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Tanre 10. ULAM comparison of current liver allocation poliey to founr proposed pediatrie donor definitions: <18 yr and
<40 ky; <18 yr and <50 kg; the model simulates 5 yr of transplant activily under the various definitions

Current policy

<18 Yr

<40 ki <45 kg <50 kg
No. ped. Lxs 2132 2429 2283 2299 2307
Change from current policy 4297 11151 +167 +175
No. ped. txs by age
D-5 1238 1417 1336 1339 1353
6-11 367 413 487 391 397
11-17 528 GO0 560 569 5568
Txs by age and stalus
Adult 1 4061 4085 4056 4100 4087
Adults 2A 4713 4731 4729 4733 4781
Ped 1 764 711 755 733 731
Ped 2B 1069 1372 1206 1246 1256
% of total/ped donor to adull recipient
) 69% H9% 64% 64% 63%
Med wail lime
Ped. 2B:21 340.8 179.0 264.5 2523 243.0
Ped. 3:28 716.5 (24.3 685.5 699.5 674.0
Adult 2A:2A 11.3 12.4 11.3 11.3 115
Adult 2B:23 553.0 578.0 550.8 572.3 569.0
Adult 3:2B 9475 968.5 958.5 963.0 965.5
Probability of pre-Tx death wiin G mao of listing
Adult: 1 11.8% 11.4% 11.7% 11.9% 11.6%
Ped 1 16.47% 15.5% 15.3% 15.4% 16.1%
Adult 2A 23 4% 22,250 22.0% 21.9% 22.9%
Adult 2B 13.°1% 14.0%% 13.9% 13.6% 13.6%
Ped 213 13.5% 12.3% 12.8% 12.0% 12.5%

the current and proposed policies among adult and pediatrie
recipients. Among pedintric patients, death rates decreased
for patients listed initially in status 2B and status 3. Waiting
time as measured by Kaplan-Mcier estimates for most eate-
rories were reduced for pediatric patients and inercased
slightly for adult patients. Ofimportance, both pediatric and
adult pratients at status 1 had essentinlly no chanpe in wail-
ing time at status 1 although on average pediatric patients
waited 2 days longer for transplant at status repardless of
the policy. Of importance, children in status 2B had the most
benefit from the policy defining pediatric <18 years withoul
weight restriction, with medinm wailing time reduced by 160
days. In Lthat same simulation adull waiting Gme al 213 was
increased by only 20 days. When pediatric donors were fur-
ther restricted by weight, the beneficial effect of decreased
waiting time at status 2B for children continued to be evident
but much less important ranging between 76 and 97 days,
whereas the waiting time for adults was effected only slightly
2-16 days. Among adults waiting times increased the most
for patients listed initially in status 3 with an ending status
of 2B from 947 to 966 days and under the least restrictive
policy.

DISCUSSION

We have shown that there is a significant beneficial effect
on liver graft survival if pediatric recipients receive livers
from pediatric-aged donors, whereas graft survival of adult
recipients is not advantaged or disadvantaged by the age of
the liver donor. This effect is seen at 3 months after liver
transplantation, when donor factors are likely to have the
strongest influence on outcome, but also persists at 3 years
posttransplant. These findings hold trne whether using a
univariate or multivariate method of analysis or unadjusted
Kaplan-Meier estimates of graft survival. Importanily,

whether the analysis is performed on a restricted population
af donor and recipients to decrease the potential impact of the
extremes of donor and recipient age, and the possible influ-
ence of partial Hver grafts, or the entire population of aduli
and pediatric recipients and donors, incduding partial liver
grafls, the same benefit to pediatric patienls receiving livers
from younger donors persists. The improvement in graft sur-
vival for pediatrie patients who receive younger donors com-
pared to adulls receiving younger donors, will have the great.-
est impact on the most medieally urgent children, who we
have shown wait longer Lo receive o donor, especially if aged
less than b years, compared with adults of equivalent status.

We can only postulale why pediatric recipients have an
improved survival if they receive o liver from a pediatric-
aged donor. Donor quality, which is usually excellent in pe-
diatric-nged donors, is a likely explanation. The recent re-
search impetus studying the process of sensecence at the
cellular level, may provide new insights in the future. .

Should these results be utilized to change allocation poli-
cies to give children awaiting liver transplantation some
preference in receiving younger donors? To answer this im-
portant question several related issues must first be consid-
ered. 1) Do children already hold an advantage over adults
waiting liver transplantation, reflected either by shorter
waiting times or a decreased mortality on the 1ist? 2) Would
redirecting some pediatric donors away from adulis awaiting
liver transplantation have a significant negative effect on the
outcome of adults undergoing liver transplantation? 3) Could
dirceting some adolescent donor livers to small children en-
eourage split liver transplantation, which would increase the
donor supply?

It has been argued that children already have an advan-
tage over adull candidates awaiting liver transplantation
because they have three possible options for receiving a liver:
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a whole cadaveric graft, a partial cadaveric graft or a living
donor organ (16). Despite this, an analysis of the last 3 years
of the UNOS database show that children have similar mor-
talities and waiting times compared to adults on the trans-
plant list. In fact, il is children less than 2 years of dge at
status 1 who waited significantly longer than any other age
group. As well, in 1998, children less than 1 year had the
highest mortality rate waiting for any age group, followed
only by children in the 1- to 5-year age range. Therefore the
data suggest that the availability of living related donors and
partial liver grafts, which would most likely have benefited
small children on the list, has not yet had a significant
impact on pediatric mortality or waiting time as compared
with adults. Furthermore, given that the results of liver
transplantation in small pediatric patients in experienced
centers are comparable to those of older children, there can
be no justification for not providing young children with at
least equal access to liver donors,

Although living related donation for children has been
properly advocated as one means of alleviating the donor
shortage for children (17), this modality should not be viewed
as an excuse to divert cadaveric donors away from children
(18). Because of the risk to the otherwise healthy donor, most
often a parent (18), the ethically correct position is that living
related donation should continue to be seen as last resort to
try and alleviate the donor supply problem. Conversely, the
split liver donor technique should become the lirst consider-
ation for every suitable donor (19). The most recent reported
results are comparable to whole praft transplantation (20).
As well, a recent report suggests graft survival is better in
infants who receive a split compared to a whole graft (21).
However, reduced praft transplantation should be actively
discouraged: not only are the results inferior, but a whole
liver is diverted away from a more appropriately sized recip-
ient.

The next question was more complex: would adults be
disadvantaged by diversion of some pediatric donors to pedi-
atric recipients? Fairness and balancing the conflicting no-
tions of transplanting the most urgent first regardless of age
versus best utilization of a scarce resource, would require
that pediatric-aged donors should not always be placed in
pediatric recipients. For example, it would seem inappropri-
ate and unjust, cither on a local or regional level that a status
1 adult should be bypassed for a status 2B child. For this
reason, ULAM was programed to assign priority so that
within each medical urgeney status and within each geo-
graphic distribution Jevel (local, regional, and national) pe-
diatric candidates are prioritized.

The most important result of the modeling was that none of
the proposed policies allocating livers from pediatric donors
to pediatric recipients increased the probability of death for
adults waiting on the transplant list. Although more children
were transplanted per year (at most 59, less than 1 addi-
tional child per pediatric transplant center), and therefore
proportionately less adults, the impact for the adults was on
waiting time at the less urgent statuses, 2B and 3. Even
then, the average wait was at most increased by 20 days.
Importantly, the waiting time for the most medically urgent
adults at status 2A and 1 was not affected by any of the
proposed policies. In fact adults waited an average of 2 days
less at status 1 compared to children, because more children
were transplanted at status 2B. As well slightly more status
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1 adult patients were transplanted under the proposed poli-
cies.

The decrease in waitling time for children al 2B was as
much as 160 days. Clinically this is important as one of the
most common criteria for listing children at status 2B is a
growth failure, i.e., weight or height less than 5th percentile.
The impact of decreasing waiting time by as much as halfa
year for the young, cholestatic, malnourished child is clini-
cally highly relevant to the unique issues of growth and
development in chronically ill children (22, 23). It has alrendy
been shown that malnutrition has a negative elfect on both
pre- and posttransplant survival (24, 25), and that age at
transplant of <2 years in children is an important indepen-
dent prediclor of improved growth after transplantation (26).
It should still be noted that even under the most liberal of the
proposed policies, the majority of livers procured from pedi-
atric aged donors will still be transplanted into adult recipi-
ents. As well, the percentage of transplants performed lo-
cally, regionally, and nationally would be affected only
minimally.

The third question to be considered is how might a pro-
posal to direct some livers from pediatric donors best encour-
age split liver transplantation. Qur data show that split liver
graft survival is significantly improved if the donor is in the
pediatric age range. This result is most likely a reflection of
the usually excellent quality of the adolescent donor and
highlights the need for very careful donor selection if the split
procedure is performed on adult-aged donors.

In comparing the four pediatric allocation proposals, with
the least restrictive being any pediatric donor <18 years, and
the most restrictive being <18 years as well as <40 kg, the
data showed that the most positive effect occurred for the
pediatric patients when the pediatric donor was defined <18
years. When the pediatric donor was further subdivided by
weight, the potential benefit to pediatric patient was dimin-
ished without a substantial increase in benefit to adult pa-
tients. If the definition of the pediatric donor was restricted
to weight <40 kg, the advantage of directing some of the
larger pediatric donors to smaller pediatric recipients, which
would promote split liver transplantation, would be lost. As
can be seen from the data, most pediatric donor livers ex-
ported to adult recipients are in the donor age range of 11-17
years, are generally of ‘excellent quality and ideal for split-
ting. In fact, UNOS recently approved a proposal that re-
quires all participating centers to split suitable donor livers.
If adolescent liver donors are preferentially offered to chil-
dren waiting, many of whom would be too small to accept a
whole graft, the center accepting such a liver should split the
graft so that an adult patient would not be deprived of an
organ, If the center was unwilling to split the donor liver, it
should be returned to the donor pool for reassignment to the
next eligible recipient. Such a policy could then be seen as a
reason to improve the utilization of these excellent quality
younger donors. The success of this concept will depend on
centers being prepared to “share” split grafts. A recent report
shows that “shipped” segments have an equivalent graft sur-
vival compared to locally procured segments (27). Given the
demonstrated excellent results achievable both for the right
and left split liver grafts (28), and the ongoing organ short-
age, urgent priority shounld be assigned to any allocation
policy that will encourage split liver transplantation (29).
The onus will lie on the surgical transplant community to not
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aceept such livers for reduced size transplantation, a tech-
nique now in disrepute given the proven success of split
livers, and the increasing donor shortage.

We have shown that an allocation policy giving some pri-
ority to children to receive livers from pediatric donors can
improve the outcomes after liver transplantation, without a
negative impact on adults. As well, such a policy would
encourage split transplantation, the only method currently
available to increase the cadaveric donor supply. Further-
more, this proposal strikes a balance between justice and
utility: the sickest patients, whether adult or pediatric are
still transplanted first, more grafts are made available by
encouraging split transplantation, and patient and graft sur-
vival for children are improved without detriment to adult
recipients outcome. As such this proposal is worthy of serious
consideration by the community of transplant physicians,
surgeons, and their patients.
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