
REVIEWS

Split-Liver Transplantation in the United States
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Objective: Assess application and outcomes of split-liver transplan-
tation within the United States.
Summary Background Data: While a theoretically attractive mech-
anism to increase cadaver organ supply, split-liver transplantation
has been infrequently applied. The American Society of Transplant
Surgeons, in an attempt to gather preliminary data on split-liver trans-
plantation, performed a data protected survey of transplant centers
participating in the U.S. Scientific Registry for Transplant Recipients.
Methods: Between April 2000 and May 2001, 89 surgical teams
were surveyed. Elicited data included graft type, recipient status,
procurement method, graft sharing, graft outcomes, recipient out-
comes, and experience with cadaver, whole-organ transplantation.
Results: Eighty-three surgical teams reported data on 207 left lateral
segment, 152 right trisegment, 15 left lobe, and 13 right lobe grafts.
The split procedure was performed ex vivo in 54% and in situ in
46% of grafts. Complications were frequent in all graft types with
biliary and vascular complications equally distributed between
grafts procured by either technique. Primary nonfunction, graft
failure, and recipient death correlated with transplant status.
Conclusions: Split-liver transplantation has been principally applied
to adult-child pairs with at least one recipient critically ill. Biliary and
vascular complications account for the majority of morbidity in grafts
procured by either split technique with graft failure and recipient death
observed more frequently in critically ill recipients. Enhanced utiliza-
tion and improved results may be possible through improved informa-
tion sharing and modification of allocation criteria.

(Ann Surg 2004;239: 172–181)

Split-liver transplantation (SLT), a procedure where 1 ca-
daver donor liver is divided to provide for 2 recipients,

has been a surgical option for more than a decade.1–3 Despite
an increasing cadaver organ shortage, a paucity of data exists
from North American, European, and Asian transplant cen-
ters on the performance of SLT.4–6 Impediments to increased
SLT utilization, including technical and logistic demands as
well as a prohibitive organ allocation system, have been
identified,5 however, the potential exists for SLT to signifi-
cantly increase cadaver organ supply. The American Society
of Transplant Surgeons (ASTS), recognizing the need to
realize the greatest supply from a cadaver donor pool and the
potential of SLT, attempted to gather preliminary data on
SLT application and outcomes through a survey of transplant
centers participating in the U.S. Scientific Registry for Trans-
plant Recipients (SRTR).

METHODS

Survey Administration
In February 2000, the President of the ASTS requested

the Standards of Organ Procurement Committee to perform a
data-protected survey of transplant centers contributing to the
SRTR to determine SLT application and outcomes. A survey
was drafted and adopted by the Committee prior to distribu-
tion. Data collection was initiated in April 2000 and contin-
ued through May 2001.

Identification of U.S. Transplant Centers for
Data Collection

The 1999 Annual Report of the SRTR6 identified 109
transplant centers that had performed at least one liver trans-
plant procedure during the previous year. From this list, 89
surgical “teams” were identified as some perform transplant
procedures at two or more facilities. Two contributing teams
are located in Canada. The Director of each surgical team
received an introductory letter describing the goals of the
survey as well as a questionnaire. Self-reporting was encour-
aged through follow-up letters issued at monthly intervals.
The data-protected survey did not disclose individual center
information; rather, noncenter-specific data updates were pe-
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riodically distributed to participating centers throughout the
data collection period. Access to center-specific data was strictly
limited to the President of the ASTS, the Standards of Organ
Procurement Committee Chair, and the study coordinator.

Survey Format
The survey elicited data on graft type, United Network

for Organ Sharing (UNOS) recipient status at the time of
transplantation, method of graft procurement (in situ or ex
vivo), recipient morbidity/mortality, graft sharing between
centers, graft outcomes, and transplant center experience with
whole-organ, cadaver liver transplantation.

The anatomic classification of the liver described by
Couinaud7 and refined by Bismuth8 is the universally accepted
reference system for the description of SLT grafts. This survey
recognized two distinct surgical procedures: the adult/child SLT
that yields a left lateral segment ([LLS] Couinaud segments
II-III) and a right trisegment ([RTS] Couinaud segments I,
IV-VIII) graft,9 and the adult/adult SLT that yields a left lobe
(Couinaud segments I-IV or II-IV) and right lobe (Couinaud
segments V-VIII, or I, V-VIII) graft.10,11

RESULTS

Application of SLT
Eighty-three surgical teams submitted data yielding a

93% response. Data on 387 SLT grafts included 207 LLS,
152 RTS, 15 left lobe, and 13 right lobe grafts. Of the 83
responding teams, only 36 (43%) reported experience with
SLT. When stratified by SLT volume, 23 of the 36 teams with
SLT experience (63%) had performed less than 5 procedures.
The 13 teams reporting experience with 5 or more SLT
procedures accounted for a total of 221 grafts (range10–75)
or 57% of the cumulative data.

SLT was most frequently applied to at least one urgent
recipient for both adult/pediatric and adult/adult pairs (Table
1) as the majority of LLS, right, and left lobe grafts were
applied to UNOS status I and IIA recipients. SLT technique
was ex vivo in 54% and in situ in 46% of overall procure-
ments with 9 teams (25%) reporting experience with both
techniques. When queried as to their preference, 48% of
responders preferred in situ, 27% preferred ex vivo, and 25%
expressed no preference.

Center Volume
Center volume of cadaver whole-liver transplantation

correlated with SLT application (Table 1). Among transplant
centers performing less than 50 cadaver whole-liver trans-
plants annually, only 13 of 42 responding groups (31%) had
performed an SLT versus 14 of 29 centers (48%) performing
50 to 100 cadaver whole-liver transplants annually. All 9 of
the reporting transplant centers with annual volume greater
than 100 cadaver whole-organ transplants had performed
SLT.

Recipient Complications
Successful implementation of SLT mandates additional

surgical and medical considerations as partial-liver grafts
predispose to complications resulting from anatomic varia-
tion, technical considerations, and recipient physiology. Fre-
quent complications include hemorrhage, bile leakage, anas-
tomotic stricture, necrosis of the transected parenchyma,
disparity of graft size (too small or too large), hepatic venous
outflow obstruction, and complex vascular reconstruc-
tions.12–14 Reported morbidity varied with SLT graft type.
Biliary and vascular complications were the principal source
of morbidity in all graft types procured by either split tech-
nique; however, distinctions were apparent. Primary nonfunc-
tion, graft failure, and recipient death were observed more
frequently in critically ill recipients of all SLT graft types.

Left Lateral Segment Grafts
Data on 207 LLS grafts indicated a 32% incidence of

complications. Biliary complications were most frequent
(13%), followed by vascular complications (9%) and postop-
erative hemorrhage (3%). Biliary complications included pa-
renchyma surface leak (69%), anastomotic stricture (23%),
and anastomotic leak (8%). Vascular complications were
equally distributed between hepatic artery thrombosis and
portal vein thrombosis with a single report of hepatic artery
stenosis. A variety of other nonspecific complications includ-
ing reoperation for peritonitis, bowel obstruction, hemorrhage
from the Roux-limb jejunojejunostomy, and inability to pro-
vide surgical wound closure accounted for an additional 5%
of reported complications.

TABLE 1. Utilization of Split-Liver Transplantation

UNOS I
(%)

UNOS IIA
(%)

UNOS IIB
(%)

UNOS III*
(%)

Recipient UNOS status

Left lateral segment 56 11 20 14

Extended right graft 21 12 51 16

Left lobe 45 31 14 8

Right lobe 46 — 17 38

Annual Whole-Liver Volume

<50 50–100 >100

Annual center volume of cadaver
whole-liver transplantation

Left lateral segment 22 58 127

Extended right graft 15 54 83

Left lobe 2 9 4

Right lobe 2 4 7

41 (11%) 125 (33%) 221 (57%)

*UNOS recipient classification scheme effective through 02/2002.
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LLS graft complications stratified by UNOS status are
presented in Table 2. The incidence of LLS graft complica-
tions remained constant between UNOS recipient status; how-
ever, the complication type varied. Vascular complications were
more frequent in critically ill recipients while biliary complica-
tions were more common among UNOS status IIB and III
recipients. Primary nonfunction and graft failure were observed
principally in UNOS status I recipients. The incidence of pri-
mary nonfunction was 8% and graft failure 12%, with all cases,
except 1, occurring in UNOS status I recipients.

The incidence of LLS recipient death was 11% with
two thirds graft-related. Death occurred 4 times more fre-
quently among UNOS status I recipients. LLS morbidity and
mortality by procurement technique (Table 3) are comparable,
except for the incidence of postoperative hemorrhage. Postop-
erative hemorrhage requiring reoperation occurred in 7% of ex
vivo LLS recipients versus no in situ LLS recipients.

Right Trisegment Grafts
The RTS graft is the complement of the LLS graft. A

total of 152 RTS grafts were reported. The 55 graft deficit
between the number of LLS grafts and RTS grafts is unac-
countable. The overall incidence of RTS complications was
26%. Biliary complications were most frequent (11%), fol-
lowed by a 5% incidence of vascular complications, post-
transplant hemorrhage (4%), and other complications (3%)
including acute rejection, intra-abdominal hematoma, as-
pergillosis from a paraspinous abscess, candidial sepsis from
a necrotic segment IV, and delayed graft function. There was
a 4% incidence of nongraft-related complications that in-
cluded respiratory failure, pulmonary edema, posttransplant
neuropathy, and perforated duodenal ulcer. As observed in
LLS grafts, the most frequent biliary complication was pa-
renchyma leak from the transected liver surface (82%) with a
smaller incidence of biliary stricture (18%). Vascular com-
plications of RTS grafts were distinct from LLS grafts.
Hepatic arterial thrombosis was most frequently reported, but
portal and hepatic venous thromboses were not observed in
RTS grafts. Furthermore, there were five reported cases of

hepatic artery pseudoaneurysm with one hepatic artery dis-
ruption. At least three of the reported psuedoaneurysms were
infectious in etiology.

Analysis by method of procurement (Table 3) revealed
distinct differences in RTS outcomes. Complications were
comparable with respect to hemorrhage, vascular, and pri-
mary nonfunction between grafts procured by either tech-
nique; however, biliary complications were more frequent
among in situ SLT recipients while recipient death was more
frequent among ex vivo SLT recipients. Recipient death was
usually from graft failure in each group.

The effect of recipient UNOS status at SLT is summa-
rized in Table 4. While the majority of RTS grafts were used

TABLE 2. Left Lateral Segment Complications by Recipient
UNOS Status

UNOS I
(%)

UNOS IIA
(%)

UNOS IIB
(%)

UNOS III
(%)

Total 34 33 32 30
Biliary 8 8 14 20
Vascular 17 8 4 0
Other 7 8 4 5
Hemorrhage 3 8 11 4

TABLE 3. Morbidity and Mortality by Method of
Procurement

In Situ (%) Ex Vivo (%)

Left lateral segment
Morbidity

Biliary 12 15
Hemorrhage — 7
Vascular 8 9
Primary nonfunction 7 6
Other 5 4

Mortality
Overall mortality 11 12
Graft related 62 65

Extended right lobe graft
Morbidity

Biliary 17 5
Hemorrhage 5 2
Vascular 5 4
Primary nonfunction 3 5

Mortality
Overall mortality 7 13
Graft related 66 57

TABLE 4. Extended Right Lobe Graft Utilization, Morbidity,
and Mortality by Recipient UNOS Status

UNOS I
(%)

UNOS IIA
(%)

UNOS IIB
(%)

UNOS III
(%)

Utilization 21 12 51 16
Incidence of

complications
40 43 21 22

Total mortality 26 24 8 16
Graft-related 75 100 — 25
Non-graft

related
25 — 100 75
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in nonurgent, UNOS status IIB recipients, morbidity and mor-
tality were concentrated among urgent, UNOS status I and IIA
recipients. The overall incidence of reported mortality among
RTS recipients was 15% with more than one half of deaths
attributed to graft-related complications. The distribution of
graft-related mortality is highlighted by stratification. Mortality
among UNOS status I and IIA recipients was related to graft
function. The opposite is true of mortality among UNOS status
IIB and III recipients. The overall incidence of primary nonfunc-
tion was 4%.

Left and Right Lobe Grafts
The number of left and right lobe grafts resulting from

adult/adult SLT is too few for meaningful analysis. Of the 15
left lobe and 13 right lobe grafts, 76% of left lobe and 46%
of right lobe grafts were for urgent status recipients. The
incidence of complications for adult/adult SLT was 26% for
left lobe versus 22% for right lobe grafts. Biliary complica-
tions were most frequent in 18% of left lobe and 10% of right
lobe grafts. Vascular complications occurred in 4% of left
lobe and 9% of right lobe grafts. Primary nonfunction and
graft failure were reported as 7% and 9% for left lobe versus
9% and 14% for right lobe grafts, respectively. Recipient
death was observed in 7% of left versus 8% of right lobe
grafts.

Graft Sharing Between Centers
Five centers reported sharing 18 grafts, or 5% of total

graft number. All shared grafts were the result of adult/child
SLT with the distance between shared-graft centers ranging
from �10 miles to across the United States. Only one
shared-graft complication was reported: primary nonfunction
requiring retransplantation of an RTS graft with a cross-
country transport.

Comparison of Survey Data to Published
Outcomes of SLT

Sans a dedicated SLT registry in Europe, North Amer-
ica, or Asia, it is exceedingly difficult to accurately determine
outcomes as detailed data do not exist outside of individual
reports. Data on 39,246 grafts from the European Liver
Transplant Registry suggest SLT represented 3.7% of the
total reported transplants; however, SLT data have not been
stratified and outcomes were not reported.4 This report of 387
SLT grafts is the largest collection of data to date, but it is
subject to the natural limitations of voluntary participation
and self-reporting. Given these limitations, we compared
these data to the English-language published literature as well
as a review of recent abstracts.

Adult/Child SLT
The initial series of SLT reported by Broelsch in 1990

demonstrated recipient survival that was inferior to cadaver,
whole-liver recipients.3 A later, expanded series failed to

improve SLT outcomes resulting in early skepticism.15 The
Europeans were the first to demonstrate comparable whole-
organ results when de Ville reported an experience of 100
grafts collected from the European Split Liver Registry in
1995.16 Graft and recipient 6-month survival were stratified
by status at SLT with elective pediatric graft and recipient
survival of 80% and 89% versus 61% and 61%, respectively,
for children transplanted urgently. Elective adult graft and
recipient survival were 72% and 80% versus 56% and 68%,
respectively, for urgent adult status. Twenty percent of grafts
were lost to complications including hepatic artery thrombo-
sis (11%), portal vein thrombosis (4%), and a 19% incidence
of biliary complications. These data were equivalent to the
European Liver Transplant Registry survival data for ca-
daver, whole-organ liver transplantation.

Adult/child SLT expanded during the late 1990s with
single-center outcomes listed in Table 5. The data presented
in this report, with respect to LLS grafts, compare favorably
to existing literature. The overall 32% incidence of compli-
cations is similar to that reported by individual centers, as is
the classification of complications, with biliary complications
most common,17 followed by a 5% to 9% incidence of
vascular complications.17,18,21 Vascular complications of he-
patic artery, portal vein, and hepatic veins were report-
ed,17–19,21 as observed in our survey. Exploration for sepsis
from intestinal perforation has been reported23 outside our
survey with poorer outcomes in the setting of urgent SLT.22

Improved results in RTS recipients versus LLS recipi-
ents in our survey, with respect to the incidence and nature of
complications, is similar to single-center reports (Table 5).
Our 26% incidence of overall complications is similar to
reported data, as are the 11% incidence of biliary and 5%
incidence of vascular complications. Segment IV necrosis has
been reported by other centers19,23,25,26 with nongraft-related
complications more frequent among RTS recipients.22

SLT has been performed in Asia with organ sharing
among Asian centers.27 While the total number of SLT
procedures performed is low secondary to scarce cadaver
donation, logistic, cultural, and manpower constraints, de
Villa summarized Asian SLT data on 26 grafts from 5
centers. Complications were not reported by graft type but
did include parenchymal surface bile leak, portal vein throm-
bosis, portal vein stenosis, hepatic artery insufficiency, and
T-tube dislodgement requiring celiotomy. Four deaths were
reported yielding an 85% overall recipient survival and at
least 1 other recipient required retransplantation.

Graft sharing was infrequent accounting for 5% of total
grafts. Ghobrial et al have reported the largest sharing expe-
rience of one LLS and 16 RTS grafts,22 Azoulay et al have
reported sharing 4 of 36 SLT grafts,28 and Rela et al have
shared 3 of 41 grafts obtained from ex vivo SLT.23

Annals of Surgery • Volume 239, Number 2, February 2004 Split-Liver Transplantation in the United States

© 2004 Lippincott Williams & Wilkins 175



Adult/Adult SLT
Sparse data exist on SLT between 2 adults as these

techniques have been cautiously implemented among select
transplant centers, particularly in Europe (Table 6). The
initial series from the University of Chicago yielded patient
and graft survival of 67% and 50%, respectively.29 Outcomes
were less than matched recipients of cadaver whole grafts
over the same time period; however, the difference did not
achieve statistical significance.30 The Paul Brousse group has
reported the largest SLT series for 2 adults. In 1996, Azoulay

et al reported 1-year patient and graft survival of 79% and
78%, respectively, on 27 SLT grafts in 26 adults.31 The
routine application of SLT during the study period increased
overall graft availability by 28%. Biliary complications were
most frequent with an incidence of 22%, followed by a 15%
incidence of arterial complications and one reported primary
nonfunction. All SLT procedures were performed ex vivo
with an average benching time of 2 to 3 hours. An expanded
series reported in 2001 of 34 SLT (ex vivo 30, in situ 4)
comparing 1- and 2-year SLT patient and graft survival to 88

TABLE 5. Adult/Child Split-Liver Transplantation

Center Reference Author Year n Recip (%) Graft (%) Comp (%)

Left lateral segment graft data
Hamburg 17 Broering 2001 49 82 76 28
Birmingham 18 Noujaim 2001 49 N/A N/A �8
Berlin 19 Sauer 2001 18 93 87 44
Milano 20 Maggi 2001 11 89 66 23
Houston 21 Kilic 2001 8 100 100 25
Los Angeles 22 Ghobrial 2000 55 76 N/A N/A
London 23 Rela 1998 22 86 82 45
Los Angeles 24 Goss 1997 12 100 80 25
Hamburg 25 Rogiers 1996 7 86 71 57
Extended right lobe graft data
Hannover 26 Nashan 2001 78 80 N/A N/A
Hamburg 17 Broering 2001 49 N/A N/A N/A
Birmingham 18 Noujaim 2001 37 N/A N/A �15
Berlin 19 Sauer 2001 18 90 90 39
Milano 20 Maggi 2001 16 86 80 12
Houston 21 Kilic 2001 8 100 100 12
Los Angeles 22 Ghobrial 2000 55 80 N/A N/A
London 23 Rela 1998 22 95 95 27
Los Angeles 24 Goss 1997 14 86 93 19
Hamburg 25 Rogiers 1996 7 100 100 28

n, graft number; Recip, recipient survival; Graft, graft survival; Comp, reported overall complication rate; N/A, data not reported.

TABLE 6. Adult/Adult Split-Liver Transplantation

Center Reference Author Year n Recip (%) Graft (%) Comp (%)

Minneapolis 33 Humar 2002 18 89 89 43
Villejuif 28 Azoulay 2001 34 81 75 24
Minneapolis 32 Humar 2001 12 83 83 58
Hamburg 17 Broering 2001 12 93 85 N/A
Genoa 34 Andorno 2001 10 100 80 N/A
Bergamo 35 Colledan 2001 8 87 63 75
Eppendorf 36 Gundlach 2001 4 100 100 N/A
Villejuif 31 Azoulay 1996 27 79 78 37

n, graft number; Recip, recipient survival; Graft, graft survival; Comp, reported overall complication rate; N/A, data not reported.
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adults receiving cadaver whole-organ grafts over the same
time period demonstrated right- and left-SLT graft 1-year
recipient survival of 74% versus 88%, respectively, with
1-year graft survival of 74% for right-SLT versus 75% for
left-SLT recipients.28 The incidence of SLT vascular compli-
cations was 6% with a 22% incidence of biliary complica-
tions. Graft complications were not uniformly distributed
among graft types with a significantly higher incidence of
biliary complications observed in left grafts and a higher
incidence of arterial complications in right grafts.28 While no
significant difference between whole and SLT recipient
1-year survival was identified, the increased incidence of
complications observed in SLT grafts contributed to a signif-
icantly decreased incidence of graft survival at 1 year, par-
ticularly among left-SLT recipients. The authors performed
SLT in 15% of available donors and reported a 62% net
increase in adult recipients through the routine application of
SLT. This led the Paris group to conclude that SLT between
2 adults was technically feasible with good outcomes, pro-
vided recognition of donor and recipient limitations as well as
surveillance for complications unique to SLT.28

Humar et al reported the first North American series of
6 adult/adult SLT procedures demonstrating patient and graft
survival of 83% at a mean follow-up of 9 months.32 Mean
recipient weight was 89 kg in right graft versus 60 kg for left
graft recipients. Right lobe recipient complications included
hepatic artery thrombosis, celiotomy for hemorrhage, and a
cut surface bile leak. Left lobe recipient complications in-
cluded hepatic artery thrombosis, an anastomotic leak requir-
ing hepatojejunostomy, and an incisional hernia. An updated
abstract by the same group reports 9 procedures yielding 18
grafts with a mean follow-up of 18 months.33 Seventeen of
the 18 recipients were UNOS status IIB and 1 was UNOS
status IIA. Patient and graft survival was 89% for right lobe
versus 78% for left lobe grafts. Biliary complications were
most frequent (27%), followed by an 11% incidence of
vascular complications that resulted in 2 deaths. There was
one reported primary nonfunction in an unspecified graft.

The data herein are in agreement with these published
reports (Table 6). Complications were observed in 26% of
left graft and 22% of right graft SLT recipients. The same
pattern of complications emerged from our survey data as
reported by the Paris group with vascular complications more
frequent in right lobe grafts and biliary complications more
frequent in left lobe grafts.28 Graft survival was higher in
right lobe SLT recipients with a similar incidence of primary
nonfunction and recipient death.

Comparison of Survey Data to Outcomes of
the UNOS Scientific Registry of Transplant
Recipients

The UNOS SRTR responded to a data request from the
OPTN Liver and Intestinal Transplantation Committee37 to

provide outcomes of SLT right lobe grafts in adults. Graft-
specific coding does not exist in the database; therefore, a
data search was performed for allografts classified as “partial
right liver segments” that had corresponding left segments
also transplanted or right “split liver segments” prepared
either ex vivo or in situ. Recognizing that SLT occurs in
optimal donors, partial right graft outcomes were compared
with two groups: a comparable group of whole-organ cadaver
donors between 18 and 40 years of age and a surrogate
“marginal donor” group consisting of cadaver whole-organ
donors �60 years of age. Between January 1, 1994 and
March 1, 2001, a total of 215 SLT right grafts, including 33
partial, 42 in situ, and 140 ex vivo grafts, were compared with
2901 grafts procured in donors �60 years of age and 9802
grafts procured from donors ages 18 to 40 years. Outcomes,
measured by graft failure and recipient death, were stratified
by medical urgency status and adjusted for body mass index,
year of transplant, cause of death, ABO blood compatibility,
history of previous liver transplantation, indication for trans-
plantation, cold ischemia time, creatinine �2 mg/dL, medical
condition, and donor/recipient age, gender, and ethnicity.
Graft failure and death (Table 7) occurred in 68 (32%) and 56
(26%) of the 215 recipients, respectively. Data from right
lobe grafts were generally comparable to outcomes of whole-
organ grafts from donors �60 years of age and inferior to
outcomes from cadaver whole-organ donors 18 to 40 years of
age. When stratified by medical urgency, UNOS status I
recipients demonstrated the poorest outcomes. Cox regres-
sion analysis of right graft outcomes compared with the 2
reference groups (Table 8) demonstrated a significantly in-
creased overall relative risk of graft failure and death among
right graft recipients versus cadaver donors 18 to 40 years of
age. When stratified by UNOS status at liver transplantation,
UNOS status I recipients of right grafts demonstrated a
significantly increased risk of graft failure and death versus
cadaver whole-organ donors 18 to 40 years of age (Table 8).
Significantly increased graft failure was observed in UNOS
status IIB and III right graft recipients as well (Table 8) but
did not translate into significantly increased deaths.

Right graft data were comparable to the “marginal
donor” group with overall graft failure and death not statis-
tically different (Table 8). Significantly lower graft failure
and death were observed among UNOS status IIA right graft
recipients versus marginal donors but were equal in all other
groups (Table 8). Thus, the splitting of presumptive optimal
donors yielded right grafts with outcomes similar to cadaver
whole-organs procured from “marginal donors.”

The SRTR data demonstrate markedly poorer outcomes
than our survey data or data from the literature. The SRTR’s
failure to distinguish RTS from right lobe grafts and to detail
complications limits interpretation; however, the data do
confirm that SLT is an infrequent procedure subject to sig-
nificant complications. The 215 grafts identified from the
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UNOS database exceeds the number of RTS and right lobe
grafts identified in this survey by 22%. Numeric discrepancy
occurred in the SRTR that could not identify a corresponding
SLT graft recipient in 12% of donors versus our observed
13% discrepancy. No data were available to demonstrate a
“learning curve” or evaluate the progression of SLT with
respect to technique. Furthermore, the limited number and
imbalanced distribution of in situ and ex vivo right lobe grafts
prevented stratification by SLT technique.

DISCUSSION
This early attempt to assess SLT application and out-

comes in the United States is a data-protected survey that
relied upon voluntary participation and self-reporting. The
data are not verifiable and there are obvious gaps in organ
accountability. Our reporting gap is 57 grafts, or 13% of total
graft number, a value similarly observed in the SRTR. The
discrepant data are likely the result of multiple factors includ-
ing graft sharing with nonpaired graft reporting, misinterpre-
tation of survey instructions, and the reporting of graft out-

comes obtained through reduced-liver or living-donor
transplantation. In the absence of an organized, verifiable,
data collection instrument, information on these procedures
will be extremely limited and dissemination inefficient.

The greater than 90% response to our survey demon-
strates a keen interest in SLT. Clearly, the crisis in organ
donation that currently exists is universal and has heightened
awareness of potential avenues for increased donation. De-
spite this interest, our data confirm that SLT accounts for a
very small fraction of cadaver grafts. Of the 83 responding
teams, only 45% reported any experience with SLT and two
thirds of centers with SLT experience had performed less
than 5 procedures. The 13 groups reporting an experience of
5 or more SLT procedures accounted for 57% of the cumu-
lative data. Transplant center volume correlated with SLT
experience as all reporting centers with a volume of �100
transplants annually had experience with SLT versus 31% of
centers with volume of �50 annual transplants. This obser-
vation may result from increased performance of pediatric
transplantation among larger centers and, while a “learning
curve” was not assayed by this survey, almost certainly exists
as demonstrated in liver living-donation.38–40 The unequal
distribution of experience, coupled with a required “learning
curve,” forecast greater information sharing must occur prior
to SLT achieving a larger role in alleviating the current organ
crisis. Presently, graft sharing is an uncommon event with
only 5 centers reporting a total of 18 shared grafts (4%).
Improved information sharing has the potential for greater
center graft sharing that would increase experience and de-
crease reluctance to accept partial grafts for transplantation.

The survey data are promising. The results are superior
to the SRTR and similar to isolated center outcomes. A
decade of data on transplantation of LLS grafts obtained from
SLT or living-donors for children has validated the applica-
bility of this technique through patient and graft survival that
meets or exceeds whole-organ cadaver data.5 The benefits of
SLT, without donor risk, make it the preferred technique for
the transplantation of infants and small children without
access to cadaver whole-organs.

The fate of adults who receive RTS grafts remains
controversial. Two series examined RTS outcomes by com-
paring the split cohort with adults receiving cadaver whole-
organs during the same time period22 or via case-matched
controls.17 In each study, 1-year patient survival was compa-
rable between RTS and whole-organ recipients. While excel-
lent single-center data exist, our data and the SRTR demon-
strate inferior outcomes when applied to adults in urgent need
of liver transplantation. This question is extremely important
for the future of SLT as equal outcomes between RTS grafts
and cadaver whole-organs in recipients across categories of
urgency and indication are prerequisite for SLT to be further
applicable. The SRTR suggests the performance of SLT,
presumably in “optimal” donors, delivers right graft out-

TABLE 7. Outcomes of Right Segment Grafts Versus
Cadaver Donors � 60 Years and Cadaver Donors Ages
18–40 Years

Right
Grafts

Donors
> 60 yr

Donors
18–40 yr

Overall
n 215 2901 9802
Graft failure 68 (32%) 1062 (37%) 2404 (25%)
Deaths 56 (26%) 919 (32%) 2247 (23%)

UNOS status I
n 39 433 1250
Graft failure 21 (54%) 229 (53%) 459 (37%)
Deaths 18 (46%) 199 (46%) 402 (32%)

UNOS status IIA
n 28 336 1035
Graft failure 5 (18%) 115 (34%) 228 (22%)
Deaths 5 (18%) 106 (32%) 210 (20%)

UNOS status IIB
n 84 1094 3109
Graft failure 24 (29%) 311 (28%) 585 (19%)
Deaths 15 (18%) 256 (23%) 548 (18%)

UNOS status III
n 49 689 3093
Graft failure 15 (31%) 244 (35%) 711 (23%)
Deaths 14 (29%) 204 (30%) 671 (22%)

Patient survival was calculated as time from transplant until death with
censoring at the end of the study period. Graft survival was calculated as the
time from liver transplantation until death or graft failure with censoring at
the last known follow-up date or the end of the study period, whichever was
earlier.
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comes (precise type of right graft not specified) similar to
“marginal grafts” and inferior to whole-organs derived from
cadavers 18 to 40 years of age. This difference may be
justifiable if access is increased through a recipient’s partic-
ipation and complementary graft outcomes are considered;
however, SLT will never significantly impact organ availabil-
ity on a wide scale if these data prove true. These data
currently do not exist outside of single center reports and
underscore the necessity for a dedicated, multicenter study to
define the role of RTS grafts in decompensated cirrhotics and
fulminant hepatic failure to predict the ultimate applicability
of SLT.

The inability of the SRTR to approach the data of select
individual centers could be explained by the failure of these
data to demonstrate a “learning curve,” corruption of these
data with early attempts at SLT, and the predominance of
grafts obtained by ex vivo dissection.

The in situ technique that incorporates hilar dissection
and parenchymal transection in the donor prior to aortic cross
clamp reduces cold ischemia time, simplifies identification of
biliary and vascular structures, and avoids the mandatory
benching period and rewarming necessary to perform ex vivo
SLT.26,42 The technique can be performed without special
equipment or impedance of thoracic or additional abdominal
organ procurement.28 Speculation that the prolonged dissec-
tion required to prepare the in situ grafts prior to aortic cross
clamp may be associated with increased blood loss and
volume replacement prompted early concerns from cardiac-
thoracic teams that the quality of hearts and lungs may be

affected;43 however, data from centers with a commitment to
in situ SLT suggest the effect is negligible.44

In situ SLT promotes organ sharing by decreasing cold
ischemia and completing the dissection in the donor prior to
removal and shipping of the 2 grafts. Comparison of in situ
and ex vivo SLT left lateral segment grafts suggests a higher
incidence of primary nonfunction among grafts prepared ex
vivo versus in situ and greater applicability of in situ grafts to
urgent status recipients24,26,31,41,45,46; however, other trans-
plant centers have reported excellent results using the stan-
dard ex situ technique in nonurgent recipients.23 Our data
indicate relative parity between the 2 techniques, except for
the incidence of postoperative hemorrhage; however, no
conclusions can be drawn due to small graft numbers in each
group and nonstandard performance of each procedure under
variable conditions.

The possibility of SLT complications distinct from
standard, cadaver whole-organ grafts inevitably compounds
the potential morbidity of an SLT recipient. In children, the
enhanced possibility of morbidity resulting from SLT com-
plications is offset by first quality hepatic parenchyma of
abundant supply and the technical demands of pediatric
whole-organ grafts. While parenchymal quality remains in
the adult SLT recipient, supply is compromised and technical
demands are greater than cadaver whole-organ transplant
yielding comparatively lower SLT outcomes. Complications
and reoperations are poorly tolerated by the decompensated
cirrhotic deconditioned by an extended waiting period. Iron-
ically, the U.S. patient-driven system of allocation to the

TABLE 8. Cox Regression Analysis of Right Segment Grafts Versus Cadaver Donors � 60 Years and
Cadaver Donors Ages 18–40 Years

Graft Failure Death

RR Confidence Limits P RR Confidence Limits P

18–40 yr status
Overall† 1.59 1.24–2.03 0.00 1.31 1.00–1.71 0.05
I 2.41 1.52–3.83 0.00 1.89 1.14–3.11 0.01
IIA 0.82 0.33–2.04 0.67 0.89 0.36–2.23 0.81
IIB 1.76 1.15–2.69 0.01 1.15 0.68–1.94 0.61
III 1.55 0.91–2.63 0.11 1.36 0.79–2.37 0.27

�60 yr status
Overall† 0.99 0.75–1.30 0.95 0.92 0.68–1.25 0.60
I 1.23 0.71–2.12 0.47 0.95 0.52–1.75 0.87
IIA 0.32 0.11–0.94 0.04 0.33 0.11–0.98 0.05
IIB 1.25 0.77–2.03 0.37 0.97 0.53–0.75 0.91
III 1.07 0.60–1.93 0.82 1.19 0.63–2.23 0.59

*Adjusted for body mass index, year of transplant, ABO blood type, previous history of liver transplantation, indication for
transplantation, cold ischemia time, creatinine � 2 mg/dL, medical condition, recipient age, donor/recipient gender, race, and ethnicity.

†Adjusted for urgency status
RR, risk ratio.
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sickest first without performance incentives for SLT allocates
premium organs to these patients, further discouraging the
utilization of SLT.

Most of SLT data reported to date are adult/child pairs
where the split produces one RTS and an LLS graft. While
this is the most successful combination, �10% of the wait-
list is comprised of small children and one half are satisfied
by pediatric donors.5 To further implement SLT, centers
contemplating SLT must have access to a diversity of recip-
ients of different sizes that can be paired. This flexibility is
best achieved through center collaboration or “shared-lists” to
benefit the overall donor pool. The previous UNOS policy
permitting the unrestricted use of the remaining SLT graft by
the performing center provided a direct incentive for the
application of SLT; however, in regions where multiple
centers are competing for each donor, strict allocation to the
sickest recipient on the wait-list limits the flexibility of
adapting the donor to the optimal recipients. The European
allocation scheme of cadaver organs to centers rather than
specific patients affords greater flexibility in the performance
of SLT and standing agreements between centers that provide
for sharing have been quite successful.47
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