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Purpose: Metabolic liver disease (MLD) often progresses to life-threatening conditions. This study intends to describe 

the outcomes of liver transplantation (LTx) for MLD at a living donor-dominant transplantation center where potentially 

heterozygous carrier grafts are employed. 

Methods: We retrospectively evaluated the medical records of 54 patients with MLD who underwent LTx between 

November 1995 and February 2012 at Asan Medical Center in Seoul, Korea. The cumulative graft and patient survival 

rates were analyzed according to patient age, and living or deceased donor LTx. Recurrence of the original disease 

was also investigated.

Results: The post-transplant cumulative patient survival rates at one, five, and 10 years were 90.7%, 87.5% and 

87.5%, and the graft survival rates were 88.8%, 85.5%, and 85.5%, respectively. There were no differences in the 

patient survival rates according to the recipient age, human leukocyte antigen matching, and living or deceased 

donor LTx. There were also no differences in the patient survival rates between the MLD and the non-MLD groups 

for children. Recurrence of the original metabolic disease was not observed in any patient during the follow-up period.

Conclusion: Our results suggest that the living donor-dominant transplantation program is well-tolerated in MLD with-

out recurrence of the original MLD using all types of transplantation. 
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INTRODUCTION

Liver is an organ with a major role in the human 
body’s metabolic process. Therefore, a serious con-

dition affecting the liver, such as metabolic liver dis-
ease (MLD), can cause life-threatening conditions, 
including acute liver failure, end-stage liver disease, 
and serious symptoms arising from abnormal liver 
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metabolism, such as hyperammonemia, deteriorat-
ing neuropsychological functions, and coagulation 
factor deficiency. If it is not possible to prevent meta-
bolic decompensation, liver transplantation is an al-
ternative therapeutic option [1]. As it is also now an 
accepted therapeutic option for non-metabolic, end 
stage liver diseases in children [2,3]. Favorable out-
comes of cadaveric liver transplantation (LTx) for 
MLD have also been reported [4]. 

Most MLDs have genetic traits and most of them 
are autosomal recessive; however, various genetic 
inheritance factors, including maternal inheritance, 
can occur. Therefore, living related donor LTx might 
affect the outcome of the original disease as living re-
lated donor LTx may involve a heterozygous carrier. 
As for Wilson’s disease (WD), it has an autosomal re-
cessive genetic trait and is the most common cause of 
the need for LTx for MLD at our medical center. 
Studies of the copper metabolism in heterozygotes of 
WD reported that copper metabolism tends to be ab-
normal and that recipients of heterozygotic donor 
grafts probably maintain these abnormalities [5,6]. 
Asonuma et al. [7] suggested that minor, persistent 
abnormalities of copper metabolism in a hetero-
zygous donor have no clinical impact, and we also 
confirmed this result in a previous report [8]. 
Through our medical center’s living donor-dominant 
transplantation program, we investigated the out-
come of LTx in MLD with a potential heterozygous 
carrier as the donor. 

MATERIALS AND METHODS

Between November 1995 and February 2012, 
3,319 patients underwent LTx at Asan Medical 
Center, in Seoul, Korea. Among these patients, 54 
with MLD were enrolled in this study and their med-
ical records were reviewed. Indications for LTx for 
WD at our medical center were acute liver failure or 
decompensated liver cirrhosis unresponsive to medi-
cal treatment for more than two months [5,8,9]. A 
neurologic complication was not included as an in-
dication for LTx at our medical center. Indications 
for LTx in other MLDs included liver failure, liver cir-

rhosis with complication, and medically uncontrol-
lable original disease. 

The criteria for living donor selection have been 
described in another study [10]. As ornithine trans-
carbamylase deficiency is inherited in an X-linked 
recessive trait, mothers of patients were excluded 
from the donor selection in order to eliminate the 
possibility of co-dominance [11]. Surgical techni-
ques and postoperative management are also de-
scribed in other studies [2,10].

We analyzed the patient demographics, recipient 
and donor characteristics, graft type, and patient 
survival. We analyzed the patient survival and graft 
survival rates in all of the patient groups. We com-
pared the demographic data and the patient survival 
rate between the adult and the pediatric groups. The 
non-MLD patients were those who did not have met-
abolic etiologies. The patient survival rate of non-MLD 
patients in the pediatric group was also analyzed and 
compared with that of the MLD group.

Given the possibility that living donors can be het-
erozygous carriers, our recipients were classified into 
three groups according to the donor type, as follows: 
the haplo-matched group, i.e. those with first de-
gree-related donors; the mixed group, i.e. those with 
a haplo-matched donor and unrelated donor (dual 
LTx); and the unrelated groups. Donor grafts were 
also classified as deceased and living-donor grafts. 
We compared the patient survival rates according to 
the donor type. 

The cumulative graft and patient survival rates 
were calculated by using the Kaplan-Meier method 
according to the patient age and the donor type. The 
differences of cumulative survival were assessed us-
ing the log-rank method. Chi-square testing was 
used to compare categorical variables. In the pedia-
tric population, the cumulative graft and patient sur-
vival rates were analyzed in non-MLD patients who 
underwent LTx. SPSS commercial statistics software 
was used for all statistical analyses (PASW Statistics 
ver. 18.0; IBM Co., Armonk, NY, USA). The p-values 
less than 0.05 were considered to be significant.
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Table 1. Recipient Demographics and Clinical Characteristics 
(n=54)

Characteristic Value

Gender
  Male
  female 
Age (y)
  Under 18
  Over 18 (including 18)
Etiologies
  Wilson disease
    Acute liver failure 
    Liver cirrhosis
  Glycogen storage disease
    Type III
    Type IV
  Urea cycle disorder
    Ornithine transcarbamylase 

 deficiency
    Citrullinemia type I
Citrin deficiency
  Protein C deficiency
  Factor X deficiency
Liver transplantation
  Living donor
    Haplo-matched
    Unrelated 
    Mixed
  Deceased donor

 23 (42.6)
 31 (57.4)

17.6±13.0 (0.5-59)
  8.2±5.3 (0.5-17)
28.7±10.4 (18-59)

 44 (81.4)
 40 (74.1)
 4 (7.4)
 3 (5.5)
 2 (3.7)
 1 (1.8)
 3 (5.5)
 2 (3.7)

 1 (1.8)
 2 (3.7)
 1 (1.8)
 1 (1.8)

42 (77.8)
18 (33.3)
17 (31.5)
 7 (13.0)
12 (22.2)

Values are presented as the number (%) or mean±standard
deviation (range).

Fig. 1. Cumulative post-transplant patient and graft survival 
rates for 54 patients with metabolic liver diseases.

RESULTS

Patient characteristics are summarized in Table 1. 
Of the 3,076 adult patients, 31 (1.0%) and of the 243 
pediatric patients, 23 (9.5%) (under 18 years of age) 
were included in our study. The median age of the 54 
patients was 17.6 years (range, 6 months-59 years). 
The median follow-up period was 70.9 months. 
There were 23 men (42.6%) and 31 women (57.4%), 
with a male-to-female ratio of 1 : 1.3. The etiologies 
of the 54 patients with MLD were WD (n=44, 
81.4%), glycogen storage disease (GSD) type III 
(n=2, 3.7%), GSD type IV (n=1, 1.8%), ornithine 
transcarbamylase deficiency (n=2, 3.7%), cit-
rullinemia type II (citrin deficiency) (n=2, 3.7%), 
citrullinemia type I (n=1, 1.8%), protein C deficiency 
(n=1, 1.8%), and factor X deficiency (n=1, 1.8%). 

According to the donor type, the recipients were div-
ided into four groups, i.e., haplo-matched living do-
nor (n=18, 33.3%), unrelated living donor (n=17, 
31.5%), mixed-type living donor (n=7, 13.0%), and 
deceased donor (n=12, 22.2%).

The post-transplant cumulative rates of the total 
patient survival were 90.7%, 87.5%, and 87.5% and 
those of the graft survival were 90.8%, 87.5%, and 
87.5% at one, five, and 10 years respectively (Fig. 1). 
There were no differences between the two groups, 
and which shows a high graft survival rate without 
retransplantation.

The survival rates of the pediatric patients were 
90.2%, 90.2%, and 90.2% at one, five and 10 years, 
while the survival rates of the adult patients were 
91.3%, 84.3%, and 84.3% (p=0.72). There were no 
statistically significant differences between the pe-
diatric and the adult patients. This suggests that the 
outcomes did not differ between adult and pediatric 
patients when the etiology was the same and the 
same surgical techniques were used at a single medi-
cal center. 

The cumulative survival rates in the non-MLD pe-
diatric patients group were 91.9%, 87.2%, and 85.8% 
at one, five, and 10 years, respectively (Fig. 2A). 
There were no statistically significant differences be-
tween the MLD and non-MLD group and which in-
dicates that the patient survival rates did not differ 
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Fig. 2. (A) Comparison of post-transplant patient 
survival between the metabolic liver disease  (MLD) 
group (n=23) and the non-MLD group (n=220) in 
the pediatric age group. (B) Comparison of the 
post-transplant patient survival among the living 
donor types (haplo-matched donors [n=18], unre-
lated donors [n=17], mixed donors [n=7]). (C) 
Comparison of the post-transplant patient survival 
between the living donors (n=42) and the cadaveric 
donors (n=12).

between the two groups. Therefore, LTx can be an ef-
fective therapy option in MLD as well as in non-MLD 
patients.

There were also no differences in the patient sur-
vival rates in the living donor types (p=0.62), i.e., the 
patient survival rates at one, five, and 10 years in the 
haplo-matched groups were 94.4%, 86.6%, and 
86.6%, while in the unrelated groups they were 
86.7%, 86.7%, and 86.7%, respectively. The patient 
survival rates in the mixed groups were 100.0%, 
100.0%, and 100.0% at one, five, and 10 years (Fig. 
2B), and there were no statistically significant differ-
ences between the donor graft types. This indicates 
that heterozygote carrier graft does not affect the 
survival rates of liver transplant recipients with 
MLD. This also suggests that haplo-matched donor 

graft can be safely used in MLD.
The patient survival rates of the living donors were 

92.5%, 88.6%, and 88.6%, while those of the de-
ceased donors were 84.6%, 84.6%, and 84.6% at one, 
five and 10 years, respectively (p=0.48), and there 
were no statistically significant differences between 
the donor graft types (Fig. 2C).This shows that there 
is no difference between emergency liver transplant 
with a deceased donor and elective liver transplant 
with a living donor. 

A comparison of demographic data between the 
pediatric and the adult patients is shown in Table 2. 
Gender, the indications of LTx, the donor types, and 
the operation types were compared. Acute liver fail-
ure was the most common indication of LTx in both 
groups (p=0.040). The haplo-matched donors were 
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Table 2. Comparison of Pediatric Patient and Adult Patient 
Demographic Data

Valuable
Pediatric
(n=23)

Adult
(n=31)

p-value

Gender
  Male
  Female
Indications of liver transplantation
  Acute liver failure
  Liver cirrhosis
  Uncontrollable metabolic disease
Donor types
  Haplo-matched
  Unrelated
  Mixed
  Deceased
Operation types
  Elective
  Emergency

 8 (14.8)
15 (27.8)

13 (24.1)
5 (9.3)
5 (9.3)

13 (24.1)
3 (5.6)
1 (1.9)

 6 (11.1)

14 (25.9)
 9 (16.7)

15 (27.8)
16 (29.6)

27 (50.0)
2 (3.7)
2 (3.7)

5 (9.3)
14 (25.9)
5 (9.3)

 7 (13.0)

20 (37.0)
11 (20.4)

0.317

0.040

0.006

0.784

Values are presented as the number (%).

predominant in the pediatric patients, while the un-
related donors were predominant in the adult group 
(p=0.006). The gender and the operation types did 
not show statistically significant differences.

There were six post-transplant deaths during the 
study period, five of which occurred during hospi-
talization. One patient died during the long-term fol-
low-up period. Of the 48 surviving patients, none 
showed any evidence of recurrence of their original 
disease. 

DISCUSSION

Most studies regarding LTx for MLD involve pe-
diatric patients. The one- and five-year patient sur-
vival rates reported in the United States [12] were 
94% and 92%, respectively, whereas they were 91%, 
86%, respectively, in the United Kingdom [13]. 
These figures were comparable to the 90% and 90%, 
respectively, seen at our medical center. Therefore, 
the LTx in MLD performed at our medical center can 
be deemed as tolerable and consistently used as a 
treatment option. These results also suggest that the 
survival rates are similar between cadaveric LTx, the 
mainstay of liver transplant in the western countries, 
and living donor liver transplant which is the main 

option at our medical center. As there were no differ-
ences between living-donor and deceased-donor LTx 
at our medical center, the donor type has little bear-
ing on the liver transplant outcomes. Likewise, there 
were no differences in the LTx outcome with a poten-
tial heterozygous carrier graft. Our study also showed 
that haplo-matched donor graft could be safely used 
for MLD with no risk of recurrence of the original 
disease. Similar results were reported in Japan where 
only living-donor transplantation is performed [14]. 
The most common indication for LTx in our study 
population was acute liver failure. The donor types 
differed between the pediatric and the adult 
patients. The haplo-matched donors were predom-
inant in the pediatric patients probably because their 
parents were eligible and willing to donate their liver 
to their children. 

In our study population, WD was the most com-
mon indication for LTx. WD develops from abnormal 
copper metabolism in the liver due to ATP7B muta-
tion and manifests as various liver diseases and psy-
chiatric symptoms [15]. Acute liver failure and de-
compensated liver cirrhosis are common indications 
for LTx [5,9]. 

However, neurological deterioration alone was not 
listed as an indication for LTx at our medical center 
as the need for LTx due to neurological symptoms is 
still debatable. Improvement following LTx has been 
reported in some cases of neurological WD [16,17], 
however, patients with neuropsychiatric signs have 
a significantly shorter survival than patients with 
liver disease alone [18]. Therefore, LTx should be 
contraindicated in WD patients with severe neuro-
logical impairment [19]. Further investigation is re-
quired on this topic.

Eighteen out of the 44 patients with WD under-
went LTx with a haplo-matched donor and no re-
currence was reported in our study. Yoshitoshi et al. 
[20] presented the outcome of living donor LTx in 32 
patients with WD, in whom 29 donors were parents 
(heterozygotes). The overall survival rate for these 
patients was 90.6% and 83.7% at one and five years, 
respectively, and without recurrence. This indicates 
that the use of liver grafts from a heterozygous donor 
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can be safe. 
As for GSD, dietary modifications and medical in-

terventions compose the first line of therapy, how-
ever, LTx can be considered for patients with very 
poor metabolic control, the risk of adenocarcinoma 
with multiple recurrent adenomas, and liver failure 
[21,22]. At our medical center, as we did not perform 
LTx for GSD type 1, further studies are needed to 
evaluate the efficacy of GSD type 1 in our medical 
center. Three patients with type 3 and 4 who under-
went LTx seemed to be at risk for extrahepatic mani-
festations, including cardiac symptoms, and were 
placed under close observation. However, we have not 
observed such symptoms since the transplantation.

As for urea cycle disorders, expert consensus 
guidelines recommend LTx should be performed be-
tween 3 and 12 months of age once the child weighs 
more than 5 kg to avoid complications such as neuro-
logical complications [23]. In our study, only one pa-
tient with an age of 8 months underwent LTx. LTx 
was performed on two patients aged 2-3 years due to 
late diagnosis. Two citrin deficiency patients were di-
agnosed in adolescence due to the late onset of 
symptoms. Although LTx was performed late in these 
patients, there were no neurological complications. 
Close observation and early diagnosis is needed 
when urea cycle disorder is suspected to avoid neuro-
logical complications. As for protein C deficiency, the 
best way to manage protein C deficiency would be to 
provide an exogenous source of protein C [24]. 
However, protein C concentrate was not widely 
available in South Korea, LTx was an applicable 
treatment option. Our patient has undergone LTx at 
age of six month. There were no serious complica-
tions of life-long immunosuppression such as renal 
impairment and development of secondary malig-
nancy during the follow-up period.

There are some limitations to our study. First, 
some MLD patients, such as those with propionic 
acidemia or methylmalonic acidemia, did not under-
go LTx. There has only been one case report of a pa-
tient with propionic acidemia who underwent LTx in 
Korea and with incomplete improvement of meta-
bolic control [25]. Further research is needed regard-

ing safety and outcome of LTx in those patients. 
Second, as the majority of our MLD patients had WD, 
selection bias can, therefore, not be ruled out.

In conclusion, as shown in the long-term patient 
survival rate following transplantation, LTx in MLD 
is tolerable, regardless of the donor relationship, re-
cipient age, and graft type. LTx may, therefore, help 
to prevent future life-threatening situations in these 
patient groups. 
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