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Expanding living donor liver transplantation in the Western world:
changing the paradigm
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Abstract: Living donor liver transplantation (LDLT) in adults emerged in response to an effective donor
organ shortage created by the critical discrepancy between donor graft supply and demand. Due to the
scarcity of deceased donor liver graft in most of Asia, the utilization of LDLT has grown exponentially
however, this growth has not been reproduced in North America and Europe where LDLT still remains a
small percentage of total liver transplants performed. Despite a growing body of evidence demonstrating
superior survival outcomes in LDLT in addition to a multitude of other advantages including shorter cold
ischemia times, opportunity for pre-transplant medical optimization, and expansion of transplant eligibility,
concern over donor risk and technical challenges of the procedure still pose significant hurdles to increasing
rates of LDLT. Overcoming these hurdles not only requires increasing center experience and minimization
of donor risk, but also a major change in mentality by the Western transplant community to embrace LDLT
as a compulsory, rather than discretionary, part of liver disease surgical management. Changing the paradigm
to a “LDLT-first” approach at experienced, capable centers by routinely offering an LDLT option for the
majority of patients undergoing transplant evaluation will reduce an unacceptably high waitlist mortality and

drastically increase patients’ access to liver transplantation.
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Introduction transplants (DDLT) were performed that year (1) leaving

one-third of actively listed patients waiting >1 year for an

Initially conceived as a deceased donor operation, liver .
y P ’ available donor graft. Current deceased donor rates have

transplantation (LT') has been necessarily restricted by the also failed to meet the demands for LT in Canada and

availability of donor grafts. The lack of access to donor Europe where the widening donor organ supply-demand

grafts resulting from extremely low deceased donor rates
remains prevalent in Asia; however, even in Western
countries where organ donation is culturally accepted
and even promoted, the supply of donor grafts has not
proportionally increased to adequately meet increasing
demand. At the end of 2019, over 12,000 patients in the
United States were active on the national liver transplant

waiting list, however only 8,372 deceased donor liver
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gap in both regions have led to an estimated 20-25%
waitlist mortality over the past decade (2,3).

By expanding the donor pool, LDLT has reduced the
risk of waitlist mortality and broadened patient eligibility
for L'T" beyond the limitations of a MELD-dependent graft
allocation system. In addition, the elective nature of LDLT
provides a timing advantage—allowing patients to undergo
surgery after preoperative medical optimization but prior to
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Figure 1 Trend in total LDLT cases 2009-2019 in the United States and Canada based on OPTN data as of May 2020.
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Figure 2 Proportion of LDLT of total cases performed 2009-2019 in the United States and Canada.

becoming critically ill from liver failure.

Despite these advantages and their association with
improved outcomes compared to DDLT (4-8), the
expansion of LDLT in Western countries has not been
nearly as robust as that in Asia, comprising only 4.5% of
total LT performed in the United States and 15.6% of
transplants in Canada in 2019 (1,2). Despite increases in
experience, trends in living donor transplant cases in the
U.S. and Canada in the last decade have remained stable
with time (Figures 1,2). Aggregate reported data on number
of LDLTs performed by multiple national LT registries
from 2010-2014 have also demonstrated similar trends
across Europe ranging from as low as <1% of total LT in
French transplant centers to around 8% in Germany (9).
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Conversely, LDLT constituted approximately 90% of LT
activity between 1995-2005 in Asian transplant centers in
South Korea, Taiwan, Japan, and Hong Kong becoming
the predominant form of LT in this region soon after its
implementation (10,11).

In light of numerous and recent single-center, multi-
center, and national analyses supporting overall superior
survival outcomes after LDLT compared to DDLT, the
remaining major barrier to wider utilization of LDLT
outside of Asia is the risk of perioperative recipient, but
more importantly, donor morbidity and mortality in the
setting of a technically demanding and complex procedure.
As efforts in North American and Europe to further
maximize deceased donor organ supply have plateaued, it
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increasingly becomes imperative to address these obstacles
and allow for LDLT to play a much greater role in the
accepted treatment of liver disease. This review will
summarize the current status of LDLT in North America
and identify the strategies, resources, and infrastructures
necessary to change the paradigm towards a more durable
and integrated application of LDLT in the West.

Current status and recipient outcomes from
North American LDLT experiences

The findings from the Adult-to-Adult Living Donor Liver
Transplantation Cohort Study (A2ALL) established by
the National Institutes of Health in 2002 were critical
in shifting Western perceptions of LDLT and its role
in addressing the risk of waitlist mortality. As the first
prospective multi-center study evaluating LDLT donor
and recipient outcomes, this consortium of nine U.S.
experienced adult LDLT transplant centers demonstrated a
56% lower mortality risk in LDLT patients when compared
with a matched cohort of patients waiting for DDLT (12).
It additionally demonstrated a significant and sustained
unadjusted 10-year survival benefit of LDLT compared
to DDLT (70% vs. 64%) (13). These findings of superior
survival outcomes with LDLT were consistent when
compared with non-A2ALL transplant centers (14) and
have since been reliably reproduced in other large single-
center studies (4-8). Most recently, the largest single center
LDLT experience in the United States at the University
of Pittsburgh Medical Center compared outcomes of
245 adult LDLT with DDLT performed from 2009-2019
demonstrating a survival advantage at 3-year post-transplant
(86% wvs. 80%, P=0.03) (15). These analyses clearly
illustrate how LDLT implementation within the context
of the current liver allocation system intrinsically improves
survival probability—even when overall graft survival
rates are comparable to DDLT—through effective waitlist
mortality reduction.

Significantly higher risk of biliary and vascular
complications after LDLT attributed to the caliber and size
difference of the bile ducts and vessels was reported by the
A2ALL consortium and earlier single-center series (16).
However, interestingly, the risk of hepatic artery/portal
vein thrombosis and biliary stricture was not statistically
different between LDLT and DDLT in the University of
Pittsburgh cohort at 3-year follow-up. Although the series
did re-demonstrate a higher incidence of biliary leak after
LDLT compared to DDLT (11.8% vs. 7.1%, P=0.03), this
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occurrence was lower than the 26% reported by A2ALL (17).

The A2ALL consortium and non-A2ALL U.S.
transplant centers concurrently determined that center
LDLT experience and volume were essential to achieving
improved outcomes. Early center experience (<20 LDLT
cases) was associated with higher risk of graft failure [HR
1.83 (1.2-2.8) P=0.005] and conversely, increased survival
was demonstrated at higher case numbers (>30) (18).
Given these conclusions, the lower technical complication
rates reported by the University of Pittsburgh LDLT
series compared to its predecessors may be attributed
to the center’s exceptionally high LDLT rates (87.5 per
100-person years in 2018) and implementation of surgical
modifications to the procedure, such as routine graft
venoplasty for outflow reconstruction and more frequent
use of hepaticojejunostomy for biliary reconstruction, to
decrease recipient complications (15). These data attest
to the technical demands and challenges of the procedure
but also demonstrate that increased center experience can
overcome differences in surgical complications between
LDLT and DDLT after the learning curve has been passed.

Subgroup analyses evaluating outcomes for special
and expanded criteria LT populations from multiple U.S.
transplant centers have demonstrated comparable, if not
improved, patient and graft survival in LDLT compared
to DDLT. A2ALL follow-up studies performed within
HCV-infected cohorts found similar overall 3- and 5-year
patient and graft survival between LDLT and DDLT with
appropriate center experience (>20 LDLT cases) (19,20).
Early A2ALL post-transplant analyses on mortality and
recurrence in HCC patients reported comparable overall
survival but significantly higher 3-year recurrence rates
29% wvs. 0%, P=0.02) in patients who underwent LDLT
compared to DDLT raising concern that shorter time to
transplant leads to the inclusion of HCC patients with
more aggressive tumor biology who otherwise may have
eventually been dropped from DDLT consideration
for disease progression (21). In contrast, more recently,
the University of Toronto reported their intention-to-
treat analysis in a larger prospective study of 219 HCC
patients listed for LDLT and 632 listed for DDLT and
demonstrated a survival benefit with a 33% mortality risk
reduction in the LDLT due to shorter waiting period
and lower dropout rates (22). As-treated analysis of post-
transplant survival outcomes after LDLT compared to
DDLT were again found to be comparable but did not
detect differences in HCC recurrence between the two
groups, contrary to earlier reports. With increasing LDLT
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experience, several North American centers have begun to
expand LDLT eligibility to higher-risk recipients including
high MELD (>25) patients, retransplants, acute liver failure,
and tumors outside of accepted DDLT criteria (15,23-25).
The University of Pittsburgh demonstrated in their
series similar outcomes in these populations after LDLT
compared to DDLT and even improved survival in the
elderly with LDLT (15).

Finally, cost and resource utilization analyses at LDLT
centers have shown conflicting data on inpatient hospital
costs associated with LDLT however, the overall cost benefit
to the healthcare system resulting from improved recipient
survival and post-transplant outcomes is clearly evident
across all studies. Cost analysis of A2ZALL data found higher
hospitalization rates and increased inpatient costs associated
with management of living donor evaluation and post-
surgical care, however these differences were not significant
at experienced transplant centers (26). In contrast,
analyses by the University of Toronto and Pittsburgh have
demonstrated that, in facilitating transplantation at an
earlier stage in liver disease progression, LDLT promotes
faster post-operative recovery and shorter hospital stays in
transplanted cirrhotics leading to decreased hospital costs
and better resource utilization (14,27).

Overall, the current literature to date—including
expanded data from more recent large single-center
LDLT studies such as the University of Pittsburgh and
the University of Toronto, overwhelmingly supports the
safety and applicability of LDLT expansion at North
American centers based on recipient and graft outcomes
when compared to DDLT. However, these studies have
also demonstrated that quality of LDLT recipient and
graft outcomes directly correlate with transplant center
experience and technical expertise. These factors are even
more important in the consideration of donor-related
outcomes. This perceived demand for zero to near-zero
patient post-L'T" mortality in addition to comfortability with
a well-established—although limited—DDLT program
is hindering the wider utilization of a proven superior
option and it is imperative to pursue effective strategies to
overcome this barrier.

Optimizing donor selection and outcomes in
LDLT

Ensuring donor safety is the foremost priority of any live
donor program which begins with careful and methodical
donor evaluation, particular in the setting of LDLT
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given the operative risks of a major hepatic resection. All
experienced LDLT transplant programs are currently
equipped with standard operating live donor evaluation
protocols that ensure a thorough assessment prior to
organ donation. These generally involve (I) informed and
complete consent to donation (II) pre-operative medical
and surgical evaluation to ensure that live donors are
healthy individuals with minimal, if any, comorbidities (III)
imaging studies to assess for adequate graft to recipient
weight ratio (GRWR) and remnant volumes, in addition
to anatomic suitability, including presence of vascular and
biliary structure variations (28,29). Routine pre-operative
laboratory and psychological screenings required for DDLT
are also performed.

While donor selection must be strict to minimize their
perioperative morbidity and mortality, it is important to
not evaluate donor suitability in a vacuum—rather, in
the context of (I) the LDLT center experience/technical
expertise and (II) recipient needs and compatibility. Older
age, high BMI/obesity, and borderline GRWR, were all
historically major restrictions to LDLT due to theoretical
concern for risk of increased donor complications and
poorer outcomes overall however, experienced North
American centers are increasingly reporting on the safety
and comparable outcomes using live donors from these
higher-risk populations as their technical expertise and
comfort improves (30-32). High BMI, for example, is no
longer considered a contraindication for living donation
at many U.S. LDLT centers but rather an indication for
further testing, particularly to detect possible non-alcoholic
fatty liver disease (NAFLD) and over 15% of live donors in
the U.S. were reported to have BMI >30 (33).

Social and public education factors are also important
considerations in expansion of the live donor organ pool
and, consequently, the LDLT program size and volume in
North America. The University of Toronto has harnessed
strong social altruism and support in their community to
integrate anonymous donation in their LDLT program and
have performed 21 anonymous adult LDLTs to date (26).
This center, in addition to the University of Pittsburgh, has
also increasingly utilized the media and public educational
programs to increase live donor organ awareness
(14,26). Because of its underutilization and potential for
misinformation, it is important that potential live donors be
informed about the actual risks and benefits of LDLT and
given full autonomy to make the best decision for them.

Optimal donor selection not only relies on having a large
live donor organ pool composed of healthy individuals, but
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also requires consideration of the type of donor graft most
fitted for a recipient’s transplant needs. Here, striking the
delicate balance between minimizing surgical donor risk
and maximizing recipient graft outcomes is paramount. At
minimum, the donor graft volume needs to be large enough
to meet the functional demands of the recipient—generally
defined by GRWR >0.8—in order to avoid small-for-
size syndrome. Because of this, right-lobe (RL) live donor
grafts have historically been preferred to ensure adequate
graft function and survival however, left-lobe (LL) grafts
have been associated with fewer surgical complications.
Successful utilization of LL grafts to minimize donor
risk is appealing but for many years, the tradeoff between
avoiding donor risk and avoiding graft insufficiency was
highly debated. A recent series at UCSF comparing five-
year outcomes between RL and LL grafts in LDLT
demonstrated that appropriate use of LL grafts does not
impact long-term patient or graft survival, however more
frequently required graft portal flow modification compared
to RL grafts (34). These findings justified the shift towards
LL graft use to further reduce donor morbidity however,
fine discretion by the surgeon in assessing the correct
graft to use for each recipient is still needed, for example
selecting RL grafts for high MELD cases.

Finally, the evolution of minimally invasive liver surgery
and its application to LDLT for live donor hepatectomies
has served, in some centers, as another potential strategy
to mitigate donor surgical risk. The first laparoscopic
hepatectomy for use in pediatric LDLT was documented
in 2002 and since then, several single-center series—mostly
in Asia where LDLT predominates—have reported the
feasibility of purely laparoscopic or hybrid laparoscopically-
assisted donor hepatectomies (35-38). As more LDLT
centers have begun pursuing laparoscopic approaches to
live donor surgery, an international multi-institutional study
from both Western and Eastern centers evaluating its safety
and efficacy demonstrated comparable donor outcomes
to open standard donor hepatectomies (39). Despite the
potential for faster post-operative recovery and added appeal
to potential live donors, the steep learning curve of this
procedure compounded with the experience required for
standard open LDLT poses a significant hurdle to LDLT
growth already hindered by concern over donor outcomes.

Optimizing the LDLT framework to improve

implementation and growth

In addition to minimization of donor and recipient risk, the
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success and growth of LDLT in Western regions requires
widespread changes to existing infrastructures and policies in
order to optimize LDLT care on a systems-level basis. This
first entails setting up an effective multi-disciplinary team
and clinic for thorough and expeditious donor evaluation to
be able to schedule surgeries in a timely manner. The LDLT
program established at the University of Toronto well
exemplifies this model and is headed by a dedicated liver
transplant surgeon, a full-time medical director, and a full-
time nursing coordinator—all supported by administrative
assistants forming donor and recipient teams closely
coordinating together (28). Other major LDLT programs,
such as the one established at the University of Pittsburgh,
are fully incorporated into the center’s overall I'T" program
but also rely on a multi-disciplinary approach to evaluation
for LDLT with involvement from specialized transplant
hepatologists, nutritionists, social workers, and behavioral
health professionals, in addition to surgeon input (40).

Secondly, adopting an “LDLT-first” approach during
initial LT evaluation by offering LDLT as the first and
best option for most liver disease with low MELD scores
will contribute to tackling waitlist mortality in addition
to expanding LDLT experience. Achieving this requires a
vigorous outreach and education campaign on the safety and
benefits of living liver donation to overcome current patient
reluctance to participate as potential donors, as well as
reticence to offer LDLT by referring healthcare providers.
The University of Toronto utilized an outcomes data-
driven education campaign and a professional commitment
to a “donor safety first” approach to instill confidence in
their LDLT program amongst their referral base (28).
Starting in 2018, the University of Pittsburgh has invested
in a primarily digital marketing campaign for LDLT as a
broader outreach strategy to gain awareness of living liver
donation (41). Even with optimized infrastructures in place
at established transplant centers to execute a high volume of
LDLIT5, these outreach and education efforts are critical to
shift the paradigm of liver disease management back toward
LDLT in North America.

Third, centralization of LDLT to experienced high-
volume centers equipped with specialized personnel and
resources is necessary to accumulate the experience required
to ensure superior patient outcomes. Vigorous transplant
training programs must integrate training on LDLT
surgical techniques and medical management, in particular,
live donor and minimally invasive procedures, in order to
develop LDLT expertise early on in the next generation of
LT surgeons.
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Conclusion

Increased utilization of LDLT in the West first requires
increased acceptance of LDLT. Several published donor
deaths in the United States dealt a devastating blow to the
growth of LDLT in the early 2000s and only in the past
1-2 years has total LDLT volume in the U.S. recovered
to levels when this procedure peaked. Since then, donor
mortality—although not zero—has remained low between
0.2-0.4% and reported donor complication rates typically
ranging between 20-40% (15). Despite continuing
minimization of donor complications, prevailing intolerance
of non-zero donor mortality and perceptions of inflated
donor risk have contributed to the underutilization of
LDLT. Overcoming these barriers requires, not avoidance
of LDLT—a procedure with numerous advantages and
a potential solution to the critical organ shortage—but
rather constructing a framework that optimizes donor and
recipient variables for improved outcomes and minimized
risks. At the heart of it, LT as a field needs to change to
optimize conditions for both DDLT and LDLT in tandem

to work towards the goal of zero waitlist mortality.
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