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Pure Laparoscopic Versus Open Right Hepatectomy
in Live Liver Donors
e-matched Analysis
A Propensity Scor
Suk Kyun Hong, MD, Ming Yuan Tan, MD, Lapisatepun Worakitti, MD, Jeong-Moo Lee, MD,

Jae-Hyung Cho, MD, Nam-Joon Yi, MD, PhD, Kwang-Woong Lee, MD, PhD, and

Kyung-Suk Suh, MD, PhDY
Objective: The aim of the study was to present the safety and feasibility of

pure laparoscopic donor right hepatectomy (PLDRH) in comparison with

those of conventional donor right hepatectomy.

Summary Background Data: Although the use of PLDRH is gradually

spreading worldwide, its outcomes, including the long-term outcomes in both

donors and recipients, have not yet been evaluated in a large comparative

study.

Methods: We retrospectively reviewed the medical records of 894 donors

who underwent living donor liver transplantation between January 2010 and

September 2018 at Seoul National University Hospital. We performed 1:1

propensity score matching between the PLDRH and conventional donor right

hepatectomy groups. Subsequently, 198 donor-recipient pairs were included

in each group.

Results: The total operation time (P < 0.001), time to remove the liver (P <

0.001), and warm ischemic time (P < 0.001) were longer in the PLDRH

group. None of the donors required intraoperative transfusion or experienced

any irreversible disabilities or mortalities. The length of postoperative hospital

stay was significantly shorter in the PLDRH group (P < 0.001). The rate of

complications in donors was similar between the 2 groups. Although other

complication rates in recipients were, however, similar, the rates of early (P¼
0.019) and late (P < 0.001) biliary complications in recipients were higher in

the PLDRH group. There was no significant difference in overall survival and

graft survival between the 2 groups.

Conclusions: PLDRH is feasible when performed at an experienced living

donor liver transplantation center. Further studies on long-term recipient

outcomes including biliary complications are needed to confirm the safety.

Keywords: donor hepatectomy, laparoscopy, liver live donor, liver

transplantation, right hepatectomy, surgery complications
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L iving donor organ transplantation is somewhat different from
other surgeries in that it must take into account the concerns of

both recipients and donors. Minimally invasive surgery has been
introduced in living donor liver transplantation (LDLT) to address the
donors’ cosmetic and functional concerns. After the first report of
laparoscopic donor left lateral sectionectomy in 2002,1 laparoscopic
donor hepatectomy has spread worldwide, and the types of grafts used
in these procedures have diversified to full left and right lobe.2–12
Laparoscopic donor left lateral sectionectomy is now considered a
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standard practice like the conventional open approach by international
consensus.10–12 Full left and right hepatectomies, which are, however,
technically more challenging, need additional studies, including
assessments of their long-term outcomes. Their outcomes have not
yet been evaluated in a large comparative study.

In November 2015, we started the pure laparoscopic donor
hepatectomy program at Seoul National University Hospital in
Seoul, Korea. Recently, and at present, about 85% to 90% of
donor hepatectomies, mainly right hepatectomies, are performed
using the pure laparoscopic technique without any selection
criteria. By June 2019, we had performed more than 300 pure
laparoscopic donor right hepatectomy (PLDRH) procedures.
With the data from these cases and follow-up periods of more
than 1 year, we aimed to present the safety and feasibility of
PLDRH in comparison with those of conventional donor right
hepatectomy (CDRH). To our knowledge, this is the largest
comparative study including the long-term outcomes of both
donors and recipients.

PATIENTS AND METHODS

The medical records of 894 donors who underwent LDLT
between January 2010 and September 2018 at Seoul National
University Hospital were reviewed. Among these 894 donors, those
who underwent hepatectomy other than right hepatectomy, laparo-
scopic-assisted hepatectomy, and CDRH after November 2015 were
excluded. After the accumulation of experience from cases and
standardization of the procedure, the pure laparoscopic approach
was used without any selection criteria, from March 2016. To
minimize selection bias, donors who underwent PLDRH between
November 2015 and February 2016 were additionally excluded. The
institutional review board of Seoul National University Hospital
approved this study (IRB no. 1806-083-951). The requirement for
informed consent was waived because of the retrospective nature of
the study.

Donor Selection and Procedures
Our general donor selection protocol has been reported

previously.13–16 Multidisciplinary evaluation was conducted pre-
operatively for all donors and their recipients. No absolute contra-
indications for PLDRH were considered since March 2016.8,17 After
March 2016, conventional donor open right hepatectomy was
performed only when the 3D laparoscopic system or indocyanine
green (ICG) near-infrared fluorescence camera system was not
available at the day of operation or the donor or their families chose
the open technique after being informed that the standard procedure
is CDRH and PLDRH was a novel technique. We explicitly stated
that the risk for the PLDRH had not been evaluated thoroughly due

to the low volume of cases, and anatomical variations may increase
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the risk of complications. The present study involved PLDRH
donors who underwent surgery after March 2016 to minimize
selection bias.

The CDRH and PLDRH techniques used at our center have
been described in detail.8,9,13–23 An inverted L incision, of which
transverse incision down to the lateral end of right rectus abdominis
muscle, is considered the standard method of CDRH at our center. An
upper midline or transverse incision, 10 to 15 cm long, was used in
one-third of the CDRH donors according to the condition of indi-
vidual donors to improve cosmetic and functional results. A 10 to
12 cm suprapubic incision, which can be hidden by undergarments,
was used to retrieve the graft in PLDRH donors.

Both CDRH and PLDRH are based on the liver hanging
maneuver, demarcation, and transection of the exact midplane of
the liver, and optimal bile duct division. Since March 2016, which
was when we stopped applying selection criteria for PLDRH, the
ICG near-infrared fluorescence camera began to be used in earnest
for demarcating the exact midplane of the liver and identifying the
optimal bile duct division point together with preoperative magnetic
resonance cholangiopancreatography (MRCP).8,9,19,21,23 The 3D
flexible scope was used for PLDRH as its 3-dimensional vision
provided better depth perception, and its flexibility allowed easy
manipulation in a small space, which is especially necessary for liver
mobilization.8,17,20 No Pringle maneuver was used in both CDRH
and PLDRH.

Statistical Analysis
Results were expressed as means � standard deviation or

as number and percentage values. Continuous variables were
compared using Student t tests, whereas categorical variables
were compared using the x2 test or Fisher exact test, as appro-
priate. Patient and graft survival rates were calculated using the
Kaplan-Meier method and compared by the log-rank test. All P
values were 2-sided, and values less than 0.05 were considered
statistically significant. We also performed 1:1 case matching
using a propensity score incorporating 9 factors: donor sex,
donor age, donor body mass index (BMI), graft including middle
hepatic vein, recipient sex, recipient age, recipient BMI, model
for end-stage liver disease score, and ABO incompatibility.
Nearest-neighbor matching without replacement within a caliper
was used. The caliper width was 0.2 standard deviations of the
logit-transformed propensity score. The absolute standardized
differences method was used to diagnose the balance after

matching and all were checked to be less than 0.25. All

TABLE 1. Baseline Characteristics of Liver Donors Before and Afte

Variables

Before PSM

CDRH (N ¼ 505) PLDRH (N ¼ 213)

Donor sex, male: female 335 : 170 123 : 90 0
Donor age, mean � SD, yr 33.3� 11.3 33.2� 10.7 0
Donor BMI, mean�SD, kg/m2 23.0� 3.1 23.7� 3.3 0
Graft including middle

hepatic vein, n (%)
13 (2.6) 16 (7.5) 0

Recipient sex, male: female 376: 129 156: 57 0
Recipient age, mean�SD, yr 52.6� 10.7 54.9� 10.9 0
Recipient BMI,

mean�SD, kg/m2
23.2� 3.4 23.8� 3.4 0

MELD, mean�SD 16.3� 7.8 14.9� 6.1 0
ABO incompatibility, n (%) 18 (3.6) 29 (13.6) <0

MELD indicates model for end-stage liver disease; PSM, propensity score matching; S
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statistical analyses were performed using SPSS software (ver-
sion 23; SPSS Inc., Chicago, IL).

RESULTS

Between January 2010 and September 2018, 894 donors
underwent right hepatectomy for LDLT at Seoul National University
Hospital. Donors who underwent hepatectomy other than right
hepatectomy, laparoscopic-assisted hepatectomy, and CDRH after
November 2015 were excluded, yielding 505 donors who underwent
CDRH and 213 who underwent PLDRH. To correct selection biases
and confounding factors, propensity score matching was performed
at a 1:1 ratio. After matching, 198 donors were included in each
group. Table 1 summarizes the baseline characteristics of the overall
cohort and matched cases. Before matching, the proportion of female
donors, donor BMI, proportion of grafts including the middle hepatic
vein, recipient BMI, proportion of ABO incompatibility, and recipi-
ent age were higher while model for end-stage liver disease score was
lower in the PLDRH group. After matching, there were no significant
intergroup differences in relation to the 9 factors encompassing
donors’ and corresponding recipients’ baseline characteristics.

The operative outcomes for donors are summarized in Table 2.
The operative time (270.8 vs 289.9 min; P < 0.001), time to remove
the liver (166.2 vs 211.4 min; P < 0.001), and the warm ischemia
time (3.7 vs 12.3 min; P < 0.001), defined as the time of starting the
right hepatic artery ligation to the time to removal of the liver, were
significantly longer in the PLDRH group. The Dhemoglobin (Hb)%,
calculated as DHb % ¼ [(preoperative Hb � postoperative lowest
Hb)/preoperative Hb]� 100, was significantly lower in the PLDRH
group (21.3% vs 16.6%; P < 0.001). The postoperative peak total
bilirubin (3.7 vs 4.2 mg/dL; P ¼ 0.012) level, aspartate aminotrans-
ferase (AST) level (167.8 vs 222.0 IU/L; P < 0.001), alanine
aminotransferase (ALT) level (174.6 vs 231.1 IU/L; P < 0.001),
Dbilirubin%, calculated as Dbilirubin% ¼ [(postoperative peak
bilirubin � preoperative bilirubin)/preoperative bilirubin] � 100
(413.0% vs 672.8%; P < 0.001), DAST%, calculated as DAST%
¼ [(postoperative peak AST� preoperative AST)/preoperative AST]
� 100 (783.8% vs 1136.9%; P < 0.001), and DALT%, calculated as
DALT% ¼ [(postoperative peak ALT � preoperative ALT)/preoper-
ative ALT] � 100 (912.7% vs 1358.1%; P < 0.001), were signifi-
cantly higher in the PLDRH group. The duration of hospitalization
was significantly shorter in the PLDRH group (8.6 vs 7.5 days; P <
0.001). There were fewer grade I complications (6.1% vs 1.0%; P ¼
0.007) based on the Clavien-Dindo classification24 in the PLDRH
groups, but there was no statistically significant intergroup difference

in the rate of complication greater than grade II. None of the donors

r Propensity Score Matching

After PSM

P SD CDRH (N ¼ 198) PLDRH (N ¼ 198) P SD

.029 �0.17 120 : 78 119 : 79 0.918 �0.01

.884 �0.01 34.1� 11.2 33.1� 10.6 0.362 �0.09

.013 0.20 23.9� 3.2 23.7� 3.4 0.591 �0.05

.002 0.19 10 (5.1) 11 (5.6) 0.823 0.02

.734 0.03 144: 54 146: 52 0.820 �0.02

.010 0.21 54.5� 9.3 54.5� 11.1 0.965 �0.004

.018 0.19 23.7� 3.3 23.7� 3.3 0.993 �0.001

.009 �0.23 14.8� 6.6 15.2� 6.2 0.533 0.07

.001 0.29 13 (6.6) 17 (4.3) 0.447 0.06

D, standardized difference.
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TABLE 2. Operative Outcomes of Liver Donors Undergoing Conventional Donor Right Hepatectomy and Pure Laparoscopic
Donor Right Hepatectomy

Variables CDRH (N ¼ 198) PLDRH (N ¼ 198) P

Operative time, mean�SD, min 270.8� 50.3 289.9� 54.9 <0.001
Time to remove liver, mean�SD, min 166.2� 40.2 211.4� 49.6 <0.001
Warm ischemic time, mean�SD, min 3.7� 2.7 12.3� 5.7 <0.001
GRWR, mean�SD 1.1� 0.4 1.1� 0.3 0.940
Multiple bile duct openings, n (%)� 90 (45.5) 108 (54.5) 0.096
Graft weight, mean�SD, g 743.3� 142.5 714.2� 146.7 0.052
Estimated blood loss, mean�SD, mL 335.4� 226.1 306.1� 213.1 0.192
Intraoperative transfusion, n (%) 0 0 NS
Postoperative blood tests, mean�SD

Hb, g/dL
Lowest 11.5� 1.5 11.8� 1.4 0.147
Delta 21.3� 7.4 16.6� 7.4 <0.001

Total bilirubin, mg/dL
Peak 3.7� 2.1 4.2� 1.9 0.012
Delta 413.0� 333.2 672.8� 387.3 <0.001

AST, IU/L
Peak 167.8� 59.3 222.0� 81.0 <0.001
Delta 783.8� 316.5 1136.9� 492.9 <0.001

ALT, IU/L
Peak 174.6� 72.5 231.1� 86.3 <0.001
Delta 912.7� 506.3 1358.1� 785.6 <0.001

Hospital stay, mean�SD, days 8.6� 2.0 7.5� 2.4 <0.001
Postoperative complications, n (%) 21 (10.6) 12 (6.1) 0.102

Grade I 12 (6.1) 2 (1.0) 0.007
Transient neutropenia 0 1 (0.5) 1.000
Wound problem 6 (3.0) 1 (0.5) 0.122
Transient bile leakage 1 (0.5) 0 1.000
Intra-abdominal fluid collection 2 (1.0) 0 0.499
Pleural effusion 2 (1.0) 0 0.499
Ileus 2 (1.0) 0 0.499

Grade II 4 (2.0) 5 (2.5) 1.000
Pulmonary thromboembolism 0 1 (0.5) 1.000
Urinary tract infection 0 1 (0.5) 1.000
Bile leakage 1 (0.5) 1 (0.5) 1.000
Portal vein partial thrombus 0 1 (0.5) 1.000
Intra-abdominal fluid collection requiring antibiotics 2 (1.0) 1 (0.5) 1.000
Pneumonia 1 (0.5) 0 1.000

Grade IIIa 4 (2.0) 3 (1.5) 1.000
Portal vein thrombus requiring thrombectomy and stent insertion 0 1 (0.5) 1.000
Biliary problem requiring endoscopic stenting
and/or percutaneous drainage

2 (1.0) 2 (1.0) 1.000

Liver abscess requiring percutaneous drainage 1 (0.5) 0 1.000
Pleural effusion requiring percutaneous drainage 0 1 (0.5) 1.000
Intra-abdominal fluid collection requiring
percutaneous drainage

1 (0.5) 0 1.000

Grade IIIb 1 (0.5) 2 (1) 1.000
Biliary problem requiring surgery 0 1 (0.5) 1.000
Bleeding requiring surgery 0 1 (0.5) 1.000
Ileus requiring surgery 1 (0.5) 0 1.000

�More specific results of bile duct are described in Table 5.
GRWR indicates graft-to-recipient weight ratio; Hb, hemoglobin; SD, standardized difference.
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required intraoperative transfusion or experienced any irreversible
disabilities or mortalities.

The operative outcomes of the recipients are summarized in
Table 3. The duration of hospital stay and the rate of early major
complications, defined as complications more than grade III occur-
ring within 30 days after LDLT were similar between the 2 groups.
Specifically, the rate of early biliary complications was, however,
significantly higher in the PLDRH group. (4.0% vs 10.1%; P ¼
0.019). Biliary problem was defined as biliary leakage or stricture,
which required endoscopic stenting and/or percutaneous drainage or

surgery. Although not statistically significant, the PLDRH group

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
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tended to show a higher rate of late major complications defined as
complication more than grade III occurring later than 30 days after
LDLT. Specifically, the rate of late biliary complications requiring
intervention or surgery was significantly much higher in the PLDRH
group (21.2% vs 39.4%; P < 0.001). The details of early and late
major biliary complications in the recipients are described in Table 4.

Considering the higher rate of biliary complications, the
detailed results for the bile duct are described in Table 5. The
percentage of expected multiple bile duct openings from preopera-
tive MRCP was similar between the CDRH and PLDRH groups

(24.7% vs 25.8%; P ¼ 0.771). Trifurcation of the bile duct was
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TABLE 3. Postoperative Outcomes of Conventional Donor
Right Hepatectomy and Pure Laparoscopic Donor Right Hep-
atectomy Recipients

Variables
CDRH

(N ¼ 198)
PLDRH

(N ¼ 198) P

Hospital stay, mean�SD, days 21.6� 42.6 20.6� 15.4 0.754
Early major complications, n (%) 38 (19.2) 50 (25.3) 0.147

Intra-abdominal bleeding 9 (4.5) 9 (4.5) 1.000
Intra-abdominal fluid collection 7 (3.5) 8 (4.0) 0.792
Wound problem 2 (1.0) 3 (1.5) 1.000
Hepatic artery problem 4 (2.0) 3 (1.5) 1.000
Portal vein problem 4 (2.0) 5 (2.5) 1.000
Hepatic vein problem 2 (1.0) 2 (1.0) 1.000
Biliary problem� 8 (4.0) 20 (10.1) 0.019
Cardiac problem 2 (1.0) 1 (0.5) 1.000
Pulmonary problem 5 (2.5) 5 (2.5) 1.000
Gastrointestinal problem 2 (1.0) 1 (0.5) 1.000
Lymphatic problem 1 (0.5) 0 1.000
Primary nonfunction 1 (0.5) 0 1.000
Bone problem 0 1 (0.5) 1.000
Sepsis 0 3 (1.5) 0.248

Late major complications, n (%) 72 (36.4) 91 (46.0) 0.052
Intra-abdominal bleeding 2 (1.0) 2 (1.0) 1.000
Biliary problem� 42 (21.2) 78 (39.4) <0.001
Hepatic artery problem 1 (0.5) 1 (0.5) 1.000
Intra-abdominal fluid collection 8 (4.0) 6 (3.0) 0.586
Wound problem 8 (4.0) 2 (1.0) 0.055
Hepatic vein problem 1 (0.5) 3 (1.5) 0.623
Portal vein problem 2 (1.0) 5 (2.5) 0.449
Gastrointestinal problem 6 (3.0) 6 (3.0) 1.000
Pulmonary problem 3 (1.5) 6 (3.0) 0.503
Bone problem 7 (3.5) 1 (0.5) 0.068
Varicose vein 1 (0.5) 0 1.000
Cardiac problem 3 (1.5) 3 (1.5) 1.000
Kidney problem 3 (1.5) 0 0.248
Sepsis 1 (0.5) 2 (1.0) 1.000
Neurology problem 4 (2.0) 2 (1.0) 0.685

�Details of early and late major biliary complications in the recipients are described
in Table 4.

SD indicates standardized difference.

TABLE 4. Details of Early and Late Major Biliary Complica-
tions in the Recipients

Variables
CDRH

(N ¼ 198)
PLDRH

(N ¼ 198) P

Early major biliary
complications, n (%)

8 (4.0) 20 (10.1) 0.019

Types of biliary complication
Biliary leakage 5 (2.5) 13 (6.6) 0.054
Biliary stricture 4 (2.0) 7 (3.5) 0.359

Treatments required
PCD 1 (0.5) 3 (1.5) 0.623
ERCP 2 (1.0) 5 (2.5) 0.449
PTBD 0 2 (1.0) 0.499
PCD and ERCP 2 (1.0) 5 (2.5) 0.449
PCD and PTBD 0 1 (0.5) 1.000
ERCP and PTBD 2 (1.0) 2 (1.0) 1.000
PCD, ERCP, and PTBD 0 1 (0.5) 1.000
Reoperation 0 1 (0.5) 1.000
PCD and reoperation 1 (0.5) 0 1.000

Late major biliary
complications, n (%)

42 (21.2) 78 (39.4) <0.001

Types of biliary complication
Biliary leakage 4 (2.0) 12 (6.1) 0.041
Biliary stricture 39 (19.7) 66 (33.3) 0.002

Treatments required
PCD 2 (1.0) 1 (0.5) 1.000
ERCP 16 (8.1) 19 (9.6) 0.595
PTBD 3 (1.5) 7 (3.5) 0.200
PCD and ERCP 0 4 (2.0) 0.123
PCD and PTBD 1 (0.5) 4 (2.0) 0.372
ERCP and PTBD 19 (9.6) 36 (18.2) 0.014
PCD, ERCP, and PTBD 1 (0.5) 5 (2.5) 0.215
PCD, ERCP, and reoperation 0 1 (0.5) 1.000
ERCP, PTBD, and reoperation 0 1 (0.5) 1.000

ERCP indicates endoscopic retrograde cholangiopancreatography; PCD,
percutaneous drainage; PTBD, percutaneous transhepatic biliary drainage.
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recorded as multiple while a short right bile duct stump was recorded
as single. Although the probability of multiple bile duct openings at
the graft appears to be higher in the PLDRH group, there was no
statistically significant difference between the 2 groups (45.5% vs
54.5%; P ¼ 0.096). A double-barrel bile duct opening was regarded
as multiple bile duct openings. The probability of separate bile duct
openings (27.8% vs 33.3%; P ¼ 0.271) and the ratio of multiple bile
duct anastomosis (13.6% vs 11.6%; P¼ 0.507) were similar between

the 2 groups. The probability of obtaining multiple bile duct openings

TABLE 5. Results of Bile Duct in Liver Donors Undergoing Con
Donor Right Hepatectomy

Variables

Expected multiple bile duct openings from MRCP, n (%)
Multiple bile duct openings, n (%)
Separate bile duct openings, n (%)
Multiple bile duct anastomosis, n (%)
Expected single bile duct opening from MRCP but intraoperative

multiple bile duct openings n (%)
Hepaticojejunostomy, n (%)

�Two patients with missing data.
yFour patients with missing data.
zThree patients with missing data.
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in donors whose preoperative MRCP, however, showed a single bile
duct opening was significantly higher in the PLDRH group (28.6% vs
41.3%; P ¼ 0.032). The duct-to-duct anastomosis was routinely
performed unless the quality of the recipient bile duct was too poor
for reconstruction. The rate of hepaticojejunostomy was similar
between the 2 groups.

There was no significant difference between the 2 groups in
overall recipient and graft survival (Fig. 1).

DISCUSSION

Since the first report of pure laparoscopic donor hepatectomy
1 25
as left lateral sectionectomy in 2002 and PLDRH in 2013, more

ventional Donor Right Hepatectomy and Pure Laparoscopic

CDRH (N ¼ 198) PLDRH (N ¼ 198) P

49 (24.7)� 51 (25.8)y 0.771
90 (45.5)z 108 (54.5) 0.096
55 (27.8)z 66 (33.3) 0.271
27 (13.6)z 23 (11.6) 0.507

42/147 (28.6) 59/143 (41.3) 0.032

9 (4.6) 7 (3.5) 0.345

� 2020 Wolters Kluwer Health, Inc. All rights reserved.

authorized reproduction of this article is prohibited.authorized reproduction of this article is prohibited.authorized reproduction of this article is prohibited.



CE: A.U.; ANNSURG-D-19-02579; Total nos of Pages: 7;

ANNSURG-D-19-02579

FIGURE 1. Kaplan-Meier curve of (A) overall survival and (B) graft survival. LT indicates liver transplantation.
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surgeons are adopting PLDRH worldwide.7–9,17,19–23,26–32 The fea-
sibility and safety of this novel procedure have, however, not been
fully evaluated due to the small case numbers and relatively short
follow-up periods. Our center has performed more than 2000 cases of
LDLT, of which 300 were performed using PLDRH. We designed
this comparative study using propensity score matching to verify the
feasibility and safety of PLDRH in comparison with CDRH, includ-
ing the long-term outcomes of both donors and recipients on the basis
of maximal evidence since a randomized control study cannot be
conducted in the current situation. All the donors and recipients were
followed up for at least more than 1 year.

The operative time, time to remove the liver, and warm
ischemic time were significantly longer, which are well documented
in several reports, including our previous reports.8,9,33,34 There is a
significant learning curve for this novel procedure, and the operative
time can be decreased gradually as the center’s experience accumu-
lates.8,9,32 The present study included PLDRH donors who under-
went the operation 4 months after the procedure was first performed
at our center. Donors who underwent PLDRH in the very early period
were not included since PDLRH does require a longer operative
duration than CDRH even after the initial learning curve. The mean
operative time of PLDRH in this study was 289.9 minutes, which is
relatively shorter than the times reported from other centers.30 Warm
ischemic time is critical and directly causes hepatocellular and
biliary injury, and affects overall graft function.35–38 In the pure
laparoscopic approach, the warm ischemic time is longer since
additional time is needed for instrument exchanges and because
pneumoperitoneum has to be maintained to allow adequate exposure
for laparoscopy. Steps have been taken to mitigate this prolonged
time with maneuvers before ligating the inflow. For example, the
specimen is bagged early, the incision through which the graft is
delivered is prepared, and all attachments to the liver other than the
inflow and outflow are divided. Despite these efforts, the warm
ischemic time was still prolonged, as evident in our study. Although
there was no significant intergroup difference in recipient outcomes,
including overall survival and graft survival, except biliary compli-
cation, the long-term effects of longer warm ischemic time are yet to
be determined.

The peak bilirubin and Dbilirubin%, peak AST and DAST%,
and peak ALT and DALT% of the donor were all higher in the
PLDRH group than in the CDRH group. Other than the possible
direct effect of carbon dioxide pneumoperitoneum in causing liver

39,40
injury, this could also be partly explained by laparoscopic liver
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manipulation. Pure laparoscopic liver manipulation including peri-
hepatic dissection and mobilization, and its limited tactile feedback,
may have also contributed to the elevated results in liver function
tests. Because a pure laparoscopic technique uses laparoscopic
instruments, which inevitably have a small action point at the
end, much force is applied to the specific focal area to manipulate
the liver. Our previous study showed significantly reduced peak AST
levels during the recent period in comparison with the initial
period.17 This method of mobilizing the liver was changed from
pressing or pulling the liver directly to lifting and holding the liver
using the remnant end of the right triangular ligament. Higher liver
function results, however, did not lead to worse outcomes in the
donor. Rather, the duration of hospital stay in the PLDRH group was
significantly shorter with a similar complication rate in comparison
with that in the CDRH group. Shorter duration of hospital stay
despite higher postoperative peak bilirubin, AST, and ALT can be
explained by several factors. First, the rates of grade I complications
were significantly lower in the PLDRH group, whereas the rates of
complications more than grade I were similar. Second, according to a
recent meta-analysis comparing laparoscopy-assisted right hepatec-
tomy with conventional open right hepatectomy in donor, laparos-
copy-assisted group needed less pain control.41 Less pain can lead to
early discharge. Third, it is well documented in our previous report
that although peak AST and ALT were higher in the PLDRH group,
the level of AST and ALT were similar on the day of discharge,
reflecting the effective recovery of liver function in the PLDRH
group.8

Biliary complications were higher in the PLDRH group as
compared to the CDRH group after propensity score matching.
Biliary complications can result in long-term morbidity for the
recipient in the form of biliary strictures, biliary leaks, and recurrent
cholangitis. These patients may require repeated invasive procedures
such as percutaneous transhepatic biliary drainage and ballooning/
stenting, endoscopic procedures, and insertion of percutaneous
drains. All these will lead to a reduction in the quality of life,
recurrent admissions to the hospital, increased healthcare costs,
and potentially eventual graft failure. The causes of these biliary
complications are likely to be multifactorial, contributed by the
longer warm ischemic time of the graft and increase in the likelihood
of multiple bile duct openings.

As expected, because our center has no special selection
criteria, the ratio of expected multiple bile duct openings from

preoperative MRCP was similar between the CDRH and PLDRH
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groups. Although not statistically significant, the PLDRH group,
however, tended to show a higher proportion of multiple bile duct
openings at the graft in comparison with the CDRH group. Moreover,
there were significantly more donors who were expected to show a
single bile duct opening at the graft from preoperative MRCP but
eventually showed multiple bile duct openings at the graft. This
finding was also evident in our previous study.8 After encountering 1
donor with biliary leakage after intracorporeal suturing during
PLDRH in the initial period, our center routinely uses a double
clipping method with metal clips at the division of the hepatic ducts
leaving behind a short stump under ICG imaging guidance, coupled
with continuous referencing of the preoperative MRCP. This double-
clipping method, however, inevitably occupies some space and the
line of bile duct transection migrates slightly more to the graft side in
comparison with CDRH. As the margins are often very fine and
measured in millimeters, slight adjustment of the bile duct transec-
tion line toward the graft side may result in multiple bile duct
openings since the length of the common channel of the right bile
duct is usually around 1 cm or shorter.42

To validate the higher rate of biliary complications in the
PLDRH group donors with bile duct anatomical variations, a sub-
group analysis was performed. Expected multiple bile duct openings
from preoperative MRCP (P¼ 0.315), multiple bile duct openings at
the graft (P¼ 0.527), and multiple bile duct anastomosis (P¼ 0.854)
did not increase the rate of biliary complications in the recipient.
More specifically, 1, 2, or 3 bile duct openings at the graft did not
defer in terms of biliary complication (30.3% vs 35.0% vs 22.2%; P
¼ 0.405). The expected short common channel of the right bile duct
in MRCP, which is defined as <5 mm, also did not increase bile duct
complications (P¼ 0.260). According to the subgroup analysis, there
was no significant relationship between the bile duct anatomical
variations in the donor who underwent PLDRH and the results of
biliary complications in the recipient.

The nature of laparoscopic surgery can contribute to an
increase in biliary complications. The surgeon is more likely to
use energy-sealing devices in closer proximity to the bile ducts in
laparoscopic surgery. This transference of thermal energy can poten-
tially cause damage to the endothelium and seal the microvasculature
surrounding the bile ducts, resulting in ischemic injury. The use of
ICG imaging to delineate the biliary anatomy intraoperatively before
transection can play an important role. To obtain satisfactory images
of the common hepatic duct bifurcation, the investing tissue sur-
rounding it needs to be dissected clean since ICG can penetrate only
approximately 5 to 10 mm into the tissue.19,43 This additional
dissection to clearly visualize the bile duct can result in the devas-
cularization of the bile ducts, causing ischemic injury. Thus, caution
should be exercised when using energy sealing devices around the
hilar structures and dissection should be minimized around the bile
duct should to reduce biliary complications.

Since June 2019, we have started to adopt duct-to-duct
anastomosis with external biliary drainage (EBD) routinely in the
case of graft bile ducts sized less than 5 mm. The main purpose of
EBD is to prevent early bile leakage by decompressing the bile duct
tree. It can also be helpful to reduce late bile duct complications since
early bile leakage is related to late biliary stricture.44 According to
the results obtained from our preliminary 25 cases of EBD, there
were no early major bile duct complications, and there were 4 cases
(16.0%) of late major bile duct complications, which are markedly
lower than those observed in the present study.

Anatomical variations of the portal vein were not a contrain-
dication. There was no difference in early and late portal vein
complication rates between the 2 groups. Special caution should
be paid not to induce any stricture or twisting at the remnant left

portal vein while providing a sufficient right portal stump at the graft
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since stapling may cause these problems. Stapling the remnant portal
vein vertically rather than horizontally or obliquely is an important
technical point. Because a bilateral stapler inevitably occupies space,
the length of the right portal vein at the graft can be short. Thus, in
many cases, the problem of a short portal vein is solved at the back-
table or recipient operation. The surgical team’s experience in
performing back-table and recipient operations is especially impor-
tant while performing PLDRH. One solution that can be employed
during the donor operation can be temporary clipping, intracorporeal
suturing, and clip removal (SNUH technique),22 which can provide a
similar length of right portal vein at the graft with CDRH by
eliminating stapler line or clips. This technique is also useful in
anatomic variations in the portal vein.

This study has several limitations. First, this was a single-
center retrospective study, and our results may not be generalizable to
other centers. The retrospective design may have resulted in under-
reporting of complications. Second, despite adjustments through
propensity score matching, unobserved components may have
affected the results. This study has, however, sufficient value,
because pure laparoscopic donor hepatectomy programs including
PLDRH are spreading worldwide, and few centers have reported
their experience of PLDRH with adequate sample sizes and long-
term follow-up data for both donors and recipients. To the best of our
knowledge, the present study used the largest number of PLDRH and
CDRH cases and compared them under propensity score matching.
Furthermore, by providing real-world data, including long-term
follow-up for both donors and recipients, the findings could reveal
the problems and potential scope for improvements in PLDRH.

In conclusion, the results of the present study indicated that
PLDRH is a feasible option in experienced LDLT centers. Further
studies should, however, be performed to confirm the safety of
the recipients, especially with regard to the bile duct, and to
propose a more secure and effective protocol for donor and
REFERENCES
1. Cherqui D, Soubrane O, Husson E, et al. Laparoscopic living donor hepatec-

tomy for liver transplantation in children. Lancet. 2002;359:392–396.

2. Troisi RI. Open or laparoscopic living donor liver hepatectomy: still a
challenging operation! Am J Transplant. 2014;14:736.

3. Troisi RI, Wojcicki M, Tomassini F, et al. Pure laparoscopic full-left living
donor hepatectomy for calculated small-for-size LDLT in adults: proof of
concept. Am J Transplant. 2013;13:2472–2478.

4. Olivier S, Katsanos G, Olivier B, et al. Pure laparoscopic left lateral sectio-
nectomy in living donors. Ann Surg. 2015;261:506–512.

5. Takahara T, Wakabayashi G, Nitta H, et al. The first comparative study of the
perioperative outcomes between pure laparoscopic donor hepatectomy and
laparoscopy-assisted donor hepatectomy in a single institution. Transplanta-
tion. 2017;101:1628–1636.

6. Samstein B, Cherqui D, Rotellar F, et al. Totally laparoscopic full left
hepatectomy for living donor liver transplantation in adolescents and adults.
Am J Transplant. 2013;13:2462–2466.

7. Rotellar F, Pardo F, Benito A, et al. Totally laparoscopic right hepatectomy for
living donor liver transplantation. Transplantation. 2017;101:548–554.

8. Suh K, Hong S, Lee K, et al. Pure laparoscopic living donor hepatectomy:
focus on 55 donors undergoing right hepatectomy. Am J Transplant.
2018;18:434–443.

9. Hong SK, Lee KW, Choi Y, et al. Initial experience with purely laparoscopic
living-donor right hepatectomy. Br J Surg. 2018;105:751–759.

10. Buell JF, Cherqui D, Geller DA, et al. The international position on laparo-
scopic liver surgery: the Louisville Statement, 2008. Ann Surg.
2009;250:825–830.

11. Wakabayashi G, Cherqui D. Recommendations for laparoscopic liver resec-
tion. Ann Surg. 2015;261:619–629.

12. Abu Hilal M, Aldrighetti L, Dagher I, et al. The Southampton consensus
guidelines for laparoscopic liver surgery: from indication to implementation.

Ann Surg. 2018;268:11–18.

� 2020 Wolters Kluwer Health, Inc. All rights reserved.

authorized reproduction of this article is prohibited.authorized reproduction of this article is prohibited.authorized reproduction of this article is prohibited.



CE: A.U.; ANNSURG-D-19-02579; Total nos of Pages: 7;

ANNSURG-D-19-02579

Annals of Surgery � Volume XX, Number XX, Month 2020 Pure Laparoscopic Versus Open Donor Right Hepatectomy
13. Nugroho A, Kim O-K, Lee K-W, et al. Evaluation of donor workups and
exclusions in a single-center experience of living donor liver transplantation.
Liver Transplant. 2017;23:614–624.

14. Yi NJ, Suh KS, Suh SW, et al. Excellent outcome in 238 consecutive living
donor liver transplantations using the right liver graft in a large volume single
center. World J Surg. 2013;37:1419–1429.

15. Yi N-J, Suh K-S, Cho JY, et al. Three-quarters of right liver donors experi-
enced postoperative complications. Liver Transplant. 2007;13:797–806.

16. Suh KS, Suh SW, Lee JM, et al. Recent advancements in and views on the
donor operation in living donor liver transplantation: a single-center study of
886 patients over 13 years. Liver Transplant. 2015;21:329–338.

17. Lee K-W, Hong SK, Suh K-S, et al. One hundred and fifteen cases of pure
laparoscopic living donor right hepatectomy at a single center. Transplanta-
tion. 2018;102:1878–1884.

18. Suh KS, Kim SH, Kim SB, et al. Safety of right lobectomy in living donor liver
transplantation. Liver Transplant. 2002;8:910–915.

19. Hong SK, Lee KW, Kim HS, et al. Optimal bile duct division using real-time
indocyanine green near-infrared fluorescence cholangiography during lapa-
roscopic donor hepatectomy. Liver Transplant. 2017;23:847–852.

20. Hong SK, Shin E, Lee K-W, et al. Pure laparoscopic donor right hepatectomy:
perspectives in manipulating a flexible scope. Surg Endosc. 2018;33:1667–
1673.

21. Hong SK, Suh K-S, Kim H-S, et al. Pure 3D laparoscopic living donor right
hemihepatectomy in a donor with separate right posterior and right anterior
hepatic ducts and portal veins. Surg Endosc. 2017;2013:3–4.

22. Hong SK, Suh K, Lee J, et al. New technique for management of separate right
posterior and anterior portal veins in pure 3D laparoscopic living donor right
hepatectomy. J Gastrointest Surg. 2020;24:462–463.

23. Suh K-S, Hong SK, Yi N-J, et al. Pure 3-dimensional laparoscopic extended
right hepatectomy in a living donor. Liver Transplant. 2016;22:1431–1436.

24. Clavien PA, Barkun J, De Oliveira ML, et al. The Clavien-Dindo classification of
surgical complications: five-year experience. Ann Surg. 2009;250:187–196.

25. Soubrane O, Perdigao Cotta F, Scatton O. Pure laparoscopic right hepatectomy
in a living donor. Am J Transplant. 2013;13:2467–2471.

26. Kim KH, Kang SH, Jung DH, et al. Initial outcomes of pure laparoscopic
living donor right hepatectomy in an experienced adult living donor liver
transplant center. Transplantation. 2017;101:1106–1110.

27. Rotellar F, Pardo F, Benito A, et al. Totally laparoscopic right-lobe hepatec-
tomy for adult living donor liver transplantation: useful strategies to enhance
safety. Am J Transplant. 2013;13:3269–3273.

28. Han YS, Ha H, Han JR, et al. ABO incompatible living donor liver transplan-
tation using dual grafts and pure laparoscopic donor right hepatectomy: a case
report. Medicine (Baltimore). 2018;97:e13639.

29. Rhu J, Choi GS, Kim JM, et al. Intraoperative ultrasonography as a guidance
for dividing bile duct during laparoscopic living donor hepatectomy. Ann
� 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2020 Wolters Kluwer Health, Inc. UnCopyright © 2020 Wolters Kluwer Health, Inc. UnCopyright © 2020 Wolters Kluwer Health, Inc. Un
30. Kwon CHD, Choi GS, Joh JW. Laparoscopic right hepatectomy for living
donor. Curr Opin Organ Transplant. 2019;24:167–174.

31. Hong SK, Lee K-W, Yi N-J, et al. Pure laparoscopic donor right hepatectomy:
brightening the dark side of the moon in the era of space travel. Laparosc Surg.
2018;2:67.

32. Hong SK, Suh K-S, Yoon KC, et al. The learning curve in pure laparoscopic
donor right hepatectomy: a cumulative sum analysis. Surg Endosc.
2019;33:3741–3748.

33. Samstein B, Griesemer A, Halazun K, et al. Pure laparoscopic donor
hepatectomies: ready for widespread adoption? Ann Surg. 2018;268:602–
609.

34. Song JL, Yang J, Wu H, et al. Pure laparoscopic right hepatectomy of living
donor is feasible and safe: a preliminary comparative study in China. Surg
Endosc. 2018;32:4614–4623.

35. Lentsch AB, Yoshidome H, Kato A, et al. Requirement for interleukin-12 in
the pathogenesis of warm hepatic ischemia/reperfusion injury in mice. Hep-
atology. 1999;30:1448–1453.

36. Hong JC, Yersiz H, Kositamongkol P, et al. Liver transplantation using organ
donation after cardiac death: a clinical predictive index for graft failure-free
survival. Arch Surg. 2011;146:1017–1023.

37. Wang MF, Jin ZK, Chen DZ, et al. Risk factors of severe ischemic biliary
complications after liver transplantation. Hepatobiliary Pancreat Dis Int.
2011;10:374–379.

38. Olthof PB, Van Golen RF, Meijer B, et al. Warm ischemia time-
dependent variation in liver damage, inflammation, and function in
hepatic ischemia/reperfusion injury. Biochim Biophys Acta. 2017;1863:375–
385.

39. Singal R, Singal RP, Sandhu K, et al. Evaluation and comparison of postop-
erative levels of serum bilirubin, serum transaminases and alkaline phospha-
tase in laparoscopic cholecystectomy versus open cholecystectomy. J
Gastrointest Oncol. 2015;6:479–486.

40. Xu G Sen, Liu HN, Li J, et al. Hepatic injury induced by carbon dioxide
pneumoperitoneum in experimental rats. World J Gastroenterol. 2009;15:
3060–3064.

41. Zhang B, Pan Y, Chen K, et al. Laparoscopy-assisted versus open hepatectomy
for live liver donor: systematic review and meta-analysis. Can J Gastroenterol
Hepatol. 2017;2017:2956749.

42. Park J, Kwon DCH, Choi G-S, et al. Safety and risk factors of pure
laparoscopic living donor right hepatectomy. Transplantation. 2019;103:
e308–e316.

43. Ishizawa T, Bandai Y, Ijichi M, et al. Fluorescent cholangiography illuminat-
ing the biliary tree during laparoscopic cholecystectomy. Br J Surg.
2010;97:1369–1377.

44. Park CS, Jung BH, Hwang S, et al. External biliary drainage in living donor
liver transplantation using duct-to-duct anastomosis. Transplant Proc.

2014;46:678–681.
Transplant. 2019;24:115–122.
www.annalsofsurgery.com | 7

authorized reproduction of this article is prohibited.authorized reproduction of this article is prohibited.authorized reproduction of this article is prohibited.


	Outline placeholder
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


