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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





