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Abstract

The need for liver transplant and its timely nature are both equally vital for a patient with
end stage liver disease. But the ever-growing need for liver transplant across the entire
world threatens the two reasons that justify its very existence. The popularity of living
donor liver transplant has met great enthusiasm amongst the transplant physicians and
surgeons, as it is timely, and also yields superior survival benefit as compared to a
deceased donor liver transplant. Living donor liver transplant has been constantly
adapting to meet the needs of patients and the expanding wait list. The need for a living
donor liver transplant is not the same amongst the various parts of the world, because the
population and the disease burden is different. We looked at the trend of living donor
liver transplant across the world and also the change in practices over time including a
glimpse of what lies ahead for the next decades.

Keywords: living donor liver transplant, deceased donor liver transplant, graft recipient
weight ratio, small for size syndrome, United Network for Organ Sharing

1. Introduction

Liver transplant is the gold standard treatment for end stage liver disease (ESLD). This also,

being the most viable option for ESLD patients, as there is no bridging dialysis unlike end

stage renal disease (ESRD). ESLD patients therefore succumb to their disease in absence of a

timely liver transplant. In addition to the disease burden, the expanding list of waitlisted

patients and the relative shortage of deceased donor livers have subdued the attempts to

bridge the gap between the need v/s availability of deceased donor livers for transplant.

Therefore, to alleviate death on liver transplant waiting list, the donor organ pool was

expanded by living liver donation in the year 1989. In the decades to follow, the success of
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living donor liver transplantation (LDLT) and the growing burden of the waiting list, boosted

a revolutionary momentum amongst transplant physicians around the world, offering living

donor liver transplants for their waiting patients. But, the momentum of living donor liver

transplant was variable in different regions across the world. There were many factors that

contributed to this variability, the main ones being, (1) availability or access to deceased donor

organs, (2) etiological factors of liver failure and (3) individual surgical practices. The latter

pertains to the evolutionary changes of experience within the LDLT centers. The learning curve

of LDLT for the donor operation was relatively short given the previous experience of hepa-

tectomies for liver cancer, yielding an expeditious expansion of the living donor liver pool.

2. History

The revolutionary success of liver transplant at the University of Colorado in 1967, under

Dr. Thomas Starzl and colleagues [1] came after seven unsuccessful attempts of the team.

Although, this was a considerable technical milestone for transplantation, but the survival

after liver transplant at 1 year was dismal, 28.8–50% [1]. But after the discovery of cyclo-

sporine by Sir Roy Calne, its use in liver transplant paved the path for a modern era of liver

transplants with survival rates at 1 year rising to 78.6% [1]. The success of whole organ

deceased donor liver transplant further led to another technical milestone of split liver

transplant from a deceased donor in Germany [2]. Soon to follow was the success of living

donor liver transplant at the University of Chicago in 1989, by Christopher Broelsch and

colleagues. Around the same time, LDLTs in Australia, Brazil and Japan were successfully

performed [2], but as an emergency procedure. But, all these pioneered LDLTs had one

thing in common, that they were in-fact pediatric liver transplants utilizing the left lateral

segment grafts from the donor liver, and as the LDLT experience grew, various anatomical

split liver transplants for LDLT were performed with promising results for both adults and

children. As the individual experience of transplant centers grew over the learning curve of

at least 15 LDLTs, this allowed to broaden the acceptance of donor candidates for a safer

donor surgery, whilst also expanding the acceptance of LDLT to benefit more recipients.

Over the years, this has greatly helped reduce death on liver waiting list, whilst also

allowing friends and family members to actively participate in the well-being of their loved

ones by sharing a section of their healthy liver.

3. Liver transplant wait list mortality and MELD score

Wait-list mortality for liver transplant patients is variable across the world. This is mainly due

to the variability in access to organs and etiological factors of liver disease. Wait-list mortality,

therefore can be as high as 50% in Asia [3] and about 10% in Australia [4]. In United States,

over the last two decades, it has averaged at 10% [5].

In US, with the introduction of model for end-stage liver disease (MELD) by United Network

for Organ Sharing (UNOS) in 2002, livers are allocated based on MELD score using serum
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bilirubin, creatinine, sodium, and INR. According to the policies set forth by UNOS, certain

subsets of the wait-listed patients qualify for exception points to this calculated physiologic

MELD score. This allows for a preferential access to the allocated liver allografts. This helps

minimize death on waiting list for patients who are much sicker than it is captured with their

calculated physiologic MELD score or have disease processes that will progress but not cause

immediate mortality, which includes patients with hepatocellular carcinoma.

Hepatocellular Carcinoma (HCC) is the leading cause of cancer mortality in the world [6], with

overall 1 year survival rates below 50% and five-year survival as low as 10% for advanced

disease [7]. Surgical resection definitely improves survival in certain HCC cases. However, many

patients have unresectable disease or are cirrhotic, which dampens the survival benefit of resec-

tion in such cases [8]. For these subset of patients, liver transplantation has delivered excellent

survival benefit, compared to resection [9–11]. Therefore, the survival advantage of liver trans-

plant over other treatment options for HCC patients supported their inclusion to the MELD

exception policies of UNOS. The MELD exception points therefore allowed for earlier liver

transplantation of the qualified patients, thereby reducing the wait-list mortality to 4.49% for

patients listed with MELD exception points. However, the preferential allocation and subsequent

liver transplant came at the cost of a significantly higher waiting list mortality of 24.6% for

patients without MELD exceptions [12]. This raises an ethical controversy of unequally sharing

the public resource of deceased donor organ pool. Although the aim of MELD based allocation,

was to objectively quantify the sickness of a cirrhotic patient allowing a better way of resource

allocation. However, the disadvantage of certain factors causing immediate mortality that were

not measured by the MELD score, like bleeding complications and encephalopathy, unknow-

ingly advantaged the MELD exception group. This led to higher wait-list mortality (24.6 VS

4.49%), higher mean waiting time (180% higher) and a lower transplant rate (40% vs. 79%) for

patients without MELD exceptions [12].

4. The need for LDLT

For the western world, LDLT is a viable alternative to bridge the gap between the need for liver

transplant and the limited deceased donor liver allografts. It therefore allows for better resource

allocation by increasing the total donor organ pool. However, for the eastern world, LDLT

serves as the lifeline, as it provides for the majority of liver transplants (Figure 1) [13]. This is

due to the disproportionately low number of deceased donors in the East vs. the West. In the

year 2000, there were 0.07–6.5 deceased donors per million populations in Asia, whereas 35.1

and 25.2 deceased donors per million population in Spain and the US respectively (Figure 2)

[13]. The lack of deceased donation rates in the eastern world has been largely crippled by the

cultural and religious barriers of the public, limiting acceptance of the concept, and therefore

practice of organ donation for transplant [14, 15]. Due to these factors, Asia follows a much

stricter organ allocation based entirely on MELD score with no exception points. Hence tumor

progression due to the longer waiting time rendering a patient non-transplantable has been a

grave concern. For these subset of patients, LDLT allows for a timely transplant to limit further

spread of HCC and also providing another valuable resource and choice to patients waiting for

a liver transplant.
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5. Living donor liver transplant: statistics

In United States, until 1991, LDLT, an alternative to deceased donor liver transplant (DDLT) was

offered at only one center. But by 2001, 67 transplant centers were offering LDLT for their

patients. Its contribution to the US donor organ pool for livers started slow, but expanded

Figure 1. Comparison of annual deceased (cadaveric) and living-donor liver transplantation rates in Hong Kong, Japan,

Korea, and Taiwan (pooled data) [13].

Figure 2. Number of deceased (cadaveric) donors per 1 million population (pmp) in different countries in the year 2000

[13].
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exponentially within a decade. In 1991, the 22 LDLTs (0.75% of all liver transplants) at only one

center in United States, rose to 524 total LDLTs (10% of all liver transplants) by the year 2001 [16].

This opportunity to offer LDLT for patients was met with much greater enthusiasm in Asian

transplant centers, who had been suffering with low deceased donation rates due to the earlier

discussed barriers. Asian transplant centers (comprising of Japan, Hong Kong, Korea and Tai-

wan) started with about 50 LDLT cases in 1999, but in less than a decade, rose to 1387 (>90% of

all liver transplants) by 2005 [17], a much greater rise when compared to United States.

Figure 3. Post-transplant patient survival [18].

Figure 4. Cumulative risk of death whilst waiting for a liver transplant, compared to LDLT based on center experience

and DDLT [19].
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The encouraging growth in LDLT volume and its timed elective nature, yielded superior graft

and patient survival when compared to DDLT (Figure 3) [18]. But it is noteworthy, the Adult-

to-Adult Living Donor Liver Transplantation Cohort Study (A2ALL) group in United States

showed that a low volume LDLT transplant center (center case no. <20) had far poorer out-

comes when compared to DDLT (Figure 4) [19]. This echoes the learning curve that follows a

novel surgical technique but also the updation of the infrastructure that a transplant center

needs during the initial experience.

6. Trend of living liver donors

As the experience grew with LDLT amongst the transplant surgeons, there was constant fine

tuning of the technique for both the donor and recipient operations. The refinement of tech-

nique allowed for the donors who were once considered anatomically unfeasible to be much

more openly accepted, further increasing the living liver donor pool available for transplant.

6.1. Donor age

The majority of living liver donors in United States are <50 year old patients. But in the three

decades since the first successful LDLT in Chicago, the living liver donor pool for donors

>50 years and also for >65 year old, has doubled (Figure 5), whilst reducing the percentage

share of the living donor pool from <50 year old donors. This is largely due to the reduced no.

of <50 year old live liver donors available, further complicating the increased burden on the

liver transplant waiting list in United States. Therefore, this increased demand has somewhat

driven the acceptance of extended age spectrum for living liver donors.

Increased donor age, i.e., above 50 years has profound negative impact on long term patient

survival after a Deceased Donor Liver Transplant (DDLT) [21]. This is thought to be largely

due to the poor tolerance of such liver allografts to longer cold ischemic times and the

ischemia-reperfusion injury that follows. In LDLT too, donor age > 50 years negatively impacts

recipient survival [22, 23], but not at a significant rate when compared to the DDLT experience

with older donors. But the reduced patient survival is hard to explain, especially when LDLT

has much shorter cold ischemic times which are significantly higher in a DDLT.

Liver allograft regeneration in LDLT has been shown to be impaired in older liver donor

allografts [22], however this effect seems to disappear in a prospective study [24]. At a molec-

ular level, activation of phosphorylated-Signal Transducer and Activator of Transcription 3 (p-

STAT3) gene through signal transduction of cytokines protects hepatocytes from apoptosis

and oxidative stress [25] and p-STAT 3 is under-expressed in LDLT from donors>50 years [25].

This imbalance of anti-apoptotic and anti-oxidative functions at the cellular level could explain

the reduced graft and patient survival in living donor liver transplant from older donors.

Therefore, although LDLT is preferable from a younger donor, but LDLT from older donors,

still confers a far superior survival advantage in comparison to waiting on the liver transplant

wait-list.
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6.2. BMI and macrosteatosis

Hepatic steatosis marginalizes the quality of the allograft by compromising graft and patient

survival in short and also long term [26, 27]. It is also associated with higher incidences of

Primary Non-Function (PNF) [27] in DDLT. The positive predictive value of PNF after a DDLT

based on a deceased donor liver biopsy can be as high as 90% [28], therefore transplant centers

when accepting donor livers>30% macrosteatosis on liver biopsy are cautious, and control

other variables that can jeopardize the outcomes, like cold ischemic time and warm ischemic

time [29]. But, such detailed causal relationship of hepatic steatosis with PNF has not been well

studied in LDLT. Furthermore, to establish the true level of hepatic steatosis, a liver biopsy is

needed which carries although low but un-needed risks for the living donor, i.e. 5% risk of

serious complication and 1% risk of significant bleeding and 1 in 10,000 risk of a fatality [30,

31]. Therefore, transplant centers tend to avoid routine liver biopsies in living liver donors

during evaluation, but some, instead rely on the BMI as an indicator of hepatic steatosis [32].

But obesity has been rising in the last two decades across the world. In 2012, in United States,

69% people were overweight (BMI > 25) and 35% obese (BMI > 30) [33]. Therefore, in presence

of the obesity epidemic, and the rising liver transplant waiting list, should transplant centers

be selective in choosing living liver donors with BMI > 30, especially when it has been

demonstrated that BMI > 30 is not a contraindication for live liver donation [34]. The yield of

such a donation also had comparable results for donor safety and donor complications in both

short and long term when compared with live liver donors with BMI < 30. Furthermore, the

recipients also enjoy similar graft/patient survival both in short and long term (Figure 6) [34].

Therefore, when considering obese live liver donors, accepting Graft Recipient Weight Ratio

(GRWR) of a higher value (1.42 vs. 1.17, p = 0.0001) can yield the desired donor safety and

comparable recipient outcomes [34]. However, there is no ideal GRWR, that is considered

optimal in an obese live liver donor, because values as low as 0.74 have successfully achieved

comparable and good recipient outcomes [35]. It is also thought that various techniques for

Graft Inflow Modulation (GIM) allows for accepting and safely transplanting a lower GRWR

liver allograft in LDLT to minimize Small For Size Syndrome (SFSS) [36], whereas others are of

Figure 5. Age distribution of living liver donors in the last three decades in the US [20].
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the belief that higher portal pressures on the contrary help in liver regeneration [35, 37] thereby

avoiding the need for GIM.

6.3. The debate of right vs. left lobe donor hepatectomy

The very first few LDLTs performed were in pediatric patients, utilizing Left Lateral Segment

(LLS) liver grafts. This was technically easier for the recipients, whilst offering higher level of

donor safety. Both these factors were paramount in gaining the needed success and popularity

of LDLT across the world. Meanwhile in adult recipients, right lobe versus left lobe LDLTwas

debated heavily for two decades. The debate aimed at balancing donor safety and recipient

outcomes. Although, logic and ethics favored donor safety, but the recipient risks and outcome

were equally important, thus feeding the debate. Normally, the right lobe of the liver is larger

and denser than the left lobe, which is much smaller and flatter. Therefore, a left lobe hepatec-

tomy generates a smaller allograft providing higher safety for the donor but limiting the choice

of recipient. This blunted the popularity of LDLT in adult patients. But in 1997, the feasibility

of using a right lobe liver graft safely in adults by overcoming the graft size matching, opened

the gateway for adult LDLTs [38, 39].

In United States, right lobe living donor hepatectomy remained the choice for 95% adult

LDLTs, between 1998 and 2009 [40]. Although the number of left lobe living liver donors were

smaller for statistical inference, nonetheless, A2ALL consortium concluded, a higher rate of

donor complications with left lobe donation. The Turkish group also noted similar findings,

whereby performing 91% right lobe LDLTs between 2007 and 2011, they experienced higher

donor complications for left lobe liver donation [41]. Arguably both in the US and Turkey, the

number of left lobe liver donation was far smaller for a meaningful covariate analysis, instead,

it hinted towards the importance of individual surgeon experience in right or left lobe donor

hepatectomy.

Figure 6. LDLT patient survival based on BMI [34].
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The experience in the east was entirely different at the five-large volume Asian transplant

centers (Seoul, Hong Kong, Taiwan, Kyoto and Tokyo), wherein 38% were left hepatic lobe

donation versus 62% right lobe between 1990 and 2001, with lower complication rates for left

lobe donation 7.5 vs. 28% [42]. Furthermore, when the transplant centers performed more left

lobe hepatectomy as compared to the right (762 vs. 500), the lower donor complication rates for

the left lobe liver allografts even reached statistical significance (18.8 vs. 44.2%, p < 0.05) [43].

In summation, the combined experience of living donor hepatectomy across the eastern and

western world resonates, that the success of surgery with lower donor complication rates is

heavily dependent on the experience of surgeons and their individual practice, than just the

laterality of the hepatic lobectomy. Inherently, a living donor transplant carries high stakes, as

a donor death or higher complication rate can significantly impact the LDLT practice of an

entire nation. In 2001, United States performed a record no. of LDLTs, i.e., 524. But the

infamous living liver donor death later that year, crippled the LDLT practice of US to this date,

annually averaging to only about 300 LDLTs.

7. Advances in LDLT

7.1. Dual lobe liver transplant

Donor Safety is paramount to the success of LDLT and also for the transplant program. There-

fore, inadequate graft size is a major obstacle, considering the low number of donors willing and

suitable to donate. Inadequate graft size along with portal hyper-perfusion can lead to Small For

Size Syndrome (SFSS), a clinical syndrome characterized by postoperative coagulopathy and

liver dysfunction. Various modes of GIM have been proposed to minimize the portal hyper-

perfusion and also minimize congestion, but little focus has been on how to encompass the low

GRWR. Therefore, dual lobe liver transplant, a technical advancement to the standard LDLT has

been described and safely practiced [44] by certain centers. Herein, dual allografts from two

separate donors are transplanted heterotopically and orthotopically in one recipient; yielding

higher liver volume for better recipient outcome and at the same time, be safer for the living

donor(s) (Figure 7). Besides being a technically complex operation, it comes with immunological

challenges of acute rejection between the two grafts and the recipient, and also between the

grafts itself, including the risk of Graft Versus Host Disease (GVHD).

7.2. ABO-i liver transplant and paired exchange

ABO-incompatible (ABO-i) living donor liver transplants have been in discussion and sparse

use for almost three decades, and is reserved for urgent cases only. This is because the five-

year patient survival rates in adults are abysmally low at 22% [45]. Therefore, ABO-i LDLT has

unpopular amongst transplant surgeons. But in 2003, Rituximab, an anti-CD20 monoclonal

antibody was introduced in liver transplantation with excellent graft and patient survival rates

for ABO-i LDLT [46]. Since then, there have been various immune-modifications by adding

plasmapheresis, splenectomy or immunoadsorption columns to Rituximab therapy, in order to

successfully cross the blood group incompatibility barrier.
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The other alternative to blood group incompatible liver transplant is liver paired exchange.

This requires a very high level of coordination between multiple transplant teams as it can be a

logistical puzzle. A paired exchange liver transplant in essence, offers superior survival advan-

tage over an ABO-i liver transplant, but the level of communication can strain the system to

fail. There are also socio-cultural issues amongst patients in accepting someone else’s organ,

therefore the success rate of liver exchange matching can be as low as <10% [47]. But its

conceptual possibility has been well established with excellent outcomes.

ABO-i liver transplants have a valuable role in patients where socio-cultural barriers deter

them from participating in the exchange program. At the same time, certain patients cannot

tolerate higher level of immunosuppression and therefore will not be suitable for an ABO-i

liver transplant, requiring higher levels of immunosuppression and immune-modulation. But,

the availability of multiple options offer valuable and real choices for patients, that meet their

individual needs and agrees with their beliefs.

7.3. Tolerance in liver transplant

The liver has been considered very tolerant in solid organ transplantation, but its mechanism is

still unclear. Application of regulatory T (T-reg) cells are in experimental stages, but have offered

promising early results in solid organ transplantation including LDLT. However, most studies

have focused on the applicability and short-term success as of now, but there is a real concern of

chronic rejection with auto-antigens in T-reg therapies.

8. Summary

After the first decade following the inception of LDLT, there were refinements to the surgical

technique and in the process of evaluation to select a suitable donor. There were also lessons

learnt on how best to select a suitable recipient for LDLT. After being surgically refined, the

second decade offered advancements to the learnt lessons on how to extend the donor accep-

tance boundaries, and at the same time, how best to match the extended spectrum donor to the

Figure 7. Adult to adult living donor liver transplant, using dual grafts [44].
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most appropriate recipient. This benefitted the growing need for liver transplant versus the

sparse availability and poor access to deceased donor livers.

The current decade has been focused on entertaining further advancements not just in tech-

nique, but in immunosuppression and disease control i.e. hepatitis C treatment.

LDLT in summary has come a long way since 1989, and the future progress is yet to be seen in

the direction of 3D-bioprinting, cell therapy and crossing the barrier into successful xenotrans-

plantation.

Author details

Ramesh K. Batra* and David C. Mulligan

*Address all correspondence to: drrkbatra@gmail.com

Section of Transplantation and Immunology, Department of Surgery, Yale School of Medicine,

Yale University, New Haven, CT, USA

References

[1] Starzl TE, Iwatsuki S, van Thiel DH, et al. Evolution of liver transplantation. Hepatology

(Baltimore Md). 1982;2(5):614-636

[2] Pichlmayr R, Ringe B, Gubernatis G. Transplantation of a donor liver to 2 recipients

(splitting transplantation): A new method in the further development of segmental liver

transplantation. Langenbecks Archiv für Chirurgie 1988;373:127-130

[3] Rela M, Reddy MS. Living donor liver transplant (LDLT) is the way forward in Asia.

Hepatology International. 2017;11:148

[4] Fink MA, Berry SR, Gow PJ, Angus PW, Wang B-Z, Muralidharan V, Christophi C, Jones

RM. Risk factors for liver transplantation waiting list mortality. Journal of Gastroenterol-

ogy and Hepatology. 2007;22:119-124

[5] Kim WR, Therneau TM, Benson JT, Kremers WK, Rosen CB, Gores GJ, Dickson ER.

Deaths on the liver transplant waiting list: An analysis of competing risks. Hepatology.

2006;43:345-351

[6] Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world cancer burden: Globocan

2000. International Journal of Cancer. 2001;94:153-156

[7] Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular carcinoma incidence, mortal-

ity, and survival trends in the United States from 1975 to 2005. Journal of Clinical Oncol-

ogy. 2009;27(9):1485-1491

Trends and the Current Status of Living Donor Liver Transplant
http://dx.doi.org/10.5772/intechopen.74818

177



[8] Llovet JM1, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet. 2003 Dec 6;362(9399):

1907-1917

[9] Figueras J, Jaurrieta E, Valls C, Ramos E, Serrano T, Rafecas A, et al. Resection or trans-

plantation for hepato- cellular carcinoma in cirrhotic patients: Outcomes based on indi-

cated treatment strategy. Journal of the American College of Surgeons. 2000;190:580-587

[10] Gonzalez-Uriarte J, Valdivieso A, Gastaca M, Errasti G, Campo M, Hernandez MJ, et al.

Liver transplantation for hepatocellular carcinoma in cirrhotic patients. Transplantation

Proceedings. 2003;35:1827-1829

[11] Figueras J, Jaurrieta E, Valls C, Benasco C, Rafecas A, Xiol X, Fabregat J, Casanovas T,

Torras J, Baliellas C, Ibanez L, Moreno P, Casais L. Survival after liver transplantation in

cirrhotic patients with and without hepatocellular carcinoma: A comparative study.

Hepatology 1997;25:1485-1489

[12] Northup PG, Intagliata NM, Shah NL, Pelletier SJ, Berg CL, Argo C K. Excess mortality

on the liver transplant waiting list: Unintended policy consequences and model for end-

stage liver disease (MELD) inflation. Hepatology. 2015;61:285-291

[13] de Villa VH, Lo CM, Chen CL. Ethics and rationale of living-donor liver transplantation

in Asia. Transplantation. 2003;3(Suppl):S2-S5

[14] Nakahara N. Reflections by the families of organ donors in Japan. EDTNA ERCA Journal.

1998;24:23

[15] Yeung I, Kong SH, Lee J. Attitudes towards organ donation in Hong Kong. Social Science

& Medicine. 2000;50: 1643

[16] http://optn.transplant.hrsa.gov

[17] Ng KK, Lo CM. Liver transplantation in Asia: Past, present and future. Annals of the

Academy of Medicine, Singapore. 2009 Apr;38(4):322-310. Review

[18] Goldberg DS, French B, Abt PL, Olthoff K, Shaked A. Superior survival using living

donors and donor-recipient matching using a novel living donor risk index. Hepatology.

2014 Nov;60(5):1717-1726. DOI: 10.1002/hep.27307. Epub 2014 Oct 2

[19] Berg CL, Gillespie BW, Merion RM, et al. Improvement in survival associated with adult-

to-adult living donor liver transplantation. Gastroenterology. 2007;133:1806-1813

[20] Batra RK. Changing Living Donor Complexity in United States. Presented at Yale-

Cambridge Transplantation Symposium; 2017

[21] Shiffman ML, Saab S, Feng S, et al. Liver and intestine transplantation in the United States

1995-2004. American Journal of Transplantation. 2006;6(5 pt 2):1170

[22] Akamatsu N, Sugawara Y, Tamura S, et al. Impact of live donor age (≥50) on liver transplan-

tation. Transplantation Proceedings. 2007;39:3189

[23] Wang K, Jiang WT, Deng YL, Pan C, Shen ZY. Effect of donor age on graft function and

long-term survival of recipients undergoing living donor liver transplantation.

Hepatobiliary & Pancreatic Diseases International. 2015 Feb;14(1):50-55

Liver Research and Clinical Management178



[24] Iwamoto T, Yagi T, Umeda Y, et al. The impact of donor age on the outcome of adult

living donor liver transplantation. Transplantation. 2008;85:1240-1245

[25] Haga S, Terui K, Zhang HQ, et al. Stat3 protects against Fas-induced liver injury by

redox-dependent and -independent mechanisms. The Journal of Clinical Investigation.

2003;112:989

[26] Marsman WA, Wiesner RH, Rodriguez L, Batts KP, Porayko MK, Hay JE, et al. Use of

fatty donor liver is associated with diminished early patient and graft survival. Trans-

plantation. 1996;62:1246-1251

[27] Ploeg RJ, D’Alessandro AM, Knechtle SJ, Stegall MD, Pirsch JD, Hoffmann RM, et al. Risk

factors for primary dysfunction after liver transplantation—A multivariate analysis.

Transplantation. 1993;55:807-813

[28] D’Alessandro AM, Kalayoglu M, Sollinger HW, Hoffmann RM, Reed A, Knechtle SJ, et al.

The predictive value of donor liver biopsies on the development of primary nonfunction

after orthotopic liver transplantation. Transplantation Proceedings. 1991;23:1536-1537

[29] Maggi U et al. Ischemia time and liver transplantation, today. Transplantation Proceed-

ings;46(7):2295-2299

[30] Van Ness MM, Diehl AM. Is liver biopsy useful in the evaluation of patients with chron-

ically elevated liver enzymes? Annals of Internal Medicine. 1989;111:473-478

[31] Goddard CJ, Warnes TW. Raised liver enzymes in asymptomatic patients: Investigation

and outcome. Digestive Diseases. 1992;10:218-226

[32] Rinella ME, Alonso E, Rao S, et al. Body mass index as a predictor of hepatic steatosis in

living liver donors. Liver Transplantation. 2001;7:409-414

[33] Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult obesity in the

United States, 2011-2012. Journal of the American Medical Association. 2014;311:806-814

[34] Knaak M, Goldaracena N, Doyle A, Cattral MS, Greig PD, Lilly L, McGilvray ID, Levy

GA, Ghanekar A, Renner EL, Grant DR, Selzner M, Selzner N. Donor BMI >30 is not a

contraindication for live liver donation. American Journal of Transplantation. 2017;17:

754-760

[35] Agarwal S, Goyal N, NayeemM, Pareek S, Gupta, S. Living donor liver transplantation in

patients weighing ≥100 kg: Low graft weight and obesity do not impact outcomes. Liver

Transplantation. 2017;23:35-42

[36] Kaido T, Mori A, Ogura Y, Hata K, Yoshizawa A, Iida T, et al. Lower limit of the graft-to-

recipient weight ratio can be safely reduced to 0.6% in adult-to-adult living donor liver

transplantation in combination with portal pressure control. Transplantation Proceed-

ings. 2011;43:2391-2393

[37] Lee SD, Kim SH, Kim YK, Lee SA, Park SJ. Graft-to-recipient weight ratio lower to 0.7% is

safe without portal pressure modulation in right-lobe living donor liver transplantation

with favorable conditions. Hepatobiliary & Pancreatic Diseases International. 2014;13:18-24

Trends and the Current Status of Living Donor Liver Transplant
http://dx.doi.org/10.5772/intechopen.74818

179



[38] Lo CM, Fan ST, Liu CL, et al. Extending the limit on the size of adult recipient in living

donor liver transplantation using extended right lobe graft. Transplantation. 1997;63:1524

[39] Lo CM, Fan ST, Liu CL, et al. Adult-to-adult living donor liver transplantation using

extended right lobe grafts. Annals of Surgery. 1997;226:261

[40] Abecassis MM, Fisher RA, Olthoff KM, Freise CE, Rodrigo DR, Samstein B, Kam I,

Merion RM, The A2ALL study group. Complications of living donor hepatic lobectomy

—A comprehensive report. American Journal of Transplantation. 2012;12:1208-1217

[41] D Ozgor, A Dirican, M Ates, F Gonultas, C Ara, S Yilmaz. Donor complications among

500 living donor liver transplantations at a single center. Transplantation Proceedings.

2012;44:1604-1607

[42] Lo CM. Complications and long-term outcome of living liver donors: A survey of 1,508

cases in five Asian centers. Transplantation. 2003;75(3 Suppl):S12

[43] Iida T, Ogura Y, Oike F, Hatano E, Kaido T, Egawa H, et al. Surgery-related morbidity in

living donors for liver transplantation. Transplantation. 2010;89:1276-1282

[44] Lee SG, Hwang S, Park KM, Kim KH, Ahn CS, Lee YJ, Cheon JY, Joo SH, Moon DB, Joo

CW, et al. Seventeen adult-to-adult living donor liver transplantations using dual grafts.

Transplantation Proceedings. 2001;33(7-8):3461-3463

[45] Egawa H, Oike F, Buhler L, et al. Impact of recipient age on outcome of ABO-incompatible

living-donor liver transplantation. Transplantation. 2004;77:403-411

[46] Egawa H, Teramukai S, Haga H, et al. Impact of rituximab desensitization on blood-type-

incompatible adult living donor liver transplantation: A Japanese multicenter study.

American Journal of Transplantation. 2014;14:102-114

[47] Hwang S, Lee S-G, Moon D-B, Song G-W, Ahn C-S, Kim K-H, Ha T-Y, Jung D-H, Kim K-

W, Choi N-K, Park G-C, Yu Y-D, Choi Y-I, Park P-J, Ha H-S. Exchange living donor liver

transplantation to overcome ABO incompatibility in adult patients. Liver Transplanta-

tion. 2010;16:482-490

Liver Research and Clinical Management180


