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Pediatric Liver Transplantation Outcomes in Korea

Pediatric liver transplantation is the standard of care for treatment of liver failure in 
children. The aim of this study was to identify the characteristics of pediatric liver 
transplantation in centers located in Korea and determine factors that influence outcomes. 
This retrospective study was performed using data from between 1988 and 2010 and 
included all recipients 18 yr old and younger who underwent pediatric liver transplantation 
in Korea during that period. Our data sources were hospital medical records and the 
outcome measure was overall patient survival. Univariate and multivariate statistical 
analyses were undertaken using the Cox proportional hazards model. Five hundred and 
thirty-four pediatric liver transplantations were performed in 502 children. Median age 
and average pediatric end-stage liver disease (PELD) score were 20 months and 18 point, 
respectively. Biliary atresia (57.7%, 308/534) was the most common cause of liver disease. 
Eighty-two (15.3%) were deceased donor liver transplantations and 454 (84.7%) were 
living donor liver transplantations. Retransplantation was performed in 32 cases (6%). 
Overall, 1-, 5-, and 10-yr patient survival rates were 87.8%, 82.2%, and 78.1%, 
respectively. In multivariate analysis, independent significant predictors of poor patient 
survival were chronic rejection and retransplantation. This study presents the epidemiologic 
data for nearly all pediatric liver transplantation in Korea and shows that the independent 
prognostic factors in patient survival are chronic rejection and retransplantation.
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INTRODUCTION

Liver transplantation is the definite treatment for acute and 
chronic end-stage liver disease in children (1). The shortage of 
size-matched liver allografts in deceased donors and high mor-
tality on the waiting list has led to allowing the use of partial he-
patic grafts from adult living donors (2). Since the first pediatric 
liver transplantation performed by Starzl in 1963 (3), the suc-
cess rate has gradually increased due to the development of 
new immunosuppressive agents, better preoperative manage-
ment, and innovative surgical techniques.
  Before the 1990s, children in Korea with end-stage liver dis-
ease used to die without the therapeutic option of liver trans-
plantation. In Korea, the first pediatric liver transplantation was 
performed in 1988 and the first living donor liver transplanta-

tion was done in 1994 (4). Since 2000, the incidence of pediatric 
liver transplantation has been about 50 cases annually.
  The aim of this retrospective study was to evaluate the epide-
miology and to analyze patient outcomes after pediatric liver 
transplantation in Korea. 
 

MATERIALS AND METHODS

Data collection
A retrospective review of all patients 18 yr of age or younger who 
underwent pediatric liver transplantation between 1988 and 
2011 four transplantation centers in Korea was performed. Mul-
tiorgan recipients were excluded. This study ultimately com-
prised 534 cases. 
  We sent requests for data to four transplantation centers which 
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has pediatric transplantation program and received data from 
them. We collected data on variables related to recipient and 
donor characteristics. Specifically, for the recipients we collect-
ed data on age, gender, primary diagnosis, year of liver trans-
plantation, and graft type. For donors we only collected data on 
age. We then calculated the pediatric end-stage liver disease 
(PELD) score at the time of liver transplantation (5).
  Candidates for deceased donor liver transplantation (DDLT) 
were assigned, according to their medical condition, to one of 
the following Korean Organ Network for Organ Sharing (KONOS) 
categories: Status 1, intensive care unit-bound with expected 
survival less than 7 days; Status 2, continuously hospitalized; 
Status 3, at home, but requiring continuous medical care.

Statistical analysis
Descriptive data are reported using parameters such as frequen-
cy, mean, mode, and standard deviation. Survival rates were 
estimated by the Kaplan-Meier method and compared by log-
rank test. Continuous data are presented as mean with standard 
deviation and categorical data as a number with percentage. 
Potential univariate predictors of survival were analyzed using 
the Cox regression analysis. Variables with a P  value of < 0.2 at 
the univariate level were included in a Cox Multivariable Pro-
portional Hazards Model. The level of significance was set at 
0.05. Statistical analysis was performed with SPSS 19.0 statisti-
cal software program.

Ethics statement
This study protocol was reviewed and approved by the institu-
tional review board of Samsung Medical Center, Sungkyunk-
wan University School of Medicine (IRB No. SMC 2011-01-073). 
Informed consent was waived by the board. 

RESULTS

Demographics of pediatric liver transplant recipients
Patient and graft characteristics are summarized in Table 1. Five 
hundred thirty-four pediatric liver transplantations were per-
formed in 504 children. Retransplantation was performed in  
32 cases (6%). Eighty-two (15.4%) of the 536 recipients received 
liver allografts from deceased donors that were composed of  
34 (41.4%) whole size and 21 (25.6%) split grafts. Twenty-seven 
(32.9%) recipients who underwent deceased donor liver trans-
plantation were not identified. Four hundred and fifty-two re-
cipients (84.6%) received liver allografts from living donors. The 
yearly cases of pediatric liver transplantation were about 30 to 
50 after year 2000 (Fig. 1). The cases of deceased donor liver trans-
plantation (DDLT) abruptly increased after year 2008. The age 
distribution of the recipients was as follows: 38 were younger 
than 6 months; 149 were 6 to 12 months; 143 were 1 to 3 yr; 116 
were 3 to 12 yr; and 82 were 12 to 18 yr (Fig. 1).

  Indications for liver transplantation were biliary atresia (n =  
308, 57.7%), fulminant hepatic failure (n = 55, 10.3%), Wilson’s 
disease (n = 27, 5.1%), congenital hepatic fibrosis (n = 21, 3.9%), 
Allagille syndrome (n = 15, 2.8%), hepatic malignancy (n = 15, 
2.8%), neonatal hepatitis (n = 12, 2.2%), glycogen storage disease 
(n = 10, 1.9%), and others (n = 71, 13.4%). The median age of 
the patients was 20 months (range, 2 month to 18 yr). The mean 
Child-Pugh score was 8.5 ± 2.2, whereas PELD score was 18.2 ±  
10.4. Seventy-eight children (14.6%) were KONOS status 1, 334 
(62.5%) were KONOS status 2, and 86 (16.1%) were KONOS sta-
tus 3. The mean follow-up of the study population was 5.2 yr.
  All recipients received steroids as an induction agent and 19 

Table 1. Clinical characteristics of pediatric liver transplantation recipients and donors

Parameters of recipients and donors No. (%) of cases

Recipients
Gender
   Male
   Female
   Data missing

   232 (43.4)
   280 (52.4)
   22 (4.1)

PELD score   18.2 ± 10.4
Diagnosis
   Biliary atresia
   Fulminant hepatic failure
   Wilson disease
   Congenital hepatic fibrosis
   Allagille syndrome
   Hepatic malignancy
   Neonatal hepatitis
   Glycogen storage disease
   Others

 
   308 (57.7)
     55 (10.3)
   27 (5.1)
   21 (3.9)
   15 (2.8)
   15 (2.8)
   12 (2.2)
   10 (1.9)

     71 (13.4)
CTP 
   A
   B
   C

 
     55 (10.3)
   284 (53.2)
168 (31.5)

KONOS status
   1
   2
   3

 
     78 (14.6)
   334 (62.5)
     86 (16.1)

ABO incompatible    17 (3.2)
Calcineurin inhibitors
   Cyclosporin
   Tacrolimus
   Data missing

 
   27 (5.1)

   504 (94.4)
     2 (0.4)

Donors
Donor source
   Living donor
   Deceased donor

 
   452 (84.6)
     82 (15.4)

Gender
   Male
   Female
   Data missing

 
   275 (51.5)
   254 (47.6)

     5 (0.9)
Age (yr) 31.7 ± 9.1
Graft type
   Left lateral segment
   Left lobe
   Right lobe
   Whole liver
   Data missing

 
   175 (32.8)
     93 (17.4)
   15 (2.8)
   34 (6.4)

   217 (40.6)

PELD, pediatric end-stage liver disease; CTP, Child-Turcotte-Pugh score; KONOS, Ko-
rean Organ Network for Organ Sharing.
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(3.6%) patients received simultaneously received basiliximab 
as an induction agent. Most recipients (n = 504, 94.4%) received 
tacrolimus as a calcineurin inhibitor, however, 27 patients (5.1%) 
received cyclosporine. 

Survival of patients and grafts 
Overall, the 1-yr, 3-yr, 5-yr, and 10-yr patient survival rates in 
this study were 87.8%, 84.5%, 82.2%, and 78.1%, respectively 
(Fig. 2). The overall patient survival rates at 1-yr, 3-yr, and 5-yr 
were 79.5%, 77.9%, and 77.9%, respectively, in the deceased do-
nor liver transplantation group, and 89.2%, 85.7%, and 83.0%, 
respectively, in the living donor liver transplantation group (P =  
0.143). In addition, the 1-yr, 3-yr, and 5-yr patient survival rates 
for patients who underwent liver transplantation prior to 2003 
were 85.7%, 80.9%, and 77.8%, respectively; however, 1-yr, 3-yr, 

and 5-yr patient survival rates were 89.6%, 88.2%, and 87.5%, 
respectively, after 2003. The patient survival rates after 2003 were 
thus superior to those before 2003 (P = 0.025). The mean dura-
tion of follow up was 62.6 ± 50.3 months after transplantation. 
The post-transplant mortality rate was 13.1% (n = 70) in this pe-
riod and the main causes of death were sepsis (n = 11, 15.7%), 
chronic rejection (n = 8, 11.4%), primary non-function (n = 7, 
10%), and post-transplant lymphoproliferative disease (PTLD) 
(n = 7, 10%). Forty-three (61.4%) patients died within 6 months 
postoperatively. 
  The graft survival rates at 1-yr, 3-yr, 5-yr, and 10-yr were 86.9%, 
82.1%, 80.1%, and 75.9%, respectively. The overall graft survival 
rates at 1-yr, 3-yr, and 5-yr in patients who underwent liver trans-
plantation prior to 2003 were 84.0%, 78.4%, and 75.8%, respec-
tively; however, the 1-yr, 3-yr, 5-yr graft survival rates were 88.2%, 

Fig. 1. Cases of pediatric liver transplantation in Korea.
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86%, and 85.3%, respectively, after 2003. Patient graft survival 
rates after 2003 were thus superior to those of patients before 
2003 (P = 0.032) (Fig. 3). Thirteen patients (2.4%) underwent 
retransplantation. The overall patient survival rate at 1-yr was 
61.5% in retransplant recipients and 88.5% in primary trans-
plant recipients. The overall survival rates of retransplantation 
were lower than those of primary transplantation, and there 
were statistically significant differences between the two groups 
(P = 0.012).

Complications of recipients
Surgical complications included hepatic artery complications 
(n = 20, 3.7%), portal vein complications (n = 70, 13.1%), hepatic 
vein complications (n = 37, 6.9%), and biliary complications 
(n = 122, 12.8%). Infectious complications included Epstein-Barr 
virus (EBV) infection (n = 173, 32.4%) and cytomegalovirus 
(CMV) infection (n = 128, 24.0%). Acute and chronic rejection 

occurred in 208 (39.0%) patients and 15 (2.8%) patients, respec-
tively. Overall, PTLD occurred in 51 patients (9.6%) (Table 2).

Risk factors for patient death
The risk factors for patient death are outlined in Table 3. Among 
these variables, KONOS status 1, Child-Pugh class A and B, PELD 

Table 2. Recipient outcomes after transplantation

Outcomes No. (%) of cases

Duration of follow up (months) 62.6 ± 50.3
Hospitalization (days) 37.4 ± 26.0
Hepatic artery complication 20 (3.7)
Portal vein complication   70 (13.1)
Hepatic vein complication 37 (6.9)
Biliary complication 122 (22.8)
Acute rejection 208 (39.0)
Chronic rejection 15 (2.8)
PTLD 51 (9.6)
CMV infection 128 (24.0)
EBV infection 173 (32.4)
De novo hepatitis 15 (2.8)
Autoimmune hepatitis   8 (1.5)
Allergy 29 (5.4)

PTLD, post-transplant lymphoproliferative disease; CMV, cytomegalovirus; EBV, Ep-
stein-Barr virus.

Table 3. Univariate analysis of risk factors for mortality

Variables HR 95% CI P  value

Gender-male 0.964 0.632-1.469 0.863
Recipient age > 1 yr 1.222 0.791-1.888 0.367
Diagnosis-biliary atresia 0.391 0.226-0.0677 0.001
Retransplantation 2.980 1.209-7.347 0.018
CTP
   A
   B
   C

 
1

0.403
0.750

 
1

0.217-0.747
0.405-1.388

 
0.044
0.004
0.359

PELD score 1.208 1.008-1.049 0.005
KONOS status
   1
   2
   3

 
1

0.623
0.381

 
1

0.361-1.075
0.169-0.856

 
0.055
0.089
0.020

Time of liver transplantation 
  ≤ 2003

1.634 1.057-2.525 0.027

Type of liver transplantation-
   living donor

0.671 0.391-1.152 0.148

ABO incompatible 1.610 0.653-3.970 0.301
Hospital stay after transplantation 0.978 0.955-1.001 0.057
Acute rejection 1.106 0.717-1.709 0.648
Chronic rejection 1.951 0.789-4.827 0.148
PTLD 1.253 0.644-2.441 0.507
CMV infection 1.133 0.676-1.899 0.635
Hepatic artery complication 1.574 0.574-4.318 0.378
Hepatic vein complication 0.684 0.250-1.874 0.460
Portal vein complication 1.378 0.756-2.512 0.295
Biliary complication 1.561 0.970-2.512 0.066

CTP, Child-Turcotte-Pugh; PELD, pediatric end-stage liver disease; KONOS, Korean 
Organ Network for Organ Sharing; PTLD, post-transplant lymphoproliferative disease; 
CMV, cytomegalovirus.

Fig. 3. Compared survival of patients (A) and grafts (B) in pediatric liver transplantation before and after 2003.
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score, KONOS status 3, biliary atresia patients, retransplanta-
tion, and the time of pediatric liver transplantation (before 2003) 
appear to be significantly associated with patient survival. Mul-
tivariate analysis reveals that chronic rejection (Hazard ratio 
[HR], 2.849; 95% Confidence Interval [CI], 1.136-7.145; P = 0.026) 
and retransplantation (HR, 4.837; 95% CI, 1.745-13.414; P =  
0.002) are significantly associated with mortality.

DISCUSSION

This study describes a population of 534 pediatric liver trans-
plantation recipients between 1988 and 2010 from 4 centers in 
Korea, representing nearly all of the pediatric liver transplant 
recipients in Korea. The pediatric liver transplant recipients dif-
fer from adult recipients. The most common indications for liver 
transplantation in the pediatric population are specific to this 
age group and there are greater technical challenges associated 
with pediatric liver transplantation (6). Biliary atresia constituted 
the most common indication for liver transplantation in chil-
dren: 29.6% (158/534) younger than 1 yr and 46.3% (247/534) 
younger than 3 yr old. 
  The Study of Pediatric Liver Transplant (SPLIT) group report-
ed allograft survival rates of 93% at 1 yr, 90% at 3 yr, and 88% at  
5 yr (7). In addition, SPLIT group reported overall patient sur-
vival rates at 1, 3, and 5 yr of 89.8%, 86.7%, and 84.8%, respective-
ly. Our study reported that graft survival rates at 1, 3, 5, and 10 
yr were 86.9%, 82.1%, 80.1%, and 75.9%, respectively, and over-
all 1-yr, 3-yr, 5-yr, and 10-yr patient survival rates were 87.8%, 
84.5%, 82.2%, and 78.1%, respectively. The graft survival and 
patient survival rates in our study were inferior to the results of 
SPLIT. However, overall patient survival rates and graft survival 
rates in patients who underwent pediatric liver transplantation 
was improved since 2003. These results were nearly as good as 
the results of SPLIT. 
  In the SPLIT report, 85.5% of all transplants were from de-
ceased donors and 15.5% were from living donors (8). In Asian 
countries, liver grafts from living donors were the main trans-
plants because of a shortage of deceased donors due to cultural 
and ethical reasons. Our study also showed that the incidence 
of living donors was 84.6%. Living donor liver transplantations 
(LDLT) have led to a reduction in the pretransplant death rate 
in children from 20% to almost 0% (9). LDLT provides an excel-
lent graft by minimizing the cold ischemic time. In addition, this 
procedure is elective and thus allows flexibility in choosing the 
optimal time for transplantation with regard to the recipient’s 
clinical status. Because of these advantages, worldwide long-
term results of LDLT are equal or even superior to those obtained 
with whole organ or split graft in deceased donors (1). 
  In Korea, the indications for a split graft of left lateral segment 
for pediatric recipient are stable heart-beating brain death do-
nors, aged between 10 yr to 35 yr, with history of the minimal 

dose of inotropics (dopamine ≤ 15 μg/kg/min), a minimal stay 
in intensive care unit, terminal aspartate transaminase (AST) 
and alanine transaminase (ALT) levels less than 120 IU/L, and 
terminal sodium levels less than 160 mg/dL. In addition, the in-
dicators for pediatric liver transplants who would receive a split 
graft from deceased donor were age ≤ 15 yr and body weight 
≤ 30 kg, parents were unsuitable donors because of ABO-mis-

match, hepatitis B carrier, and anti-HCV positive status. The 
number of pediatric DDLT reported by the KONOS increased 
from 2006 to 2010 with increased total deceased donation and 
pediatric split graft policy (10) (Fig. 4). 
  Recently, SPLIT reported that the most significant factors pre-
dicting patient and graft loss at 6 months in children listed for 
transplant were post-transplant surgical complications such as 
reoperation, hepatic artery thrombosis, portal vein thrombosis, 
bile leakage, and bowel perforation (8). Our study revealed that 
chronic rejection and retransplantation were predisposing fac-
tors in patient survival, but postoperative complications were 
not a risk factor for patient survival. 
  There are several limitations in our study. The primary one 
was limited clinical data, as the clinical data from other centers 
were poor. Some data from other centers were inaccurate. We 
made every effort to ensure data quality, but we were ultimately 
dependent on others for reliable information. Although, our data 
spanned nearly 20 yr and provided for a relatively large number 
of patients, there were drawbacks to using data drawn from such 
a long period. Improvements in care and technology in postop-
erative management have taken place, and waiting time, donor 
availability, immunosuppression, surgical transplantation tech-
niques, and medical, diagnostic, and management methods 
have all changed during this time. In spite of the limitations, we 
think that the present study captured nearly all pediatric liver 
transplant recipients in Korea though data were collected from 
only 4 centers in Seoul.
  In conclusion, pediatric liver transplantation in Korea has 
been successful and the results have been improved, as shown 
by our report, which is the first multi-center, nationwide study 
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on pediatric liver transplantation. The independent prognostic 
factors of patient survival are chronic rejection and retransplan-
tation. This analysis confirms that long-term outcomes for pe-
diatric liver transplant recipients in Korea are excellent.
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