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Current literature and policy in pediatric liver allocation and organ procurement are reviewed here in narrative fash-

ion, highlighting historical context, ethical framework, technical/procurement considerations, and support for a logical

way forward to an equitable pediatric liver allocation system that will improve pediatric wait-list and posttransplant

outcomes without adversely affecting adults. Where available, varying examples of successful international pediatric

liver allocation and split-liver policy will be compared to current US policy to highlight potential strategies that can

be considered globally.
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Adaptation of longterm immunosuppressive regimens
and developments in medical care and surgical techni-
ques have contributed to >90% longterm patient and
graft survival for pediatric liver transplant recipients.

However, several areas of concern remain including mor-
tality on the waiting list in young candidates and variable
wait times. As we strive for better quality of survival,
pediatric providers are compelled to recognize that mor-
tality is not the only issue of concern as chronically ill
children linger on the waiting list. Longterm morbidity
of increased pediatric wait-list times and decreased rates
of transplantation may compromise physical, neurologi-
cal, and social development. Timely transplantation in
children will not only reduce mortality but has the poten-
tial to improve quality of life and lower societal burden.

Pediatric Liver Wait-List
Morbidity and Mortality
In the United States, mortality of pediatric patients on
the liver transplant waiting list persists despite improved
care for patients with end-stage liver disease and direct-
ed efforts to increase pediatric priority in liver allocation.
Annual pediatric liver wait-list mortality rates in the
United States have ranged from 7% to 12% over the
past 5 years.(1) Of 581 children on the waiting list in
2013, 541 underwent transplantation, and 49 were
removed because of death or being too ill to trans-
plant.(1) Pretransplant mortality has improved gradually
over time and is now overall currently 6 deaths per 100
wait-list years. However, the highest mortality rates
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wait-list years in 2014, with a peak of 41 deaths per 100
wait-list years in 2005-2006; Fig. 1). Wait-list out-
comes in neonates and young infants are even worse.(2)

In 2014, 63% of candidates had been waiting for less
than 1 year, but 12.2% had been waiting for 1-2 years
and 24.8% for more than 2 years.(1)

Published information on pediatric transplantation
exists for allocation systems in Eurotransplant (ET;
which comprises Austria, Belgium, Croatia, Germany,
Hungary, the Netherlands, Luxembourg, and Slovenia),
Brazil, Australia, and the United Kingdom. However,
wait-list mortality rates have only been described in
Brazil and Australia, where rates of pediatric liver wait-
list mortality were 12%-15% and 6.4%, respectively.(3,4)

Morbidity is not robustly described in the pediatric
liver wait-list and posttransplant population. Ng et al.(5)

demonstrated that only 34% of survivors had an “ideal
outcome” (defined by normal clinical and biochemical
allograft parameters and absence of immunosuppressive
morbidities) at 10 years following transplant. Health-
related quality of life (HRQOL) revealed lower patient
self-reported total scale scores when compared with
matched healthy children. Lower HRQOL was associ-
ated with prolonged hospitalization at transplant, reop-
erations, and growth failure at the time of transplant.(6)

The relationship between these longterm outcomes and
increased pediatric wait-list times has not been specifi-
cally explored but are likely to be related because

posttransplant impairment is related to the degree of ill-
ness at time of transplantation. Wait time and its related
comorbidities are not equivalent when comparing a full-
grown adult to a developing child.

Ethical Considerations
Deceased donor livers remain a limited resource,
despite the wider utilization of technical variant liver
transplants that now make it possible for children to
have access to adult deceased donor allografts. This
scarcity could be mitigated by increasing rates of living
donor liver transplantation or using extended donor
criteria to expand the organ pool. Unfortunately, these
strategies have had minimal overall impact to date
upon wait-list outcomes in children. Organ allocation
systems continue to play a primary role in determining
wait time and likelihood of transplantation on the
pediatric liver waiting list.

Different pediatric liver allocation systems around
the world are subject to a myriad of influences, includ-
ing but not confined to society, culture, and resources.
Caring for children and contributing to their survival is
a universal human impulse that was codified by the
League of Nations in 1924 in “The Declaration of the
Rights of the Child,” which recognized that “mankind
owes to the Child the best it has to give,” and accept-
ing it as duty that “beyond and above all considerations
of race, nationality or creed. . .the child must be given
the means requisite for its normal development, both
materially and spiritually. . .the child must be the first
to receive relief in times of distress.” The Declaration
of Geneva, as it came to be known, was adopted unani-
mously by members of the United Nations General
Assembly in 1959.

The United Network for Organ Sharing (UNOS)
Pediatric and Ethics Committee created a white paper
to support pediatric priority in organ allocation in 2015,
entitled “The Ethical Principles of Pediatric Organ
Allocation.” This document was broadly written to sup-
port pediatric priority across solid organ transplant allo-
cation and highlighted 4 ethical arguments for support:
the Prudential Lifespan Account, the Fair Innings
Argument, the “Maximin” Principle, and the concept of
utility.(7) The authors argue for an allocation system for
children that not only incorporates wait-list mortality,
but also takes into account the longterm and societal
costs incurred from lingering on the waiting list. The
Prudential Lifespan Account principle supports a con-
sensus to invest resources across life with the goal of
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FIG. 1. Pretransplant mortality rates among pediatric liver trans-
plant candidates. From Kim et al.(1) (2016).
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maximizing potential to thrive in the foundational early
stages of life. “Fair Innings” reasons that every individu-
al deserves to experience a full life and resources are best
used to utilize every opportunity to reach a full life. The
“Maximin” principle states that inevitable inequality in
allocation should be tempered by a tolerance only when
the greatest benefit is given to the least advantaged
members of society. Pediatric candidates are vulnerable
and disadvantaged and should be conferred priority.
The final principle, the concept of utility, is highlighted
by the markedly superior 10-year patient survival of
pediatric patients when compared with adults (in liver,
74% versus 56%).(7)

Procuring the Optimal
Liver Graft in Pediatric
Transplantation

OUTCOMES BY GRAFT TYPE

To a certain point, the availability of multiple graft
options for children has resulted in improved wait-list
mortality; several documented series demonstrate
excellent outcomes and highlight areas of opportunity
that are summarized briefly here.

In a multicenter Organ Procurement and Transplant
Network (OPTN) analysis, living donor transplantation
has been associated with improved outcomes particularly in
the youngest recipients under an age of 2 years.(8,9)

Unmatched overall living donor outcomes at 5 and 10 years
are incrementally better as compared with deceased donor
outcomes in the Scientific Registry of Transplant Recipi-
ents database between 1991 and 2013.(1,10) Whole organ
transplant overall has been demonstrated to have improved
outcomes in overall pediatric cohorts(11,12) as compared
with technical variant grafts, but availability of these pediat-
ric donor organs varies by regional supply or allocation poli-
cy, particularly in Western countries.(13) Other data have
demonstrated similar 10-year patient and graft outcomes
across all graft types in children, which underscores the
importance of center experience and technical expertise.(14)

EXPANDING THE PEDIATRIC
DONOR POOL: TECHNICAL
OPTIONS AND EXTENDED
DONOR CRITERIA

Practice in selection of organ type in pediatric liver trans-
plantation varies regionally and is dependent on organ

availability as well as legal and medical practice and exper-
tise. Extensive experience in living donor transplantation in
children was borne out of necessity in East Asian countries
(Japan, Korea) and in South America out of poor or irregu-
lar access to deceased donation. The European experience
has focused primarily on technical variant grafts as a means
to improve organ utilization. Recent US data indicate
whole livers were used in 64% of pediatric liver transplants
between 2011 and 2013 with an additional 26.5% partial
or split grafts and 9.5% living donor grafts.(10) Living
donor grafts comprised between 7.8% and 10% of the
pediatric liver transplants performed between 2011 and
2013; this number has decreased somewhat from an aver-
age of 14.9% between 2001 and 2003. This decline in liv-
ing donor liver transplants in the United States has not
been fully explained but may be temporally linked to a
high-profile donor death in 2002.(15) Highly publicized
coverage of rare donor deaths and risk adverse center prac-
tice may have tempered the subsequent rise in the rate of
US living liver donation.

The variation in use of whole livers, split grafts, and liv-
ing donor grafts in the United States also is clearly multi-
factorial and in part can be explained by regional variation
in availability of pediatric whole grafts, center experience
in split grafts or living donors, and concern over impact on
recipient outcomes. As long as wait-list mortality persists,
however, a need exists to use all available methods, espe-
cially technical variant grafts to resolve this issue. US and
international data now suggest equivalent outcomes for
technical variant grafts that should drive increased utiliza-
tion of split-liver transplantation. Despite evidence that
the learning curve can be overcome, increased cooperation
across centers is still needed as well as networks that can
support training and share experience. For example, recent
US OPTN analyses demonstrate improved outcomes
nationally among pediatric recipients of deceased donor
split grafts(15) as well as equivalent outcomes among adult
recipients of split grafts as compared with whole grafts.(16)

Finally, in the United Kingdom, an intentional center pol-
icy focus on splitting livers resulted in 65% of pediatric
LTs being done as split deceased donor grafts with excel-
lent outcomes for both the left lateral pediatric recipient as
well as the adult right lobe recipient.(17)Most significantly,
pediatric wait-list mortality was eliminated during the last
4 years of the study period.

ASSESSING PEDIATRIC LIVER
GRAFT QUALITY

Assuring that all viable grafts are maximally used is an
ongoing priority in the clinical and research community.
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Overall, in the United States, liver graft utilization dem-
onstrates an opportunity for improving utilization of mar-
ginal grafts. In 2014, for example, of 8594 deceased
donor liver grafts, 74.3% underwent transplantation,
12.8% were not recovered primarily for reasons of graft
quality, and 7.9% were recovered but not used primarily
for histologic or anatomic reasons. The remaining 5%
encompassed donors in whom the liver was recovered,
but not for transplant, or where consent was either not
requested or not obtained.(18)

Criteria for pediatric liver allograft quality have not
been robustly evaluated. In the United States, UNOS
currently adopted criteria for voluntary consideration
of “splitting a liver” in donors under the age of 40
years, on a single vasopressor and with serum transami-
nases <3 times the upper limit of normal, and with
body mass index (BMI) of< 28 kg/m2. United King-
dom criteria for splittable livers are brain dead donors
of an age of <40 years, weighing >50 kg, with <5-day
intensive care unit (ICU) history. As noted above, vol-
untary splitting of livers to 2 recipients is rare in the
United States and essentially only occurs when the
organ is first allocated to a pediatric recipient.

Limited data exist on the use of extended criteria
donors for children receiving liver transplants. Hyper-
natremia has not been well studied in liver donors for
pediatric recipients. In 1 small series, 4 out of 5 grafts
with peak Na between 172 and 193 mEq/L functioned
well in the immediate postoperative period.(19)

Although donor macrosteatosis has been associated
with poor outcomes in adult transplantation,(20,21) use
of adult donors with BMI between 25 and 35 kg/m2

did not affect pediatric outcomes after deceased donor
or living related transplant in a recent OPTN analy-
sis.(22) Donors at extremes of age have not been exten-
sively studied. In 1 early study, neonatal donors were
associated with higher hepatic arterial thrombosis rate
but statistically similar survival rates.(23) Older donors
(age of >48-50 years) have been successfully used for
split grafts for children but have been associated with
intrahepatic strictures(24) and prolonged cholestasis.(25)

Darius et al.,(26) however, reported no association with
donor age and biliary complications in use of split
grafts from donors over the age of 50 years.

Donation after cardiac death (DCD) donors may
present an untapped opportunity for transplanting
children; the emergence of pediatric data differs from
adult experience.(27) In 1 recent series using 7 DCD
donors age <45 years, BMI <30 kg/m2, <5 day hospi-
talization, serum liver transaminase levels less than
twice the upper limit of normal at time of organ

acceptance, and donor warm ischemia under 30
minutes were compared to case-controlled non-DCD.
At a median follow-up of 4.5 years, pediatric patient
and graft survival as well as incidence of ischemic chol-
angiopathy did not differ among groups.(28)

Pediatric Liver Allocation
Models

ALLOCATION IN THE UNITED
STATES

Liver allocation in the United States has evolved signifi-
cantly since Starzl performed the first successful liver
transplant in 1967. Until 1984, allocation in the United
States existed without government oversight and involved
the local surgeon and care team alongside an organ pro-
curement organization (OPO). Hospitals shared organs
on a voluntary basis within a nonformal structure.(29)

Between 1984 and 2002, which is referred to as the pre–
Model for End-Stage Liver Disease (MELD) era,
deceased donor livers were allocated based on hospitalized
status. Prior to 1997, those on the waiting list were priori-
tized within their local OPO based on 2 criteria:

1. Their location (different permutations of hospi-
talized, in ICU, or home).

2. Accrued waiting time.
This prompted physicians to list patients with liver

disease as early as possible to gain advantage in alloca-
tion. In 1998, this listing stratification was altered to
incorporate the Child-Turcotte-Pugh (CTP) score, an
indexed score based on 3 objective criteria (total biliru-
bin, albumin, and international normalized ratio
[INR]) and 2 subjective criteria (ascites, encephalopa-
thy) that predicted progression of disease severity.
Those in the ICU with acute liver failure retained the
highest priority for transplantation, in accordance with
their risk of mortality. Pediatric patients with chronic
liver disease hospitalized in the ICU were given the
same high-priority status as fulminant hepatic failure
patients. Pediatric patients hospitalized (not in the
ICU) with chronic liver disease were designated status
2B, and those pediatric patients not hospitalized with
chronic liver disease were designated status 3.(30)

Within these broad 3 strata, significant geographic dis-
parity of outcomes and transplantation rates remained.
In response to this crisis, the US Congress issued the
“Final Rule” in 1999, mandating that an objective
ranking of wait-list patients be established.(31)
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The Institute of Medicine provided recommenda-
tions on how best to implement the Final Rule with-
in the liver allocation system. On February 27, 2002,
the CTP stratification system was replaced with the
MELD and Pediatric End-Stage Liver Disease
(PELD) scores (Table 1). The MELD scoring sys-
tem was based on an objective formula that accurately
predicted mortality in adults waiting for liver trans-
plantation,(33) and it is calculated using the parame-
ters of total bilirubin, INR, and creatinine, with a
maximum allowable score of 40. The PELD score
was developed separately using a cohort of 884
patients of 0-17 years of age with chronic liver dis-
ease in the Studies for Pediatric Liver Transplanta-
tion database, predicting with reasonable precision a
composite outcome of “death, transplantation, or
admission to the intensive care unit”(34) and is based
on total bilirubin, INR, albumin, with presence/
absence of growth failure and age <1 year, and has
no upper maximum.

In the current US liver allocation system, patients on
the pediatric liver transplant waiting list are listed with a
designation of status 1A, status 1B, or with a MELD/
PELD score. Patients who are at the highest risk of
mortality (ie, acute liver failure, hepatic artery thrombo-
sis, or primary nonfunction) maintain highest priority
on the waiting list with a status 1A designation. Status
1B includes those patients with standardized exceptions
and critically ill patients on ventilator support in the
ICU. Patients who do not meet the stringent criteria for
status 1A or 1B are listed with a MELD or PELD pri-
ority score (MELD score applies to those patients above
12 years of age, PELD to those below 12 years of age).

UNOS recognized at the time of MELD/PELD
implementation that the calculated score did not accu-
rately reflect the true mortality risk of every pediatric
patient on the waiting list. To address this concern,

standardized exceptions were allowed to elevate the prior-
ity score in those children who met certain criteria: urea
cycle disorders, organic acidemias, hepatoblastoma, cystic
fibrosis, and primary hyperoxaluria. Outside of these stan-
dardized exceptions, additional exception applications are
reviewed on a case-by-case basis by UNOS Regional
Review Boards.

In 2005, 3 years after implementation of this new
allocation system, the pediatric liver transplant com-
munity noted an increasing dependence on PELD
exception requests for allocation.(35) Subsequent
examination of nonstandard exception requests
(NSER) found a 5-fold increase since 2002, 93%
approval of submitted requests, and variations in
approval rates from 65% (region 5) to 100% (region
6).(36) NSER approval was significantly associated
with decreased risk of pretransplant mortality and
increased posttransplant survival; 34% of children
listed between 2002 and 2013 for a diagnosis of
chronic liver disease had a NSER at the time of trans-
plant. This is worrisome in the face of significant
regional and racial variation in rates of NSER—those
of white race and private insurance being more likely
to benefit; furthermore, having an exception translat-
ed into a nearly 3-fold increased likelihood of
transplantation.(37)

Review of exception narratives and scores requested
reveal a wide variation in final scores requested ranging
from 15 to 75 (personal communication, UNOS Pedi-
atric Committee Liver Working Group, 2016) and no
significant association between clinical factors and the
requested score. It is clear that the nonstandard excep-
tion process provides de facto pediatric priority and
contributes to improved wait-list and posttransplant
survival in certain pediatric patients awaiting liver
transplant; it is not clear at what cost this occurs as a
result of it not being applied consistently to all chil-
dren. An ideal solution would allow for pediatric prior-
ity to be applied in a uniform fashion rather than a
provider-directed one, reducing both regional and
racial disparity.

Finally, significant variation in access to transplan-
tation by US UNOS region has led to efforts to
reduce geographical disparity through redistricting.
Modeling through liver simulated allocation model-
ing has shown little significant impact upon pediatric
allocation and rates of transplantation.(38) Increasing
the overall pool and competition for organs will likely
lead to more widespread use of NSER and with it,
the accompanying disparities in wait-list and post-
transplant outcome.

TABLE 1. MELD/PELD Calculator Documentation

Formula*

PELD Score 5 0.480 3 loge (bilirubin mg/dL)
11.857 3 loge (INR)
20.687 3 loge (albumin g/dL)
10.436 if the patient is less than 1 year old
10.667 if the patient has growth failure

MELD Score 5 0.957 3 loge (creatinine mg/dL)
1 0.378 3 loge (bilirubin mg/dL)
1 1.120 3 loge (INR)
1 0.643

NOTE: See UNOS/OPTN.(32)

*Multiply the score by 10 and round to the nearest whole
number.
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GLOBAL LIVER PRIORITIZATION
AND ALLOCATION IN CHILDREN

In ET, Canada, and Brazil, where use of PELD alone
has been deemed inadequate in properly prioritizing
children on the pediatric liver waiting list, modifica-
tions to MELD/PELD allocation have been intro-
duced in varied permutations in the effort to prioritize
children and recognize the necessity for prompt trans-
plantation in children with end-stage liver disease. A
review of these alternative modified uses of PELD/
MELD and pediatric priority for children on the liver
transplant waiting list can inform the next steps for
improving the US pediatric liver allocation system.
Pediatric prioritization and split-liver policy used in
ET and selected European countries is shown in Table
2.

In the ET countries, instead of using the PELD
score for pediatric liver allocation, a “pediatric MELD
score” is calculated for each child.(45) Priority is main-
tained for those patients with high-urgency status, pri-
marily those with acute hepatic failure and acute liver
graft failure following liver transplant. In addition,
urea cycle defects and nonmetastatic hepatoblastoma
patients are assigned high-urgency status if they have
not undergone transplantation within 30 days of list-
ing. The remaining patients are automatically assigned
an initial MELD score, a “pediatric MELD score”
that is calculated for children under 12 years of age as a
point score corresponding to a 35% wait-list mortality.
This score is upgraded every 90 days by an additional
15% increase of 3-month wait-list mortality until
transplantation. For children 12-16 years of age, a
point score is assigned corresponding to 15% wait-list
mortality and upgraded every 90 days by an additional
10% of 3-month wait-list mortality. This pediatric
MELD score results solely in an assigned score result-
ing in identical initial point values that are indepen-
dent of medical urgency. Introduction of this
allocation system in ET countries has led to a clear pri-
oritization of children that has resulted in low wait-list
mortality and good clinical outcomes.(46) Likewise in
Canada, France, and the United Kingdom, there are
systems in place to uniformly prioritize children on the
pediatric liver waiting list above adults (F. Lacaille, V.
Ng, and P. McKiernan, personal communication). In
July 2006, Brazil implemented a system wherein
patients of <12 years of age had a final allocation score
that was the calculated PELD score multiplied by 3.
This led to a 6.1-fold increase in split-liver transplan-
tation as well as a statistically significant decreased

time on the waiting list.(3) Ultimately, an allocation
system providing additional pediatric priority is more
likely to result in increased liver utilization through the
use of technical variant or split grafts. Whole cadaveric
livers that are first offered to adults are unlikely to be
split. However, livers that are being split for children
are more likely to have the remaining segment be allo-
cated to an adult. Modeling to demonstrate additional
split volume if children are prioritized will be impor-
tant. Although it is acknowledged that change in
behavior as well as local technical expertise with split
transplantation may be difficult to predict, these issues
would not be expected to be the limiting factors in
improving outcomes on the waiting list.

A MANDATE FOR IMPROVEMENT

The success of liver transplantation across the globe
has made this therapy accessible to all children who
await this lifesaving therapy. However, organ scarcity
and current allocation systems have introduced new
outcome disparities and injustice in access for pediatric
patients, which our community must now address. In
the United States, pediatric wait-list volume accounts
for approximately 10% of the combined adult and
pediatric volume. Eradication of pediatric liver wait-
list mortality is an achievable goal and should be a
global mandate. The greater community of those who
care for pediatric liver transplant candidates and recipi-
ents can focus their advocacy efforts in medical and
political arenas to attain this goal. When considering
this important goal, however, we must not ignore the
ongoing concerns with rising adult wait-list mortality.
It is not likely that offering children timely transplan-
tation through pediatric priority will result in a
decreased number of transplants or lost opportunity for
adults on the list, because the annual number of pedi-
atric liver transplants has been essentially static over
the last 15 years. This review of current pediatric liver
wait-list outcomes and allocation practice, coupled
with the ethical principles surrounding the care of chil-
dren as well as the precedent set by international expe-
rience suggests that our efforts should converge around
the following focal points:

Prioritization of Access to Liver
Transplantation to Children

With the exception of the United States, many other
countries (Table 2) have prioritized liver allocation in a
definitive manner without detriment to adult liver
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access. A PELD1 modification such as used in Brazil
may incorporate some level of medical urgency into the
allocation algorithm. Modeling of solutions can proceed
in concert with efforts to eliminate geographic or
regional disparity in organ availability and standardize
exception scores that take into account the heterogeneity
of pediatric liver disease and pediatric risk assessment.

Renewing Emphasis on Splitting Livers
for 2 Recipients

Revisiting splitting criteria is critical. Adopting algo-
rithms (Fig. 2) such as those proposed by Hong
et al.(14) and others and implemented on a limited
regional or international basis(17) could be expanded
and incentivized. The UNOS policy 9.8.A open vari-
ance allowing regional splitting when the adult is the
index patient has not resulted in a significant increase
in split grafts. US pediatric recipients used 15% of
deceased donor grafts as split grafts between 2002 and
2004 as compared to 16% between 2012 and 2014.(1)

This lack of change in split utilization likely suggests
pediatric prioritization will be important to drive split
application, as has been successfully applied in the
United Kingdom.(17) Europe has often adopted place-
ment of the right lobe to a secondary recipient accord-
ing to regular allocation practice suggesting that this
model also can be successful.

Living Donor Liver Transplantation

Global emphasis should be placed on training and dis-
seminating expertise in living donor liver transplanta-
tion to help address mortality from liver disease in

areas where deceased donation is not widely available
or practical.

Expanding Liver Graft Utilization

Finally, opportunities exist for optimizing utilization of
all appropriate liver allografts. Research efforts in organ
preservation along with appropriate use of extended
criteria donors in pediatric liver transplantation will be
important to the overall goal of eliminating pediatric
wait-list mortality and improving outcomes for chil-
dren after liver transplantation.

Conclusions
Pediatric liver transplantation is a lifesaving therapy
with excellent results for children with end-stage liver
disease and other life-threatening conditions. Access
to this therapy worldwide is limited by organ scarcity
and quality, which can be overcome with minimal det-
riment to the adult wait-list population through
increasing pediatric priority and emphasizing the
importance of utilization of split grafts. The current
national data supporting equivalent outcomes with
technical variant grafts can help support center and
transplant community action to reduce or eliminate
wait-list deaths, improve time to transplant, and ulti-
mately improve longterm outcomes for children in
need of liver transplantation.
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