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

Sutkru Emre, Yuji Soejima, Gulum Altaca, Marcelo Facciuto, Thomas M. Fishbein,
Parricia A. Sheiner, Myron E. Schwartz, and Charles M. Miller

Pediatric donor (PD) livers have been allocated to adult
transplant recipicents 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; o = 70) or adult donors
(ADs; age 2 19 yearsyn = 1,051). We also investigated the
risk factors and effect 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 ratio of donor liver weight (DLW)
to estimated recipient liver weight (ERLW) at 2 different
cutofT values: 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 (= 40).
‘The incidence of hepatic artery thrombuosis (HAT) was sig-
nificntly greater in the PD proup (12.9%) compared with
the AD proup (3.8%; £ = .0003). Muoltivariate analysis
showed that preoperative prothrombin time of 16 secondsor
greater (relative risk, 3.206; P = .0115) and absence of
FKS06 use as a primary immunosuppressant {relative risk,
4.477; P = .0078) were independent risk lictors afTecting
I-year grafi survival in the PD group. In the PD group,
teansplant recipients who developed cholestasis (total bilir-
bin level = 5 mp/dL on postoperative day 7) had longer
warm (WI'Ts) and cold ischemic times (CITs). Transplant
recipients with a DEW/ERLW less than 0.4 had a0 trend
toward a preater incidence of HAT (40% I < 06), septice-
mia (60%), and decreased 1- and S-year gralt survival mtes
(40 and 20%; 7 = 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 risl for devel-
aping HAT. The outcome of small-for-size prafts is more
likely 1o be adversely affected by longer WITs and CITs. The
safe Timit of graft volume appeared o be a DEWERLW of
0.4 or greater. (Liver Transpl 2000;7:51-47.)

[though pediatric. donor (PD) livers are ideally

[ A used for pediatric recipients, they are accasionally

allocated to adult recipients, e.g., when only a pediawic

liver is available for a critically ill adult or when an adule

patiencis listed with the weight range for a PD. In these

circumstances, it is important to know the risks of using
a small-for-size liver in an adult.

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 wlerated ' However, Emond et al?
reported carly Tunciional impairment with grafts less
than 50% of the expected liver volume. In addition,
Kiuchi cealt reporred thatsmall-for-size grafts (< 1% of

recipient body weight) were associated wich lower gralt
survival, probably because of enhanced parenchymal
cell injury and reduced metabolic and synthetic capac-
ity. Thus, in living donor LT, it is now accepred tha
grafes must be greacer than 0.8% of the recipicnt body
weight (or >40% of expecred liver volume).s

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

.experience with the rransplantation of pediatric livers

into adult recipients and attempted to identify risk fac-
rors lf]r I}UOF gl':lrt Sllr\"i\':ll ﬂﬂf] {l(.'[(.'rl]'li]]l_' Illinill'l;i! I;]J[l
volume requirements.

Patients and Methods

Study Population and Design

Between September 1988 and March 1999, 1,121 adulis
(ape 2 19 years) undenwent primary LT usinge full-size
(whole) allografes from eidher PDs (ape =< 13 yaurs; n = 70) o
adult donors (ADs; ape 22 19 years; 0 = 1,051). Patients who
reccivid  primary transplanes lrom donors aped between
13 and 18 years were exchaded from analysis,

Muean pose-171 rn|]nw--u|l was | HAD t.|::_].'.'; (imedian, 1,744
days; range, 78 10 3,664 days) in the P group and 1,591 days
(median, 1,477 days; ranpe, 510 5,840 days) in che AD group.
Danor liver weight (D1LW) was measured ar the end of the
hacke-1able procedure. Based on data from the Tt thousaml
ETs performed ar our institution, estinned recipient liver
weipht (ERLW) was calenlated using @ formnla developed m
our center™

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

+ 4 X ape (years) 1 350
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In this study, DLW/ERLW ratio was used as an indicator of
graft size matching.

Part 1: Comparison of outcones in PD and AD groups. We
compared the following factors berween groups: recipientand
donor age and sex, DLW/ERLW ratio, indication for LT,
United Network for Orgun Sharing (UNOS) status, and pre-
operative values for total bilirubin (TBil), prothrombin time
(PT), and creacinine. Surgical data analyzed included cold
(CIT) and warm ischemic rime (WI1T), total operative time,
bypass use, rype of caval seconstruction, and use of packed red
blood cells and fresh frozen plasma. CIT was defined as the
period from donor cross-climping to the start of anastomosis
in the recipient, and WIT was defined as the period from the
start of anastomosis to allograft reperfusion. One- and 5-year
patiencand graft survival were also compared between groups,
as was the incidence of postoperative complications, includ-
ing primary nonfuncrion (PNF), hepatic artery thrombosis,
(HAT), portal vein thrombosis, bile leak, intrahepatic and
extrahepatic bile ducr stricture, sepricemia, acute rejection,
and post-LT ascires.,

Part 2: Univariate and multivariate analysis,  Univariate
and multivariate analyses were performed in the PDIgroup o
determine the independent risk factors that adversely affecced
1- and S-year patient and graft survival. Continuous variables
were dichotomized ac clinically established cutofF points and
presented as categorical. Diagnoscs at primary LT were care-
gorized inro acute or chronic for statistical convenience. Vari-
ables found to predice 1-year grafe survival on univariate
analysis were further entered into muldvariate analysis.

Purt 3: Risk factors for prolonped cholestasss. To identify
factors that predicr andfor increase the risk for pralonged
cholestasis in adults who receive small-for-size cadaveric
livers, we compared PD recipients with and withour pro-
longed cholestasis (TBil = 5.0 mg/dL. on postoperative day
[POD] 7). Eighteen parients were excluded because of either
" graft loss within 7 days or inadequate data. Of the 52 patients
remaining, TBil level was less than 5.0 mg/dL in 41 patients
and 5.0 mg/dL or greaterin 11 patienrs, Recipicnr and donor
age, UNOS status, DLW/ERLW, CIT, WIT, use of packed
red blood cells and fresh frozen plasma, and 1- and S-year
paticnt and graft survival were compared benween the sub-
groups.

Part 4. To clarify rn_inimn] liver volume requirements,
PD patients were divided on the basis of 2 differenc DLW/
ERLW cutoff values (<0.4 or 0.4 and <0.5 or =0.5). Nine
parients were excluded for lack of data on cicher DLW (n = 4)
or recipient body weight (RBW) (n = 5); 61 patients 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 leak, sepricemia, and

acute rejection, were compared at each curoff point, as were

1- and S-year paticor and graft survival. TBil, gluamic-ox-
aloacetic 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-railed, unpaired £-test for independent samples. Caregorical
data were compared using chi-squared test, For survival anal-
ysis, continuous variables were dichotomized at a clinieally
relevane curoff poine. Variables found ro impacr significandy
on 1-year grafesurvival were analyzed by muldvariate analysis.
Mulrtivariate analysis was performed using stepwise forward
and backward Cox proporrional-hazards modcls. P less than
.05 is considered significant. All statistical analyses were per-
formed with the StatView? 4.5 software for Macintosh (Aba-
cus Concepts Inc, Berkeley, CA).

Results
Part 1

Groups were similar in terms of recipient age, causc of
liver disease, 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, arcerial anastomosis technique, blood product use,
and initial immunosuppression. Preoperative demo-
graphics and surgical data, including initial immuno-
suppressive therapy, are listed in Table 1.

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

Table 2 lists cthe 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 (£ = .0003).

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

Part 2

On univariate analysis, diagnosis at primary LT
(P = .01), UNOS stawus (P < .05), pre-LT PT
(P = .005), creatinine level (P = .01), DLW/RBW
(£ = .01), and primary immunosuppressive ther-
apy (P = .03) rcached 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-L'T 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) P
Recipient variables
Sex (26 female) 78.6 39.8 <0001
RBW (kg) 653 14.3 75.6 % 169 <.0001
ERLW (g) 1,346 % 319 1,511 £ 319 <0001
Donor variables
Donos age (yr) B9 2] 4932173 ' 1]
Sex (%% Temale) 357 41.3 . NS
Dunor body weigh (kg) 3342117 7291154 <0001
DLW (g} 865 = 267 1,477 + 308 <2.0001
DLNW/ERLW 0.69 = 0.4 1.05 £ 0.50 <.0001
CIT (h) 10.9 & 3.4 10.0 3.3 04
Pippyback (%) 514 a6 <000
Bile duct reconstruction () D0G
Duct-to-duce with Totube 49.3 44.5
Duct-to-duct without T-wibe 24.0 427
Roux-en-Y 26.7 124
1CU stay (d) 1.0 > 1.7 8.9 0 134 NS
Hu.'.pit;tl stay (d) 6.7 339 35.5L32.8 S
NOTE Values expressed as mean 8 SD ouless otherwise noted.
Abbieviations: JCUL intensive care uniyg NS, not sipaificant,
Part 3 Part 4

Table 4 shows the effeet of post-1.T" cholestasis on pa-
tient and graft survival. One- and S-year patient aned
praft survival were sipnificantly worse in patients with a
TBil level 2:5.0 mp/dL on PO 7. In these patients,
WIT and CI'T were signihcantdy Jonger than these in
paticnts with “TBil levels fess than 5 mg/dL on POD 7

Table 5 lists postoperative complication rates and 1-
and S-year patient and prealt survival raes, with special
reference to DEW/ERLW. There was no stacistical Jdif
ference in diagnosis, UNOS starus, or surpical variables
(dara not shown). Paticnts with o DIN/ERLW Jess
than 0.4 had s rrend woward a greater re ol TIAT (40%

(57.2 1 13.0 # 45.5 = 9.0 minutes; 13,1 2 43 » p 10.7%:; 2 =2 .06) and sepricemiz (60% o 25.0%).
1005 4 3.0 hours, I'l‘:;P(.‘C[iV{‘.I)’). Furchermore, 1= and S-year praft survival races in this
Patient Graft
100+
o) o gl
o - T,
g
@ L“:l_!.r' ----- =
-E 60-
g 40-] I-year S-year g 40+ l-year S-year
w ] — PD proup(n=70) 829 70.0 15 7 —— I’D proup(n=70) 686 52.6
20— —— AD group{n=1,051) 82.5 73.2 20 ——  AD goup(n=1,051) 750 658
0 ¥ T i T ¥ U i T T y i
1] 1 2 3 4 5 0 1 2 3 4 5

Vears Post Transplant

Years Post Transplant

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

Variables 70) 1,051) P
PNF (%) 7.1 6.3 NS
HAT (%) . 12,9 3.8 .0003
Portal vein thrombosis (%) 2. 1.5 NS
Bile leak (%) 57 38 NS
Bile duct strienure (%) 5.7 5.8 NS
Septicemia (%) 28.6 19.8 NS
Acute rejection (%) 42.9 50.1 NS
Postransplanation asciwes (%) 7.1 10.5 NS
Abbreviation: NS, nat significant.
* Intrahepatic and extraheparic sricrure.

group were only 40% and 20% compared with 73.2%
and 57.1% in padents wich 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 at a cutoffvalue 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,
plutamic-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 sraristical sig-
nificance. PT POD 2 was significantly greater in the

% p=NS
160
90~
80~
707
60~
507
4071
30
20
107

Table 3. Independem Prediciors of Inferior 1-Year Graft
Survival in Recipients of PID Livers
Gnft
Survival Relative

Variables (%) Coelficient Risk P
PT(s)

<16 BO.5 1

=16 51.7 1165 3.206 0115
FK506 use

Yes 86.2 1

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 dara. 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 recipicnts (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 berween donor and recipient ducts (26.7% v
12.7%).

Figure 2. Comparison of

AD

Group

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

cant.)
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Table d. Dclayed Cholestasis Alier LT

TBil {mg/dL) POD 7

Variables <5.0(n = 41) =50 =1)) P
Recipicnt ape (yr) 511 4 143 51.0 2145 NS
LINOS stnus (%) NS

i - 1.1 27.2

2 ' 36.1 18.2

3 52.8 54.6
Donor age (yr) 8.7 2+ 2.1 9.7+ 1.3 lNS
DLW (lep) BSS & 385 . T8A 147 NS
DLWIERLW 0.63 = (123 0.67 2 149 M5
CI'T (h) 10.5* 3.0 131 £ 4.3 .02
W (min) 45,59 9.0 S$7.2 % 13.0 01
Intmoperative tranalusions

PRBCs (unis) LR LV 15,7 2 14.9 R

IEP (units) 179 % 14.3 LR 87 NS
Parient/gealt survival (%)

Leys SL7ROST 54,54 136.41

S-yr BO.5165.9% AOANTY

NOTE. Vilues expiue sd as mean 2SI unless noed arhenwise,
Abbieviations: PRIC, packed wad blood eells; FEP, fresh frozen plasma; NS, no sipnilican,
* |-year patient snrvival,

T L-year gralt survival.

T S-year patient survival.

§ S-year praft survival,

Tuble 5. Preoperative Demopraphics aml Postoperative Complications in the 1 Group With Special Reference
| Ay 1 1 1 !

LN ERLW ar 2 Canofl Poinis

IR IR
Variables <A (0= 5) =04 (0o 560) (L SO (e 21) 3‘.11“—'-:” i i
Mean preoperative variahles
Revipient ape ['vll'l 1 51.4 0.7 NS 51,5 NI NS
RV (k) 74.0 G4.2 04 Gv.0 3.4 NS
Danor age (yr) 4.6 8.7 NS wu RN 06
Danor |lm|y w;\'il-,lll (k!;] 26.0 329 NS 26.0 35.2 003
DLNY () 555.6 R83.2 Ay 61v.4 RIS <2.0001
DLW/ERLY 0.35 .63 001 .42 071 NS
Postopertive complications
PNF (46) 20,0 7.1 NS 5.8 10.0 NS
HAT (%) 40.0 10.7 06 14.3 12.5 NS
Portal vein thrombosis () 0.0 3.6 NS 0.0 5.0 NS
Bile leak (%) 0o 7.1 NS 19.0 0.0 004
Sepricemia (20) 60.0 25.0 NS 340 . 22.5 NS
Acute rejection (96) 40.0 44.6 NS 47.6 42.5 NS
Patiend/graft survival (%)
Lyr R0.0/40.0 R3.7173.2 NS R0 4 H5.0/70.0 NS
Seyr G0,0/20.0 73.20537.1 NS GO.7152.4 7504550 NS

Abbreviation: NS, not significant.
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Discussion

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

The use and allocation of pediatric livers in adule
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 (defined as age
< 13 years) were transplanted into adults (=19 years;
UNOS dara 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 pediarric livers in adult recipients was
justificd under certain urgent conditions. Recently,
UNOS adopred a policy to allocare PD livers preferen-
tially to pediatric recipients in the same region.

Qur study showed that results with the use of pedi-
atric livers in adults was similar to results with adule-to-
adult combinations, although graft survival tended to
be less in the former group. Of 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-
merous factors have been implicated in HAT, including
a prolonged CIT .79 Not surprisingly, an increased
incidence has been reported in pediatric recipients, in
whom vesscls 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, CI'T was longer in the PDs, and this may
pardy explain the high incidence of HAT. Further-
more, we belicve the small size of the donor artery and
inevitable size discrepancy between donor and recipient
arteries might facilitace development of HAT. Itis our
policy to administer anticoagulation therapy with hep-
arin to the recipient in this setting to prevent HAT.

Adam ct al?! reviewed their use of small donor livers
in adult recipients and found that a very small graft size
(<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). Our muldvariate 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) 1-year graft
survival rate in patients with a PT greater than 16 sec-
onds preoperatively who were not administered FIC506.
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 healchy adults may be the key to
better graft and patienc survivals, However, possibly
becausc a cyclosporine-based immunosuppressive regi-
men was used earlier in our program, the improved
graft survival in the FK506 era may reflect our learning
curve related to increased surgical experience.

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

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

Since it was published in 1995, this formula has
been widely used. However, we found that this formula
tended to underestimate liver volume when we applied
it to our donor population (data not shown). Heine-
mann et al?3 recentdy reported the same obscrvation.
The reason is not clear but is probably caused by the
racial difference on which the formula was based. Thus,
we adopred the formula developed at our institution:

ERLW (grams).= 6 X weight (Ib) + 4
X age (ycnrs} + 350

Among 5 grafts with a DLW/ERLW less than 0.4,
1 graft (DLW/ERLW = 0.35) was lost to PNF, which
was attribured to a small-for-size graft. The 2 smallest
grafts (0.29 and 0.34) devcloped HAT on PODs 12
and 1. One graft (DLW/ERLW = 0.39) was lost to an
unknown cause on POD 982. Thus, che 3 smallest of
these 5 grafts were lost to causes attributable ro 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 usc 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 patients with a
DLW/ERLW less than 0.4 tended to be grearer, but
the difference did not reach statistical significance. PT
on POD 2 was significandy higher in patients with a
DLW/ERLW less than 0.4. The incidence of post-LT

", ascites was similar berween the PD and AD groups. In

living relared donor LTs, the development of increased
ascites related to small-for-size livers may be caused by
the large cursurface 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 associared with
prolonged cholestasis (defined as TBil = 5 mg/dL on
POD 7). Conversely, grafts with long W1Ts 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
accriburable ro smaller donor vessel size and the inade-
quate capacity of the donor vessel for accommodating
high arterial flow velocity in the recipient. Post-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 2 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

Johnny C Hong, MD, Hasan Yersiz, MD, Douglas G Farmer, MD, FACS, John P Duffy, MD,
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 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).

We conducted a single-center analysis of 2,988 liver wransplantations performed berween August
1993 and May 2006 with median followup of 5 years. Graft types included 2,717 whole-liver, 181
splic-liver, and 90 living-donor partial livers. Split-liver grafts included 109 left lateral and 72 ex-
tended right parrial livers. Living-donor grafts included 49 left laceral 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 berween adults and children when compared separately by
graft types. In adules, 10-year partient survival was significantly 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. Retrans-
plantation, 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 patent survival outcomes.
In children, the 10-year patient and graft survivals were similar for all graft cypes.

Longterm graft survival rates in both adules 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 marching 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 convenrional split types produce smaller segment

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

LDLT = living-donor segmental graft liver

rransplantation

LT = liver transplantation

MELD = Model for End-Stage Liver Disease
SL-ER = splic extended righe liver graft

SLT = splic-graft liver transplantation
WLT = whole-organ liver rransplantation

I 1o 111 grafts for children and larger extended-right grafts
for adulrs. 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 |l and [ll) for a child and a larger extended-right graft (seg-
ments |, IV to VIII) for an adult recipient. (From: Yersiz H, Renz JF,
Hisatake GM, et al. The conventional technique 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 dara
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 ségmenta.l liver grafts in adult and pedi-

Donor Graft Segments Common name Recipient Abbreviation
Deceased Whole I-VIII Adult Adule-WL
Pediatric Ped-W1L
Split [1-1H Left lateral Pediatric SL-LL
[, IV-VII Extended right Adult SL-ER
-1V Full lefe Adule SL-FL
V-VII Full right Adule SL-FR
Living Segmental T1-111 Left lateral Pediatric LD-LL
-1V Left Adult LD-L
V-VIII Right Adule LD-R

Adult-WL, adult deceased donor whole liver graft; LD-L. living donor left liver graft; LD-LL, living donor left larera] liver grafy; LD-R, living donor right 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.
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Table 2. Patient and Donor Characteristics by Graft Type
Aduit 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) pValue
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 8 31 <0.0001
~ Median hospital stay, d 2 3 nla 0.2418 3 2 nfa 0.3089
Vasopressor agents = 2, n (%) 388 (17) 22 (31) nfa 0.0032 75 (26) 35(32) nla 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-W1L, adulr deceased-donor whole-organ graft; LD-LL, living-donor left lateral graf; LD-R, living-donor right graft; LT, liver transplantation; Ped-WT.,
pediatric deceased-donor whole-organ graft; SL-ER, split extended right graft; SL-LL, splic 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 multidisciplinary 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 I and III) 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 hepartic 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 LDIT, the left lateral
graft (LD-LL; segments II and III) is procured. In adule-
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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 righrt 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,
Novarris Pharmaceuricals) until 1994 and racrolimus
(Prograf, Astellas Pharmaceutical Inc) thereafter. Most
patients received triple immunotherapy with steroids
and either azathioprine or mycophenolare mofetil (Cell-
Cept, Roche Pharmaceuticals).”

Statistical analysis

Patient and 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 multivariate 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
graftin 41 (2%). Graft types in children included pediatric
deceased-donor whole liver graft (ped-W1L) 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 ST compared
with adult-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, hepatitis 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 disuibution 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 graftischemia 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 adule-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 60 years, retransplanta-
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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
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Figure 3. Patient survival after liver transplantation. (A) Adult. Salid
line, living-donor right liver graft; dashed line, whole liver; dotted
ling, 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 p Value 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
Deonor age >45 y 1.5 0.0361 Graft type
Cold ischemia time >10 h 1.4 0.0066 Whole
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 L5 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 transplantation.
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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, splitgraft left-lateral liver transplantation.

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 multi-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 between the three
groups was that 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 splic
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
distincr differences in outcomes and factors that affect sur-
vival. Although the 10-year graft survival after whole, splir,
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=72) (n = 41} (n = 2,433) p (n = 109) (n = 49) (n = 284) p
Complication n % n % n % Value n % n % n % Value
Primary graft nonfunction 4 55 5 122 206 8.4 0.4811 9 83 2 4.1 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 07597
Portal vein thrombosis 0 0 24 1 0.763 4 37 4 8.2 2 0.7 0.0037
Retransplantation 5 69 9 22 271 11.1 0.0476 24 22 8 163 44 155 0.3035

Adule-WL, adult deceased-donot whole-organ graft; LD-LL, living-donor left lateral graf; LD-R. living-doner right graft; Ped-W1L, pediatric deceased-donor
whole-organ graft; SL-ER, splic extended right graft; SL-LL, splic left lateral grafr.
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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
longrerm 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 flexibility
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): [ would like to thank
Dr Hong and Dr Busuttil for the privilege of discussing their paper
and congratulate 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 shortage of organ donors. This short-
age is particularly acute 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 patient 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 ten-year patient survival was worse with split liver extended
right grafts. And this leads to several questions for the authors.

The majority of split liver extended right grafts in adults were used
for patients requiring urgent transplantation. Ordinarily, these pa-
tients would have access 1o adulr whole liver grafts if they were status
Lor Il liver failure. Does the center have an internal policy of splitting

ideal donor grafts obtained in adult extended right graft along with a
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