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 Background: Split liver transplantation (SLT) for 2 adult patients by in situ splitting is rarely reported. This study analyzed 
the outcomes of SLT for 2 adult recipients at a single center.

 Material/Methods: From 2003 to 2014, we performed 16 adult SLTs from 8 deceased donors using in situ splitting technique. We 
investigated the results of SLT and compared the outcomes of SLT with those of 393 cases of primary whole 
liver transplantation (WLT).

 Results: All SLT donors were male. Eight recipients received right liver graft. Seven recipients received left liver graft. 
One recipient received dual-donor liver transplantation with 2 left-liver grafts (1 left liver graft from a living 
donor). The mean age of the recipients was 49.6±7 years. The Model for End-Stage Liver Disease (MELD) score 
of the recipients was 21.3±8.6. The mean cold ischemic time was 345.6±311.7 minutes. Graft and patient sur-
vival rates were 75.0% and 81.3%, respectively, at both 1 year and 5 years. There were 2 cases of biliary com-
plication and 3 cases of vascular complication, but no incidence of arterial complication or small-for-size graft 
syndrome. The donor age of the SLT group was younger than that of the WLT group (p<0.001). The MELD score 
of the SLT group was lower than that of the WLT group (p=0.01). Patient and graft survival rates did not differ 
significantly between the SLT and WLT groups (p=0.47 and p=0.78, respectively).

 Conclusions: In situ SLT for 2 adults is a feasible option to expand door pools in selected situations.

 MeSH Keywords: Allografts • Korea • Liver Cirrhosis

 Abbreviations: BMI – body mass index; CIT – cold ischemic time; CT – computed tomography; DDLT – deceased-donor 
liver transplantation; GRWR – graft-recipient weight ratio; KONOS – Korean Network for Organ Sharing; 
LDLT – living-donor liver transplantation; LT – liver transplantation; MELD – Model for End-Stage Liver 
Disease; SLT – split liver transplantation; UNOS – United Network for Organ Sharing; WLT – whole liver 
transplantation
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Background

The success of liver transplantation (LT) has created challeng-
es in coping with the shortage of organs for patients in need 
of LT. Split liver transplantation (SLT) was developed in the late 
1980s by Pichlmayr et al. as a method to increase donor or-
gans [1], but early SLT experiences resulted in poor outcomes [2]. 
According to the European Liver Transplant Registry, between 
1968 and 2000, SLT represented 3.7% of the total grafts [3]. In 
the 2000s, the volume of SLTs increased up to 6% [4]. Further 
understanding of the intrahepatic anatomy, improvement of 
surgical techniques, and better-established donor and recipient 
selection criteria for SLT have made SLT more popular. On the 
contrary, SLT comprised less than 1% of all LTs between 2002 
and 2009 in the United States, although it has been estimat-
ed that approximately 20% of all deceased donors meet the 
United Network for Organ Sharing (UNOS) guidelines for SLT [5].

Conventional SLT means dividing the deceased-donor liver into 
a left lateral section for a pediatric recipient and a right tri-
section graft for an adult recipient. Most SLTs have been per-
formed as conventional type and have resulted in shortening 
of the pediatric waiting list for LT [6,7]. Splitting 1 liver into 2 
grafts for 2 adult recipients was theoretically more attractive 
to expand the donor pool for adult patients. SLT for 2 adult re-
cipients (hereinafter, referred to as “two-adult SLT”) requires 
full right-liver and full left-liver grafts. In general, many fac-
tors still pose a hurdle to preclude two-adult SLT as a stan-
dard procedure, such as preservation injuries from prolonged 
ischemic time, suboptimal donor conditions before and during 
organ harvest, donor anatomy not fully assessed using imag-
ing studies, increased technical demands associated with SLT, 
and urgent procedures performed at night in any donor hos-
pital [8–11]. Adult recipients require sufficient graft volume to 
satisfy the metabolic demand. A small-sized graft volume for 
adult recipients can result in increased incidence of primary 
non-function or small-for-size graft syndrome. So far, few re-
ports exist about the in situ splitting technique for 2 adults 
with full right-liver and left-liver grafts because of the above-
mentioned problems.

The surgical procedures for two-adult SLT are similar to those 
for adult living-donor liver transplantation (LDLT). Therefore, 
the present study aimed to analyze the results of two-adult 
SLT performed in a high-volume LDLT center.

Material and Methods

A total of 16 recipients who received SLTs (full right-liver graft 
in 8, full left-liver graft in 7, and dual full left-liver grafts in 1) 
using the in situ splitting technique at Asan Medical Center from 
2003 to 2014 were included in this study. The median follow-up 

was 113.2 months (mean, 87.3±49.8; range 0.7–158.8). The 
clinical, surgical, and pathologic profiles were recorded in an 
institutional LT database.

Donor selection

The donor selection criteria of two-adult SLT included age be-
low 50 years, mild steatosis, minimal dose of inotropic sup-
port, short hospital stay before operation, and normal or mildly 
elevated transaminase levels. The Korean Network for Organ 
Sharing (KONOS) defines a mandatory splitting policy only for 
combination of adult and child recipients. If the deceased do-
nor candidate fulfills the criteria for SLT, the KONOS selects 
an appropriate match for adult and child recipient candidates 
in the waiting list. If no proper candidates are available, the 
deceased donor is allocated to donating the whole liver graft 
to an adult recipient candidate. It is possible to consider two-
adult SLT only when the whole liver graft appears to be too 
large for a selected adult recipient candidate. Thus, two-adult 
SLT is an institutional option to match the graft size as well 
as to expand the donor graft pool. So far, there is no general 
rule for two-adult SLT in the KONOS setting.

Recipient selection

One recipient of SLT was allocated to receive the whole liver 
as the first-priority patient in the waiting list according to the 
KONOS organ allocation system. We estimated the total graft 
volume, right- and left-liver volume of the donor liver based 
on computed tomography (CT), intraoperative ultrasonogra-
phy, donor body size, and manual palpation of the liver graft 
by well-experienced surgeons. After exploration of the abdo-
men in the deceased donors, we explored the whole liver graft 
through inspection and palpation by an experienced staff sur-
geon and routinely performed liver biopsy to check the amount 
of steatosis and the quality of the liver graft.

Most of the first-recipient candidates had small body size; 
thus, the total liver graft volume of the allocated donors was 
too large. After reporting the possibility of SLT to the KONOS, 
we could select the second recipient at our center in case 
there was no timely available recipient candidate in the wait-
ing list of KONOS.

Most of the secondary recipient candidates were hospitalized 
at the time of SLT, had a small body size so that the hemi-liver 
graft had a graft-recipient weight ratio (GRWR) >1%, and had a 
relatively low Model for End-Stage Liver Disease (MELD) score.

Operative techniques

The surgical techniques for two-adult SLT are described in de-
tail elsewhere [12]. The liver anatomy was evaluated using CT, 
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ultrasonography, and intraoperative cholangiography. The con-
sistency and color of the liver were evaluated after laparotomy. 
After liver biopsy and cholecystectomy, intraoperative cholangi-
ography was performed, and the quality and quantity of the bile 
drained from the common bile duct were observed. The right and 
left triangular ligament, falciform ligament, and bare area were 
dissected. Before splitting, the hepatic artery and portal vein were 
encircled. The right liver was freed from the inferior vena cava 
through ligation and division of the short hepatic veins. Large 
inferior right hepatic veins were preserved for reconstruction at 
the bench operation. In situ parenchymal transection was per-
formed with a Cavitron Ultrasonic Surgical Aspirator. The hang-
ing maneuver was used in graft splitting to determine the proper 
direction and to facilitate hemostasis. Liver grafts were perfused 
and preserved with Histidine-Tryptophan-Ketoglutarate solution.

All but one of the full right-liver grafts comprised the segment 
V–VIII, with the right hepatic duct, right hepatic artery, right 
portal vein, and right hepatic vein. One right liver graft com-
prised the segment V–III and I, with the common bile duct, ce-
liac axis, main portal vein, and retro-hepatic vena cava. Sizable 
middle hepatic vein tributaries of the anterior section were re-
constructed with interposition of the iliac vein obtained from 
the same deceased donor. All but one of the full left-liver grafts 
comprised the segment I–IV, with the common bile duct, ce-
liac axis, main portal vein, and retro-hepatic vena cava. Since 
one left-liver graft was used as one graft for dual-donor LT, 
this graft comprised the segment II–IV, with the left hepatic 
duct, left and middle hepatic artery, left portal vein, and mid-
dle and left hepatic vein.

Outcome comparison with whole liver transplantation

During the 12-year study period of two-adult SLT, there were 
573 cases of deceased-donor liver transplantation (DDLT) at 

our center. To compare the outcomes, we excluded pediatric 
recipients, SLT recipients using right trisection graft and left 
lateral section graft. We also excluded cases of re-transplan-
tation using a whole liver graft because of relatively poor out-
comes. Doing so, we selected 393 adult recipients who under-
went first DDLT using a whole liver graft as a control group, 
with which we compared the clinical outcome between SLT 
and whole liver transplantation (WLT).

Statistical analysis

Numerical data are presented as mean ± standard deviation 
or median (range). Continuous variables were compared us-
ing the Mann-Whitney U test. Survival rates were estimated 
using the Kaplan-Meier method and compared with the log-
rank test. A p-value <0.05 was considered statistically signifi-
cant. Statistical analyses were performed using SPSS version 
22 (SPSS Inc., Chicago, IL, USA).

Results

Profiles of the donors for two-adult SLT

The characteristics of the donors are summarized in Table 1. All 
donors were male. The mean age of the donors was 25.8±9.8 
years. The donors, except for one, were aged £30 years. The 
body mass index (BMI) of donors was 24.5±5.5 kg/m2. The BMI 
of most donors was <25 kg/m2. One deceased donor whose 
death was caused by intracranial hemorrhage after a motor-
cycle accident had a BMI of 37.9 kg/m2, but he was an athlete 
with large muscle mass.

All 8 donors were hemodynamically stable during the dona-
tion operation. All donation operations were uneventful. Five 

Donor No. Sex
Age
(yrs)

Height 
(cm)

Weight 
(kg)

BMI
(kg/m2)

Total bilirubin 
(mg/dL)

Maximum
AST (U/L)

Maximum
ALT (U/L)

1 Male 22 175 60 19.6 0.7 22 17

2 Male 24 167 66 23.7 0.6 62 16

3 Male 27 181 72 22.0 0.8 119 63

4 Male 20 180 80 24.7 0.8 83 53

5 Male 30 184 75.4 22.3 0.8 159 76

6 Male 14 176 64 20.7 0.9 68 61

7 Male 21 178 120 37.9 1.1 25 63

8 Male 48 173 75 25.1 0.9 33 12

Table 1. Donor profiles for two-adult split liver transplantation.

ALT – alanine transaminase; AST – aspartate transaminase; BMI – body mass index.
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cases of donation operations were performed at our center, 
and the other 3 cases were done at other hospitals.

Profiles of adult recipients who underwent two-adult SLT

The characteristics of the 16 recipients are summarized in 
Table 2. Their mean age, MELD score, and cold ischemic time 
(CIT) were 49.6±11.7 years, 21.3±8.6, and 255.2±131.4 minutes, 
respectively. Among these 16 recipients, 8 received a right liv-
er graft. Seven recipients received a left liver graft. One recip-
ient received dual-donor liver transplantation with 2 left liver 
grafts (one left liver graft from a living donor) [13]. Detailed 
operative techniques are summarized in Table 3.

Outcomes of adult recipients who underwent two-adult 
SLT

The 1-year and 5-year patient survival rates of all SLTs were 
81.3% and 81.3%, respectively. The 1-year and 5-year graft 
survival rates of all SLTs were the same at 68.8% (Figure 1). 
The causes of patient death were sepsis (n=2) and graft fail-
ure due to heart dysfunction (n=1). One graft failure among 
the left-liver graft recipients was associated with primary non-
function due to long CIT; and the other graft failure after left-
liver graft implantation was caused by recurrent acute cellular 
rejection and chronic rejection. These 2 recipients underwent 
re-transplantation successfully.

The 5-year and 10-year graft survival of the right- and left-liv-
er graft recipients were 87.5% and 50%, respectively (p=0.10). 

Recipient 
No.

Sex
Age
(yrs)

Height
(cm)

Weight
(kg)

BMI
(kg/m2)

GRWR
MELD 
score

UNOS 
status

CIT 
(min)

Primary 
diagnosis

Right liver graft recipients

1-RL Male 57 165.0 55.2 20.3 2.24 18 2B 144 HBV-LC

2-RL Male 42 170.9 70.0 24.0 1.36 12 2B 307 HBV-LC

3-RL Male 53 174.0 57.0 18.8 1.47 40 2A 302 HBV-LC

4-RL Male 46 176.0 67.8 21.9 1.77 30 2A 172 HBV-LC

5-RL Female 52 162.0 56.9 21.7 2.11 31 2A 101 ALD

6-RL Female 51 155.3 51.5 21.4 1.94 21 2A 55 HBV-LC

7-RL Male 64 165.5 71.6 26.1 1.68 19 2A 334 HBV-LC

8-RL Female 63 152.0 56.8 24.6 1.58 8 3 386 HBV-LC

Left liver graft recipients

1-LL Male 37 167.7 56.4 20.0 1.24 23 2A 265 HBV-ALF

2-LL Female 32 164.3 58.3 21.6 0.99 16 2B 544 Re-LT1

3-LL Male 55 149.0 48.0 21.6 1.15 33 2A 217 HBV-LC

4-LL Male 51 167.0 59.0 21.2 1.19 19 2B 123 HBV-LC

5-LL Female 25 157.5 50.1 20.2 1.44 19 2B 120 PSC

6-LL2 Male 40 173.8 97.1 32.2 1.04 10 3 275 HBV-LC

7-LL Male 61 160.9 51.4 19.8 1.67 23 2B 354 HBV-LC

8-LL Female 61 140.5 37.8 19.2 1.72 19 2A 384 Ischemia3

Table 2. Recipient profiles of two-adult split liver transplantation.

1 The primary disease was Caroli disease and the patient underwent whole liver transplantation. However, she developed graft failure 
at 12 years post-transplantation. 2 The patient underwent dual-graft liver transplantation with combination of a left liver graft from a 
living donor and a left liver graft from deceased donor splitting. 3 The patient experienced ischemic liver disease after cardiac arrest.
ALD – alcoholic liver disease; BMI – body mass index; CIT – cold ischemic time; GRWR – graft-recipient weight ratio; 
HBV-ALF – hepatitis B virus-associated acute liver failure; HBV-LC – hepatitis B virus-associated liver cirrhosis; LL – left liver graft; 
MELD – Model for End-Stage Liver Disease; PSC – primary sclerosing cholangitis; re-LT – re-transplantation; RL – right liver graft; 
UNOS – United Network for Organ Sharing.
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The 5-year and 10-year patient survival of the right- and left-
liver graft recipients were 87.5% and 75.0%, respectively 
(p=0.48) (Figure 2).

Complications of two-adult SLT

There was 1 case of portal vein stenosis requiring portal vein 
stent in a left-liver graft recipient. There was 1 case of inferi-
or right hepatic vein stenosis and 1 case of right hepatic vein 
stenosis requiring stenting among the right-liver graft recip-
ients. There were 2 cases of biliary stricture, 1 each in right- 
and left-liver graft recipients. There was no bile leak in either 
groups. There was no hepatic arterial complication or small-for-
size graft syndrome after SLT. The major complication (grade 
III or higher according to the Clavien-Dindo classification) rate 
was 56% (9 of 16). The severities of these complications are 
summarized in Table 4.

Outcome comparison with WLT

The clinical profiles of recipients who underwent two-adult 
SLT and WLT are summarized in Table 5. The donor age of the 
SLT group was younger than that of the WLT group (p<0.001). 
The MELD score of the SLT group was lower than that of the 
WLT group (p=0.01).

The 1-year and 5-year patient survival rates in the WLT group 
were 80.4% and 74.1%, respectively. The 1-year and 5-year 
graft survival rates in the WLT group were 80.1% and 72.9%, 
respectively. The patient and graft survival rates did not differ 
significantly between the SLT and WLT groups (p=0.471 and 
p=0.781, respectively) (Figure 3).

Graft 
type

Caval 
drainage

Bile 
duct

Portal 
vein

Artery
Graft 
type

Caval 
drainage

Bile 
duct

Portal 
vein

Artery

1-RL Piggyback RHD, DD Right PV Right HA 1-LL Bicaval CBD, DD Main PV Celiac axis

2-RL Piggyback RHD, HJ Right PV Right HA 2-LL Bicaval CBD, HJ Main PV Celiac axis

3-RL Piggyback RHD, DD Right PV Right HA 3-LL Bicaval CBD, DD Main PV Celiac axis

4-RL Piggyback RHD, DD Right PV Right HA 4-LL Bicaval CBD, DD Main PV Celiac axis

5-RL Piggyback RHD, DD Right PV Right HA 5-LL Bicaval CBD, DD Main PV Celiac axis

6-RL Bicaval CBD, DD Main PV Celiac axis 6-LL Piggyback LHD, HJ Left PV Left HA

7-RL Piggyback RHD, DD Right PV Right HA 7-LL Bicaval CBD, DD Main PV Celiac axis

8-RL Piggyback RHD, DD Right PV Right HA 8-LL Bicaval CBD, DD Main PV Celiac axis

Table 3. Operative techniques for two-adult split liver transplantation.

CBD – common bile duct; DD – duct to duct anastomosis; HA – hepatic artery; HJ – hepaticojejunostomy; LHD – left hepatic duct; 
LL – left liver graft; PV – portal vein; RHD – right hepatic duct; RL – right liver graft.
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Figure 1.  Patient survival (A) and graft survival (B) curves of split liver transplantation for 2 adult recipients.
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Discussion

The technique of splitting a deceased-donor liver to be used 
for 2 adults is a way to increase the number of available liv-
er grafts and to decrease waiting-list mortality. However, this 
technique remains challenging because it is associated with 
relatively poor outcomes [10,14], suboptimal graft condition, 
and technical difficulty [11,15].

Preoperative CT evaluation provides valuable information about 
the liver anatomy and graft size that might facilitate SLT [12]. 
However, unstable donor vital signs and concern about wors-
ening of renal function often makes preoperative imaging stud-
ies using contrast media unrealistic [11]. Inadequate small 
graft volume might cause small-for-size syndrome, which is 
characterized by prolonged cholestasis, synthetic dysfunction, 
and slow recovery [16]. In this study, all recipients except 1 re-
ceived a liver graft with GRWR >1%. Considering the inevitable 

preservation injuries, prolonged CIT, and reperfusion injuries 
in deceased-donor grafts, we believe that a graft volume with 
GRWR of at least 1% is necessary for SLT recipients [11,17,18]. 
Although the routine use of intraoperative ultrasonography and 
cholangiography can provide information about donor anato-
my and graft volume as well as experienced donor surgeons 
might be able to predict graft weight reliably in the operative 
field [17], we think that preoperative non-enhanced CT should 
be considered in the donor candidates for SLT to provide more 
information about donor anatomy and graft volume, when the 
vital signs of the donor candidates allow.

Splitting of the donor liver for 2 adults is only recommend-
ed in highly selected situations. Proper donor selection is the 
first step for successful two-adult SLT. The criteria for splitting 
liver in a deceased donor include young age, low BMI, sta-
ble hemodynamic status with minimal inotropic agent, nor-
mal liver function, and short period of hospitalization before 
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Figure 2.  Comparison of patient survival (A) and graft survival (B) curves of split liver transplantation for 2 adult recipients according 
to split hemi-liver graft types.

Grade Right liver graft Left liver graft

II Liver abscess (n=1)

IIIa
Biliary stricture (n=1)1

Hepatic vein stenosis (n=2)1

Biliary stricture (n=1)
Bleeding requiring embolization (n=1)

IIIb Portal vein stenosis (n=1)2

IVa
Primary non-function (n=1)2

Chronic rejection (n=1)

IVb

V Pneumonia (n=1)
Sepsis (n=1)
Heart failure (n=1)

Table 4. Major complications after two-adult split liver transplantation according to the Clavien-Dindo classification.

1 One right liver graft recipient experienced early right hepatic vein stenosis and late biliary stricture. 2 One left liver graft recipient 
showed early portal vein stenosis requiring portal vein stenting and primary non-function requiring re-transplantation.
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Split liver transplantation
(n=16)

Whole liver transplantation
(n=393)

p-value

Donor profile

Sex (Male/Female) 16/0 267/126 0.002

Age (yrs)  24±11.7  42.5±13.9 0.000

BMI (kg/m2)  25.2±5.6  23.2±3.3 0.36

Recipient profile

Sex (Male/Female) 11/5 266/127 0.58

Age (yrs)  49.6±11.7  49.3±10.8 0.84

BMI (kg/m2)  22.2±3.3  24.0±4.4 0.02

Diagnosis (n) 0.17

 HBV-LC 11 222

 Alcoholic liver disease 1 60

 HCV-LC 0 14

 Cryptogenic LC 0 11

 Wilson disease 0 6

 Primary biliary cirrhosis 0 6

 Primary sclerosing cholangitis 1 2

 Autoimmune hepatitis 0 4

 Acute liver failure – toxic 0 29

 Acute liver failure – HBV 1 13

 Acute liver failure – HAV 0 9

 Acute liver failure – others 0 6

 Others 2 11

CTP score  9.7±2.7  11.0±2.1 0.03

MELD score  21.2±8.5  28.4±10.7 0.01

Pretransplant ventilator 18.8% 33.8% 0.16

Pretransplant dialysis 31.3% 31.0% 0.56

Pretransplant inotropics 25% 19.6% 0.39

Cold ischemic time (min)  309.6±188.5  237.5±128.6 0.11

Posttransplant hospital stay (days)  33.8±18.3  46.8±49.9 0.75

Table 5. Comparison of clinical profiles of recipients who underwent split liver transplantation and whole liver transplantation.

BMI – body mass index; CTP – Child-Turcotte-Pugh; HAV – hepatitis A virus; HBV – hepatitis B virus; HCV – hepatitis C virus; LC – liver 
cirrhosis; MELD – model for end-stage liver disease.
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donation [10,11,14,15,19,20]. In the present study, the age of 
donors except 1 was <30 years and the BMI of most donors 
was <25 kg/m2 except in 1 athlete donor. Our relatively good 
results show the importance of adequate donor selection.

Appropriate recipient selection is also essential to optimize 
the outcomes of two-adult SLT. SLT has become more diffi-
cult with the widespread use of the MELD-based organ allo-
cation system or “sickest first” allocation system because 1 of 
the 2 partial liver grafts should be engrafted into a high-MELD 
score recipient or sicker patient. Greater recipient medical risk 
can increase the split-graft failure. Urgent LT was related to 
the high mortality rate of the right-liver graft recipients in a 
United States survey study [21]. Under the “sickest first” MELD-
based allocation system, splitting the liver graft that is allo-
cated as the whole graft to urgent recipients with high MELD 
score gives rise to ethical questions. A large-for-size graft al-
located to recipients requiring urgent LT might be suitable for 
SLT under the MELD-based allocation.

One patient who received a left-liver graft had Caroli disease 
as her previous primary disease. She had undergone DDLT as 
the first LT in her childhood. However, she developed graft 
failure at 12 years post-transplantation. This re-transplanta-
tion situation required a long time for dissection because of 
severe adhesion and massive bleeding, thus the CIT was pro-
longed to 544 minutes. She suffered from primary non-func-
tion and had to undergo a third LT. Minimization of CIT was re-
ported as a major contributing factor for graft loss in SLT [22]. 
Potential recipients requiring a long operation time for whom 
a difficult operation is anticipated should not be included as 
SLT candidates.

Another recipient with a left-liver graft had hepatic failure 
from ischemic hepatitis. She had undergone mitral valve repair 

operation because of mitral valve prolapse. She developed car-
diogenic shock after valve operation at postoperative day 1, 
which caused small bowel ischemia. One day after the valve 
operation, she underwent small bowel resection and ileosto-
my. After these 2 operations, she developed hepatic failure. 
Echocardiography performed before LT showed moderate to 
severe mitral regurgitation and severe left ventricle dysfunc-
tion, with 33% left ventricle ejection fraction. Her MELD score 
was 19 before LT and the GRWR of this recipient was 1.72. 
She died because of graft failure associated with heart fail-
ure and cardiac congestion at postoperative day 18. Whether 
her status was appropriate for LT might evoke debates about 
proper candidates for SLT.

There are 2 methods to split the donor liver: in situ and ex situ 
techniques. The in situ technique can decrease the CIT by elim-
inating the graft division procedure in the bench operation, 
prevent the incidence of bile leak, and facilitate complete he-
mostasis of the cut surface. However, the in situ technique is 
often time-consuming, requires cooperation with other graft-
harvesting teams, and may increase blood loss and volume re-
placement. We performed SLT for 2 adults by using the in situ 
technique. One ex situ SLT study using full right- and left-liv-
er graft showed a 33.3% biliary complication rate after LT [9]. 
The incidence of biliary complication was 12.5% in the pres-
ent study. This finding is consistent with a meta-analysis of 
right-liver SLT versus WLT in adult recipients, which showed 
that biliary complications increased after ex situ SLT rather 
than in situ SLT [23].

Surgical techniques for full right- and left-liver grafts in de-
ceased donors are similar to techniques for donor hepatec-
tomy used in LDLT. There are several options to split the de-
ceased-donor liver into full right- and left-liver grafts, according 
to which the graft includes the segment I, main portal vein, 
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Figure 3.  Comparison of patient survival (A) and graft survival (B) curves of recipients who underwent split liver transplantation and 
whole liver transplantation from deceased donors.
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common bile duct, celiac trunk, and middle hepatic vein or ret-
rohepatic vena cava. We think that splitting the liver into the 
segments V–VIII without the middle hepatic vein as a right-
liver graft and the segments I–IV with the middle hepatic vein 
trunk as a left-liver graft is more suitable for 2 adult recipients. 
The right-liver graft without middle hepatic vein may cause se-
vere congestion after LT [24]. However, there are several recon-
struction methods for middle hepatic vein tributaries to prevent 
congestion of the anterior section in the LDLT setting [25–27]. 
The right-liver graft with multiple and complex inferior right 
hepatic veins drained into the vena cava can also be secure-
ly reconstructed in bench operation with the techniques used 
in LDLT [28,29]. In particular, a deceased donor can provide 
several major vessels with large diameter suitable for middle 
hepatic vein reconstruction. The left-liver graft without recon-
struction of the caudate veins draining into the retrohepat-
ic vena cava demonstrated congestion and dysfunction after 
LT [30]. The importance of complete reconstruction of venous 
drainage of the caudate lobe at the left-liver graft was report-
ed in several LDLT experiences [30–32]. The veins of the cau-
date lobe were often multiple and relatively small; therefore, 
we prefer the segments I–IV with the retrohepatic vena cava 

for good drainage of the caudate veins. Except for 1 left-liver 
graft used in dual-graft LDLT, we obtained the segments I–IV 
with the vena cava as a left-liver graft in two-adult SLT.

Regarding the division of hilar structures in SLT, we prefer a 
left-liver graft with the celiac trunk, main portal vein, and com-
mon bile duct. The right-liver graft has the right hepatic artery, 
right portal vein, and right hepatic duct. Because the right he-
patic artery is generally large and single, and the left liver gets 
arterial blood supply from the left and middle hepatic arteries, 
we believe that a left-liver graft with the celiac trunk is bet-
ter than a right-liver graft with the celiac trunk. The main por-
tal vein and common bile duct may be given to any of the 2 
grafts. If intraoperative cholangiography of the deceased do-
nor shows multiple bile duct openings in the right-liver graft, 
a right-liver graft having the common bile duct is a better op-
tion to prevent biliary complication. When the common bile 
duct is left in the left-liver graft, dissection of the right hepat-
ic artery should be done at the right side of the common bile 
duct to avoid damage to the surrounding tissues and the ar-
terial flow of the common bile duct [33].
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Table 6. Published outcomes of full right-liver and left-liver split liver transplantation for two adult recipients.

FLLG – full left-liver graft; FRLG – full right-liver graft; GS – graft survival; LDLT – living donor liver transplantation; ND – not different; 
OGS – overall graft survival; OPS – overall patient survival; PS – patient survival; WLT – whole liver transplantation; ‘–’ – not available.
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Several studies have reported incidences of major complica-
tions of grade III or higher in SLT recipients ranging from 38% 
to 72% [10,17,20]. Representative complications after two-adult 
SLT include: biliary complications, including bile leak and biliary 
stricture; vascular complications, including hepatic artery, por-
tal vein, and hepatic vein thrombus; bleeding requiring inter-
vention or exploratory laparotomy; infection; primary non-func-
tion; and small-for-size syndromes [9,14,15,17–21,34]. Among 
these, biliary and vascular complications were the most com-
mon. The major complication rate in the present study was 
56%, which is comparable to that in other studies. The bili-
ary complication rate was 12.5% in this study. There were no 
bile leaks. Two late biliary strictures required endoscopic inter-
vention. Compared with the rates of biliary complications re-
ported in other studies (22–53.5%), the rate of complications 
in the present study seems to be relatively low. Our high-vol-
ume experience in adult LDLT might have contributed to the 
lower biliary complication rate [35].

The outcomes of full right- and left-liver SLT for 2 adults in 
the literature are summarized in Table 6, of which most were 
small-volume studies. The comparison of outcomes of two-
adult SLT with those of WLT or LDLT did not yield any differ-
ences in several single-center studies [11,17,18]. However, two-
adult SLT showed poorer outcomes than WLT in a multicenter 
study [20]. In the present study, the overall patient and graft 
survival rates of two-adult SLT were comparable with those 
of other studies. There was no difference between SLT and 
WLT in terms of the overall patient and graft survival rates in 
the present study.

In Korea, the number of adult SLTs is currently small because 
there are very limiting selection criteria for SLT, although LDLT 

is commonly performed. There are no selection criteria for two-
adult SLT yet, except for adult and child recipient combination 
in the KONOS setting. Organ allocation polices to encourage 
the more widespread application of two-adult SLT are need-
ed. For example, if a whole liver graft for 1 recipient is allocat-
ed to a center and two-adult SLT is then attempted, the cen-
ter has a priority to get all the grafts anyway, independent of 
the MELD score.

The present study has some limitations. This was a retrospec-
tive, single-center study with a small number of patients. Thus, 
multi-center studies are necessary to collect data regarding rare-
ly-performed procedures. A strong point of this study is that 
the survival status of all patients was thoroughly followed up 
for a long period in a high-volume LDLT center.

Conclusions

Preservation injuries, suboptimal donor conditions, incomplete-
ly assessed donor anatomy and graft volume before opera-
tion, and increased technical demands are innate drawbacks 
of two-adult SLT. The results of this study demonstrated that 
the patient and graft survival rates did not differ significant-
ly between the two-adult SLT and WLT groups. Thus, we sug-
gest that in situ SLT for 2 adults is a feasible option to expand 
door pools in selected situations. To acquire favorable results 
after two-adult SLT, proper donor and recipient selection and 
experienced surgeons are required.
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