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Background. Improving graft survival after liver
transplantation is an important goal for the trans-
plant community, particularly given the increasing
donor shortage. We have examined graft survivals of
livers procured from pediatric donors compared to
adult donors.

Methods. The effect of donor age (<18 years or =18
years) on graft survivals for both pediatric and adult
liver recipients was analyzed using data reported to
the UNOS Scientific Registry from January 1, 1992
through December 31, 1997. Graft survival, stratified
by age, status at listing, and type of transplant was
computed using the Kaplan-Meier method. In addi-
tion, odds ratios of graft failure at 3 months, 1 year,
and 3 years posttransplant were caleulated using a
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? United Network of Organ Sharing. :
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multivariate logistic regression analysis controlling
for several donor and recipient factors. Modeling, us-
ing the UNOS Liver Allocation Model investigated the
impact of a proposed policy giving pediatric patients
preference to pediatric donors.

Results. Between 1992 and 1997 pediatric recipients
received 35.6% of pediatric aged donor livers. In 1998
the percent of children dying on the list was 7.4%,
compared with 7.3% of adults. aplan-Meier graft sur-
vivals showed that pedialric patients receiving livers
from pediatric aged donors had an 81% 3-year graft
survival compared with 63% if children received livers
from donors =18 years (P<0.001). In contrast, adult
recipients had similar 3-year graft survivals irrespec-
tive of donor age. In the multivariate analysis, the
odds of graft failure were reduced Lo 0.66 if pediatric
recipients received livers from pediatric aged donors
(P<0.01). The odds of graft failure were not affected at
any time point for adults whether they received an
adult or pediatric- aged donor. The modeling results
showed that the number of pediatric patients trans-
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planted increased by at most 59 transplants per year.
This had no significant effect on the probability of
pretransplant death for adults on the waiting list.
Waiting time for children at status 2B was reduced by
as much as 160 days whereas adult waiting time at
status 2B was increased by at most 20 days.
Conclusion. A policy that would direct some livers

procured from pediatric- aged donors to children im-

proves the graft survival of children after liver trans-
plantation. The effect of this policy does not increase
mortality of adults waiting. Such a policy should in-
crease the practice of split liver transplantation,
which remains an important method to increase the
cadaveric donor supply.

The nationwide donor shortage has forced scrutiny of our
practices of organ allocation. In particular, liver allocation
policies have been the subject of intense debate extending
beyond the medical profession to the pages of the lay press
and the corridors of the federal government (I-4).The issues
of waiting time and mortality while waiting are amplified for
liver transplant candidates (5) (and heart transplant candi-
dates) because unlike kidney transplant candidates, no sus-
tainable form of artificial organ support exists. In such pa-
tients allocation policies therefore take on a new urgency. If
there were unlimited numbers of organs the justice of the
argument “sickest first” is undisputed. However, given the
limited organ supply, consideration must also be given to the
question of how a scarce resource should be best utilized (6).
In effect, which patients are likely to have the best graft
survival?

Several investigators have identified factors that affect
outcome after pediatric liver transplantation. Not surpris-
ingly, as in adult liver recipients, the most important predic-
tor is medical urgency (7). Although the technical challenges
are considerable, young age itself is not a predictor of poor
outcome in experienced centers (8-11). To date, donor factors
considered have focused on whether the use of partial liver
grafts affects the outcome of pediatric liver recipients. The
use of split livers (one cadaveric donor divided to provide two
transplantable segments), reduced livers (a cadaveric donor
liver reduced in size to produce one transplantable segment),
and living donor grafts, have already been shown to decrease
" the mortality of pediatric patients awaiting liver transplan-
tation without decreasing patient and graft survivals (12-
14). However, the effect of pediatric versus adult donor age
on outcome has not been well studied. Our preliminary data
showed that the majority of livers procured from pediatric-
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aged donors (<18 years of age) were transplanted into adults,
although proportionately the same number of children die on
the list as adults. This information caused to us guestion
whether the outcome of pediatric or adult recipients was
affected by the age of the donor. We postulated that if the
results of this investigation showed that pediatric liver re-
cipients benefited from receiving a donor of a pediatric age,
as measured by improved graft and patient survival, without
causing a negative impact on the adult population, then both
utility and justice would suggest that pediatric recipients
should receive at least some preference in receiving organs
from pediatric donors.

METHODS

These analyses of postiransplant outcome were based on liver
transplants reported to UNOS Scientific registry from January 1,
1992 through December 31, 1997. Odds ratios were calculated using
a multivariate logistic regression analysis. This analysis controlled
for several donor and recipient risk factors (e.g. donor race, donor
cause of death, recipient race, diagnosis at lime of transplant, pre-
vious transplant, medical condition at time of transplant, cold isch-
emia time, serum creatinine level and year of transplant). The out-
come of interest was the odds of graft failure within 3 months, 1 year
and 3 years postiransplant. PROC LOGISTIC, SAS version 6.3, was
used to perform the logistic regression analysis. A stepwise regres-
sion technique, was used to determine the factors to be included in
the final logistic regression model. Missing values for continuous
variables were set to the mean, and for categorical variables, were
set Lo the baseline value. '

Acturial graft survival was computed using Kaplan-Meier method.
These survival curves were stratified by age, status at transplant,
type of transplant, and ICU group. A log-rank statistic was used to
test the hypothesis of no difference in survival belween groups.

For the median waiting times analyses, the cohort of patients
included all registrations added lo the UNOS Liver Waiting List
between January 1, 1995 and December 31, 1997. Kaplan-Meier
waiting times where calculated using PROC LIFETEST, SAS ver-
sion 6.3. The actual probabilities on the waiting list of death, trans-
plant, removed (not for reason of death or transplant), and still
waiting, were computed using a competing risk method.

In April 1994 the UNOS liver data collection forms were amended.
Among the information added to the forms was whether the trans-
planted liver was split or otherwise reduced in size. Therefore any
information that specifies whole or split livers covers only the time
period from April 1994 through December 31, 1997.

Modeling methods. Modeling results were generated by ULAM,
the UNOS Liver Allocation Model. ULAM is a PC-based software
package that simulates the current national and alternative liver
allocation policies. Details of the construction of ULAM have been

TapLE 1. Distribution of pediatric and adult donor livers into pediatric and adult recipients, divided by age ranges:

1/1/92-12/31/97
Reci P(‘;:;t age Donor age (yr) Total
0-17 18+

0-17 1786 882 2668
18+ 3225 15300 18525
Total 5011 16182 21193
Recipient age 0-5 6-17 1849 504-

0-2 531 459 324 25 1339
3-17 263 533 449 84 1329
18-49 15 1712 5917 1989 9633
50+ 13 1485 5224 2170 8892
Total 822 4189 11914 4268 21193
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TapLE 2. Median waiting times for liver transplantation: by age and UNOS status: 1/1/92-12/31/97
Status 1 95% Status 2 95% Status 34,7 95%
Ape group Num Added

MWT Conf limits Num added MWT Conf limits Num ndded MWT Conf limits
0-2 yr 295 23 (12,50) 178 51 (29,73) 815 189 (173,213)
3-5 75 10 (5,47) 36 35 (17,130) 211 231 (207,300)
610 yr T4 12 (5,40) 57 53 (22,246) 241 328 (235,428)
11-17 yr 153 10 (7,16) m 46 (18,80) 382 409 (347,520)
1849 yr 1236 9 (8,11) B34 28 (22,34) 8929 495 (472,517)
50+ yr 753 10 (8,12) 690 27 (22,32) 8757 460 (434,486)

TABLE 3. Mortality of patienis on the UNOS liver waitling list for 1998 (Source UNOS OPTN Waiting List and Removal Files

as of 9/7/1999)
f;lﬁ <1 1-5 6-10 11-17 18-34 45-49 50-64 65+
Patients 286 549 205 411 1143 6358 7411 1530
Deaths 50 34 15 16 84 445 556 117
Rate" 8217.5 119.6 87.2 70.9 1.8 123.2 128.8 123.7
% 17.5 6.2 5.1 3.9 7.3 7.0 75 7.6

o Annual death rate per 1000 patient years at risk.

published elsewhere (15). In briel, ULAM is a discrele evenl simu-
Iation thal matches individual donors and recipients using the same
general algorithm as the UNOS malch system, All statislical com-
ponenis of ULAM were derived from historical OPTN/SR dala and
the model has been validated against actual data from 19981999,
In our analysis, ULAM resullts were penerated for the current
nalional policy and the proposed policy giving pediatric palients
preference Lo pediatric donors. For each policy, four independent
simulations of 1998-2003 were generaled with statisties eollected
from 1999-2003. A l-year transition period allows Lhe efTects of the
current policy to dissipate so that the impact of the proposed policy
ean be assessed more accurately. Outpul measures from the model
represent the average of the four simulations of 1999-2004.

RESULTS

Current allocation of livers procured from donors <18
years. The first analysis determined how many livers pro-
cured from donors less than 18 years of age were lrans-
planted into children (<18 years) compared Lo adults (18-
years). As seen in Table 1, which includes all cadaveric or-
gans procured between 1/1/92 and 12/31/97 (including re-
duced and split grafts) pediatric recipients received 1786 of
the total of 5011 (35.6% of pedintric-aged donor livers).

Analyzing these data further by dividing recipient and
donor ages into subgroups, it can be seen that it is predom-
inantly donors in the 6-17 age group that are transplanted
into adults. Of donors aged 6-17 years, 1712 were frans-
planted into recipients aged 18-49, and 1485 into recipients
aged greater than 50 years. Taken together, 3197 of 4189
(76.3%) 6- to 17-year-old donors were placed into adult recip-
ients of which 46.4% were older than 50 years of age. In

contrast, children reccived 882 of 16,182 adult liver donors
(5.4%); Lhis includes split and reduced size gralts (Table 2).

Current pediatric and adult mortality and waiting times
on liver transplant list. The next questions examined were
whether wailing time and mortality on the list differed be-
tween children and adults, Table 2 shows median waiting
times for eadaverie liver transplants for pediatric and adult
patients added Lo the liver waiting list between 1/1/95 (o
12/31/97, divided according Lo age and UNOS status at time
of listing. (Summary of Definitions of UNOS status codes: Up
Lo and including 1997: status 1=1In intensive care unit (1CU);
status 2=hospilalized not in 1CU; status 3=at home. 1998:
status 1 adults=acote liver filure and in 1CU; slatus 1
pediatrics=in ICU; stalus 2A (adults only)=chronic liver (ail-
ure in ICU; status 2B=moderately urgent, defined by specific
criteria; status 3=least urgent. Pull definitions of status
codes used ean be found in the 1996 and 1998 UNOS Annual
Reports.)

It can be seen Lhat children 02 years waited longer in
status 1 and status 2 than any other age range apart from
status 2, 6- Lo 10-year-olds with an initial listing of status 2.
At status 3, 4, and 7, adulls waited longer than children,
When this analysis was divided into years before and after
split and reduced graft data were collected, i.e., 1/1/92 to
12/31/94 compared to 1/1/95 to 12/31/97 the same trends
persisted (data not shown).

Morlality on Lhe liver waiting list was also considered for
different age ranges. For all patients on the liver waiting list
during calendar year 1998 the number and percentage of
patients dying is shown in Table 3. Note these numbers

-TABLE 4. Patients listed on the liver waiting list between 1/1/95-12/31/97 (first 6 months after listing: probability of events)

Group Initial status Removed Waiting Transplanted Died
Adult 1 0.151 0.082 0.448 0.319
2 0.088 0.145 0.510 0.257

3 0.032 0.690 0.197 0.082

Pediatric 1 0.179 0.118 0.433 0.270
2 0.152 0.237 0.488 0.124

3 0.088 0.573 0.283 0.056




1286

ALL STATUS CODES
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Ficure 1. The unadjusted Kaplan-Meier 3-year survivals are
shown for pediatric recipients (3-17 years) receiving livers
from pediatric-aged donors (6-17 years) compared to adult
donors (18-49 years) and adult recipienis (18-49 years) re-
ceiving livers from pediatric aged donors (6-17 years). Re-
sults shown include retransplants, all UNOS statuses, and
analyses for status 1 and status 2. Graphs on the left show the
pediatric recipient data, graphs on the right show the adult
recipient data. o

s Donor Age 18 - 49 !

exclude patients removed from the list because they became
{oo ill to transplant. The percentage of patients dying was
highest in the less than 1-year age range. Combining the <1
and 1- to 5-age groups, the percentage of patients dying is
10%, still higher than any other age range. From this data,
the overall percent of children and adults dying in 1998 on
the liver list was almost identical, 7.4%, the children (115 of
1541) and 7.3% adults.(1202 of 16,442)
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We also analyzed the probability of death on the wailing
list, divided by status at time of listing and adjusted for race,
ABO match, and repeat listing. For adult and pediatric liver
recipients added to the waiting list between 1/1/95 and 12/
31/97, four possible events could occur: 1) the patient was
removed from the waiting list for reasons other than death or
transplant, 2) the patient continued to wait, 3) the patient
received a cadaveric organ, (living related transplants ex- -

- cluded, reduced and split grafts included), 4) the patient died

before transplantation. Patients removed from the list be-
cause they were too ill to receive a transplant were counted
as pretransplant deaths. Table 4 shows the estimates for the
probability of these four possible outcomes in the first 6
months after listing for patients added to the list between
1/1/95 and 12/31/97. Both adult and pediatric patients at
status 1 and 3 had similar probabilities of dying on the list. A
total of 31% of adults and 27% of children initially listed in
status 1, died waiting. In status 2, pediatric patients had a
lower probability of dying but a longer waiting time com-
pared to adults. A total of 25.7% of adults at status 2 died
compared with 12.4% of children, whereas 14.5% of adults
originally listed were still waiting at the end of 6 months
compared to 23.7% of children at status 2. In the second 6
months afier listing the probability for all four outcomes was
similar between adults and children (data not shown).
Kaplan-Meier patient and graft survivals: effect of donor
age on outcome of pediatric and adult liver recipients. Our
first analysis attempted to answer this question by subdivid-
ing donor and recipient ages into several age ranges. How-
ever, the numbers in each subgroup became too small to
allow for a meaningful statistical analysis. It was decided to

" eliminate several subdivisions of age ranges as well as ex-

tremes of donor and recipient age that might bias the results.
Therefore, for the first analysis, the 0-5 age range for donors
and the 0-2 age range for recipients was eliminated and the
3- to 5-year and 6- to 17-year age range for recipients was
combined into one group, i.e., 3-17 years. It was also rea-
soned that pediatric recipients less than 3 years generally
received whole organs from similar age donors based on size
considerations, The upper limit of donor and recipient age
was set at less than 50 years to exclude the possible negative
effects of older donors and recipients. Figure 1, shows the
unadjusted Kaplan-Meier 3-year graft survivals for pediatric
recipients (3-17 years) receiving livers from pediatric-aged
donors (6—17 years) compared to adult donors (18—49 years),
and adult recipients receiving livers from pediatric aged do-
nors. Results shown include retransplants, all UNOS sta-
tuses and a further analysis for status 1 and status 2. Ex-
cluded are reduced, split or living donor transplants.
Pediatric recipients receiving livers from younger donors had
a significantly improved graft survival, 81% compared with

‘TanLE 5. The odds of graft survival compared for adult and pediatric donors and recipient: whole grafts only

Time points
Recip nge (yr) Donor age (yr) Num txd 3 Mo post-Tx 1-Yr post-Tx 3 Yr post-Tx
Odds ratio P Odds ratio P Odds ratio P
3-17 6-17 496 0.62 0.02 0.50 <0.01 0.58 0.03
3-17 18-49 362 1.00 Ref. 1.00 Ref. 1.00 Ref.
18-49 6-17 1699 0.82 0.20 0.77 0.07 0.84 0.36
1849 18-49 5879 0.78 0.08 0.77 .05 0.84 0.26
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Tapre 6. Transplants performed 4/1/94-12/31/97, numbers of
whole, reduced, split, and living donors by year 1994-1997

Type of transplant

e Whole Reduced Split Live Totul
1994 2669 108 26 45 2848
1995 3771 87 21 45 3924
1996 3865 84 62 46 4057
1997 3935 79 84 GO 4158
Total 14240 358 193 196 14987

TaAnLE 7. Numbers of whole, reduced, split and living
donors by age of recipient: 1994-1997

Type of transplant
Ape

Whole Reduced Split Live T'otal
<1 254 131 39 106 530
1-2 304 102 35 a7 188
3-5 192 42 13 15 262
6-10 223 35 13 14 285
11-17 315 21 13 1 416
18-+ 12892 27 80 1 13006
Total 14240 3568 193 196 14987

63%, P<0.001. In contrast, adull recipients had similar graft
survivals irrespective of donor age. These dilferences re-
mained significant when status at time of listing was consid-
ered.

Multivariate analyses: effect of donor age or outcome of
pediatric and adult liver recipients. The Kaplan-Meier sur-
vival curves were unadjusted for risk. Therefore o Nurther
multivariate regression analysis was performed to determine
if placing younger donor livers into younger recipients re-
duced the odds of graft failure. As before, this analysis ex-
cluded living related donors and split and reduced prafls.
Donor and recipient risk factors controlled for were: donor
and recipienl race, donor cause of death, recipient diagnosis
at. transplant, medical condition (UNOS status) at trans-
plant, cold ischemia time, ABO match, donor ereatinine level,
and year of transplant. The odds of graft failure at three
months, 1 and 3 years postbransplant were delermined (Ta-
ble 5). AL all three time points, the odds of gralt failure were
significantly less if pediatrie recipients (3-17 years) received
livers from younger donors (6--17 years). In contrast the odds
of graft failure at each time point for adult recipients were
similar whether or not the donor was younger or older. )

The same multivariate regression analysis was repeated
but now applied to all pediatric and adult recipients, with no
age exclusions and inclusive of split and reduced grafls. Ta-
ble 6 shows the number of reduced and split organ trans-
plants performed during the period of this analysis, and
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Table 7 the type of transplant according to age. During this
time period 66 pediatric-aged donors were split, of which 24
segments were placed in adulls.

The results of the unrestricted analysis (Table 8) remained
very similar to the restricted analysis: pediatric patients
have significantly reduced odds of graft failure if receiving a
graft from a pediatric-aged donor whereas the age of the
donor had little impact on the odds of graft failure to adult
recipients.

An expected outcome of a policy that would direct more
livers from pediatric donors to pediatric recipients would be
an increased number of relatively large organs being directed
to smaller recipients. This would encourage split liver trans-
plantation whereby two recipients benefit from one organ. As
well, reduced size transplantation, where part of the liver is
discarded, might also occur. Therefore, we investigated the
graft survivals of reduced and split size livers. For the time
period 4/1/94-12/31/97 the Kaplan-Meier 3-year graft sur-
vival estimates for pediatric recipients of primary liver trans-
plants subdivided by the type of organ received are shown
(Fig. 2). It can be seen that reduced size grafis had a signif-
icantly lower 3-year grafl survival compared to all other graft
types. In comparison, split liver grafts had an overall 70%
J-year grall survival, not significantly different from either
whole or living donor grafis, We were also interested in
whether a split liver from a pediatric donor had a dilferent
patient and graft survival compared to that from an adult
donor. Although the numbers were small, Kaplan-Meier
three year adjusted patient. survivals for splil livers were not.
different if the liver was from an adult donor (n=51, patient.
survival 87%) or a pedialric donor (n=32, patient survival
89%). Mowever, in comparison, the 3-year Kaplan-Meier
praft survival was worse if the split liver was from an adult.
donor, 62%, as compared to a pediatric donor, 83%.

For all the above analyses of graft survivals, palient sur-
vivals were also examined (data not shown), and similar
results were observed. Beenunse of the complexity of the anal-
yses derived from data acerued over several years, we did
attempt Lo detect any possible center effects.

UNOS liver allocation model (ULAM) results. ULAM was
used Lo investigale whelher the proposal to alloeate livers
from pediatric donors preferentially to pediatric recipients,
within urgency stalus and peographic areas, would have a
detrimental impact on adult patients waiting on the list. In
particular we believed it was important to investigate
whether the number of adults dying either pretransplant or
posttransplant would be effected by the proposed new policy.
The proposed allocation sequence used in the model is shown
in Table 9.

Two models were developed; the first defined a pediatric

TasLE 8. Odds of graft survival compared for pediatrie and adull aged donors and recipients; including reduced and split

! grafts
Time points
Recip age (yr) Donor age (yr) Num txd 3 Mo post-Tx 1 Yr post-Tx 3 Yr post-Tx

Odds ratio r Odds ratio P Odds rutio P
0-17 0-17 1786 0.66  <0.01 062 <001 065 <001
0-17 18+ 882 1.00 Ref. 1.00 Ref. 1.00 Ref.
18+ 0-17 3225 0.62 <0.01 0.84 0.29 1.06 0.75
18+ 18+ 15300 0.66 <0.01 0.86 0.33 1.06 0.75
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" FIGURE 2. The Kaplan-Meier 3-year graft survivals are shown
for pediatric recipients of primary liver transplants subdi-
vided by type of organ received.

donor as <18 years, and the second defined a pediatric donor
as <18 years and less than a specified weight range. Three
weight ranges were investigated, <40, <45, and <50 kg. The
second model was developed in response to concerns that
small adult recipients might be disadvantaged by the pro-
posed pediatric definition of <18 years without weight re-
strictions.

Neither model takes into account the data presented above
which shows improved patient and graft survivals for chil-
dren receiving livers from pediatric aged donors. Further,
split liver transplant and outcomes were not considered.

Table 10 summarizes the most relevent data from the
gsimulations comparing the current allocation policy to the
four proposed pediatric donor definitions: 1) <18 years, 2)
. <18 years and <40 kg, 3) <18 years and <45 kg, 4) <18

years and <50 kg (Table 11).. '

The data presented in Table 12 represents the average of
each measure for 5 years (1999-2003) and over four simula-
tion runs. The data address: 1) the number of pediatric and
adult patients transplanted by age (pediatric recipients di-
vided 0 to 5 years, 6—11 years, 11-17 years) and by status, 2)
median waiting time by status, and 3) probability of pre-
transplant death within 6 months of listing. The number of
repeat transplants, and patient life years under the different
proposals is not shown because the model did not account for
expected improvements in pediatric graft survival should
pediatrics recipients receive livers from pediatric aged do-
nors.

In all of the proposed policies, slightly more pediatric pa-
tients were transplanted over the 5-year period. The increase
over the current policy ranged from 151 over 5 years (30 per
year) for the most restrictive policy with donors defined as
<18 years and <40 kg, to 297 over 5 years (59 per year) the
least restrictive policy defining a pediatric donor as <18
years. Consequently; each of the policies resulted in a corre-
sponding decrease in the number of adult patients receiving
transplants.

Investigating the change in the number of transplants by
age and status showed that among pediatric patients fewer
were transplanted in status 1 under the proposed policies.
This is because more pediatric patients were transplanted at
less urgent statuses under the proposed policies. In contrast
about the same or slightly higher numbers of adult patients
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‘TABLE 9. Proposed order of allocation for a liver from a
pediatric donor

1. Local
Pediatric status 1
Adult status 1

2. Regional
Pediatric status 1
Adult status 1

3. Local
Adult status 2a
Pediatric status 2b
Adult status 2b
Pediatric status 3
Adult status 3

4. Regional
Adult status 2a
Pediatric status 2b

5. National
Pediatric status 1
Adult status 1
Adult status 2a
Adult status 2b
Pediatric status 3
Adult status 3

were transplanted in status 1 because there were fewer pe-

diatric patients competing for organs while in status 1. This
is reflected in the increased numbers of children trans-
planted at status 2B. This was most evident in the policy
defining pediatric donors <18 years without weight restric-
tion. The increase in pediatric status 2B patients trans-
planted was 304 over 5 years compared to current policies.
This benefit was diluted as the more restrictive pediatric
donor definitions by weight were applied. In contrast, the
more stable pediatric patients at status 3 showed only a
modest increase, approximately 4—10 more children per year.
In examining the data by status for adults, it is also impor-
tant to note that all of the proposed policies slightly increased
the number of adult patients transplanted at status 2A. This
effect ranged among 18 to 78 patients over 5 years.

Of all pediatric donor livers, the percent that went into
adults was 68.8% under the current policy. Under the least
restrictive proposed policy the percentage of adults still re-
ceiving pediatric donors was 59.2%, and ranged between
63—-64% under the other pediatric donor proposals divided by
weight. There was also a decrease in the percentage of adult
livers that were transplanted into pediatric patients. This
was most pronounced, 3.9%, in the policy defining pediatric
donors <18 years, without weight restriction. Only a negli-
gible increase in the percentage of adult livers that were
transplanted into adults was demonstrated.

The percentage of local, regional, and national transplants
was essentially unchanged as was the average and median
distance the organ traveled. The percentage of organs that
traveled greater than 1000 miles increased from 1.6 to 1.7%.

Deaths pretransplant and posttransplant and total deaths
for the proposed policies was examined and no significant
changes were noted with all four policies proposed as com-
pared to the current policy.

When the probability of pre transplant death within 6
months of listing was analyzed, there were minimal differ-
ences, none of which was statistically significant, between
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TaBLE 10. ULAM comparison of current liver allocalion policy to fowr 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 ke <45 kg <50 kg
No. ped. txs 2132 2429 2283 2299 2307
Change from currenl policy +297 +151 +167 +175
No. ped. ixs by age
0-5 1238 1417 1336 1339 1353
G-11 367 413 387 391 397
11-17 ) 528 600 560 569 558
Txs by age and status
Adult 1 4061 4085 4066 4100 4087
Adults 2A 4713 4731 4729 4733 4781
Ped 1 764 11 755 733 731
Ped 2B 1069 1372 1206 1246 1256
% of total/ped donor to adult recipient
G9% 59% GAG 64% 63%
Med wail Lime
Ped. 2B:2B 340.8 179.0 264.5 252.3 243.0
Ped. 3:28B T776.5 624.3 GB5.5 699.5 674.0
Adult 2A:2A 11.3 12.3 11.3 11.3 115
Adult 28B:28 553.0 573.0 560.8 572.3 569.0
Adult 3:2B 9475 968.5 968.5 963.0 965.5
Probability of pre-T'x death w/in 6 mo of listing
Adult 17 11.8% 11.4% 11.7% 11.9% 11.6%
Ped 1 16.4% 15.5% 15.3% 15.4% 15.1%
Adult 2A 23.4% 92.20% 22.0% 21.9% 29.9%
Aduli 2B 13.7% 14.0% 13.9% 13.6% 13.6%
Ped 2B 13.5% 12.3% 12.8% 12.0% 12.5%

the current and proposed policies among adult and pediatric
recipients. Among pediatric patients, death rates decreased
for patients listed initially in status 2B and status 3. Wailing
time as measured by Kaplan-Meier estimates for most. cale-
rories were reduced for pediatric patients and inereased
slightly for adult patients. Of importance, both pediatric and
adult patients at status 1 had essentially no change in wail.-
ing time at status 1 although on average pediatric patients
waited 2 days longer for transplant at status regardless of
the policy. Of importance, children in status 2B had the most
benefit from the policy defining pedialric <18 years without.
weight restriction, with median waiting time reduced hy 160
days. In that same simulation adull waiting time ol 2I3 was
increased by only 20 days. When pediatrie 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 wailing time for adulls was effected only slightly
2-16 days. Among adults waiting times inereased 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 oufecome, but also persists at 3 years
posttransplant. These findings hold true whether using a
univariate or multivariate method of analysis or unadjusted
Kaplan-Meier estimates of graft survival. Importantly,

whether the analysis is performed on a restricted population
of donor and recipients to deerease the potential impact of the
extremes of donor and recipient age, and the possible influ-
ence of partial liver grafts, or the entire population of adult
and pediatric recipients and donors, including partial liver
grafls, the same henefit to pediatric patients reeeiving livers
from younger donors persists. The improvement in graft sur-
vival for pedintric patients who receive younger donors com-
pared to adulls receiving younger donors, will have the great-
est impact on the most medically urgent children, who we
have shown wait longer Lo réceive a donor, especially if aged
less Lhan § years, compared with adults of equivalent: status.

We can unly postulate why pediatrie recipients have an
improved survival if they receive a liver from a pediatric-
aged donor. Donor quality, which is usually excellent in pe-
diatric-aged 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 list? 2) Would
redirecting some pediatric donors away from adults awaiting
liver transplantation have a significant negative effect on the
outcome of adults undergoing liver transplantation? 3) Could
directing some adolescent donor livers to small children en-
courage split liver transplantation, which would increase the
donor supply?

It has been argued that children already have an advan-
tage over adult 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, it is children less than 2 years of age 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 first consider-
ation for every suitable donor (19). The most recent reported
results are comparable to whole graft 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 graft 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, either 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 urgency status and within each geo-
graphic distribution level (local, regional, and national) pe-
diatric candidates are prioritized.

The most important result of the modehng 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

TRANSPLANTATION

Vol. 70, No. 9

1 adult patients were transplanted under the proposed poli-
Cles.

The decrease in waiting time for children at 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 half a
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 already
been shown that malnutrition has a negative effect on both
pre- and posttransplant survival (24, 25), and that age at
transplant of <2 years in children is an important indepen-
dent predictor 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. Our 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 grafis. 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 should 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 shorlage.

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. FFurther-
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 communily of transplant physicians,
surgeons, and their patients.

REFERENCES

1. Cohen B, D’Amaro J. Some conlemporary cthieal considerations
related Lo organ transplantation, Transpl Int 1995; 8: 238.

. Bollinger RIR. A UNOS perspeclive on donor liver allocation,
United Network for Organ Sharing. Liver Transpl Surg 1995;
1: 47,

3. Yoshida EM. Selecting candidates for liver transplanbation:a

medien] ethics perspective on the micro allocation of a scarce
and rationed resource. Con J Gastroenterol 1998; 12: 209,

4. Neuberger J, Adams 1D, MacMasler P, Maidment A, Speed M.
Assessing priorities for allocation of donor liver grafls: survey
of public and clinicians, BMJ 1998; 317: 172,

. Lucey MR, Brown KA, Everson GT, el al. Minimal criteria for
placement of adults on the liver transplant wailing list: o
reporl of a nalional conference orpanized by the American
Sociely of Transplant. Physicians and the American Associa-
tion for the Stody of Liver Diseases. Liver Transplant. Surg
1997; 3: 6G28.

6. Showstack J, Kalz 'P, Lake JR, el ol Resouree ulilization in
liver tramsplantation: effecks of palient characteristies and
clinical practice. NIDDIC Liver Transplantation Database
Group. JAMA 1999; 281: 1381,

7. An update on liver transplantation in the United States: recip-
ient. characleristics and outcome, In: Belle 811, Beringer KOG,
Detre KM, eds. UNOS Liver Repgistry, Pittsburgh. Clinieal
Transplants 1995, Chapter 2, p. 1812,

8. Colombani PM, Cigarroa FG, Schwarz I, Wise B3, Maley WE,
IKein AS. Liver transplantalion in infanls younger than 1 year
of age. Ann Surg 1996; 223: 658,

9. Van der Werf WJ, IYAlessandro AM, Knechtle 5d, et al. Infant
pediatrie liver transplantation results equal those for older
pediatric patients. J Pediatr Surgy 1998; 33: 20.

Bonatti H, Muiesan PP, Connelly S, el al. Hepatic transplantalion
in children under 3 months of age: a single centre's experience.
J Pediatr Surg 1997; 32: 466.

11. Woodle ES, Millis JM, So SKS, ¢l al. Liver transplantation in the

first three months of life. Transplantation 1998; 66: 60G.

. Broelsch CE, Emond JC, Thistlethwaite IR, et al. Liver trans-
plantation, including the concept of reduced-size liver trans-
plants in children. Ann.Surg 1988; 208: 410,

o

o1

10.

MCDIARMID ET AL.

13.

14,

16.

17,

18.

19.

20,

21.

232,

26,

28.

29,

1291

Goyet Jd, Hausleithner V, Reding R, Lerul J, Janssen M, OTTE
J-B. Tmpact of innovative techniques on the waiting list and
results in pediatric liver transplantation. Transplantation

© 1993; 56: 1130. .

Emond JC, Helflron TG, Thistlethwaile JR. Innovative ap-
proaches to donor scarcity: A critical comparison belween split
liver and living related liver transplantation. Hepatology 1991;
14: 92,

. Pritsker AAB, Martin DL, Renst J, et al. Organ Transplantation

Policy Evaluation: In Proceedings of the Winter Simulation
Conference, 1995; 1314.

Slooff MJ. Reduced size liver transplantation, split liver trans-

plantation, and living related liver transplantation in relation
-to the donor organ shortage. Transplant Int 1995; 8: 65.

Sindhi R, Rosendale J, Mundy D, et al. Impact of segmental
grafls on pediatric liver transplantion-a review of the United
Network for Organ Sharing Scientific Registry data (1990~
1996), J Pediatr Surg 1999; 34: 107.

Broelsch CE, Burdelski M, Rogiers X, et al. Living donor for liver
trunsplantation. Hepatolopy 1994; 20: 49S.

Busuttil RW, Goss JA. Split liver bransplantation. Ann Surg
1999; 229: 313.

Goss JA, Yersiz H, Shacldelon CR, el al. In situ splitting of the
cadaveric liver for transplantation. Transplantation 1997; 64:
871.

Caccinrelli TV, Esquivel CO, Moore DI, el al. Factors affecling
survival aller orthotopic liver bransplantation in infanls.
Transplantation 1997; G4: 242,

Moularzel AA, Najm I, Vargas J, MeDiarmid SV, Busutlil RW,
Amenl ME. Effect of nutritional status on outecome of ortho-
topic liver transplantation in pediatric patients. 'i‘mnshl:mL
Proc 1990; 22: 1560,

. Stewart S, Unuy R, Waller DA, Kennard B, Benser M, Andrews

W. Mental and motor development, social competence, and
prowth one year after suceessful liver transplantation. J Pedi-
alr 1989; 114: 574,

. Moukcrzel AA, Najm 1, Vargas JV, MeDiarmid 5V, Busuttil RW,

Ament ME, Elfect of nuthtional status oo ouleome of ortho-
topic liver Lransplantation in pediatric patients. Transplant
Proc 1990; 22: 1560, '

. Shepherd RW, Chin SE, Cleghorn GJ, el al. Malnulrition in

children with chronic liver disense aceepled for liver ransplan-
Lution: elinical profile and effect on outeome, J Pacdiate.Child
Health 1991; 27: 295,

McDiarmid 5V, Gornbein JA, DeSilva P, el al. Factors affecting
growth after pediatrie liver transplantation. Transplantation
1999; 67: 40d.

. Hess U, Pattyn P, Kerremans 1, et al. The course of shipped

livers used as full size, reduced or splil gralls. Acta Chir Belg
1997; 2: 76.

Rogiers X, Malago M, Gawad KA, el al. One year of experience
with extended application and modified Lechnigues of split
liver transplaniation. Transplantation 1996; 61: 1059,

Mirzan DI, Achilles O, Pirenne J, Buckels JA, McMaster P,
Mayer AD. Encouraging results of split-liver transplantation.
Br.J Surg 1998; 85: 494,

Received 27 April 2000.
Accepted 24 July 2000.



o

Salety and Risk of Using Pediatric Donor Livers in

Adult Liver Transplantation

Sukra Fimire, Yuyr Soepma, Gulum Altaca, Marcelo Faceiuto, Thomas M.
Fishbem,  Patricra . Shemer, Myron L. Schwartz, and Charles M. Miller

Liver Transplantation, Vol 7. No | (Jamuay), 2001: pp L-17

MA L ey bC, R SRR DoHaof) e 1950 EORA NG B
A2 T T BB (05 L) oo it A el U 7=, PSR dLARTE JEIE DM, /B )
FAHECI29% LA D38% L0 FEICE -1z, HRc, BRIFAL ey |k
HETE RO 0% RGO BH CTRIELNR @D -T-, LT, WRIFAREAICE
W HIZLThH, WA EARZEE LW,



Safety and Risk of Using Pediatric Donor Livers in
Adult Liver Transplantation

Suberu Emre, Yuji Soejima, Gulum Altaca, Marcelo Facciuto, Thomas M. Fishbein,
Patricia A. Sheiner, Myron E. Schwariz, and Charles M. Miller

Pediatric donor (PD) livers have been allocated to adult
transplant recipicnts in certain situations despite size dis-
crepancies. We compared data on adults (age = 19 years)
who underwent primary liver transplantation using livers
from cither PDs (age < 13 years; n = 70) or adult donors
(ADs;ape =19 years; n = 1,051). We also investigated the
risle [actors and cffect of prolonged cholestasis on survival
in the PD group. In an attempt to determine the minimal
graft volume requirement, we divided the PD group into
2 subgroups based on the rtio of donor liver weight (DY)
to estimated recipient liver weight (ERLW) at 2 different
cutofTvalues: less than 0.4 (n = 5) versus 0.4 or greater (n =
56) and less than 0.5 (n = 21) versus 0.5 or greater (i = 40).
The inddence of hepatic artery thrombosis (HAT) was sig-
nificwtly greater in the PD group (12.9%) compared with
the AD group (3.8%; £ = .0003). Multivariate analysis
showed that preoperative prothrombin time of 16 secconds or
greater (relative rislk, 3.206; P = .0115) and absence of
FICS06 usce as a primary immunosuppressant (relative risle,
AA477; P = .0078) were independent risk Factors alTecting
I-year graft survival in the PD group. In the PD group,
teansplant recipients who developed cholestasis (total bilirn-
bin level = 5 mghdL on postoperative day 7) had longer
warm (WITs) and cold ischemic dmes (CITs). Transplant
recipients with a DLW/ERLW less than 0.4 had a trend
toward a greater incidence of TIAT (40%; P < .06), septice-
mia (60%), and decreased 1- and S-year graft survival mates
(40% and 20%; P = .08 and .07 » DLW/ERLW of 0.4 or
greater, respectively). In conclusion, the use of PD livers for
adult recipients was associated with a greater risk for devel-
oping HAT. The outcome of small-for-size gralts is more
likely to be adversely alTected by longer WITs and CI'Ts. The
sale limit of gralt volume appeared to be a DLW/ERLW of
0.4 or greater. (Liver Transpl 2001;7:41-47.)

Ithough pediatric donor (PD) livers are ideally
A used for pediatric recipients, they are occasionally
allocated ro adult recipients, c.g., when only a pediatric
liver is available for a critically ill adult or when an adule
patient is listed with the weight range fora PD. In these
circumstances, it is important to know the risks of using
a small-for-size liver in an adulr.

The main risk with such grafts is that they will fail
sccondary to inadequate liver volume. Experience with
living related liver transplantation (LT) in adults has
shown thar grafts as small as 25% ro 30% of ideal liver
volume can be tolerated.'? However, Emond er al®
reported carly functional impairment with grafts less
than 50% of the expected liver volume. In addition,
Kiuchi ctal' reported that small-for-size grafts (< 1% of

recipient body weight) were associated with lower graft
survival, probably because of enhanced parenchymal
cell injury and reduced metabolic and synchetic capac-
ity. Thus, in living donor LT, it is now accepred thar
prafts must be grearer than 0.8% of the recipient body
weighe (or >40% of expected liver volume).

Similar data on small-for-size cadaveric liver grafis
are not available. In this study, we reviewed our large

_experience with the transplantation of pediatric livers

into adult recipients and attempred to identify risk fac-
tors for poor graft survival and determine minimal praft
Vﬂll.l]nl.: rl:l.lllir{.'l‘llt_‘l‘i(}i‘

Patients and Methods

Study Population and Design

Berween September 1988 and March 1999, 1,121 adulis
(ape = 19 years) underwent primary LT using full-gize
(whole) allografts [rom cither PDs (e << 13 years; n = 70) o
adule donors (ADs; ape =2 19 years; n = 1,051). Patients who
received  primary vansplings from donors aped between
13 and 18 years were excluded from analysis.

Mean pose-1T ﬁ)"nw-uln was LHAO days (imedian, 1,738
days; range, 78 1 3,664 days) in the PD group and 1,591 days
(median, 1,477 days; ranpe, 5 10 3,840 days) in the AD group.
Donor liver weight (DLW) was measured ac the end of 1he
hacle-table procedure. Based on data from the first thousand
LTy performed at our institution, estimared recipient liver
weight (ERLW) was caleulated using a formula develaped w
our center™

ERLW (cubic centimeters) = 6 X weight (1)

+ 4 % age (years) 4 350
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In this study, DLW/ERLW ratio was used as an indicator of

graft size macching.

Part 1: Compavison of outcomes in PD and AD groups. We
compared the following factors between groups: recipicntand
.donor age and sex, DLW/ERLW ratio, indication for LT,
United Netwo rk for Organ Sharing (UNOS) status, and pre-
operative values for rotal bilirubin (TBil), prothrombin time
(PT), and creatinine. Surgical data analyzed included cold
(CIT) and warm ischemic rime (W1T), total operarive time,
bypass use, type of caval reconstruction, and use of pucked red
blood cells and fresh frozen plasma. CIT was defined as the
period from donor cross-clamping ro the start of anastomosis
in the recipient, and WIT was defined as the period from the
start of anastomosis to allogralt reperfusion. One- and 5-year
patientand graft survival were also compared berween groups,
as was the incidence of postoperative complications, includ-
ing primary nonfuncrion (PNF), hepatic anery thrombosis.
(HAT), portal vein thrombosis, bile leak, intraheparic and
extrahepatic bile duct stricture, sepricemia, acute rejection,
and post-L'T ascires.

Part 2: Univariate and multivarviate analysis, Univariate
and multivariate analyses were performed in the PD group to
determine the independent risk factors that adversely affecred
1-and S-year patient and graft survival. Conrtinuous variables
were dichotomized at clinically established curofF points and
presented as categorical. Diagnoss at primary LT were care-
gorized into acute or chronic for statistical convenience. Vari-
ables found rto predict 1-year graft survival on univariate
analysis were furcher entered into multivariate analysis.

Part 3: Risk factors for prolonged cholestasis. To identify
factors that predict and/or increase the risk for prolonged
cholestasis in adults who réceive small-for-size cadaveric
livers, we compared PD recipients with and without pro-
longed cholestasis (TBil = 5.0 mg/dL on postoperative day
[POD] 7). Eighteen patients were excluded because of cither

* graft loss within 7 days or inadequate dara. Of the 52 patients
remaining, TBil level was less than 5.0 mg/dL in 41 parients
and 5.0 mg/dL or greaterin 11 patients. Recipicntand donor
age, UNOS status, DLW/ERLW, CIT, WIT, usc of packed
red blood cells and fresh frozen plasma, and 1- and S-year
paticnt and graft survival were compared berween the sub-
groups.

Part 4. To clarify minimal liver volume requirements,
PD paticnts were divided on the basis of 2 different DLW/
ERLW cutofFvalues (<0.4 or =0.4 and <0.5 or =0.5). Nine
parients were excluded for lack of data on cither DLW (n = 4)
or recipient body weight (RBW) (n = 5); 61 paticnts were
included in the analysis, as follows: DLW/ERLW less than
0.4 (n.= 5) versus 0.4 or greater (n = 56) and DLW/ERLW
less than 0.5 (n = 21) versus 0.5 or greater (n = 40).

Postoperative complications, including the incidence of
PNF, HAT, portal vein thrombosis, bile lcak, septicemia, and
acute rejection, were compared at each curoff point, as were
1- and S-year patient and graft survival. TBil, gluramic-ox-
aloaccric transaminase, and PT values for PODs 2, 7, and 14
were also compared between the groups.

Statistical Analysis

Survival analysis was performed using the Kaplan-Meier
method, and the groups were compared by means of the
log-rank test. Continuous variables were compared using a.
2-tailed, unpaired t-tese for independent samples. Categorical
data were compared using chi-squared test. For survival anal-
ysis, continuous variables were dichotomized at a clinically
relevant cutoff point. Variables found ro impact significandy
on 1-year graftsurvival were analyzed by multivariare analysis.
Multivariate analysis was performed using stepwise forward
and backward Cox proportional-hazards models. P less than
.05 is considered significant. All statistical analyses were per-
formed with the StatView7 4.5 software for Macintosh (Aba-
cus Concepts Inc, Berkeley, CA).

Results

Part 1

Groups were similar in terms of recipient age, cause of
liver discase, UNOS status, and pre-LT liver function

test results. There was also no difference between

groups in terms of WIT or total ischemic time, bypass
use, arterial anastomosis technique, blood product use,
and inicial immunosuppression. Preoperative demo-
graphics and surgical dara, including inicial immuno-
suppressive therapy, are listed in Table 1.

One- and 5-ycar patient survival rates were 82.9%
and 70.0% in the PD group and 82.5% and 73.2% in
the AD group (P = not significant). One- and 5-yecar
graft survival rates tended to be less in the PD group
than the AD group (68.6% #75.0% for 1-year survival;
P=.17;52.6% v 65.8% for 5-year survival; P = .051),
but did not reach statistical significance (Fig. 1).

Table 2 lists the incidence of postoperative compli-
cations and length of hospital and intensive care unit
stays. The rate of HAT was 12.9% in the PD group
compared with 3.8% in the AD group (P = .0003).

Figure 2 shows the causes of graft loss in the
2 groups. Thirty-five grafts were lost in che PD group
and 361 grafts were lost 'in the AD group. Overall,

causs of graft loss were similar berween the groups.

Part 2

On univariate analysis, diagnosis at primary LT
(P = .01), UNOS stats (P < .05), pre-LT PT
(P = .005), creatinine level (P = .01), DLW/RBW

(P = .01), and primary immunosuppressive ther-

apy (P = .03) reached statistical significance regarding
1-year graft survival in PD recipients. These variables
were further evaluated in forward and backward step-
wise Cox regression models. Independent risk factors
werea high pre-LT PT and not using FK506 as primary
immunosuppressive therapy (Table 3).
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Table 1. Preoperative Demographics

Group
Variables PD (n = 70) AD (n = 1,051) 4
Recipient variables
Sex (9% female) 78.6 39.8 <.0001
RBW (kg) 65.3 * 14.3 75.6 + 16.9 <.0001
ERLW (g) 1,346 = 319 1,511 = 319 <.0001
Donor vasiables ! .
Donor age (yr) 8.9:+12) 453+ 17.3 ' <.0001
Sex (% female) 35.7 41.3 I NS
Donoer body weight (kg) 3342117 729+ 154 <.0001
DLW (i) BGS5 = 267 1,477 + 308 <.0001
DLW/ERLW (.69 * 0.44 1.05 * 0.50 <.,0001
CIT (h) 10.9 > 3.4 10,0 =33 04
Pippyback (%) 514 46 =.0001
Bile duct reconstruction (%) L0006
Duct-to-duct with T-1ube 49.3 44.5
Duct-to-duct without T-wbe 24.0 42.7
Roux-en-Y 20.7 128
1CU stay (o) 0.0 = 11.7 092134 NS
Huospital stay (d) 36.7 £ 339 355328 NS
MOTLE. Values expressed as mean = SI unless otherwise noted.
Abbreviaions: JCU, imensive care unit; NS, nor significan.
Part 3 Parc 4

Table 4 shows the effect of post-1.1° cholestasis on pa-
tient and praft survival. One- and S-year patient and
graltsurvival were significantly worse in patients with a
TBil level 25.0 mp/dl on POD 7. In these patients,
WIT and CI'T were significantly longer than dhose in
patients with TBil levels less than 5 mgfdL on POD 7
(57.2 4 13.0 v 45.9 = 9.0 minutes; 13.1 = 4.3 »
10.5 = 3.0 hours, respectively). =

Patient

Table 5 lists postoperative complication rates and 1-
and S-year patient and graft survival rates, with special
relerence to DLW/ERLNW, There was no staristical Jif-
ference in diagnosis, UNOS status, or surgical variables
(dara nor shown). Padents with a DLNW/ERLW less
than 0.4 had a trend woward agreater rate ol LIAT (40%
v 10.7%; P < 06) and septicemia (60% » 25.0%).

Furthermore, 1- and S-year praft survival races in this

Graft

1001\j

l-year S-year § 40+ I-year S-year
" —— D group(n=70) 829 70.0 v — PDpioup(n=10)  68.6 52.6
204 —— AD group(n=1,051) 82.5 73.2 20 ——  AD proup(n=1,051) 75.0 G658

0 T T T T T 0 T 1 T i i

0 1 2 3 L) 5 0 1 2 3 4 5

Years Post Transplant

Years Post Transplunt

Figure 1. Comparison of patient and graft survival between the PD (n = 70) and AD groups (n = 1,051).
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Table 2. Postoperative Complicagions
PD(n= AD(=

Variables 70) 1,051) P
PNF (%) 7.1 6.3 NS
HAT (%) . 12.9 38 .0003
Portal vein thrombosis (%) 2.1 1.5 NS
Bile leak (%) 57 38 NS
Bile ducr stricture (%)* 5.7 5.8 NS
Septicemia (%) 28.6 19.8 NS
Acute rejection (%) 429 50.1 NS
Posttransplantation ascites (%) 7. 10.5 NS
Abbreviation: NS, not significant.
* Intrahepatic and extraheparic stricture.

group were only 40% and 20% compared with 73.2%
and 57.1% in patients with a DLW/ERLW of 0.4 or
greater. Although there was no statistical significance,
probably because of the small sample size, diminished
graft survival in this group of patients should be noted.
When divided ata cutoff value of 0.5 for DLW/ERLW,
postoperative complications and patient and graft sur-
vival were similar between the groups, except for a
greater incidence of bile leak in patients with a
DLW/ERLW less than 0.5.

Regarding chronological changes in serum TBil,
glutamic-oxaloacetic transaminase, and PT values carly
after LT, we found that serum bilirubin levels tended to
be greater in the group with a DLW/ERLW less than
0.4 at all points, but this did not reach staristical sig-
nificance. PT POD 2 was significandy greater in the

=NS
Yo p .

1007
90"
80~
707
60"
50
40
30+
204
107

35

n=361

AT,

Table 3. Independent Predictors of Inferior 1-Year Gralt
Survival in Recipicnts of PD Livers
Gralt
Survival Relative

Variables (%) Cocflicient Risk P
PT (s)

<16 80.5 1

=16 517 1.165 3.206 0115
FK506 use

Yes 86.2 |

No 57.5 1.499 4.477 0078

group with a DLW/ERLW less than 0.4 compared
with the group with a DLW/ERLW of 0.4 or greater
(P<.05).

Although females accounted for 39.8% of AD recip-
ients, 78.6% of PD recipients were female. Primary
biliary cirrhosis (21.4%) was a relatively frequent indi-
cation in the PD group compared with AD group
(10.4%).

Table 1 lists surgical data. Mean CIT was sig-
nificantly longer in PD recipients (P < .04). A piggy-
back procedure was used in 51.4% of PD recipients in
contrast to only 4.6% of AD recipients (P < .0001).
Patients in the PD group were significantly more
likely to require Roux-en-Y hepaticojejunostomy than
patients in the AD group because of the size dis-
crepancy between donor and recipient ducts (26.7% v
12.7%).

Infection

PNF

HAT

Recurrent HepC
Rejection

Grall failure

Ohers Figure 2. Comparison of

PD

Group

causes of loss between
the PD (n = 70) and.AD
groups (n = 1,051). (HepC,
hepatitis C; NS, not signifi-

cant.)



Pecdiatric Donor Livers Jor Adult Liver Transplusitation 45

Table 4. Delayed Cholestasis Afier LT

TBil (img/dL) POD 7
Variables <5.0 (n = 41) =5.0(m=11) P
Recipient age (yr) 511 %143 SLOE 145 NS
UNOS status (%) NS
1 ) ' 1.1 27.2
2 36.1 18.2
3 52.8 54.6
Donor age (vr) 8.7x21 DT *13 ,lNS
DL (kg) 855 £ 385 . 784 2 147 NS
DLAWV/ERLW 0.63 - 0.23 0.67 £ 0.49 NS
CIT (h) 105+ 3.0 131 £ 4.3 02
WI'T (min) 45.5 L 9.0 57.2 £ 13.0 01
Intmoperative transfusions
PRBCs (units) » 109 k72 157 2149 - NS
FFFP (units) 17.9 % 14.3 1.8 % 8.7 NS§
Patiend/pralt survival (96)
1-yr 92.7*180.51 54.54136.41 “f-=.001
S-yr 80.53/65.9% A6A1N0.28 F§-<.0001
NOTE. Values expressed as mean 2 SD nnless noted mihenwise.
Abbieviations: PRBC, packed red blood cells; FEP, Tresh frozen plasima; NS, nor significant,
* L-year patient survival,
1 1-year gralt survival,
T 5-year paticnt survival,
§ S-year pralt survival.
Table 5. Preoperative Demographics and Postoperative Complications in the ' € sonp With Special Reference 1o .
DEW/ERLW at 2 Cutoll Points
DEW/ERLWY . ILNCTERINY
Variahles <04 (n = 5) =04 (n = 56) r <05 o= 21) L5 (o= d40) r
Mean preoperative variables .
Recipient age (y1) - 51.4 50,7 NS 51,5 ) 0.4 NS
REW (k) 78.0 64.2 04 6.0 634 NS
Donor age (yr) 8.6 B.7 NS B0 0.1 06
Danor body weight (kg) 26.0 329 NS 26.6 35.2 003
DLW (g) 555.6 #83.2 007 6194 980.4 <.0001
DLW/ERLW 0.35 0.63 001 0.42 0.71 NS
Postoperative complications
PNF (%) 20,0 7.1 NS 5.4 10,0 NS
HAT (%) 40.0 10.7 .06 14.3 12.5 NS
Poral vein thrombosis (44) 0.0 3.6 NS 0.0 5.0 NS
Bile leak (%0) 0.0 7.1 NS 19.0 0.0 004
Septicemia (%) 600 25.0 NS 381 . 22.5 NS
Acute rejection (%) 40,0 44.6 NS 47.6 42.5 NS
Patient/graft survival (%)
L-yr RO.0M0.0 85.2173.2 NS 85707104 85.0/70.0 NS
S-yr 60.0/20.0 73.2157.1 NS 66.7152.4 75.0155.0 NS
Abbreviation: NS, not significant.
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Discussion

Currently, more chan 14,000 patients are on the wait-
ing list for liver rransplants in the United States, with an
expected supply of 4,500 donors per year.? The gap
between the demand and supply of donor organs has
been constantly increasing. As a result, centers have
been expanding their donor acceptance criteria, includ-
ing the use of small-for-size livers under certain condi-
tions.

The use and allocation of pediatric livers in adult °

recipients is controversial. According to UNOS data,”
approximately 20% of liver donors in the United States
in 1997 were aged younger than 18 years, and 8.7%
were aged younger than 10 years. Approximately 150
livers per year procured from PDs (dcfined as age
< 13 years) were transplanted into adults (=19 years;
UNOS data request, 1999). According to Wight,* 28
pediatric livers were transplanted into adults in the
United Kingdom in 1989, whereas 64 pediatric livers
were transplanted into pediatric patients.

Because chere was no UNOS policy for allocating
PD livers to pediatric recipients during this study pe-
riod, the use of pediatric livers in adult recipients was
justified under cerrain urgent conditions. Recently,
UNOS adopted a policy to allocate PD livers preferen-
tially to pediatric recipients in the same region.

Our study showed that resules with the use of pedi-
atric livers in adults was similar to resules with adule-to-
adult combinations, although graft survival tended to
be less in the former group. OFf note, the incidence of,
HAT was significantly greater in the PD group com-
pared with the AD group (12.9% v 3.8%). The inci-
dence of HAT after primary LT varies from 1.6% to
8% in adults?'? and 5% to 38% in children.'*'¢ Nu-
mecrous factors have been implicated in HAT, including
a prolonged CIT.13179 Not surprisingly, an increased
incidence has been reported in pediatric recipients, in
whom vessels are small.'4 It is also reported that size
mismatching in vascular components could be prob-
lematic in LT using small-for-size grafts.? In our
present study, CIT was longer in the PDs, and this may
partdy explain the high incidence of HAT. Further-
mare, we believe the small size of the donor artery and
inevitable size discrepancy between donor and recipient
arteries might facilitate development of HAT. Itis our
policy to administer anticoagulation therapy with hep-
arin to the recipient in this setting to prevent HAT.

Adam et al?! reviewed their use of small donor livers
in adult recipients and found that a very small grafcsize
(<600 g), DRW ratio less than 0.5, and prescrvation
time exceeding 12 hours were risk factors for complica-
tions. We did not confirm these findings in our patients

(data not shown). Qur multivariate analysis showed
2 independent risk factors for poor graft survival: pre-
operative PT greater than 16 scconds and no use of
FK506 for primary immunosuppression. Patients with
a preoperative PT less than 16 seconds who were ad-
ministered FK506 had a 1-year graft survival rate of
94.1% (n = 17) versus a 37.5% (n = 16) l-ycar graft
survival rate in patients with a PT greater than 16 sec-
onds preoperatively who were not adminiscered FK506.
The effect of a high preoperative P'T on negative out-
come can be explained by poor pre-LT patient condi-
tion and intraoperative blood loss (data not shown).
These results suggest that restricting the use of small PD
livers to relatively healthy adults may be the key to
better graft and patient survivals. However, possibly
because a cyclosporine-based immunosuppressive regi-
men was used earlicr in our program, the improved
graft survival in the FIKK506 era may reflect our learning
curve related to increased surgical experience.

Itis important to know the expected (or ideal) recip-
ient liver weight before accepting a donor liver, espe-
cially when there is a size discrepancy berween the
donor and recipient. Urata et al?* proposed a simple
formula for predicting standard (or ideal) liver volume:

Liver volume (milliliters) = 706.2
X body surface area (square meters) 4+ 2.4

Since it was published in 1995, this formula has
been widely used. However, we found that this formula
tended to underestimare liver volume when we applied
it to our donor population (data not shown). Heine-
mann et al?? recendy reported the same observation.
The reason is not clear but is probably caused by the
racial difference on which the formula was based. Thus,
we adopted the formula developed at our institution:

ERLW (grams) = 6 X weight (Ib) + 4
X age (years) + 350

Among 5 grafts with a DLW/ERLW less than 0.4,
1 graft (DLW/ERLW = 0.35) was lost to PNF, which
was atcributed to a small-for-size graft. The 2 smallest
grafts (0.29 and 0.34) developed HAT on PODs 12
and 1. One graft (DLW/ERLW = 0.39) was lost to an
unknown cause on POD 982. Thus, the 3 smallest of -
these 5 grafts were lost to causes atributable to the graft
itself. Considering the high incidence of complications,
including HAT (40%) and septicemia (60%), and the
low graft survival, we currently believe we should
not use grafts with a DLW/ERLW less than 0.4 in
cadaveric LT.

In living related LT, small-for-size grafts are report-
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edly associated with impaired graft function, indicated
" by prolonged hyperbilirubinemia, profuse ascites, and

high PTs.? In our study, TBil levels in padients with a

DLW/ERLW less than 0.4 tended to be greater, but

the difference did not reach statistical significance. PT

on POD 2 was significantly higher in patients with a

DLW/ERLW less than 0.4. The incidence of post-LT
" . ascites was similar between the PD and AD groups. In
living related donor LTs, the development of increased
ascites related to small-for-size livers may be caused by
the large cut surface on the donor liver. This theory may
explain why increased ascites was not seen in our trans-
plant recipients, in whom the small-for-size livers were
whole organs.

When we divided the PD liver recipients into
2 groups based on TBil level on POD 7, we found that
graft volume (DLW/ERLW) was not associated with
prolonged cholestasis (defined as TBil = 5 mg/dL on
POD 7). Conversely, grafts with long WITs and CITs
developed cholestasis, suggesting that small-for-size liv-
ers were more vulnerable to ischemic insult. Further-
more, we found that graft and patient survival in pa-
tients who developed prolonged cholestasis were
markedly inferior to those who did not.

In conclusion, the use of PD livers in adults was
associated with a greater incidence of HAT, probably
aweributable to smaller donor vessel size and the inade-
quate capacity of the donor vessel for accommodaring
high arterial flow velocity in the recipient. Pose-LT
anticoagulation therapy is warranted when using PD
livers in adults. The outcome of small-for-size grafts is
more likely to be adversely affected by longer WITs and
CITs. Grafts with a DLW/ERLW of 0.4 or greater
(or =40% of ideal liver volume) can be used safely.
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Longterm Outcomes for Whole and
Segmental Liver Grafts in Adult and Pediatric
Liver Transplant Recipients: A 10-Year
Comparative Analysis of 2,988 Cases
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R Mark Ghobrial, MD, PhD, FACS, Bunthoon Nonthasoot, MD, Thomas E Collins, MD,
Jonathan R Hiatt, MD, FACS, Ronald W Busuttil, MD, PhD, FACS

BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

Data on longterm outcomes after liver transplantation with pardal grafts are limited. We
compared 10-year outcomes for liver transplant patients who received whole grafts (WLT), split
grafts from deceased donors (SLT), and partial grafts from living donors (LDLT).

We conducted a single-center analysis of 2,988 liver transplantations performed between August
1993 and May 2006 with median followup of 5 years. Graft types included 2,717 whole-liver, 181
split-liver, and 90 living-donor partial livers. Split-liver grafts included 109 left lateral and 72 ex-
tended right partial livers. Living-donor grafts included 49 left lateral and 41 righe partial livers.
The 10-year patient survivals for WLT, SLT, and LDLT were 72%, 69%, and 83%, respectively
(p = 0.11), and those for graft survival were 62%, 55%, and 65%, respectively (p = 0.088).
There were differences in outcomes between adults and children when compared separately by
graft types. In adults, 10-year patient survival was significantly lower for split extended right
liver graft compared with adult whole liver and living-donor righe liver graft (57% versus 72%
versus 75%, respectively, p = 0.03). Graft survival for adults was similar for all graft types. Retrans-
plantation, recipient age older than 60 years, donor age older than 45 years, splic extended right liver
graft, and cold ischemia time > 10 hours were predictors of diminished patient survival outcomes.
In children, the 10-year patient and graft survivals were similar for all graft cypes.

Longterm graft survival rates in both adults and children for segmental grafts from deceased and
living donors are comparable with those in whole organ liver transplantation. In adults, patient
survival was lower for split compared with whole grafts when used in retransplantations and in
critically ill recipients. Split graft-to-recipient matching is crucial for optimal organ allocation
and best use of a scarce and precious resource. (] Am Coll Surg 2009;208:682-691. © 2009 by

the American College of Surgeons)

Donor availability is the principal limiting factor for ex-
pansion of liver transplantation (LT). In 2007, there were
17,000 candidates on the waiting list; only 6,400 patients
received transplants and more than 2,300 patients died for
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lack of donor organs (2008 Organ Procurement and Trans-
plantation Network/Scientific Resistry of Transplant Re-
cipients). With the scarcity of whole organ grafts, particu-
larly in small children, innovative procedures using partial
liver grafts from deceased and living donors have improved
the availability of donor organs and lowered mortality on
the transplant waiting list.

The ability to use partial hepatic grafts is dependent on
the segmental hepatic anatomy (as shown in Figure 1), and
regeneration potential of the transplanted graft and the rem-
nant liver. Table 1 summarizes various functional grafts used
in liver transplantations for both adults and children.
Deceased-donor grafts are of whole organ and split types.
Whole organs are used for both pediatric and adult recipi-
ents; the conventional split types produce smaller segment

ISSN 1072-7515/09/$36.00
doi:10.1016/].jamcollsurg,2009.01.023
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Abbreviations and Acronyms

LDLT = living-donor segmental graft liver
transplantation

LT = liver transplantation

MELD = Model for End-Stage Liver Disease

SL-ER = splir extended right liver graft

SLT = split-graft liver transplantation

WLT = whole-organ liver transplantation

IT to III grafts for children and larger extended-right grafts
for adults. Splitting the liver can also yield functional grafts
for two small adults. The full left-right splitting remains
experimental because of its inferior outcomes compared
with whole-organ LT (WLT)."* There are two methods of
splitting the liver. In the ex vivo technique, the whole organ
is retrieved and preserved and then divided into two func-
tional grafts on the back table.? The in situ method divides
the hepatic parenchyma in the heart-beating brain-dead
donor before aortic cross-clamping and cold perfusion.*?
Ex vivo grafts are subjected to a longer cold ischemia time
and graft rewarming, which may have a deleterious effect
on graft function after transplantation. Advantages of the
in situ method include shorter cold ischemia time, minimal
graft rewarming, and easier identification of biliary and
arterial systems. Living donors provide segmental grafts
including left lateral for pediatric recipients and right or left
partial hepatic grafts for adults.

Deceased and living donors have been complementary
in providing grafts for small children and have resulted in a
significant decline in mortality in patients on the pediatric
waiting list. For adults, the use of segmental grafts from
both deceased and living donors has not gained wide ap-
plication. Split-graft liver transplantation (SLT) in adults is
controversial; proponents report outcomes comparable
with those with WLT,*® but others argue that the proce-
dure converts an otherwise optimal whole organ to a mar-

Table 1. Organ Grafts Used in Liver Transplantation

Figure 1. Conventional in situ split technique. The conventional in
situ split technique separates the hepatic parenchyma to the right of
the falciform ligament and yields a smaller left lateral graft (seg-
ments Il and Ill) for a child and a larger extended-right graft (seg-
ments |, IV to VIIl) for an adult recipient. (From: Yersiz H, Renz JF,
Hisatake GM, et al. The conventional technigue of in situ splitliver
transplantation. J Hepatobiliary Pancreat Surg 2003;10:11-15, Fig.
2, with kind permission of Springer Science & Business Media.)

ginal segmental graft.”' For living-donor segmental graft
liver transplantation (LDLT), the risk to the living donor
remains a subject of ethical debate, and the annual volume
of LDLT in the US has continued to decline for 7 consec-
utive years, from a total of 520 in 2001 to 266 in 2007.
Although short-term outcomes for segmental grafts have
been comparable with those with WLT, few longterm data
are reported.®”'" In addition, when data were analyzed
separately for pediatric and adult recipients, there were dis-
tinct differences in outcomes based on graft types.'®'* This
single center study was undertaken to compare longterm out-

comes for whole and segmental liver grafts in adult and pedi-

Donor Graft Segments Common name Reciplent Abbreviation
Deceased Whole I-VIII Adule Adult-WL
Pediatric Ped-WL
Split 1111 Left lateral Pediatric SL-LL
I, IV=VIII Extended right Adule SL-ER
-1V Full left Adule SL-FL
V-VIII Full right Adult SL-FR
Living Segmental =111 Left lateral Pediatric LD-LL
-1V Left Adult LD-L
V=V1iI Right Adult LD-R

Adult-WL, adult deccased donor whole liver graft; LD-L, living donor left liver graft; LD-LL, living donor left lateral liver graft; LD-R, living donor righr liver
graft; Ped-WL, pediatric deceased donor whole liver graft; SL-ER, split extended right liver graft; SL-FL, split-extended full left liver graft; SL-FR, split extended

full right liver graft; SL-LL, split extended left lateral liver graft.



684 Hong et al

Outcomes for Liver Grafts in Adults and Children

J Am Coll Surg

Table 2. Patient and Donor Characteristics by Graft Type

Adult Children
Adult-WL SL-ER LD-R Ped-WL SL-LL LD-LL
Characteristic (n=2433) (n=72) (n=41) pValue (n=284) (n=109) (n=49) p Value
Recipient
Median age, y 52 51 52 0.5019 3.4 1 0.9 <0.0001
Female gender, n (%) 968 (40) 14 (19) 14 (34)  <0.0001 156 (55) 60 (55) 28 (57) 0.9588
History of earlier LT, n (%) 337 (14) 9(13) 0 0.0357 72 (25) 16 (15) 8 (16) 0.0446
Urgent LT, n (%) 303 (13) _ 19 (26) 1(2) 0.0003 83 (29) 47 (43) 15 (31) 0.0251
Donor
Median age, y 37 20 35 <0.0001 3 18 31 <0.0001
Median hospital stay, d 2 3 n/a 0.2418 3 2 n/a 0.3089
Vasopressor agents = 2, n (%) 388 (17) 22 (31) n/a 0.0032 75 (26) 35 (32) n/a 0.785
Graft ischemia
Median graft cold ischemia,
min 402 348 45 <0.0001 468 330 60 <0.0001
Median graft warm ischemia,
min 30 41 48 <0.0001 48 66 66 <0.0001

Adule-WL, adulr deceased-donor whole-organ graft; LD-LL, living-donor left lateral graft; LD-R, living-donor right graft; LT, liver transplantation; Ped-WL,
pediatric deceased-donor whole-organ graft; SL-ER, split extended right graft; SL-LL, split left lateral graft.

atric liver transplant recipients and to determine predictors for
patient and graft survival for different graft types.

METHODS

Data collection

Using a prospectively collected transplant database, we per-
formed a retrospective analysis of 2,988 liver transplanta-
tions in both adults (18 years or older) and children (18
years or younger) at the Dumont-UCLA Transplant Cen-
ter, from August 1993 through May 2006. The UCLA
Institutional Review Board approved the study. The me-

dian followup time was 5 years.

Patient characteristics

All patients with end-stage liver disease were evaluated for
LT by a mulddisciplinary team, as previously described.'
Before the year 2002, patients were listed for liver trans-
plant candidacy according to the United Network for Or-
gan Sharing (UNOS) status categories; from 2002 to the
present, the current Model for End-Stage Liver Disease
(MELD) system has been used.'* Patient and graft survival
outcomes were analyzed by the type of graft received:
whole-organ graft from deceased donors and partial he-
patic grafts from either deceased or living donors. In addi-
tion, results were compared among adult and pediatric
transplant recipients.

Operative procedures

Deceased-donor, whole-organ liver transplantation
The surgical procedure for whole-organ orthotopic liver
transplantation was performed in a standard manner, with

either preservation or replacement of the recipient’s infe-
rior vena cava.'’

Deceased-donor, in situ split-liver transplantation
The in situ split technique was performed on livers from
deceased donors that met criteria for splitting, as previously
described.® Figure 1 demonstrates isolation of the left he-
patic artery, left branch of the portal vein, and the extrahe-
patic portion of the left hepatic vein followed by transec-
tion of the parenchyma at about 0.5 cm to 1 cm to the right
of the falciform ligament, yielding a left lateral graft (SL-
LL; segments II and IIT) and an extended right graft (SL-
ER; segments I, IV to VIII). The left hilar plate and bile
ducts were divided sharply with scissors so as not to devas-
cularize the duct. The middle hepatic vein, the entire
length of the celiac axis, portal vein, bile duct, and vena
cava were retained with the extended right graft.

The recipient operation in children was performed by
native hepatectomy with retention of the inferior vena
cava, and the left lateral graft was implanted using a piggy-
back technique in which the venous outflow was anasto-
mosed to the confluence of the recipient hepatic veins. In
adults, the extended right graft was prepared in the manner
identical to preparation of a whole graft, with the addition
of oversewing the left hepatic and portal vein orifices and
the left hepatic duct stump. The extended right graft was
implanted in the same manner as a whole graft.

Living-donor liver transplantation

The techniques of living-donor partial hepatectomy have
been described.'”"" In adult-to-child LDLT, the left lateral
graft (LD-LL; segments IT and III) is procured. In adult-
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to-adult living-donor liver transplantation, the right
lobe (LD-R; segments V to VIII) is procured in the
donor with preservation of middle hepatic vein. The
living-donor segmental grafts (left lateral and right lobe)
were transplanted with recipient caval preservation (pig-
gyback technique) and previously described vascular
and biliary reconstruction.'’"'®

Immunosuppression

The primary maintenance immunosuppression regimen
consisted of cyclosporine (CyA, Sandimmune or Neoral,
Novartis Pharmaceuricals) until 1994 and rtacrolimus
(Prograf, Astellas Pharmaceutical Inc) thereafter. Most
patients received triple immunotherapy with steroids
and either azathioprine or mycophenolate mofetil (Cell-
Cept, Roche Pharmaceuticals). '

Statistical analysis

Patientand graft survival curves were computed using Kaplan-
Meier methods and compared using log rank tests. Medians
were compared using the Wilcoxon test and proportions using
the chi-squared test. Both univariate and multivariate analyses
were conducted using Cox’s proportional hazard model. The
backward stepwise procedure was used for variables selection
with retention criteria at a p value of =< 0.25 level of signifi-
cance. In the muldvariate analysis, a p value of < 0.05 was
considered significant. Statistical analysis was performed using

SAS software, version 9.1 (SAS Institute).

RESULTS
Recipient characteristics
Among the 2,988 liver transplantations during the 13-year
study period, 2,546 were performed in adults (85%) and
442 in children (15%). Graft types in adults included adult
deceased-donor whole liver graft (adult-WL) in 2,433
(95%), SL-ER in 72 (3%), and living-donor right liver
graft in 41 (2%). Graft types in children included pediatric
deceased-donor whole liver graft (ped-WL) in 284 (64%),
SL-LL in 109 (25%), and LD-LL in 49 (11%).

Patient characteristics are compared by graft type in Table 2.
In adults, the median recipient ages among the three groups
were similar. Although both whole and split grafts were used
more often than living-donor grafts for recipients with previ-
ous liver transplants, split grafts were frequently used for re-
cipients requiring urgent transplants. The most common liver
disease in adult recipients was hepatitis C cirrhosis (32%) fol-
lowed by alcohol-induced liver disease (15%) and acute liver
failure (14%). Comparing indications for LT for all graft
types, acute liver failure was more frequent in SLT compared
with adule-WLT and LDLT (26% versus 13% versus 2.4%;
p = 0.0003); primary sclerosing cholangitis was a frequent

reason for LDLT. The frequency of hepatitis B, hepatits C,
alcohol-induced liver disease, and cryptogenic cirrhosis were
similar for all graft types.

In children, recipients of split and living-donor grafts
were smaller children younger than 1 year of age (Table 2).
More recipients with previous transplants received whole-
organ grafts. Split grafts as with adults, were used more
often for urgent transplantation. The most common indi-
cations for LT in children were biliary atresia (42%) and
acute liver failure (34%). A higher proportion of pediatric
recipients with biliary atresia received a split graft com-
pared with a living-donor segmental or deceased-donor
whole-organ graft (54% versus 41% versus 34%, respec-
tively, p = 0.0023). The distribution of other liver dis-
eases, including neonatal hepatitis, cryptogenic cirrhosis,
and malignancy, was similar among all graft types.

Donor characteristics and graft ischemia times
Table 2 compares the donor characteristics and graft ische-
mia duration for both adults and children. In adults, do-
nors of split grafts were younger than whole-organ and
living donors (p < 0.0001). There were more deceased
donors for split than whole grafts that required two or more
vasopressor agent support during organ procurement (31%
versus 17%, p = 0.0032). The cold ischemia duration for
living-donor segmental grafts, as would be expected, was
shorter compared with that for deceased-donor grafts. The
need for complex microvascular reconstructions in seg-
mental grafts accounted for a longer warm ischemia time
compared with whole-organ grafts.

In children, whole-organ donors were younger than de-
ceased and living donors of segmental grafts. The duration of
both cold and warm graft ischemia varied between deceased- and
living-donor graft types, as in adults (Table 2).

Patient survival
The 10-year patient survival curves for adults and children
are shown in Figure 2A. For both adults and children,
survival was similar for all graft types. When data were
analyzed separately for adult and pediatric recipients, there
were distinct differences in outcomes based on graft types.
Figure 3A shows that the longterm patient survival curve in
adults for SL-ER was significantly lower compared with
LD-R and adult-WL (57% versus 73% versus 71%; p =
0.033). In contrast to the adults, longterm outcomes for all
graft types in children were similar, as shown in Figure 3B.
Multivariate analysis of patient survival in adult recipi-
ents is shown in Table 3. Statistically significant indepen-
dent predictors of diminished survival in adult recipients
included recipient age older than GO years, retransplanta-



686 Hong et al

Patient Survival

0 12 22 ¥ 48 80 72 B4 96 108 120

Months after Transplantation
100% -

ams-L\
30%'\\__
T0% o "= -
60% -
50%
40%
30% 4
20% A
10% -
D% T T T T

0 12 24 36 48

Graft Survival

p=0.088

60 72 84 96 108 120
Months after Transplantation

Figure 2. Overall survival of different graft types after liver trans-

plantation. (A) Patient; (B) graft. Solid line, living donor; dashed line,

whole liver; dotted line, split-graft liver transplantation.

tion, SL-ER graft, donor age older than 45 years, and cold
ischemia time > 10 hours. In children, Table 4 shows that
a history of previous LT and use of split grafts were associ-
ated with lower survival outcomes.

Table 3. Multivariate Analysis of Patient and Graft Survival
in Adults

Outcomes for Liver Grafts in Adults and Children

J Am Coll Surg
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Figure 3. Patient survival after liver transplantation. (A) Adult. Solid
line, living-donor right liver graft; dashed line, whole liver; dotted
line, split extended right liver graft. (B) Children. Solid line, living-
donor left lateral liver graft; dashed line, whole: liver; dotted line,
split-graft left-lateral liver transplantation.

Graft survival

Figure 2B demonstrates that overall 10-year graft survival
outcomes for SLT, LDLT, and WLT were comparable
(55% versus 65% versus 62%, respectively; p = 0.088).

Variables Hazard ratio pValue  Graft survival curves in adults and children are compared
Patient survival separately in Figure 4. There were no significant differences
Recipient age >60 y 1.6 0.0002 :
Previous LT 2.6 <0.0001  Table 4. Multivariate Analysis of Patient and Graft Survival
Graft type in Children
Whole 1 Variables Hazard ratio p Value
SLT 2 0.0008  Patient survival
LDLT 0.8 0.6320 Previous LT 4.9 <0.0001
Donor age >45 y 1.5 0.0361 Graft type
Cold ischemia time >10 h 1.4 0.0066 Whole 1
Graft survival SLT 2.2 0.0011
Previous LT 1.8 <0.0001 LDLT 1.7 0.1923
Graft type Graft survival
Whole 1 Previous LT 1.7 0.0031
SLT 1.9 0.0010 Graft type
LDLT 1.1 0.6572 Whole 1
Donor age >45 y 1.4 0.0223 SLT 15 0.0198
Cold ischemia time >10 h 1.3 0.0077 LDLT 1.1 0.8433

LDLT, living-donor segmental graft liver transplantation; LT, liver transplan-
tation; SLT, split-graft liver transplantation.

LDLT, living-donor segmental graft liver transplantation; LT, liver transplan-
tation; SLT, split-graft liver transplantadon.
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Figure 4. Graft failure-free survival after liver transplantation. (A)
Adult. Solid line, whole liver; dashed line, split extended right liver
graft, dotted line, living-donor right liver graft. (B) Children. Solid line,
living-donor left lateral liver graft; dashed line, whole liver; dotted
line, split-graft left-lateral liver transplantation.

Graft Survival in Children

120

in graft survival for all graft types in both adults (Fig. 4A)
and children (Fig. 4B).

Multivariate analysis of graft survival in adults is shown
in Table 3. The predictors of graft failure included history
of previous LT, SL-ER grafts, donor age older than 45 years,
and cold ischemia time > 10 hours. In children, history of
previous LT and SL-LL graft were independent predictors
of diminished survival (Table 4).

Causes of loss
For both adults and children, sepsis and mult-organ sys-

tem failure was the most common cause of patient death.

Table 5. Complications

Regarding graft failure, recurrence of liver disease and
chronic rejection were frequent causes of graft loss in
adults. The noteworthy difference berween the three
groups was thar recurrence of liver disease in transplanted
segmental grafts from deceased and living donors was more
common than in whole-organ grafts (50% versus 56% ver-
sus 16%, respectively; p = 0.0133). For children, chronic
rejection and hepatic artery thrombosis were common rea-
sons for graft loss. There were no significant differences in
causes of graft failure among the three groups.

Complications

The major posttransplant complications for various graft
types are compared in Table 5. In adults, there were no
differences except for a higher rate of retransplantation in
recipients of living-donor grafts. In children, there was a
higher frequency of primary graft nonfunction in split
grafts because of increased use in urgent and redo trans-
plantations. Living-donor grafts had a higher rate of portal
venous thrombosis than whole grafts.

DISCUSSION

This study compared longterm outcomes for whole and
segmental grafts in adult and pediatric liver transplant re-
cipients. Earlier studies report conflicting short- and mid-
term survival outcomes. Although single-center studies®”!!
demonstrated no difference in 1-, 3-, and 5-year outcomes
after SLT and WLT, registry data report SLT as an indepen-
dent predictor of poor patient outcomes for both adults
and children.?*?

Our study showed equivalent overall longterm out-
comes after whole, split, and living-donor graft LT. When
results were analyzed separately by recipient age, there were
distinct differences in outcomes and factors that affect sur-
vival. Although the 10-year graft survival after whole, split,
and living-donor transplantation was comparable in
adults, the patient survival was lower for split grafts com-
pared with whole grafts when used in retransplants and
critically ill recipients. Patients who require retransplanta-

Adult Children
SL-ER LD-R Adult-WL SL-LL LD-LL Ped-WL
(n=172) (n=41) (n=2433) . (n=109) (n=49) (n= 284) .
Complication n % n % n % Value n % n % n % Value
Primary graft nonfunction 4 55 5 122 206 8.4 0.4811 9 83 2 41 5 1.8 0.0097
Biliary complications 3 42 6 146 178 7.3 0.1126 3 27 3 6.1 9 3.2 0.5632
Hepatic artery thrombosis 3 42 3 7.3 89 3.7 05112 6 55 2 41 19 6.7 0.7597
Portal vein thrombosis 0 0 24 1 0.763 4 3.7 4 8.2 2 0.7 0.0037
Retransplantation 5 69 9 22 271 111 0.0476 24 22 8 163 44 155 0.3035

Adult-WL, adult deceased-donor whole-organ graft; LD-LL, living-donor left lateral graft; LD-R, living-donor right graft; Ped-W1L, pediatric deceased-donor
whole-organ graft; SL-ER, splic extended right graft; SL-LL, split left lateral graft.
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Figure 5. Proposed organ allocation system for optimal use of split
liver grafts. MELD, Model for End-Stage Liver Disease.

tion of the liver have higher acuity of illness, including
multi-organ system failure, and undergo complex redo
transplantation procedures that may be associated with he-
modynamic instability during the perioperative period.
These operative circumstances, in addition to both donor
graft and recipients predictors, affect patient outcomes af-
ter transplantation and should be considered in the alloca-
tion of split grafts to recipients.

We found it interesting as for graft failure, that recur-
rence of liver disease was more common in segmental grafts
from both deceased and living donors compared with
whole grafts. A possible explanation may be that ischemia
and reperfusion injury inherent in segmental grafts syner-
gistically activates and perpetuates stellate cells leading to
accelerated fibrosis in cases of hepatitis C infection® or
immunologic mechanisms in malignancy and autoim-
mune liver diseases.””?” Another theory that may explain a
more severe recurrence of hepatitis C after segmental liver
transplantation is attributed to intense proliferation and
regeneration of the hepatocytes in segmental grafts that
augment viral translation and replication.?**” The relation-
ship between hepatocellular injury, hepatic proliferation,
and viral replication remains unproved, and several studies
have shown similar frequency of disease recurrence and
outcomes between whole grafts and segmental grafts.***!

For children, segmental grafts from deceased and living
donors have increased available organs for smaller and
younger recipients and have significantly decreased the pe-
diatric waitlist mortality. Several studies have reported con-
flicting results after LT with segmental liver grafts in chil-
dren using registry data. Although analysis of the United
Network of Organ Sharing (UNOS) database by Becker
and colleagues® demonstrated comparable short-term out-
comes between SLT and WLT, several studies using the
same pooled data from the United Network of Organ Shar-
ing and transplant registry data from the Studies of Pedi-
atric Liver Transplantation (SPLIT)** reported inferior

outcomes after SLT compared with WLT. We found no
significant differences in longterm patient and graft sur-
vival outcomes between whole and segmental liver grafts in
pediatric recipients.

In summary, our study demonstrates equivalent overall
longterm outcomes for whole and segmental grafts in adult
and pediatric liver transplant recipients. The major chal-
lenge toward optimal use of these grafts lies in the organ
allocation policy. Under the current MELD system, each

“split graft is allocated to patients according to their MELD

scores. Because the patient with the highest MELD score
receives the organ, this system allocates the split graft to the
sickest transplant candidates and limits graft-to-recipient
matching, which is crucial for best results. Allocation of the
split extended right grafts to adults with lesser acuity of
illness may improve patient survival outcomes. We propose
an alternate system to allow optimal use of split grafts (Fig.
5). If the donor fails to meet split criteria or the left lateral
graft is not allocated to a recipient, the whole organ is
assigned by the MELD algorithm. But when the donor
meets split criteria and the left lateral graft is allocated, the
liver is split, and rather than allocating the right graft
through the MELD system, the right graft instead is
matched to an ideal recipient by the splitting transplant
center. An organ allocation system with such flexibilicy
would encourage adult-to-child candidate pairing from the
same transplantation center and allow preoperative surgical
and logistic planning to minimize graft ischemia duration.
This proposal aims to optimize graft-to-recipient matching
that not only would substantially reduce the loss of lives on
the transplant waiting list but also improve outcomes after
liver transplantation.
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Discussion

DR LYNT B JOHNSON (Washington, DC): I would like to thank
Dr Hong and Dr Busuttil for the privilege of discussing their paper
and congrarulate the authors on yet another large single center expe-
rience in liver transplantation.

Methods to successfully increase availability of donor organs are
necessary given the continued shorrage of organ donors. This short-
age is particularly acure for patients with end-stage liver disease since
there are not alternative methods for liver function replacement as
there is for patients with end-stage renal disease.

The authors show that in their large single center experience the
longterm overall parient and graft survival were similar between pa-
tients with split liver transplants, whole liver transplants, and live
donor liver transplantation with a median follow-up of five years. But
the adult ren-year patient survival was worse with split liver extended
right grafts. And this leads to several questions for the authors.

The majority of splitliver extended right grafts in adults were used
for patients requiring urgent transplantation. Ordinarily, these pa-
tients would have access to adult whole liver grafts if they were status
L or I liver failure. Does the center have an internal policy of splitting
ideal donor grafts obtained in adult extended right grafr along witha
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Longterm Outcomes for Whole and Segmental Liver Grafts in Adult and Pediatric
Liver Transplant Recipients: A 10-Year Comparative Ana|ysis of 2,988 Cases
Johnny C Hong, et al (UCLA).

( J Am Coll Surg 2009;208:682-691)

BACKGROUND: Data on longterm outcomes after liver transplantation with partial grafts are limited. We
compared 10-year outcomes for liver transplant patients who received whole grafts (WLT), split grafts from
deceased donors (SLT), and partial grafts from living donors (LDLT).

STUDY DESIGN: We conducted a single-center analysis of 2,988 liver transplantations performed between
August 1993 andMay 2006 with median followup of 5 years. Graft types included 2,717 whole-liver, 181
split-iver, and 90 living-donor partial livers. Split-liver grafts included 109 left lateral and 72 extended right
partial livers. .Living-donor grafts included 489 left lateral and 41 right partial livers.

RESULTS: The 10-year patient survivals forWLT, SLT, and LDLT were 72%, 69%, and 83%, respectiveiy (p
=0.11), and those for graft survival were 62%, 55%, and 65%, respectively (p =0.088). There were
differences in outcomes between aduits and children wher; compared separately by graft types. In adults,
10-year patient survival was sigriiﬂcantly lower for split extended right liver graft compared with adult whole
liver and living-donor right liver graft (57% versus 72% versus 75%, respectively, p = 0.03). Graft survival for
adults was similar for all graft types. Retransplantation,, recipient age older than 60 years, donor age older
than 45 years, split extended right liver graft, and cold ischemia time >10 hours were predictors of diminished

patient survival outcomes. In children, the 10-year patient and graft survivals were similar for all graft types.

CONCLUSIONS: Longterm graft survival rates in both adults and children for segmental grafts from
deceased and living donors are comparable with those in whole organ liver transplantation. In adults, patient
survival was lower for split compared with whole grafts when used in retransplantations and in critically ill
recipients. Split graft-to-recipient matching is crucial for optimal organ allocation and best use of a scarce

and precious resource.



Figure 3. Patient survival after liver transplantation. (A) Adult. Solid line, living-donor right liver

graft; dashed line, whole liver; dotted line, split extended right liver graft. (B) Children. Solid line,

living-donor left lateral liver graft; dashed line, whole liver; dotted line, split-graft left-lateral liver

transplantation.

Figure 3A shows that the longterm patient survival curve in adults for SL-ER was significantly

lower compared with LD-R and adult-WL (57% versus 73% versus 71%; p = 0.033). In contrast

to the adults, longterm outcomes for all graft types in children were similar, as shown in Figure

3B.
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Table 4. Multivariate Analysis of Patient and Graft Survival in Children
In children, Table 4 shows that a history of previous LT and use of split grafts were

associated with lower survival outcomes.

Variables Hazard ratio p Value
Patient survival

Previous LT 4.9 ‘ <0.0001
Graft type

Whole !
- SLT 22 0.0011

LDLT 1 0.1923
Graft survival

Previous LT 1.7 0.0031
Graft type

Whole 1

SLT 1.5 0.0198

LDLT 1.1 0.8433

LDLT, living-donor segmental graft liver transplantation; LT, liver transplantation; SLT,

split-graft liver transplantation.



