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Review Article

Pediatric liver transplantation in Korea:
long-term outcomes and allocations
Sanghoon Lee, Suk-Koo Lee
Department of Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Pediatric liver transplantation has evolved into an effective treatment for a variety of liver diseases in the pediatric population.
Over the past 25 years, pediatric liver transplantation results in Korea have matched international standards, and Korea has become
one of the most important leaders in living donor liver transplantation. This review presents the cumulative outcomes of pediatric
liver transplants in Korea and highlights other concerns related to pediatric liver transplantation, particularly pediatric liver allocation policy and split liver transplantation.
Keywords: Pediatric; Liver transplantation; Allocation

which has become a recent topic of interest in pediatric

INTRODUCTION

LT in Korea.
The first liver transplantation (LT) was performed for a baby with biliary atresia in 1963 by Starzl [1]. LT in children

STATUS OF PEDIATRIC LT IN KOREA

has undergone significant progress and spreads worldwide
owing to the development of potent immunosuppressants,

Pediatric LT Indications and Posttransplant Survival

better surgical techniques, and systematic perioperative,

The first reported case of pediatric LT in Korea was in

and long-term recipient management protocols. More than

1988; the recipient was a 14-year-old girl with Wilson

50 years have passed since the first successful case, and

disease [5]. The first successful pediatric LT from a living

LT is indicated in the definitive treatment of a multitude

donor was performed in 1994. Since then, more than

of diseases presenting during childhood [2]. The survival

1,000 pediatric LT procedures have been performed in

rate of infants with biliary atresia has increased dramati-

Korea, and approximately 60 are performed annually (Fig. 1).

cally and various inborn errors of metabolism have now

Indications for pediatric LT are classified into five categories [6]. The first indication includes primary liver dis-

become curable [3,4].
In this review, we will summarize the current status of

eases resulting in liver failure, such as viral hepatitis, acute

pediatric LT in Korea and discuss allocation policies in-

liver failure, and the most common indication for pediatric

volving pediatric braindead donors and liver recipients,

LT, biliary atresia. The second indication includes diseases
that do not lead to liver failure but involve critical compli-
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cations: Alagille syndrome is one such disorder, and LT
may be considered when severe pruritus, growth failure,
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malnutrition, and hyperlipidemia profoundly interfere with
daily life. Inborn errors of metabolism are the third category of pediatric LT indications and include Wilson disease, glycogen storage disease, and urea cycle defects. The
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Fig. 1. Annual number of pediatric
liver transplantations performed in
Korea (2000–2018).

Fig. 2. Survival rate of patients (A) and grafts (B) in pediatric liver transplantation.

fourth indication is secondary liver disease from the hep-

transplant patient management techniques have led to

atic manifestation of a systemic disorder such as cystic

tangible advances in patient outcomes (Fig. 2).

fibrosis. Cystic fibrosis may manifest as liver cirrhosis, but

A study by Lee et al. [9] analyzed 44 pediatric LT recipi-

no cases have been reported in Korea to date. Liver malig-

ents with a follow-up exceeding 10 years. At a median

nancies that are managed with LT in childhood include

150 months after LT, 43 children had functioning grafts

hepatoblastoma and, less commonly, hepatocellular carci-

and one patient underwent a second LT. After initial dis-

noma [7]. In a study by Kim et al. [8] involving 534 cases

charge during the postoperative period, there were 248

of pediatric LT from four high-volume centers in Korea,

instances of readmissions (0.56 readmission/person-years)

biliary atresia was by far the most common indication for

(Fig. 3). Weight and height reached the 50th percentile at

pediatric LT, with 308 reported cases.

3 and 5 years posttransplant, respectively. Forty-four re-

Patient survival rates after pediatric LT in Korea are re-

cipients were either attending school at their age-appro-

portedly 87.8%, 84.5%, 78.1%, and 52.2% at 1, 3, 5, and

priate grades or had completed their education. No pa-

10 years, while graft survival rates are 86.9%, 82.1%,

tients had to repeat a school year.

80.1%, and 75.9%, respectively [8]. These survival outcomes are comparable to results reported by leading cen-

Pediatric Liver Allocation Policies

ters in North America and have improved since 2003.

Liver grafts utilized in pediatric LT may originate from liv-

These improvements show that better surgical and peri-

ing or deceased donors. A child receiving a liver graft from
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Fig. 3. Hospital readmissions by years
after liver transplantation (LT; A)
and causes of hospital readmissions
(B) in 10-year survivors of pediatric
LT. ACR, acute cellular rejection.

Table 1. Selection criteria for split liver transplantation
Before revision

Revision in March 2013

Age below 16 years
Body weight below 30 kg
Procurement less than left
lateral section
His/her parents must be
unsuitable for liver donors
(i.e., ABO incompatibility,
HBsAg(+), anti-HCV(+), etc.).

Age below 16 years
Body weight below 30 kg
Procurement less than left
lateral section

HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus.

strictions for pediatric split LT and potential deceased donor split livers were not being fully utilized [10].
One recent change in the pediatric liver graft allocation
policy was the alleviation of strict restrictions for pediatric
split LT. Split LT is the technique of procuring two liver
allografts (left liver graft and right liver graft) from a single
deceased donor and transplanting them into two recipients (usually one adult and one child). With the current
shortage of pediatric deceased donors in Korea, split LT
provides the pediatric liver waitlist candidate with a greater chance for the successful allocation of a deceased donor liver graft. In the past, many pediatric LT candidates

a deceased donor may receive a whole or split liver graft

were not eligible for split LT because of a clause stating

depending on their body weight. In the past, more than

restriction for candidates with potential living parental do-

80% of pediatric LT procedures involved living donor

nors (Table 1). However, this restriction clause was revised

transplants. This deviation toward living donor grafts re-

in 2013, increasing the number of eligible pediatric candi-

sulted from the absolute shortage of whole liver grafts

dates for split LT.

available for pediatric recipients, who were not given pri-

An important issue that remains unresolved regarding

ority for pediatric deceased donors; there were strict re-

pediatric liver allocation is the lack of regulations priori-

3

J Korean Soc TransplantㆍMarch 2019ㆍVolume 33ㆍIssue 1

cepts have not yet been popularized or incorporated into
organ allocation policies in Korea. However, talks have
begun among experts in the field regarding the potential
disadvantages that pediatric candidates experience, and
such issues have recently been topics of discussion in academic meetings of the Korean Society for Transplantation
and the Korean Liver Transplantation Society.
Another related issue is the conformity with which
KONOS pediatric liver allocation criteria are set up.
Besides status one conditions (fulminant liver failure, priFig. 4. Recipients of pediatric braindead donor livers in Korea
(2011–2016). A large majority of livers from braindead donors age
6 years and older were allocated to adult recipients.

mary nonfunction or hepatic artery thrombosis following
LT, or acute liver failure with underlying Wilson disease),
having a high pediatric end-stage liver disease score is the
only way to ensure a high probability of liver allocation

tizing pediatric candidates for grafts from pediatric de-

in pediatric candidates [15]. However, many grave con-

ceased donors. Choi et al. [11] analyzed Korean Network

ditions that require LT in children do not harbor abnormal

for Organ Sharing (KONOS) data from 2006 to 2012 and

liver function. Inborn errors of metabolism, such as urea

showed that of 1,371 deceased donors, 85 (6.2%) were

cycle disorders or organic acidemia and hepatoblastoma,

younger than 18 years of age. However, 58 liver grafts

are representative examples of such conditions. The dis-

from these 85 pediatric donors were allocated to adult re-

tinctiveness of these pediatric diseases should be consid-

cipients, while 82.1% of livers from pediatric donors older

ered in future discussions to bring about change in pedia-

than 11 years were transplanted to adults. Data from 2011

tric liver allocation policies.

to 2016 show the same results: all livers from donors aged
6 to 10 years were transplanted to adults and all but one

CONCLUSIONS

liver graft from donors aged 11 to 18 years were transplanted to adult recipients (not considering 21 split cases)

Pediatric LT has evolved significantly since its introduction

(Fig. 4) [12]. In contrast, the Organ Procurement and

30 years ago. It has reached a plateau in terms of case

Transplantation Network (OPTN) of North America clearly

volume, but the diversity in indications has widened and

prioritized pediatric potential transplant recipients when

survival outcomes are comparable to global standards.

allocating livers from pediatric deceased donors [13]. The

Future issues in pediatric LT in Korea involve updating re-

ethical principles behind their pediatric organ allocation

cipient criteria for the allocation of braindead donor livers,

policy is elucidated by the OPTN/United Network for

especially those from pediatric donors, to facilitate the

Organ Sharing Pediatric Transplantation and Ethics

special needs of children on the pediatric LT waitlist.

Committees [14], which states that the National Organ
Transplant Act charges the OPTN to recognize the differ-
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