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Background: Recently, there have been several reports on pure laparoscopic donor

right hepatectomy (PLDRH), but the effect of pure laparoscopy on bench surgery has

not been evaluated. This study aimed to compare bench-surgery time between PLDRH

and conventional donor right hepatectomy (CDRH).

Methods: We retrospectively reviewed the medical records of 758 live liver donors

between January 2012 and December 2019. We divided the patients into two groups:

between January 2012 and September 2015, when we exclusively performed CDRH,

and between March 2016 and December 2019, when PLDRH was standardized. We

excluded all other types of graft donor hepatectomy, laparoscopic assisted donor

hepatectomy, and cases with no recorded data.

Results: In total, 267 donors were included in the PLDRH group and were compared

with 247 donors in the CDRH group. Similar proportions of graft vascular variations were

observed between the two groups. The mean bench-surgery time was longer in the

PLDRH group than in the CDRH group (49.3 ± 19.9 vs. 39.5 ± 17.5min; P < 0.001).

Conclusion: The bench-surgery time was longer in the PLDRH group than the CDRH

group, regardless of whether the vascular network was reconstructed. Expertise in

bench-surgery as well as donor surgery and recipient surgery is mandatory for PLDRH

to be safe and feasible.

Keywords: liver transplantation, living donor, hepatectomy, laparoscopy, bench-surgery

INTRODUCTION

Liver transplantation (LT) is considered the optimal treatment for patients with end-stage liver
disease and is a curative treatment for hepatocellular carcinoma. Living donor LT (LDLT) has been
implemented as an alternative in countries with a shortage of deceased donors, particularly in Asian
countries (1). The first pure laparoscopic donor left lateral sectionectomy was reported in 2002 (2),
and subsequently minimally invasive donor hepatectomy (MIDH) was developed.

There have been several studies on pure laparoscopic donor hepatectomy (PLDH) at specialized
medical institutions (3–5). In particular, pure laparoscopic donor right hepatectomy (PLDRH)
has shown no significant differences in donor safety and feasibility, as well as overall and graft
survival of recipients, compared to conventional donor right hepatectomy (CDRH) (6–8). Recently,
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MIDH, particularly involving pure laparoscopic techniques, is
now accepted by international expert consensus guidelines.
Considering certain indications, it could become a standard
procedure in the future (9). PLDHhas been reported to be safe for
donors, and its advantages include reduced blood loss, reduced
length of hospital stay, and wound satisfaction (4, 5, 7, 10). There
are no significant differences reported in recipient outcomes;
however, further research is required on long-term outcomes of
the recipients, including bile duct complications after LT (7).

Graft quality has a crucial effect on the outcome of recipients
in LDLT; however, to the best of our knowledge, bench-surgery
time in PLDRH compared with CDRH have not been described
yet. Therefore, this study aimed to compare bench-surgery time
between PLDRH and CDRH.

MATERIALS AND METHODS

Patients and Methods
This study was approved by the Institutional Review Board of

Seoul National University Hospital (IRB no: H-2101-128-1190).
We retrospectively reviewed the medical records of 758 live
liver donors who underwent hepatectomy between January
2012 and December 2019 at Seoul National University Hospital.
The study design is illustrated in Figure 1. We divided the
data into two periods: the first period (January 2012-September

FIGURE 1 | Study design.

2015) during which almost all donor hepatectomies were
performed using the conventional open procedure and the
second period (March 2016-December 2019) when PLDH
was standardized. We excluded donors who underwent donor
hepatectomy between the two periods (between October
2015 and February 2016). We also excluded donors who
underwent hepatectomy other than right hepatectomy
(extended right lobe, left lobe, and left lateral section),
those who underwent laparoscopy-assisted donor right
hepatectomy, and those whose bench-surgery time was
not recorded.

Bench Procedure and Subgroup
Classification
The bench procedure used for LDLT at our center using a
right liver graft has been previously described in detail (11,
12). On graft removal, cold perfusion is initiated using the
histidine-tryptophan-ketoglutarate (HTK) solution administered
via the right portal vein. Second, the temporary clip of the
middle hepatic vein (MHV) branch and right inferior hepatic
vein (RIHV) is removed to ensure adequate drainage of the
anterior section. Subsequently, the hepatic artery and bile duct
are washed with heparin-containing HTK solution from a pre-
filled syringe. Finally, the donor and bench surgeon decide on
the type of reconstruction for the MHV branch. Here, synthetic
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FIGURE 2 | Reconstruction for the middle hepatic vein branch at the bench. (A) Schematic figure of bench work, (B) surgical field image of V5 darinage using the

ePTFE graft.

vascular grafts of thin-walled expanded polytetrafluoroethylene
(ePTFE) with 6- or 7-mm internal diameter were used
(Figure 2).

Anatomical variations of the graft vascular network
may affect bench-surgery time. Therefore, the following
factors were considered: (a) portal vein variation with two
openings in the graft that required direct venoplasty or
Y-graft reconstruction using the recipient’s portal vein;
(b) more than two openings for V5 or V8 requiring
complex reconstruction of the MHV using ePTFE, and (c)
presence of a sizable RIHV requiring venoplasty for easy
anastomosis later.

Bench-Surgery Time
After liver retrieval, the right portal vein was declamped on
the back table, and perfusion using cold HTK solution was
initiated. The bench operation time was defined as the time
from the initiation of HTK perfusion to completion of venous
reconstruction of the MHV branches as well as dissection and
trimming of the portal vein, hepatic artery, and bile duct.
Reconstruction of the portal vein and hepatic vein was considered
a factor that may affect the time of bench surgery; therefore,
vascular anatomical variations were taken into consideration
during subgroup analysis.

Statistical Analysis
Results of descriptive analysis of quantitative data is expressed
as mean ± standard deviation. Categorical variables are
presented as numbers and percentages. Continuous variables
were compared using Student’s t-test, and categorical variables
were compared using the chi-square test or Fisher’s exact test, as
appropriate. Statistical significance was set at P-value of <0.05.
All statistical analyses were performed using the SPSS software
(version 23; SPSS Inc., Chicago, IL, USA).

RESULTS

A total of 247 donors underwent CDRH during the first period
and 267 underwent PLDRH during the second period. During
the overlapping period between the first and second period, 37
donor hepatectomies, including 19 cases of CDRH, 16 cases of
PLDRH, and 2 cases of LDRH, were performed.

The perioperative data of the donors are presented in Table 1.
There were no significant differences between the two groups,
except less estimated blood loss (331.4 vs. 239.2min; P < 0.001)
and shorter length of hospital stay (8.4 vs. 7.2 days; P < 0.001) in
the PLDRH group than in the CDRH group.

The proportion of participants with vascular variation who
required additional procedures, including portal vein variation
with two openings (P = 0.670), more than two openings of V5
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TABLE 1 | Demographic characteristics of donors, liver grafts, and recipients.

CDRH group

(n = 247)

PLDRH group

(n = 267)

P-value

Donor-related variables

Age, mean ± SD, years 34.9 ± 11.9 33.2 ± 10.8 0.084

Sex, n (%) 0.057

Male 160 (64.8) 151 (56.6)

Female 87 (35.2) 116 (43.4)

BMI, mean ± SD, kg/m2 23.3 ± 3.3 23.7 ± 3.3 0.245

Estimated blood loss, mean ±

SD, ml

331.4 ± 177.0 239.2 ± 197.0 <0.001

Intraoperative transfusion,

n (%)

0 0 Not

significant

Length of hospital stay, mean

± SD, days

8.4 ± 1.5 7.2 ± 2.1 <0.001

Graft-related variables

Bench-surgery time, mean ±

SD, min

39.5 ± 17.5 49.3 ± 19.9 <0.001

Actual graft weight, mean ±

SD, mg

732.9 ± 153.5 716.7 ± 140.1 0.118

Recipient-related variables

Age, mean ± SD, years 53.4 ± 10.1 55.2 ± 10.7 0.048

Sex, n (%) 0.645

Male 174 (70.4) 193 (72.3)

Female 73 (29.6) 74 (27.7)

Liver etiology, n (%) 0.010

HBV 156 (63.2) 151 (56.6)

HCV 24 (9.7) 13 (4.9)

Alcoholic 32 (13.0) 58 (21.7)

Others 35 (14.1) 45 (16.8)

Hepatocellular carcinoma,

n (%)

147 (59.5) 163 (61.0) 0.722

MELD, mean ± SD 15.1 ± 6.8 14.5 ± 6.2 0.312

GRWR, mean ± SD, % 1.29 ± 0.3 1.21 ± 0.3 0.001

ABO incompatibility, n (%) 15 (6.1) 50 (18.7) <0.001

CDRH, conventional donor right hepatectomy; PLDRH, pure laparoscopic donor right

hepatectomy; SD, standard deviation; BMI, body mass index; HBV, hepatitis B virus; HCV,

hepatitis C virus; MELD, Model for End-Stage Liver Disease; GRWR, graft-to-recipient

weight ratio.

or V8 (P = 0.856), and sizable RIHV (P = 0.969), was similar
between the CDRH and PLDRH groups (Table 2).

The mean bench-surgery time was longer in the PLDRH
group than in the CDRH group (49.3 vs. 39.5min; P <

0.001). We performed a subgroup analysis excluding factors
affecting the bench-surgery time in both groups. First, subgroup
analysis was performed by excluding patients who underwent
direct venoplasty or Y-graft patch reconstruction of the two
portal vein openings. Second, another subgroup analysis was
performed by excluding patients who underwent reconstruction
with more than two openings of MHV tributaries or conversely
no reconstruction ofMHV tributaries. The last subgroup analysis
was performed by excluding patients who underwent venoplasty
for RIHV(s) using back-table procedures. In all three subgroup
analyses, the mean bench-surgery time was longer in the PLDRH

TABLE 2 | Proportion of participants with vascular variation related to the graft in

the CDRH and PLDRH groups.

CDRH group

N = 247

PLDRH group

N = 267

P-value

Vasculature variation at the graft, n (%) 0.969

Conventional 165 (67) 183 (68) 0.674

Multiple portal vein openings 22 (9) 21 (8) 0.670

More than two sizeable MHV

branches

45 (18) 47 (18) 0.856

Requiring RIHV venoplasty 15 (6) 16 (6) 0.969

Values are stated as n (%).

CDRH, conventional donor right hepatectomy; PLDRH, pure laparoscopic donor right

hepatectomy; MHV, middle hepatic vein; RIHV, right inferior hepatic vein.

TABLE 3 | Subgroup analysis based on variations in vascular of liver grafts.

Bench time, mean ± SD, min CDRH group PLDRH

group

P-value

Excluding type II and III portal vein

variation

(n = 225) (n = 246) <0.001

38.4 ± 16.7 47.4 ± 17.9

Excluding >2 openings of MHV

tributaries

(n = 180) (n = 199) <0.001

37.4 ± 13.2 48.7 ± 14.8

Excluding RIHV venoplasty (n = 165) (n = 183) <0.001

36.6 ± 12.4 48.3 ± 14.0

Values are stated as mean ± standard deviation.

CDRH, conventional donor right hepatectomy; PLDRH, pure laparoscopic donor right

hepatectomy; MHV; middle hepatic vein; RIHV, right inferior hepatic vein.

group than in the CDRH group (47.4 vs. 38.4min; P< 0.001, 48.7
vs. 37.4min; P < 0.001, 48.3 vs. 36.6min; P < 0.001, respectively)
(Table 3).

DISCUSSION

Since the first application of donor hepatectomy using the
laparoscopic method and its reporting in 2002 (2), PLDH is
now widely performed (6, 9). Our center reported its safety
and feasibility by the experience of >300 cases of PLDH,
mainly right hepatectomy, from 2016 to 2019 (7). In addition,
an effective surgical technique has been suggested for various
anatomical variations in PLDRH after overcoming the learning
curve (13–15). However, additional studies on the recipient’s
biliary complications and long-term outcomes are required (6, 7).

The quality of the graft in LDLT is vital. In the case of
PLDRH, the operation time, time to liver graft removal, and
warm ischemia time has been reported to be relatively longer than
those of CDRH (7). In particular, prolonged warm ischemia time
is believed to be related to various complications; therefore, long-
term outcomes need to be analyzed (16). Bench-surgery time is
an important factor impacting graft quality, as it is related to cold
ischemia time (17–19). The graft quality, such as if additional
trimming or bench-surgery procedures are required, can affect
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bench-surgery time. A factor affecting the bench-surgery time is
related to the vascular reconstruction of the graft, such as portal
vein variation (types II and III), MHV tributary reconstruction,
and RIHV venoplasty. In this study, we compared the time taken
for the bench-surgery time of the CDRH and PLDRH groups
after liver graft removal. We conducted a subgroup analysis for
factors that may affect the bench-surgery time in PLDRH.

We predicted that the vascular stump was relatively short and
complex in the PLDRH group, so it was expected to impact the
bench-surgery time. As described in our previous reports, while
cutting and suturing of the remnant donor side was performed in
the CDRH group (11, 20–22), vascular divisions were performed
using a vascular stapler in the PLDRH group (4, 5, 13, 15, 23).
Additionally, during PLDRH, the right portal vein was transected
with a bilateral stapler, and the right hepatic vein was divided
with a unilateral linear stapler. These metallic materials occupy
space; therefore, the stump of the vascular network inevitably
became shorter than that in the CDRH group. This is a factor
that may present challenges during recipient reconstruction;
therefore, additional manipulation such as trimming the stump
or dissection of the surrounding liver parenchyma may be
required. When dividing the bile duct, we clamped the double
metal clips on the remnant side of the bile duct and cut the graft
side of the bile duct. Remnant Glisson’s tissue, including the hilar
plate, was divided using a Hem-O-Lok clip or an endostapler.
In particular, because the Hem-O-Lok clip occupies space and
hinders bile duct reconstruction, it is often removed during
bench surgery, and suture closure of the caudate branches is
performed again. These additional manipulations on the vascular
stumps and bile duct divisions may have contributed to the
increase in the bench-surgery time.

The proportion of vascular variations that required further

procedures, including portal vein variation with two openings,
more than two openings of the MHV tributaries, and sizable
RIHV, was similar between the CDRH and PLDRH groups
because there have been no absolute contraindications for
PLDRH since March 2016. Although there was no difference
in vascular variation between the two groups, additional
procedures may be required to facilitate reconstruction by
trimming, attaching fence, and direct venoplasty for relatively
short vascular stumps. Taken together, it can be concluded that
the additional procedure required for trimming short vascular
stumps, hepatic artery, and remnant Glisson’s tissues other than
vascular variation might have affected the bench-surgery time

in the PLDRH group compared with that in the CDRH group.
This reflects the importance of the skill of not only donor
surgeons but also bench and recipient operators to avoid PLDRH
adverse effects on recipient outcomes. In other words, a potential
limitation that can arise from a shorter stump in the PLDRH
group than in the CDRH group must be addressed during
bench surgery.

This study has some limitations. First, this was a single-
center retrospective study, with a relatively small sample size.
Second, the learning curve of the bench surgery operators
was not accurately considered. However, the surgeon factor
was considered to have been minimized because surgery
was performed under the proctorship of Seoul National
University Hospital Liver Transplant Team, who not only possess
considerable experience in laparoscopic hepatic resection but also
in LDLT.

In conclusion, the bench-surgery time was longer in the
PLDRH group regardless of whether the vascular network
was reconstructed. Not only is expertise in donor surgery
important but also competence and experience in bench surgery
and recipient surgery are crucial for PLDRH to be safe
and feasible.
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