 
been made to improve organ distribution in South Korea 
through the MELD system [4]. According to previous studies, 
the waiting mortality rate decreased after the introduction 
of the MELD system; however, the prognosis after liver 
transplantation was negative in terms of overall morbidity 
rate and overall survival rate [5,6]. A comparison of liver 
transplantation patients before and after the introduction of 

the MELD system in our center also showed similar results 
with those of other studies. 

Patients who received DDLT after the MELD system 
implementation had higher MELD scores than those who 
received DDLT in the previous CTP system, and the length 
of hospital stay in the intensive care unit and the recovery 
period became longer. Dutkowski et al. [5] reported that the 
incidence of renal failure requiring kidney transplantation has 
increased, and the cost of disease treatment has also increased 
by 55% since the introduction of the MELD system. In addition, 
a single-center study similar to the current one showed a 
significantly higher readmission rate after the introduction of 
the MELD system in patients who underwent DDLT [6]. The 
overall survival was also longer in pre-MELD patients than 
in post-MELD patients due to a longer follow-up period. The 
1- and 3-year survival rates after DDLT were not statistically 
significant; however, the overall survival rate of patients in the 
post-MELD group tended to be lower than those in the pre-
MELD group. These suggest that the introduction of the MELD 
system adversely affected patients’ recovery and postoperative 
performance because of preferentially selecting patients with 
higher severity for DDLT.

Notably, after the introduction of the MELD system, the 
number of HCC patients selected for DDLT significantly 
decreased from 40.9% to 7.7% [6,9]. In contrast, the DDLT 
rate in alcoholic cirrhosis patients increased remarkably 
after the application of the MELD system [10]. In the case 
of HCC patients, additional points are given to the MELD 

Table 4. Risk factor analysis for 6-month mortality rate after DDLT

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age 1.024 (0.971–1.079) 0.383
Ischemic time 1.006 (1.000–1.013) 0.059 1.012 (1.001–1.022) 0.027
MELD score 1.070 (1.005–1.140) 0.035 1.137 (1.028–1.258) 0.012
Group
   Pre-MELD Reference
   Post-MELD 3.530 (0.982–12.685) 0.053
Sex
   Male Reference
   Female 0.708 (0.246–2.043) 0.523
Original liver disease
   HBV infection Reference
   HCV infection 3.419 (0.380–30.721) 0.272
   Alcoholic 2.381 (0.671–8.445) 0.179
   Fulminant 2.417 (0.442–13.214) 0.309
Combined HCC
   No Reference
   Yes 1.217 (0.387–3.824) 0.737

DDLT, deceased donor liver transplantation; HR, hazard ratio; CI, confidence interval; MELD, Model for End-Stage Liver Disease; 
HCC, hepatocellular carcinoma.
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score calculation; however, they will be eliminated from the 
waiting list due to HCC progression while waiting for DDLT. In 
addition, in HCC patients with preserved liver function, it is 
almost impossible to be selected for DDLT because their MELD 
score is relatively low [4,6,9]. This is a situation in which liver 
transplantation cannot be performed if HCC patients with 
preserved liver function cannot secure living donors. Therefore, 
HCC patients in the MELD system have a lower probability 
of being selected for DDLT compared to the CTP system. To 
solve this problem, introducing a quota for each disease may be 
considered when selecting a liver transplant recipient. This will 
contribute to compensating for the relative concentration of 
transplant recipients with alcoholic liver cirrhosis. 

In the current as well as in previous studies [5,6,11], the 
prognosis of patients who received DDLT after the introduction 
of the MELD system was worse prior to the introduction, 
and the overall survival rate also decreased. Thus, the MELD 
system is criticized for increasing medical costs and incidence 
of complications in patients [5]. However, as a more objective 
prognostic factor than the CTP system, the MELD system 
provides an opportunity for a liver transplant to critically ill 
patients first, thereby reducing the number of patients who 
die while waiting for a transplant [11], and many studies have 
shown the result of lowering the overall socioeconomic cost 
[6,12].

The deterioration of surgical performance and patient’s 
prognosis due to the introduction of the MELD system suggests 
that patients with higher severity were preferentially selected 
for DDLT. This is because the MELD system faithfully reflects 
the principle of priority for critical patients. However, it was 
also confirmed that there were clearly fewer opportunities 
for patients with HCC. In South Korea, an additional point 
system suitable for our environment is provided based on 
various statistical grounds for patients with HCC [4,6]. It is 
almost impossible for HCC patients who satisfy the Milan 
criteria to receive additional points and be selected for DDLT 
[10]. Therefore, additional system modifications are needed, 
such as introducing a quota for HCC patients other than bonus 
points for HCC patients. Moreover, according to a recent study, 
donation improvement programs can help increase organ 
donation [13]. 

In the current study, 3-, 6-, 9-, and 12-month mortality rates 
were compared between the pre-MELD and post-MELD groups. 
Significant differences were observed in 6-, and 12-month 
mortality rates between the 2 groups; post-MELD group had 
higher 6-, and 12-mortality rates than those of pre-MELD group. 
In both groups, most deaths occurred within 1 year after DDLT. 
The reasons for the difference in mortality rate between the 2 
groups were related to the higher proportion of alcoholic liver 
cirrhosis patients in the post-MELD group and the MELD score 
difference between the 2 groups. A recent study reported that 

6-month mortality in pre-MELD group (n = 77) and post-MELD 
group (n = 52) were 11.7% and 25.0%, respectively (P = 0.022) 
[14]. In multivariate analysis [14], MELD/CTP allocation was 
the only factor that showed significant association with higher 
6-month mortality than the CTP allocation system (HR, 2.865; 
95% CI, 1.057–7.764; P = 0.039). However, MELD score and 
organ ischemic time were classified as risk factors for 6-month 
mortality rate in the current study.

The most important problem after the introduction of the 
MELD system in South Korea is that the opportunity does not 
return to patients with HCC and to moderate-to-emergency 
patients who do not have a living donor. Due to the absolute 
shortage of brain-dead organ donors, the opportunity arises 
only in critically ill patients with a MELD score of 40 or more. 
Currently, the number of brain-dead organ donors per million 
in South Korea is 8.68, which is very low compared to 48.9 
in Spain and 36.88 in the United States [15,16]. This serious 
shortage of brain-dead donors appeared to be a phenomenon 
in which patients with high severity were mainly selected 
for DDLT after the introduction of the MELD system [17]. 
Therefore, unless the shortage of brain-dead organ donors 
is improved, it is predicted that the problem of distribution 
between transplants and HCC patients cannot be solved in the 
current MELD system. 

Although the current study was a single-institution study 
with a small number of patient to make clear conclusions, 
it showed DDLT results before and after the MELD system 
from a low-mid volume center that were rarely reported. In 
addition, after the implementation of the MELD system, the 
characteristics and changes in the distribution of end-stage liver 
disease in the low-mid volume center were described. Through 
studies from various centers including low-mid volume centers 
comparing clinical results before and after the implementation 
of the MELD system, studies with high level of evidence such 
as meta-analysis can be conducted in the future. 

In summary, the MELD system reflects the severity of 
patients requiring DDLT better than the CTP system. However, 
when there is a shortage of liver donors, the opportunity for 
DDLT is concentrated in patients with severe liver cirrhosis 
with high MELD scores, including alcoholic liver cirrhosis. 
This relatively reduced the chance of DDLT in patients with 
HCC. In addition, after the introduction of the MELD system, 
the incidence of complications and overall survival rates after 
DDLT tended to decrease. Thus, it is necessary to determine 
solutions to the reduced chances of DDLT in HCC patients due 
to a shortage of brain-dead organ donors.
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