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Abstract: Taiwan has a high prevalence of hepatitis B and C viral infections, and consequently a high
burden of chronic liver diseases. Liver transplantation (LT) began in Taiwan in 1984, and living donor
liver transplantation (LDLT) in 1994. Education and collaboration between physicians on a national and
international scale were important factors in the development of transplantation in East Asia. Technical
innovations in donor hepatectomy, vascular and biliary reconstruction, and interventional radiology,
perioperative management of transplant patients and development of associated specialties have enabled
achievement of excellent results after both adult and pediatric LDLT. The establishment of rigorous
protocols to withstand strict medico-legal scrutiny, combined with technical excellence has contributed to
excellent surgical outcomes. The socioeconomic development of Taiwan and the first nationwide hepatitis B
vaccination program in the world have also contributed to the decrease in disease burden and improvement
of quality of healthcare. This article examines the factors enabling the development of LT in Taiwan, the

innovations that have contributed to excellent outcomes, and indicates the future prospects of LDLT in

Taiwan.
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Introduction

Living donor liver transplantation (LDLT) is a complex
endeavor and a vast array of human resources, technology
and infrastructure require to be harnessed for establishing a
successful liver transplant program. Taiwan was a relatively
small developing country at the time of inception of L'T; but
presently LDLT in Taiwan is among the best in the world
when measured in terms of survival outcomes, scientific
research or patient volumes per million population (1,2).
The course of development of LDLT in Taiwan may have
some illuminating lessons, especially with reference to the
prospects of liver transplant programs in many countries
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which are making the transition from low-income to middle
and even high-income nations.

Starzl attempted the first human liver transplant in 1963 (3).
The survival and complication rates over the next couple
of decades were daunting, pointing to the tremendous
technical challenges associated with the procedure, in
addition to the immunologic challenges. Consequently,
continuous innovations in surgery and immunosuppression,
particularly the development of cyclosporine, gave a boost
to the field.

Taiwan had a relatively high incidence of end-stage liver
disease and hepatocellular carcinoma (HCC). Like other
countries in East Asia, Taiwan had among the highest
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incidence of hepatitis B virus (HBV) carriers in the world (4).
The incidence of hepatitis C virus (HCV) infection in
the population was also relatively high, especially in some
regions and communities (5-7). The high incidence of viral
hepatitis has translated to a high burden of cirrhosis, end-
stage liver failure and HCC (8). The healthcare challenges
involved in managing chronic liver disease in Taiwan were
quite formidable.

Initial challenges in transplantation

The East Asian tiger economies including Taiwan began
prospering economically in the last quarter of the twentieth
century. Local healthcare groups and the government
invested in improving and expanding hospital resources,
establishing laboratories, personnel training, etc., and
provided the means for providing better healthcare. Health
services improved significantly. The high incidence of liver
diseases led to the local doctors becoming expert at surgical
treatment of liver tumors. However, at that time LT was
attempted only at select centers, mainly in the United States
and Europe. Despite difficulties such as diplomatic issues
and language barriers, talented doctors from Taiwan studied
at centers of excellence in the United States, Japan and
other advanced countries. A conjunction of all these factors
helped Taiwan over the next few decades.

The first successful deceased donor liver transplant
(DDLT) in Taiwan was done at Chang Gung Memorial
Hospital in 1984 for Wilson’s disease (9). The concept of
brain death was used and documented thoroughly. The
vigorous public discussion resulting from the transplant,
along with the awareness of the need for such procedures
and evidence of successful outcome helped in accepting
liver transplant as a life-saving procedure. Consequently,
Taiwan became the first in Asia to frame legislation for
organ donation. The use of cyclosporine aided in achieving
acceptable immunosuppression after transplantation. Split
liver transplants were also performed and grafts were even
shared across national borders, demonstrating that saving
lives is the paramount aim in medicine (10).

Despite the excellent outcomes, the concept of brain
death and organ donation was far less acceptable in East
Asian countries compared to the West. The prevailing
cultural values attached enormous importance to families
and ancestors. The attitude that cadaveric donation would
desecrate the deceased person’s spirit, combined with dismal
outcomes in certain countries, resulted in considerable
reluctance to get involved with organ donation (1). In
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addition, the lack of pediatric cadaveric donors led to the
development of split L'T.

Development of LDLT in Taiwan

In contrast to the perception of DDLT, there was
widespread acceptability of the idea of LDLT in East
Asia. The ethical considerations in pediatric LDLT
were reasonably clear and without suspicion of coercion.
However, technical factors of the procedure and donor
safety had to be thoroughly ensured. By this time, there
was accumulation of technical expertise acquired over the
years with liver resections and DDLT. There was extensive
cooperation among Asian liver surgery centers. Coordinated
animal experiments were conducted, between Japanese and
Taiwanese doctors (11). All these efforts culminated in the
first LDLT in Taiwan in 1994, with successful long term
survival (12). Over time, some of the largest case series in
the world for LDLT for biliary atresia, along with other
metabolic liver diseases were reported from Taiwan (13,14).
The first adult LDLT in Taiwan was done in 1999.
Opver the next decade, the volumes of LDLT continued to
rise in Taiwan, but at a far steeper rate than DDLT. The
extensive interactions with other East Asian centers helped
in exchange of ideas and information, regarding technical
aspects of the surgery. Preoperative radiologic imaging
also improved by leaps and bounds (15). Transplant
anesthesia, pathology and gastroenterology also developed
significantly (16). The donor hepatectomy procedure
was refined (17) and left lobe LDLT introduced in
suitable cases to further reduce donor morbidity. Chronic
end stage liver disease due to viral hepatitis was the
commonest indication for adult LDLT. Dual graft LDLT
was performed for the first time in Taiwan in 2002 (18).

Advances in LDLT

Over time, various innovative techniques were developed or
refined in Taiwan. In pediatric LDLT, reduced left lateral
grafts and mono-segment grafts were used for small infants.
Techniques were developed for obtaining a wide outflow
tract in the graft (19). With proper anesthetic management,
blood transfusion for recipients could be avoided (16).
Perioperative portal vein stenting enabled establishment
of proper portal flow in cases of biliary atresia with small,
hypoplastic and sclerotic portal veins (20,21). Similarly,
there was incremental improvement in techniques of adult
LDLT over time. Assessment of fatty liver in the donor (22),

HepatoBiliary Surg Nutr 2016;5(2):145-150



HepatoBiliary Surgery and Nutrition, Vol 5, No 2 April 2016

as well as challenging cases due to hepatic anatomy,
volumetry and ABO incompatibility (ABOi) were done.
Dual grafts were utilized when graft volume of single donor
was insufficient (18). Techniques for outflow reconstruction
(23,24) including the venous drainage of the right anterior
sector as well as management of extensive portal thrombosis
in the recipient were improved. Technical challenges
such as presence of extensive adhesions due to multiple
previous procedures and retransplantations were refined
continually (19). The hepatic arterial anastomosis and the
biliary reconstruction were routinely done by an expert
microsurgeon using the operating microscope, leading
to low rates of arterial and biliary complications (25-28).
The gastric arteries, particularly the right gastroepiploic
artery were used as an alternate inflow source if the native
hepatic arteries were unsuitable (29). Selective portal inflow
modulation was practiced, enabling higher number of left
lobe LDLT and hence increased donor safety, while avoiding
small for size syndrome in the recipient. Immunosuppression
protocols were refined over time, with calcineurin inhibitors
(cyclosporine and tacrolimus) forming the mainstay, in
addition to the introduction of mammalian Target of
Rapamycin (mTOR) inhibitors such as sirolimus and
everolimus for adult recipients at risk of HCC recurrence or
having renal impairment. The introduction of basiliximab
for induction of immunosuppression in adult recipients has
had a renal sparing effect over the long term (30).
Recurrence of hepatitis B and hepatitis C, as well as
de novo infections after transplantation are a significant
problem in LT. Strategies for using pretransplant hepatitis
B vaccination and/or posttransplant antiviral drugs for
pediatric patients receiving hepatitis B core antibody
(HBcAD) positive grafts were developed (31,32). The HBV
recurrence rate after transplant has reduced to 1.37% after
the routine use of low dose hepatitis B immunoglobulin
and entecavir (32). The newly introduced direct-acting
antiviral (DAA) drug regimens for hepatitis C have enabled
achievement of high sustained virologic response before
and after transplantation, and hence remarkably reduce
the chances of recurrence. The guidelines mandated
by the Taiwan National Health Insurance for accepting
HCC patients for transplant were expanded in 2006 to the
University of California, San Francisco (UCSF) criteria
from the Milan criteria (33). Various studies from Taiwan
showed that cases beyond the UCSF criteria could be
downstaged by trans-arterial embolization, radiofrequency
ablation or percutaneous ethanol injection; and the
recurrence rates in these patients after transplantation were
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similar to those within the UCSF criteria, who did not
require downstaging (34,35).

Present status of LDLT in Taiwan

The presence of universal coverage by the Taiwan National
Health Insurance enabled the establishment of clear
guidelines for donor selection criteria, indications and
timing for LT. They also regularly published the organ
transplantation outcomes to ensure public awareness and
transparency. There were 24 centers approved by the
Ministry of Health and Welfare, which performed 3,017
liver transplants in Taiwan between 2003 and 2012, with an
overall 3-year survival rate of 82% (7able I). The highest
volume center (Kaohsiung Chang Gung Memorial Hospital)
also had the highest 3-year survival rate of 91% (36). The
1- and 5-year survival rates for pediatric LDLT for biliary
atresia at this center (98% each) were among the highest in

the world (13).

The way ahead

Increased volumes at the top centers have also increased the
competence of associated departments like gastroenterology
(for perioperative management) and radiology (perioperative
imaging, interventional procedures) (37). Future
development of LDLT in Taiwan shall not be purely a
numbers game. The incidence of HCC has started to
decline from 1995 and correlates strongly with the initiation
of national immunization program for hepatitis B and the
coverage of antiviral drugs and interferon in the national
health insurance system (38). There has been a gradual
but significant decrease in the incidence of HBV carriers.
There has been an increase in the number of overseas
patients seeking LDLT in Taiwan, and hospitals have
established a framework for helping these patients (39).
At the same time, there are numerous lessons for society
and the healthcare system. The social and cultural milieu
of the country, especially the close family bonds, as well
as universal literacy, excellent primary care hospitals,
good transport and ambulance facilities, a national health
insurance system, competent social workers to interact and
assess the families, electronic sharing of patient information
securely between different treatment facilities, etc., have all
helped in improving outcomes of the transplant procedure.
The top transplant centers have also accumulated a wealth
of experience, and established good protocols for patient
management and quality of care. They have been actively
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Table 1 Liver transplant outcomes in Taiwan (between
2003-2012)

Case  3-year

Hospital .
no. survival (%)

Kaohsiung Chang Gung Memorial Hospital 800 91
Linkou Chang Gung Memorial Hospital 471 71
China Medical University Hospital 387 84
National Taiwan University Hospital 351 85
Taipei Veterans General Hospital 257 72
Tri-Service General Hospital 229 80
Changhua Christian Hospital 155 85
Taichung Veterans General Hospital 114 75
National Cheng Kung University Hospital ~ 50 79
Chi Mei Hospital 36 78
Tzu Chi General Hospital 34 62
Far Eastern Memorial Hospital 30 71
Da Lin Tzu Chi General Hospital 21 70
Kaohsiung Medical University Hospital 17 -
Mackay Memorial Hospital 16 -
E-DA Hospital 15 -
Show Chwan Memorial Hospital 12 -
Cardinal Tien Hospital 8 -
Tungs’ Taichung Metro Harbor Hospital 8 -
Chiayi Chang Gung Memorial Hospital 3 -
Cathay General Hospital 2 -
Taipei Tzu Chi General Hospital 1 -

Total 3,017 82
Notes: survival rates not published for centers with less
than 20 liver transplants. Source online: http://www.nhi.
gov.tw/information/NewsDetail.aspx?menu=9&menu_
id=544&No=1165

pursuing translational research for further elucidation of
the molecular basis of liver diseases. On the clinical front,
promising developments in LDLT include the development
of newer and more affordable drugs for hepatitis C and
minimally invasive donor hepatectomy, while other
advances such as increased use of smaller grafts without
development of small for size syndrome, development of
ABOi transplantation and expanded criteria for HCC still
need to be further refined before widespread acceptance.

Conclusions

LT in Taiwan developed with the help of overseas training
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and collaboration of doctors working in the same field
throughout Asia (40). Currently, transplant centers in
Taiwan are helping in the diffusion of knowledge by
providing training opportunities for doctors from various
continents, and actively helping establishment of many
transplant centers overseas. Notwithstanding its small size,
LDLT has flourished in Taiwan on the basis of continuous
innovations, education and enlightened guidelines. It is
possible for developing countries to establish transplant
programs that are successful in the long term by keeping
these factors in mind while committing to a capital and
labor intensive venture such as LT.
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