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With the increasing incidence and prevalence of end-stage liver disease, 
demand for donor grafts continues to increase. Approaches on maximizing 
the potential donor grafts vary depending on the region. This review aims to 
summarize the current practice of liver transplantation with an emphasis on 
challenges encountered in developing countries.
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technique was developed by Bismuth et al. to increase the donor pool 
for pediatric patients.[5,7] Later, Pichlmayr et al.[8] developed a split tech-
nique using a deceased donor liver graft to use it for two pediatric pa-
tients. Even these approaches, which were aimed to widen and expand 
the deceased liver donor pool, were not adequate to meet the needs of 
patients in need of the liver. In many countries, a deceased liver dona-
tion was not widely adopted.

Living-Donor Liver Transplantation
To increase the donor pool, LDLT was introduced by Strong et al. in 
1989.[9] Although LDLT was developed initially to decrease the gap be-
tween patients waiting for the liver and the scarcity of deceased organs 
in Western countries, it has become the primary form of LT in most 
Asian countries.[2] LDLT is a sophisticated and complex surgical proce-
dure with a substantial risk of donor morbidity and mortality.[5,10,11] In-
traoperative and postoperative complication rates for living donors are 
reported to be between 9% and 67%, respectively, and the mortality rate 
is estimated to be 0.08%–0.5%.[12] In addition, complications such as 
hepatic artery thrombosis, biliary leaks, and strictures are more common 
in LDLT than in DDLT.[12] LDLT offers several advantages including 
shorter wait times, lower dropout rates, and lower waitlist mortality.[1,13]

LDLT rates are low in most Western countries.[14] Of all LT activities, 
LDLT accounts for more than 90% of the transplantations in most Asian 
countries, 5% in the USA, and 4.3% in Europe.[1,2,15] One reason why 
LDLT is not being widely adopted in Northern America and Europe is 
the risk of morbidity and mortality in living donors. Another reason 
for low LDLT rates in Western societies is the high baseline levels of 
deceased organ supply due to increased awareness of organ donation 
compared with most Asian countries.[16]

Countries performing high volumes of LDLT developed new techniques. 
They made innovations such as left lateral segment graft use in pediatric 
patients to left lobe graft use in adults, right lobe graft use in LDLT, and 
dual graft use to overcome the organ shortage, whereas Western coun-
tries focused on promoting deceased organ donations.[1] In addition, 
some centers challenge the traditional 0.8% of graft/recipient weight 
ratio, suggesting that 0.6% can be safely adapted with portal pressure 
control, increasing the LDLT donor pool.[1,17] However, this ratio alone 
is not solely considered when determining the suitability because ideal 
graft size varies between the patients and depends on multiple factors 
including the recipient’s status.[2] Previously, aberrant biliary duct in the 
donor was considered a contraindication for LDLT because of the high 
risk of biliary complications. Advances in surgical approaches in biliary 
reconstruction with the use of routine microsurgical techniques have 
greatly decreased the risk of biliary complications from 21% to 5%, 
thereby increasing the number of potential donors for LDLT.[1]

Introduction
Liver transplantation (LT) is an established and only definitive 
treatment for end-stage liver disease (ESLD). With the increasing 
incidence and prevalence of ESLD, demand for donor liver grafts 
continues to increase, making the liver a scarce resource.[1,2] Despite 
the exponential increase in patients requiring liver, available organ 
donors have increased minimally.[1] Challenges arise when there is 
a shortage of suitable donor organs to supply the patients requiring 
the LT. Deceased-donor liver transplantation (DDLT) is the ideal and 
preferred method for LT. However, with the scarcity of deceased-
donor organs to meet the need of patients, several solutions were 
developed to expand the donor pool and to maximize the utilization 
of liver allografts, such as using extended criteria donor grafts, split 
LT, donation after cardiac death (also known as non-heart beating 
donors), auxiliary transplants, domino LT, and living-donor liver 
transplantation (LDLT).[2–6]

From the first successful LT performed in 1967 to the late 1980s, only 
deceased-donor grafts were used.[2] However, as deceased organs from 
pediatric donors are rarely available, and liver size mismatch from de-
ceased adult donors leads to longer waiting-list times, a reduced-size 
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Indications of Liver Transplantation Vary by Region
Indications of LT across the globe change depending on the region. 
In the West, the most common indications for LT are hepatitis C virus 
(HCV) and alcohol-related liver disease (ALD), whereas, in the East, 
hepatitis B virus (HBV), HCV, and associated hepatocellular carcinoma 
(HCC) are the predominant cause.[2,18] Although preventive measures 
such as vaccination, screening and antiviral treatment for HBV, and 
screening and treatment for HCV decreased the burden of chronic liver 
disease in some parts of the world, the prevalence of nonalcoholic fatty 
liver disease (NAFLD) and ALD increases globally.[19] The incidence of 
NAFLD increases in parallel with the increasing rates of obesity.
In the USA, the most common causes of LT were HCV, HCC, and ALD 
previously; however, recent reports indicate that in patients without 
HCC, ALD and NASH became the leading etiologies for LT.[20–22] In 
addition, NASH is becoming the leading cause of HCC, surpassing 
HCV, in the USA.[21,22]

Although the prevalence of HBV is declining, HBV is still intermedi-
ate to highly endemic in Asia.[1,23,24] Countries including China, India, 
Nigeria, and Indonesia consist of approximately half of the HBV infec-
tions worldwide.[24] In addition, the Western Pacific region consists of 
60% of the HCCs worldwide, and China, Pakistan, India, Egypt, Rus-
sia, and the USA account for more than half of all HCV infections.[24–26]

In Turkey, although HBV has been the predominant cause of LT for 
the past 15 years, its frequency is decreasing. However, the frequen-
cy of NASH leading to LT is increasing, with reports indicating that 
20% of patients having LT had NASH as opposed to 4% in the last 

decade.[27] NASH is the fastest growing cause of LT in Turkey and 
in many countries, with increasing incidence seen as parallel to in-
creasing obesity rates.[27]

Living-Donor Liver Transplantation in Hepatocellular 
Carcinoma
The approach and selection of the donors for HCC vary between the 
regions, largely based on the differences between the use of LDLT and 
DDLT.[2] LT is indicated in patients with HCC within the Milan criteria 
(a single lesion ≤5 cm in diameter or no more than three lesions, none 
exceeding 3 cm in diameter).[28] Patients within Milan criteria under-
going LT have similar 4-year survival (75%) as patients with cirrhosis 
without HCC.[29] The University of California San Francisco (UCSF) 
criteria proposed that LT can be performed in HCC cases of only sol-
itary tumors up to 6.5 cm or ≤3 nodules with the largest less than 4.5 
cm and a total <8 cm.[30] However, these criteria are designed primarily 
to allocate deceased organs to maximize utilization and might be too 
restrictive.[2] In countries with high LDLT rates, the selection of patients 
can be expanded to include a select group of patients outside of Milan 
or UCSF criteria.[1,31] One advantage of LDLT in these conditions is that 
it does not affect the limited deceased donor pool and offers similar 
overall survival between DDLT and LDLT recipients.[1,32,33] Approxi-
mately 25% of the patients with cirrhosis and HCC are removed from 
the waiting list with the progression of the diseases, and LDLT offers 
the advantage of LT to be performed in an elective setting, thereby 
optimizing the timing of the operation and reducing waiting time.[2,12] 
However, the risk of morbidity and mortality of the donor should be 
considered while expanding the criteria to maximize the LT and protect 
both donor and recipient.[2]

Practice of Liver Transplantation Differs between the 
Developed and Developing Countries
The country’s legal framework determines the use and transplantation 
of deceased organs, which differs in most Asian countries compared 
with Europe and the USA. The practice of LT differs between the coun-
tries, reflecting their own health care policy, health expenditure per cap-
ita, socioeconomic status, cultural norms, religious beliefs, and societal 
attitudes toward LT.[1,2,34,35] Figure 1 shows the LDLT and DDLT activi-
ties in select countries in 2020.
The United Nations uses Human Development Index (HDI) to deter-
mine the development of the countries. HDI metric includes various 
factors, including gross national income per capita, life expectancy, 
and education. Many developing countries have a heterogeneous pop-
ulation, differing levels of education, and financial wealth among their 
residents with various religious compositions. Developing countries of-
ten have a poor collection of organ transplantation activity and limited 
resources to make the LT data publicly available. This is particularly 
evident in most countries in Africa and in some countries in Asia.[36] 
This nontransparent activity and the public lack of awareness prevent 
organ donation from reaching its maximum potential in these regions.
Despite the modern views encouraging and supporting deceased organ 
donation, traditional views still influence the majority of people.[1] In 
many Asian countries, traditions and religious beliefs play a major role 
in an individual’s life and in shaping the decision of organ donation.[1] 
Religions including Buddhism, Taoism, Confucianism, Shintoism, and 
Islam cautiously approach deceased organ donation.[1,15,16]

Many Southeast Asian countries, except Singapore, have low-to-mid-
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Figure 1. Liver transplantation activity in 2020 (per million population).[54]
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dle income and have similar challenges as faced by other developing 
countries, such as the lack of infrastructure required for an organized 
and well-coordinated organ transplantation network, registering poten-
tial donors to national programs for coordinating organ procurement 
and promoting awareness in public.[37]

In Asia, the first successful LT was performed in Taiwan in 1984 by 
Chen et al.[38] Among Asian countries, China is the only country with 
DDLT being more common than LDLT, with 95% of donated livers 
originating from deceased donors.[1,15] This practice stems from China’s 
prior use of organs from nonvoluntaries, mainly from executed pris-
oners, which led to concerns over human rights and organ trafficking. 
Eventually, starting from 2005, with continuous improvements in leg-
islation, China revised its organ transplantation practice on LDLT and 
implemented WHO guiding principles. In 2015, China completely left 
the practice of using organs from executed prisoners.[1,15,39]

Singapore has a developed economy with large health care expendi-
tures.[37] Singapore started using an opt-out system in 1987 with restric-
tive inclusion criteria such as only including those between 21 and 60 
years old after a traumatic cause of death and allowing only kidney 
procurement. This system has been modified multiple times over the 
years and now allows a wide range of potential donors to be included 
while allowing procurement of liver and other organs.[37]

Despite these legislations, DDLT remains very low in Singapore com-
pared with other developed countries (approximately 6 per million pop-
ulation [pmp] per year).[37,40] Main barriers are lack of awareness of or-
gan donation, discrepancies between donor referral and transplantation, 
and cultural or religious beliefs.[37] To overcome organ scarcity, LDLT 
plays a major role in Singapore.
In some developing countries with two-tier health care systems, such 
as South Africa and India, wealthy patients often have easier access 
to transplants than those with limited resources.[36] This modality also 
augments the public mistrust of organ transplantation in those coun-
tries. Apart from religious beliefs, in some developing countries such 
as India, the Philippines, Thailand, Indonesia, and Vietnam, DDLT rates 
remain low. Other factors including lack of awareness of organ dona-
tion, lack of organized networks and national policies to facilitate organ 
transplantations, and poverty are some other explanations.[1]

In India, the Transplantation of Human Organ Bill became law in 1995; 
however, DDLT was not widely adopted, with most centers performing 
LDLT to meet the needs of the patients.[2] In India, approximately 85% 
of LT is derived from LDLT.[2] The low rates of DDLT in India are 
thought to be a result of limited government policies across the country, 
better understanding of brain death, limited identification of potential 
donors, and lack of awareness and education of the public regarding 
organ donation.[2]

The first DDLT in Turkey was performed by Haberal et al. in 1988.[41] In 
addition, the same team performed the first left lobe LDLT procedure in 
the world in an adult patient in 1990.[42] In Turkey, a study reported that 
families of 23.4% of patients with brain death were permitted to use the 
deceased organs to be used for transplantation between 2011 and 2014.
[16] Only one-fourth of LT in Turkey is derived from DDLT; however, as 
a result of efforts to create public awareness of organ donation, 0.9 pmp 
in 2001 increased to 7 pmp in 2019.[15,16]

Despite being a developed country, Japan shows low DDLT rates. First, 
the use of a deceased donor in Japan in 1968 aroused public mistrust 
because of the lack of proper documentation of the brain death of the 
donor.[1,43] South Korea and China have been more successful in pro-

moting DDLT awareness and increasing the numbers of LT from de-
ceased donors over the last decade, and Iran and India are following 
this trend slower.[18]

Consent Systems for Organ Donation
Opt-in (explicit consent) and opt-out (presumed consent) are two sys-
tems that exist for organ donation after death. In an opt-in system, po-
tential donors need to actively give their consent for their organs to be 
used after death, whereas in an opt-out system, no active consent is 
needed, and individuals are presumed to give the consent unless they 
specifically indicate the opposite.[36,44] Opt-out systems may increase 
donation rates and may overcome challenges in deceased organ dona-
tion including culture and religious beliefs and transplant awareness.
[34,36] However, this system requires governmental support in building 
the public infrastructure and may not be feasible in many countries with 
limited resources.
In addition, hard consent, soft consent, and mandated consent exist and 
are used in many countries.[36] Hard consent leaves no involvement of 
family in the donation process, whereas soft consent involves family. 
Mandated consent requires individuals to register their intent to donate 
or not donate. This approach gives individuals to make a decision for 
themselves.
Spain is an example of a country with a successful opt-out system (de-
spite it being practiced as a hybrid opt-in and opt-out), with the highest 
number of donors per pmp (49.6 in 2019, compared with 36.8 in the 
USA).[36,44] However, this highest pmp in Spain is not only a result of the 
opt-out system but also a result of early identification of organ donors 
by transplant coordinators, successful coordination of organ transplant 
network, and an effective communication system with family members 
with specifically trained professionals.[2]

Some reports argue that opt-in versus opt-out systems alone do not dif-
fer greatly in terms of increasing donor numbers; an opt-out system is 
not imperative in all countries.[35,36] Multifaceted approaches, such as 
legislative adaptation and consideration of health care resources and 
population dynamics in each country, are necessary to overcome the 
barriers to organ donation and maximize deceased organ utilization.[36,44]

Liver Transplant Registries
Compared with LLDT, DDLT requires a widespread organization from 
coordination of organ procurement to allocating a recipient, and agen-
cies to oversee these activities, and requires more financial resources to 
establish a successful network.[15] In the USA, National Organ Trans-
plant Act established the Organ Procurement and Transplantation Net-
work (OPTN) in 1984 to develop policies around waiting list, organ 
donation and procurement, organ allocation, and transplantation. Unit-
ed Network Organ Sharing (UNOS) is a nonprofit, federally funded 
organization that manages the OPTN.[2,29,44] In Europe, European Liver 
Transplant Registry was established in 1985, and similar organizations 
exist in China, Korea, and Japan.[2] In Europe, the European Directive, 
Declaration of Istanbul, and the WHO guiding principles are imple-
mented to ensure the safety of living organ donors and report any ad-
verse effects after donation.[4,45,46] In some countries in Asia, the lack of 
national LT registries and limited collection and uniform reporting of 
data prevent having accurate outcomes of LT activity.[18] Despite suc-
cessful organizations in Europe (ELTR) and in the USA (UNOS), es-
tablishing a regional registry in Asia might be more difficult given the 
available financial resources and geopolitical situation.
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Liver Transplantation Center Volume on Outcomes
Transplant center volume is an important factor in LT outcome, with 
only a few reports investigating this topic.[47–50] The majority of LDLT 
in Asia are performed in centers with high volume transplant numbers 
and having multidisciplinary care staff, given the complexity of the op-
eration.[37] High-volume transplant centers usually have less unfavor-
able outcomes compared with low-to-middle volume transplant centers.
[47–49] However, with the acuity of LT in certain conditions such as acute 
liver failure and socioeconomic and geographic limitations, access to 
such centers may not be feasible. In addition, it has been reported that 
patients are less likely to have LT in those programs and have a higher 
risk of mortality after LT.[47,49] Narrowing this outcome gap is important 
to minimize the disparities across the transplant centers and to improve 
overall outcomes after LT at the national level.

Barriers to Liver Transplantation
Societal Beliefs, Traditions, and Religion
Traditions, beliefs, and religion play a strong role in daily life and de-
cision-making in many countries and are important in public attitude 
toward organ transplantation, particularly deceased-organ donation.[1,31]

Mistrust of Health Care System
Mistrust of the health care system and policymakers are another barrier 
in LT, with the belief that professionals have control over the organ 
transplantation process and legalities involving brain death for DDLT.
[15,44] Financial incentives and manipulation of transplant systems, as 
seen in South Africa in 2002 and Germany in 2013, resulted in dramatic 
decreases in donor numbers.[36,51] In China, unethical procurement of 
donor organs from prisoners without informed consent has disrupted 
the public trust in organizations.[52]

It was reported in 2007 that up to 10% of organ transplants worldwide 
are involved in organ trafficking or patients who travel abroad to buy 
organs from vulnerable people.[45,53] Declaration of Istanbul was devel-
oped to prevent human organ trafficking and to prevent the exploita-
tion of poor individuals/countries being organ donors to recipients of 
wealthy individuals/countries in 2008.[1] To overcome these barriers 
and regain public trust, we recommend transparency in every step of 
organ transplantation.[36]

Conclusion
With the success of the LT, the demand for liver exponentially increases 
while the number of donors remains relatively stable. The practice of 
LT varies widely depending on the region. To maximize the pool of 
available organs, the East should focus on improving deceased liver do-
nation, whereas the West needs to improve living-donor liver donation. 
Efforts must be made to approach the barriers in LT in multifaceted 
ways as LT is a life-saving treatment.
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