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lobes (RL) without the MHV for each recipient. There were
no rigid donor selection criteria for split LT; however, the
institutions generally followed the criteria proposed by the ex-
perienced LT centers in foreign countries [4, 5]. The Japanese
deceased organ allocation system selected a candidate of LT
recipient with the highest medical urgency from the waiting
list. If the candidate needed a reduction of the whole liver,
split LT was considered and then a candidate of LT recipient
with the second highest medical urgency was offered to
receive the remnant liver. Despite the lack of rigid recipient
selection criteria for split LT, each institution decided to
perform split LT according to the recipients’ medical condi-
tions, the characteristics of the deceased donors, the estimated
ischemic time, and other factors. All of the whole livers were
divided using the ex-situ splitting technique, except one case
using the in-situ splitting technique. Vascular anatomy was
elucidated by ultrasonography as much as possible before
the donor operation, although cholangiography and dye injec-
tion in the biliary duct were not used to ascertain the biliary
anatomy during the splitting procedure.

The clinical data associated with the donors and recipients
undergoing split LT were collected from the national organ
transplant network and 11 liver transplant institutions, and
the outcomes of the split LT cases were retrospectively ana-
lyzed. All data are presented as the median or mean = the stan-
dard deviation. The statistical analyses were performed using
non-parametric analyses or a Kaplan—Meier analysis. Statisti-
cal significance was considered to exist at a P-value of <0.05.

Results
Donors

The age of the donors ranged from 16 years to 65 years with a
median age of 37.5 years. The majority of the donors
consisted of males, except for four females. The mean body
mass index was 22.8 (range, 16.6-33.8). The median stay in
the intensive care unit (ICU) before liver donation was 7 days
(range, 2-23 days). All of the donors achieved hemodynamic
stability with or without minimal support of vasopressor
before procurement. The donor serum sodium level ranged
from 118 to 160 mEqg/L. Liver function tests were increased
up to more than three times the upper limit of normal in five
donors. Liver biopsy was performed in 12 donors, which
revealed slight to mild steatosis in three donors (Table 1).

Recipients receiving LLS and ERL grafts from the same
donors

Further reduction of the LLSs was required in three smaller
infants, who finally received reduced-LLS grafts. The median

age of the LLS and ERL recipients was 1.7 years (range,
1 month to 8 years) and 44 years (range, 16-66 years), respec-
tively. The common underlying diseases were graft failure af-
ter LDLT in eight cases (LLS: n = 5, ERL: n = 3) and acute
liver failure in eight (LLS: n = 4, ERL: n = 4). The median
waiting time before undergoing split LT was 109 days (range,
3-647 days) and 200 days (range, 9-1,114 days) in the LLS
and ERL recipients, respectively (Table 2).

Recipients receiving LL and RL grafts from the same donors

One RL recipient died due to medical malpractice related to
the dialysis procedure immediately after LT, but this patient
was not enrolled in this study. The median age of the LL
and RL recipients was 19 years (range, 4-37 years) and
35 years (range, 15-50 years), respectively. The underlying
diseases were graft failure after LDLT in three LL recipients
and acute liver failure in one LL recipient. Conversely, no
RL recipients underwent split LT due to graft failure or acute
liver failure. The median waiting time before undergoing split
LT was 761 days (range, 2-1,358 days) and 1,333 days
(range, 744,568 days) in the LL and RL recipients, respec-
tively (Table 3).

Details regarding the surgical procedure of the recipients

The total ischemic time was 555.1 = 125.3, 551.2 = 110.1,
537.6 + 150.9, and 600.2 = 105.3 min in the LLS, LL, RL,
and ERL recipients, respectively. The graft-to-recipient’s
body weight ratio (GRWR) of the LLS, LL, RL, and ERL
grafts was 3.49 + 1.18, 1.72 + 047, 141 + 041, and
2.04 = 0.54, respectively.

The sharing patterns of the vasculatures and bile ducts
were decided through deliberate discussion between the
procurement teams (Tables 4 and 5). In the splitting procedure
between the LLS and ERL grafts, the main portal trunk, the
vena cava, and the common bile duct were attached to the
majority of the ERL grafts. On the other hand, the common
hepatic artery and the main portal vein were attached to the
majority of the LL grafts; the vena cava was attached to all
of the LL grafts in the splitting procedure between the LL
and RL grafts.

Regarding vascular reconstruction, two recipients (LLS:
n =1, ERL: n = 1) required two arterial reconstructions of
the donor hepatic arteries. Four recipients (LLS: n = I, RL:
n =1, ERL: n = 2) underwent arterial reconstruction with an
interposition graft using the donor iliac artery. Eight recipients
(LLS: n=4,RL: n =2, ERL: n = 2) required portal vein recon-
struction with an interposition graft using the donor iliac vein.
Left hepatic vein-to-cava anastomosis was performed in all of
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Table 1 Characteristics of the donors

Graft types Donor No. Age (years)/Gender BMI ICU stay (days) ALT (IUL) Sodium (mEq/L)* Liver biopsy
LLS/ERL 1 27/F 16.5 2 278 148 NA
2 42M 22.5 5 22 155 NA
3 34/M 234 7 39 146 NA
4 38/M 26.0 3 11 146 20% steatosis
5 44/M 229 14 35 127 Normal
6 48/M 21.9 9 31 136 Normal
7 30M 18.7 8 20 118 NA
23/M 21.8 6 123 152 Normal
34/F 18.9 23 40 123 Normal
10 46/M 22.5 6 21 147 Normal
11 45M 24.3 10 44 141 Normal
12 35/F 26.5 9 9 138 Normal
LI/RL 13 44/F 19.5 12 122 146 10% steatosis
14 45M 222 69 160 NA
15 36/M 274 2 152 143 Mild fibrosis
16 16/M 19.2 12 16 136 NA
17 65/M 23.0 6 20 143 Normal
18 3TM 33.8 7 24 143 <30% steatosis

# The highest seram sodium values from before procurement are shown

Table 2 Characteristics of recipients receiving left lateral segment (1.1.S) or extended right lobe (ERL) grafts

Donor Recipients receiving LLS grafts Recipients receiving ERL grafts
No. Age BW  Underlying  ICU- PELD  Waiting Age BW  Underlying ICU- MELD Waiting
(years)/ (kg)  liver bound time (years)/ kg)  liver bound time
Gender disease (days) Gender disease (days)
1 6/F 193 Post-L.DLT  No 1 447 66/F 280 PSC No 20 156
2 oM 70 ALF No N/A 23 23/F 49.8  Post-LDLT No 36 238
3 8/F 21.7 BA No 23 647 16M 62 PSC No 17 55
4 O/F 7.1  BA No 10 45 30/F 589 AGS No 27 9
5 OrF 55 ALF Yes N/A 6 S50/F 485  Post-LDLT  No 18 1114
6 1M 10.2  Post-LDLT No 21 92 43/M 588 CTLN2 No N/A 18
7 (% 26 ALF Yes N/A 8 52/F 559 ALF Yes N/A 23
8 OF 6.5 Post-LDLT  Yes 14 9 48M 711 PostLDLT No 35 712
9 1M 105 Post-L.DLT  Yes 20 5 49/M 67.0 AIH No 25 30
10 1/F 75  PostLLDLT  Yes 18 3 62/M 700 ALF Yes N/A 11
11 3/F 137  OTCD No N/A 11 30/F 552 ALF No N/A 17
12 O/F* 70  ALF Yes N/A 11 61/F 527 ALF Yes N/A 11

 Further reduction of the LLSs was required in three smaller infants, who finally receiving reduced-LLS grafts

the LLS recipients, while cava-to-cava anastomosis was
performed in all of the LL and ERL recipients. Hepatic vein re-
construction with venoplasty, including outfiow reconstruction
from the drainage vein from the anterior sector, was performed
in five recipients (RL: # = 4, ERL: n = 1). Regarding biliary
reconstruction, nine recipients (RL: n = 2, ERL: n = 7)
underwent duct-to-duct biliary anastomosis. All of the LLS
and LL recipients underwent hepatico-jejunostomy (HJ) for
biliary anastomosis (Table 6).

Surgical complications

Three LLS recipients and two ERL recipients required re-
laparotomy due to intra-abdominal hemorrhages during the
early postoperative period. An aneurysm of the recipient he-
patic artery occurred on postoperative day 9 in one ERL recip-
ient and portal vein stenosis occurred 2 months after LT in one
ERL recipient. One LLS recipient developed late-onset he-
patic vein stenosis 2.5 months after LT and one LL recipient
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Table 3 Characteristics of recipients receiving left Tobe (1) or right lobe (RL) grafts

Donor Recipients receiving LL grafts Recipients receiving RL grafis

o Age BW  Underlying ICU-bound PELD/ Waiting Age BW  Underlying ICU-bound MELD Waiting
(years)/ (kg) liver MELD time (years)y (kg) liver time
Gender disease (days) Gender disease (days)

13 4M 20.3 BA No 21 862 46/M 90.8 PBCHCC No 17 559

14 9/F 320 ALF Yes N/A 2 50/M 679 HCV No 14 4568

15 19/F 41.6  Post-LDLT No 26 954 42M 8.4 HBV/HCC No 18 1242

16 7/F 193 PSC No 19 795 15/F 550 PSC No 14 221

17 37M 41.0 PostLDLT No 30 1358 - - - - - -

18 35/F 483 Post-LDLT No 10 597 22/ 500 PSC No 33 74

Table 4 Sharing patterns of the vasculatures and bile ducts in the left fateral segment (ILS) or extended right lobe (ERL) grafts

Donor No. LLS grafts ERL. grafts

Hepatic Portal vein ~ Hepatic vein ~ Bile duct Hepatic Portal vein ~ Hepatic vein  Bile duct

artery (No. of orifices)  artery (No. of orifices)
1 LHA LPV LHV LHD (1) Celiac trunk PV trunk vC CBD (1)
2 LHA LPV LHV LHD (1) CHA PV trunk wc CBD (1)
3 CHA PV trunk vc CBD (1) RHA RPV RHV,MHV  RHD (1)
4 LHA LPV LHV LHD (1) CHA PV trunk VC CBD (1)
5 CHA PV trunk LHV LHD () RHA RPV vC RHD (2)
6 Celiac tunk  LPV LHV LHD (1) RHA PV trunk wC CBD (1)
7 LHA LPV LHV LHD (1) CHA PV trunk vC CBD (1)
8 LHA LPV LHV LHD (D) CHA,-RHA PV trunk wvC CBD (1)
9 CHA PV tunk LHV LHD (2) RHA RPV vC CBD (1)
10 LHA LPV LHV LHD (1) CHA PV trunk vC CBD (1)
11 A2, A3 LPV LHV LHD (1) CHA PV trunk vC CBD (1)
12 a-lHA, A4 LPV LHV LHD (1) RHA PV trunk e CBD (1)

Table 5 Sharing patterns of the vasculatures and bile ducts in the left fobe (LL) or right lobe (RL) grafts

Donor No. LL grafts RL grafts
Hepatic Portal vein Hepatic vein Bile duct Hepatic Portal vein Hepatic vein Bile duct
artery (No. of orifices) artery (No. of orifices)
13 LHA LPV vC LHD () RHA PV trunk RHV CBD (1)
14 CHA PV trunk IvC LHD (2) RHA RPV RHV, V35, V8§ CBD (1)*
15 CHA PV trunk vC CBD (1) RHA RPV RHV, V5 CBD (1)
16 CHA LPV vC CBD (1) RHA PV trunk RHV RHD (2)
17 CHA PV trunk vC CBD (1) - - - -
18 CHA PV uunk wC CBD (1) RHA RPV RHV, V3, V8 RHD (1)

4 The posterior bile duct was not well recognized during the splitting procedure in these cases

developed an acute outflow obstruction due to the dislocation interventions. Six recipients suffered from biliary complica-
of the graft on postoperative day 5. These vascular complica-  tions. Two ERL recipients (ERL-5 and ERL-9) encountered
tions were properly managed by surgical or radiological  bile leakage from the insertion site of the external biliary stent
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Table 6 Details regarding the surgical procedure and outcomes of the recipients
Recipient GRWR  TIT Operation  Blood Modified BD Surgical Outcomes Follow-up
No. (%) (min)  time (min)  loss vascular reconstruction  complications period
(cc/BW)  reconstruction
TL.LS-1 1.68 548 832 139.9  PV:interposition HI No Alive 14.3 years
LLS-2 5.06 461 932 1014  No HJ No Alive 13.0 years
LLS-3 191 550 565 1659 No HI Bleeding Alive 11.4 years
LLS-4 423 320 358 839 No HI No Alive 3.6 years
11.8-5 3.65 615 763 1663.6  No HI Bleeding Died (PNF) 10 days
LLS-6 325 729 764 1824  HA: interposition HI Abscess Alive 2.2 years
11.S-7 5.31 406 442 3500 No HJ No Alive 2.0 years
LLS-8 3.82 531 545 2554  PV:interposition HI No Alive 2.0 years
LLS-9 2.99 539 515 1886  No HI No Alive 1.0 year
LLS-10 3.96 776 778 301.3  PV:interposition HI Bleeding Alive 1.0 year
L1S-11 1.98 598 695 387 HA:wwo HI Abscess, Alive 7 months
anastomoses HVOO
1.1S-12 4.00 588 710 357.0 PV: interposition HI No Died (sepsis) 8 months
ERL-1 2.64 411 740 100.7 No HJ No Alive 14.4 years
ERI.-2 2.58 476 898 1725 No HJ BD stricture Died 5.1 years
(recurrence)
ERL-3 2.62 589 825 78.5  HV: venoplasty HJ No Alive 12.2 years
ERL4 2.14 617 882 934  No DD PV stricture Alive 3.9 years
ERL-5 249 721 997 430.5  HA: interposition, HI Bleeding, Bile Died 39 days
PV: interposition leakage, (sepsis)
Intestinal
perforation
ERL-6 1.78 537 532 412  No DD No Alive 2.2 years
ERL-7 N/A 633 777 1560  No DD Bleeding, HA Alive 2.0 years
aneurysm
ERL-8 1.26 636 1406 1319.1 HA: interposition, HI Abscess Died 1.5 years
two arteries (recurrence)
ERL-9 144 642 842 91.0  PV:interposition DD Bile leakage Alive 1.0 year
ERL-10 1.40 769 739 1000 No DD BD stricture Alive 1.0 year
ERL-11 2.39 682 623 566  No DD No Alive 5 months
ERIL-12 1.72 489 665 421 No DD No Alive 10 months
LI-13 1.97 600 765 2069 No HI No Alive 7.3 years
LL-14 1.39 359 581 372 No HI No Alive 4.1 years
LL-15 1.07 478 772 2560 No HI No Alive 4.3 years
LL-16 2.38 617 561 741 No HI Intestinal ReTx 3.2 years
perforation (recurrence)
LI-17 1.54 615 1006 1293  No HJ HVOO Alive 8.2 years
LL-18 1.97 638 1290 667 No HI No Alive 3 months
RL-13 0.99 437 1072 6784  No DD No Alive 7.6 years
RI-14 1.37 782 869 239.3  HA: interposition, DD Posterior BD Alive 4.2 years
PV: interposition, ligation
HV: venoplasty
RL-15 1.18 572 590 96.6  HV: venoplasty HI No Alive 4.0 years
RL-16 1.45 403 790 70.7 PV interposition, HJ No Alive 3.1 years
HV: venoplasty
RL-18 2.07 494 852 213.6  HV: venoplasty HI Bile leakage and  Alive 2 months

obstruction, BD
stricture
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tube. In the former case (ERL-5), the external biliary stent
tube had been inserted through the Roux-en-Y limb during
the operation; however, the tube was completely dislocated
to the free space in the abdominal cavity and enteric fluids
containing bile leaked from the insertion site of the tube.
Biliary anastomotic stricture occurred in two ERL recipi-
ents (ERL-2 and ERL-10), who were successfully managed
by endoscopic intervention. One RL recipient (RL-18) was
complicated by bile leakage and biliary anastomotic stric-
ture. First, bile leakage occurred from the cut-surface of
the graft; the leakage site was later identified as an
untreated orifice of the posterior bile duct branch, which
might have been unrecognized during the splitting proce-
dure. Finally, the posterior bile duct branch was obstructed.
Shortly afterward, a biliary anastomotic stricture of the
anterior bile ducts occurred. These complications were
managed by percutaneous biliary drainage. One RL recipi-
ent (RL-14) required re-anastomosis of the posterior bile
duct, which had been accidentally ligated during the
splitting procedure (Table 6).

Graft function and survival

There were no significant differences in the liver function tests
of all recipients receiving any graft type, including liver
enzymes, coagulation profiles, and serum bilirubin levels,
although the serum bilirubin levels in the RL and ERL recip-
ients tended to be higher 2 weeks and 1 month after LT, pos-
sibly related to biliary complications (Fig. 1). Two recipients
(LLS: n= 1, ERL: n = 1) died within 2 months after surgery;
the three other recipients (LLS: n = 1, ERL: n = 2) died late
after LT. The causes of early death were primary non-
function in one LLS recipient (LLS-5), who experienced
cardiac arrest due to pulmonary hypertension during the LT

procedure, and sepsis in one ERL recipient (ERL-5), who
suffered from multiple surgical complications after LT
(as described above). Although both recipients who died in
the early phase (LLS-5 and ERL-5) received grafts from the
same donor, the donor did not exhibit any characteristics,
which contraindicated split LT. The cause of late death
consisted of disease recurrence in two ERL recipients (ERL-2
and ERL-8) and sepsis in one LLS recipient (LLS-12).
Although the graft function of the latter case (LLS-12) was
acceptable, the patient gradually developed portal hypertension
with refractory ascites; infected ascites might have triggered the
episode of sepsis. One LL recipient required a second LT
due to disease recurrence (Table 6). The overall graft
survival did not show any significant differences between
all recipients of any graft type. The short-term graft
survival rates were 82.5%, 100%, 100%, and 91.7% at
| year and 82.5%, 100%, 100%, 78.6% at 3 years in the
recipients receiving LLS, LL, RL, and ERL grafts,
respectively (Fig. 2).

Discussion

The majority of split LT, 12 out of 18 cases (66.7%), was
performed by dividing to LLS and ERL grafts, and pediatric
recipients benefited from receiving LLS grafts in this series.
According to the registry of the JLTS, the recent annual num-
ber of pediatric LT has remained around 120 to 140, most of
which were performed in the mode of LDLT [6]. Although
the donation from living donors in pediatric LDLT may be
more ethically acceptable and less surgically stressful in com-
parison to adult LDLT, it would be dangerous to continue to
rely heavily on living donors. According to the 2013
OPTN/SRTR annual data, split LT was performed for
16.2% of pediatric DDLT in 2011-2013 and the proportion
of living donors declined from 14.9% in 2001-2003 t0 9.5%
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Fig. 2 The comparison of the graft survival between groups

in 2011-2013 [7]. The introduction of this procedure has dra-
matically decreased the need for living donation at many pedi-
atric transplant centers in the United States [8]. A preliminary
experience of split LT dividing to LLS and ERL grafts
reported the feasibility of the procedure, even though its out-
come was not as good as full-size grafts (graft survival; 50%
vs. 76%) [9]. Since then, advances in technical refinements,
optimization of graft-to-recipient matching, and minimizing
of the graft ischemia duration have been achieved and the
recent series of pediatric split LT revealed excellent results,
including short-term and long-term outcomes [10, 11]. Acute
liver failure and graft failure after LDLT were the common
underlying liver disease of pediatric recipients undergoing
split LT in this series. The cases of acute liver failure do not
always permit enough time to evaluate living donors and fur-
thermore impose a psychological burden on them before the
operation. On the other hand, the cases of graft failure after
LDLT often do not have any other living donors from the rel-
atives. Moreover, retransplantation is often technically de-
manding, especially requiring decent-sized vasculatures of
sufficient length and vessel grafts for vascular reconstructions.
The further promotion to perform split LT for high-urgent pe-
diatric recipients may have a great impact on the mortality rate
of patients on the pediatric waiting list.

The prevention of surgical complications, especially bili-
ary complications, is a key to the success of split LT. Accord-
ing to the recently-published data from Europe and the United
States, the incidences of vascular complications of the hepatic
artery, portal vein, and hepatic vein, were 4-10%, 0-2%, and
3-5%, respectively. On the other hand, the incidences of bili-
ary complications, including bile leakage and biliary stricture,
were 12-40% and 3-20%, respectively [3, 12-14]. These
reported incidences of surgical complications differed based
on the types of the grafts, their attached vascular and biliary
structures, and the splitting techniques. The institutions in
the United States and the North Italy Transplant Program per-
formed in-situ splitting, while the institutions in the United

Kingdom preferred ex-siru splitting. The sharing patterns of
the vasculatures and bile ducts should be based on the needs
of the recipient, although the celiac trunk or the common he-
patic artery was generally retained in the left-sided grafts
and the main portal trunk, while the vena cava and the com-
mon bile duct were usually retained in the right-sided grafts
[12]. In this series, the sharing patterns of the vasculatures
and bile ducts were decided by the primary recipients’ surgi-
cal teams, possibly because retransplant patients were fre-
quently indicated for split LT. The establishment of LDLT
procedures, especially hepatic arterial reconstruction under a
microscope, may have a good influence on the low incidence
of vascular complications; however, this series revealed a
high incidence of biliary complications related to the splitting
procedure, which occurred exclusively in the cases receiving
right-sided grafts. In particular, this was shown by the fact that
two RL recipients encountered biliary complications because
biliary anatomy was not well recognized during the splitting
procedure in this series. Biliary complications in split LT
may be related to several factors, including the presence of a
variant biliary anatomy and the ischemia of the biliary ducts,
and both factors appear to be intricate in the techniques of
ex-situ splitting [15]. Furthermore, liver parenchymal dissec-
tion during bench surgery may pose a risk of bile leakage from
the cut-surface of the grafts. In contrast to the ex-situ splitting,
in-sity splitting can facilitate a more precise anatomical divi-
sion and improve the quality of grafts through a greatly short-
ened ischemic time, and a recent meta-analysis revealed that
the risks of increased biliary complications were only seen
with the use of ex-situ split LT rather than in-situ split LT
[16]. In view of these facts, the in-situ splitting technique
may therefore be more desirable in liver donation to prevent
biliary complications. However, it is still difficult to apply
the in-siny splitting technique to the organ procurement sys-
tein in Japan because of various limitations. One of the main
limitations is that physicians attempt to procure multiple or-
gans, especially thoracic organs from each deceased donor
as often as possible due to the shortage of deceased donors.
As a result, the organ procurement operation must be per-
formed in a short period of time to avoid unstable
cardiocirculatory dynamics [17]. Otherwise, bile duct visuali-
zation by cholangiography may be helpful in the setting of the
ex-situ splitting procedure.

Although bile leakage occurred from the insertion site of
external biliary stent tube in two ERL recipients in this series,
the occurrence of bile leakage in ERL grafts is generally re-
lated to the viability of segment 4 (S4). The blood supply to
S4, which mostly comes from the left vasculatures, may be
sacrificed during the splitting procedure and may increase
the risk of parenchymal necrosis and bile leakage with an in-
cidence of approximately 20 to 30% [18, 19]. The S4-related
complications may be directly associated with high rates of
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graft loss and mortality [19]. S4-related complications may be
prevented by precise identification of the arterial supply to S4
and the reconstruction of the S4 artery in the recipient
operation [20]. Additionally, S4 can be prophylactically
removed [21].

Split LT with full LL/RL grafts can be considered as an
attractive option to expand the donor pool for adult recipients.
However, this type of splitting procedure may be more techni-
cally demanding in comparison to the splitting procedure to
LLS/ERL grafts, and therefore it has not been applied as a
common procedure to date {22, 23]. As debated in the setting
of LDLT, several issues appear to jeopardize the feasibility of
split LT for adults: biliary and hepatic venous outflow compli-
cations and small-for-size graft related problems [24]. More
biliary complications may occur in the cases receiving RL
grafts without the common bile duct, because the possibility
of multiple or small-sized bile ducts is a well-known risk fac-
tor for biliary complications [25]. Regarding biliary recon-
struction in this series, HJ was frequently used in the
recipients receiving RL grafts. Moreover, all of the LL recip-
ients underwent HJ for biliary anastomosis. The selection of
biliary reconstruction is determined by multiple factors, in-
cluding the original liver disease, the size of graft and recipi-
ent bile ducts, prior transplant, and the preference of the
performing surgeon [26]. Although HJ was used in all of the
cases receiving LL or RL grafts without the common bile
duct, the original liver disease and prior transplant might be
the main reason why HI was selected in this series. Hepatic
venous outflow obstruction occurred exclusively in the cases
receiving left-sided grafts in this series. One of two cases with
hepatic venous outflow obstruction was caused by the disloca-
tion of the graft in the early postoperative period. Wide caval
anastomosis and fixation of the graft are crucial [24]. Al-
though an adequate liver mass may prevent small-for-size
related complications, it may be dangerous to use the same
cut-off value of the parameters of graft size matching which
are used in the setting of LDLT. The quality of split LT grafts
should be recognized to be inferior to LDLT grafts, and there-
fore a greater liver mass should be required [24]. To increase
the functional liver mass, a maximization of the outflow from
the anterior sector in the cases receiving RL grafts without the
MHYV should be necessary. More availability of vessel grafts
from deceased donors may be a benefit for venous reconstruc-
tion of the anterior sector in comparison to LDLT. A modified
technique of full-right/full-left splitting, including a split of
the vena cava and MHV, may be a feasible procedure to mit-
igate the issues related to hepatic venous outflow in both of
the grafts [27].

Proper donor and recipient selection for split LT is crucial
for optimal organ allocation and use of a scarce and precious
resource [28]. There were no rigid donor selection criteria for
split LT in our country; however, the institutions generally

followed the criteria proposed by the experienced LT centers
in foreign countries {4, 5]. Conversely, relatively sick recipi-
ents, such as those with high Model for End-Stage Liver Dis-
ease (MELD) scores, ICU-bound, and retransplant patients,
received split grafts in this series, although the use of split
grafts in critically-ill recipients, such as those with a MELD
score >30, and retransplant patients diminished the patient
survival [29]. A recent report of the large series of ERL grafts
from the North Italy Transplant Program clearly showed that
retransplantation was identified to be a significant prognostic
factor influencing the graft survival, and therefore it suggested
that ERL grafts should not be used for retransplant recipients
[30]. The three retransplant recipients receiving ERL grafts
died in this series, although the poor results of split LT for
these retransplant recipients may not only be related to the
type of graft. In the setting of retransplantation, technical dif-
ficulties during the operation and a long ischemic time may be
expected and they can have negative impacts on the out-
comes. Due to the shortage of organs from deceased donors
in our country, adult recipients with the highest priority on
the waiting list, including retransplant recipients, cannot wait
for the next chance to receive a whole liver and they may re-
luctantly accept split LT instead; however, the indication of
split LT for retransplant adult recipients must be cautiously
decided by considering various factors, especially the techni-
cal aspects and ischemic time.

From the registry data of the JLTS, the overall graft sur-
vival rates of DDLT, which mainly consist of the recipients
of whole liver grafts, were 85.0%, 81.6%, and 804% at I,
3, and 5 years, respectively, which is comparable to the sar-
vival of the split LT recipients in the present series. Although
the incidence of surgical complications in whole DDLT in
Japan could be similar to that in foreign countries, there have
been no detailed comparative reviews to analyze the outcomes
of split LT versus whole LT. Further investigations should be
conducted using a nationwide survey.

An initial experience of deceased donor split LT in Japan
showed acceptable outcomes, which could facilitate split LT
once the number of deceased donor organs increase in the
fotare. To that end, the establishment of proper donor and re-
cipient selection criteria for split LT and further advances in
the development of the splitting technique are needed to
expand the application of split LT.
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