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Abstract

Background: This study details our experience with an improved surgical technique involving the hepatic
pedicle during laparoscopic left hemihepatectomy (LLH).
Methods: We describe an improved laparoscopic technique to extraparenchymally divide the left hepatic
pedicle. A retrospective analysis of all of the patients who underwent laparoscopic liver procedures between
2002 and 2012 was conducted. The patients were divided into two groups, an early LLH group (ELLH group)
and a recent LLH group (RLLH group), based on the surgical approach used for the left hepatic pedicle.
Results: A total of 72 cases of LLH (26 ELLH and 46 RLLH) were identified. The RLLH group exhibited a shorter
median operative time, median length of hospital stay, and lower median blood loss compared to the ELLH
group (182, 162.5–223.7 versus 232.5, 200–357.5 minutes, P < .01; 5, 4.2–7 versus 7, 6–8.7 days, P < .05; 150,
100–257.5 versus 300, 200–337.5 mL, P < .05, respectively). No perioperative mortality was observed.
Conclusions: This study confirms that our improved surgical technique for LLH is practical, safe, and effective.
The main advantage of this method compared to other techniques is the possibility of attaining rapid and precise
control of vascular inflow, thus facilitating LLH.

Keywords: laparoscopic liver resection, hemihepatectomy, hepatic pedicle, minimally invasive surgery, major
liver resection, oncological surgery

Introduction

M inimally invasive surgery has gained worldwide
acceptance and has changed modern surgery practices.

As an important part of minimally invasive surgery, laparo-
scopic surgery has been widely used in gynecology and urol-
ogy; furthermore, various fields recognize this technique as the
standard surgical approach.1–3 However, the development of
laparoscopic liver surgery was delayed due to concerns re-
garding potential difficulties in controlling bleeding, inade-
quate surgical margins, and port-site tumor cell implantation.

Over the past decade, reports from numerous centers have
demonstrated that laparoscopic resection in selected patients is
feasible, safe, and effective with satisfactory operative and
oncologic results.4–7 Many studies have reported the superi-

ority of laparoscopic minor liver resection compared with open
procedures for peripheral lesions or lesions located in seg-
ments II and III. Laparoscopic left lateral sectionectomy is
considered a standard surgical procedure for benign and ma-
lignant liver diseases.8–10 Currently, laparoscopic left hemi-
hepatectomy (LLH) is perceived as a complex procedure, and
it is only performed in a limited number of cases by experi-
enced laparoscopic surgeons.7

Since the first laparoscopic liver resection was completed
in 2002, 72 patients have undergone pure LLH. In this study,
we describe our experience with a safe, feasible laparo-
scopic technique that addresses the challenges associated
with dissection of the left hepatic pedicle. This modified
procedure has been successfully performed in 46 patients
since 2007.
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Materials and Methods

Patient selection

We retrospectively reviewed a prospective database of all
patients who underwent laparoscopic liver surgery for either
benign or malignant liver disease performed by our team
between 2002 and 2012. Patients were divided into two
groups, an early LLH group (ELLH group) and a recent LLH
group (RLLH group), based on the different surgical ap-
proach used for the left hepatic pedicle. All patients received
a preoperative systemic assessment that included a blood test,
electrocardiography or echocardiography examination, and
chest radiographic examination or pulmonary function test.
Imaging assessments, including abdominal ultrasound or
contrast-enhanced ultrasonography, contrast-enhanced com-
puted tomography, and/or magnetic resonance imaging, were
used to aid in the location of liver lesions and intrahepatic
vascular structures and their positional relationship.

Patient selection was based on the following inclusion
criteria: small lesions (generally less than 10 cm) of exo-
phytic or subcapsular tumors that were localized in the left
liver without major vascular invasion and well beyond
the transection line to ensure an adequate surgical margin
(more than 3 cm away from the middle hepatic vein), well-
compensated cirrhosis of the liver without signs of severe
portal hypertension (esophageal varices grade 1), a platelet
count of at least 80 · 109/L, and an American Society of
Anesthesiologists score (ASA) of less than 4. Patients with
lesions adjacent to the hepatic hilum or a resection margin
were not suitable for a laparoscopic approach due to the risk
of bleeding and compromise of oncologic outcomes.

Intraoperative and postoperative variables, such as opera-
tive time, blood loss, transfusion requirements, conversion to
open procedure, surgical margin, pathology, complications,
and length of postoperative hospital stay, were recorded and
analyzed. Liver resections were defined according to the
Brisbane 2000 Nomenclature of Liver Anatomy and Resec-
tions. Postoperative complications were classified according
to Clavien–Dindo methodology.

Surgical technique

The patient is placed in the supine position or adjusted
properly to an elevated dorsal position to improve the con-
venience of the dissection and mobilization of the left liver.
The primary surgeon and second assistant stand on the right
side of the patient, and the first assistant stands on the left
side. A continuous pneumoperitoneum of CO2 is established
with the assistance of a Veress needle at a pressure of
12 mmHg to reduce the risk of gas embolism.

A 12-mm trocar is placed at the upper umbilical region for
the 30� laparoscope. After a preliminary abdominal cavity
exploration, one 12-mm trocar is positioned in the region 4 cm
inferior to the intersection of the right midclavicular line and
subcostal margin line and another 12-mm trocar is positioned
2 cm inferior to the intersection of the left midclavicular line
and subcostal margin line. Using these two trocars, the surgeon
can easily change the instruments, as necessary, to perform the
dissection of the left hepatic pedicle and transection of the liver
parenchyma with both right and left hands. A 5-mm trocar is
positioned at the left anterior axillary line 2 cm superior to the
umbilical horizontal plane to enable the first assistant to per-
form traction, exposure, and suction (Fig. 1).

The location of the trocar can be adjusted based on ex-
amination of the abdominal cavity to allow for improved
use of the laparoscopic surgical tools and facilitate the in-
troduction of the endoscopic linear cutting stapler immedi-
ately in front of the section line.

Laparoscopic examination combined with preoperative
imaging is required to determine the location and extent
of the hepatic lesion, identify the anatomical relationship
between the lesion and intrahepatic vascular system, and
confirm the possibility of an R0 resection. Laparoscopic
ultrasonography (Aloka Prosound a5; Mitaka-Shi, Tokyo,
Japan; 4–10 MHz laparoscopic transducer) excludes other
possible lesions and detects the ramus communicans of the
middle hepatic vein. Multiple ligaments are transected
with a harmonic scalpel (UltraCision; Ethicon Endosurgery,
Cincinnati, OH) and diathermy hook, including the round
ligament, falciform ligament, hepatogastric ligament, left
triangular ligament, and coronary ligaments. In some cases,
the right coronary ligament adjacent to the second hepatic
portal is partially transected to mobilize the entire left liver
and facilitate parenchymal transection.

The left hepatic pedicle is dissected extraparenchymally
with a conventional hilar dissection approach in the ELLH
group, but with an improved intra-Glissonian approach in the
RLLH group. Transection of the left hepatic artery uses the
same step in both groups during dissection of the left hepatic
pedicle. The peritoneum on the left side of the hepatoduo-
denal ligament is incised with a harmonic scalpel. The left
hepatic artery is first dissected using a diathermy hook to
separate the surrounding lymphatic connective tissues. Next,
30� curved laparoscopic dissecting forceps are passed around
the vascular structure (Fig. 2A). Fine anatomical dissection
adjacent to the vascular structure is performed bluntly with-
out electrosurgical tools. The left hepatic artery is clipped
with an absorbable ligating clip (Lapro-Clip; Covidien, North
Haven, CT) and closely divided near the liver (Fig. 2B).

FIG. 1. Trocar placement during left hemihepatectomy.
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The main differences in the surgical approach between the
two groups concern the treatments of the left hepatic vein and
left bile duct, after the transection of the left hepatic artery. In
the ELLH group, the left branch portal vein and left bile duct
are divided, clipped, and transected successively in the same
way as the left hepatic artery. However, in the RLLH group,
only the left branch portal vein is divided and ligated with 4-0
silk sutures instead of flinty clips (Fig. 2C, D); then, the
dissection of the left hepatic pedicle is performed. The
transection of the left branch portal vein and dissection of the
left bile duct are not required. Using either the conventional
or improved technique, the left branch portal vein needs to be
carefully dissected until the portal bifurcation is identified
and the branches of the caudate lobe should be preserved.

The vascular outflow of the left liver is not routinely con-
trolled before transection of the liver parenchyma. The left
coronary ligament and a portion of the right coronary ligament
are transected for adequate visualization of the left hepatic vein
and optimal mobilization of the left liver. Extraparenchymal
dissection of the left hepatic vein is performed up to the level of
the insertion into the inferior vena cava to confirm the existence
of the common trunk with the middle hepatic vein (Fig. 3A).
This procedure facilitates secure intraparenchymal stapling of
the left hepatic vein once the parenchymal dissection is almost
complete. Accidental injury of the left inferior phrenic vein,
which may cause postoperative hemorrhage, should be de-
tected intraoperatively and be reliably controlled through the
application of Lapro-Clips (Fig. 3B).

A liver parenchymal transection is performed after control
of the vascular inflow, dissection of the left hepatic vein, and
mobilization of the left liver. An ischemic penumbral change
of the left liver after control of the vascular inflow indicates
the range of parenchymal resection. The choice of de-
vices for parenchymal transection varies according to the
surgeon’s experience and preference. In this study, the
combination of a harmonic scalpel and bipolar coagula-
tion (BiClamp LAP forceps; ERBE Elektromedizin GmbH,
Tubingen, Germany) provides rapid and efficient transec-
tion. Liver incision from the liver capsule to 2 cm deep into
the parenchyma is easily achieved through the use of a
harmonic scalpel. When liver transection is continued dee-
per into the parenchyma, the division of pipeline structures
larger than 3 mm diameter is achieved using Lapro-Clips.

The left liver is gently pulled out or elevated to achieve an
adequate space and clear visualization, facilitating the insertion
of the endoscopic linear cutting stapler along the transection
line. The left hepatic pedicle is divided after confirmation that it
is entirely encompassed by an Echelon 60 (Fig. 3C). In a similar
manner, the left hepatic vein is transected during the transection
of the residual posterior liver parenchyma (Fig. 3D).

The raw surface of the liver parenchyma is examined
carefully for bleeding and bile leaks. Small bleeding points
are reliably controlled with Argon plasma coagulation (APC
300; ERBE Elektromedizin GmbH) or a BiClamp. The valve
of the trocar is opened to stabilize the pneumoperitoneum
pressure at 12 mmHg while using Argon plasma coagulation.

FIG. 2. (A) Dissection of the left hepatic pedicle. (B) The left hepatic artery was clipped with a Lapro-Clip. (C) Dis-
section of the left branch portal. (D) The left branch portal is isolated and ligated with 4-0 silk sutures. CL, caudate lobe;
GB, gallbladder; HDL, hepatoduodenal ligament.
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Lapro-Clips and PROLENE sutures are used to obtain exact
hemostasis for any substantive bleeding. The specimen is
placed in a disposable bag (EndoCATH; Ethicon Endo-
Surgery, North Haven, CT) and removed by an extended
incision of the left subcostal port. Abdominal drainage is
routinely placed near the site of transection.

Statistical analysis

Continuous clinicopathological variables with a normal
distribution are expressed as the mean – standard deviation.
Variables that did not demonstrate a normal distribution are
expressed as medians (interquartile range). Categorical var-
iables are reported as numbers and percentages (%). Differ-
ences in the means and medians between two groups were
compared using Student’s t-test or the Wilcoxon rank-sum
test. Comparisons of categorical variables were performed
using a chi-square test or Fisher’s exact test. P values less
than .05 were considered statistically significant.

Results

A total of 72 patients underwent a pure LLH between
January 2002 and December 2012. In the ELLH group, 26
patients, including 19 men and 7 women, with an average age
of 45.4 – 5.9 years, have undergone LLH using the conven-
tional hilar dissection technique. With this technique, the left
hepatic artery, left branch portal, and left hepatic duct are

successively dissected, obstructed by absorbable clips, and
transected extraparenchymally.

In the RLLH group, 46 patients, including 28 men and 18
women, with an average age of 41.9 – 16.5 years, have un-
dergone LLH using the improved technique for dissection
of the left hepatic pedicle. With this improved technique, the
left hepatic artery is treated in a similar way to the conven-
tional hilar dissection technique, the left branch portal vein is
ligated using 4-0 silk sutures instead of hard clips after dis-
section but not transected, and the extraparenchymal dis-
section of the left hepatic duct is abandoned.

The detailed characteristics of patients are summarized
in Table 1. In total, 22 (47.8%) and 6 (23.7%) patients in the
RLLH and ELLH groups, respectively, were seropositive
for the hepatitis B virus surface antigen (HBsAg). The
surgical outcome details are summarized in Tables 2 and 3.
In the RLLH group, the operative time was significantly
shorter (182, 162.5–223.7 versus 232.5, 200–357.5 min-
utes; P < .01) and blood loss was decreased (150, 100–257.5
versus 300, 200–337.5 mL; P < .05), compared with the
ELLH group. No significant differences in the transfu-
sion and conversion rates were observed between the two
groups. As described in Table 3, the postoperative hospital
duration was shorter in the RLLH group (5, 4.2–7 versus 7,
6–8.7 days; P < .05). No differences in the length of post-
operative ambulation and resumption of oral intake were
observed.

FIG. 3. (A) Dissection of the left hepatic vein. The black arrow indicates the location where the left hepatic vein drains into the
inferior vena cava. (B) The black arrow indicates the inferior phrenic vein clipped with a Lapro-Clip. The white arrow indicates
the left coronary and triangular ligaments that have been transected. (C) Intraparenchymal transection of the left hepatic pedicle
with an endoscopic linear cutting stapler. (D) The left hepatic vein is transected with an endoscopic linear cutting stapler once
transection of the liver parenchyma is almost complete. CL, caudate lobe; GF, gastric fundus; LLS, left lateral section.
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The complication rate was lower in the RLLH group; how-
ever, the difference did not achieve statistical significance
(8.7% versus 15.3%, P = .6333). Four complications were
observed in 4 patients from the RLLH group, including
hemorrhage, bile leak, ascites, and a pulmonary complica-
tion. The severity of complications in both groups was below
grade II according to Clavien’s classification. The patho-
logical results are outlined in Table 4. In the RLLH group,
60.8% of the resections were performed for malignant dis-
ease, a value that was increased compared with the ELLH
group (60.8% versus 34.6%, respectively; P = .0323). All
resections for malignant lesions acquired sufficient surgical
margins in both groups with no significant differences.

Comparison of the two groups revealed that the improved
technique was associated with reduced operative time, less
intraoperative blood loss, fewer complications, and a shorter
postoperative hospital stay. As presented in Table 5, we ex-
perienced a similar median length of hospital stay, conver-
sion, and transfusion rate, while the median operative time,
blood loss, and complication rate in this series are compa-
rable with recently published results.

Discussion

The advantages of laparoscopic liver resection compared
with conventional open surgery, including reduced postop-
erative pain, less operative blood loss, enhanced cosmetic
outcome, shorter hospital stay, a comparable complication

rate, and cost effectiveness, have been demonstrated in
several studies. After an initially slow and cautious devel-
opment, laparoscopic liver resections have now been per-
formed worldwide.

In many centers, laparoscopic liver resections are the pre-
ferred procedure for lesions located peripherally or in the left
lateral section.14–17 According to a global questionnaire survey
of 18 centers, more than 5000 laparoscopic liver resections
have been completed, including 1184 laparoscopic major liver
resections. Laparoscopic right and left hemihepatectomy ac-
counted for 34.1% and 34.3% of all major liver resections,
respectively. Laparoscopic hemihepatectomy is still perceived
as a complex procedure that should be confined to surgeons
with considerable experience in both laparoscopic and open
hepatobiliary surgeries.18 Despite technical challenges, current
multicenter studies indicate its safety and efficacy in selected
patients with an acceptable morbidity and mortality compared
with open liver resections.19,20

Reducing intraoperative blood loss for the purpose of a
clearer operative view, lower transfusion, and enhanced pa-
tient outcome is a continuing concern in laparoscopic hemi-
hepatectomy.21 Decreased intraoperative blood loss is a
major advantage of laparoscopic liver resection compared

Table 1. Demographic and Clinical

Characteristics of Patients

RLLH (n = 46) ELLH (n = 26) P value

Sex (female/male) 18/28 7/19 .30
Age (years) 41.9 – 16.5 45.4 – 5.9 .30
BMI (kg/m2) 22.6 – 6.8 26.3 – 7.5 .04
HBsAg+ (%) 22 (47.8%) 6 (23.7%) .04

ASA status (%)
I-II 40 (87.0%) 26 (100%) .14
III 6 (13.0%) 0

Child-Pugh (%)
A 43 (93.5%) 25 (96.2%) .10
B 3 (6.5%) 1 (3.8%)

ASA, American Society of Anesthesiologists score; BMI, body
mass index; ELLH, early laparoscopic left hemihepatectomy;
HBsAg, hepatitis B virus surface antigen; RLLH, recent laparoscopic
left hemihepatectomy.

Table 2. Intraoperative Outcomes

RLLH (n = 46) ELLH (n = 26) P value

Operative time
(minutes)

182 (162.5–223.7) 232.5 (200–357.5) <.01

Estimated blood
loss (mL)

150 (100–257.5) 300 (200–337.5) <.05

Transfusion (%) 1 (2.2%) 1 (3.8%) .74
PRBC (unit) 6 3
FFP (unit) 2.3 3
Conversion (%) 1 (2.2%) 1 (3.8%) .74

ELLH, early laparoscopic left hemihepatectomy; FFP, fresh
frozen plasma; PRBC, packed red blood cell; RLLH, recent
laparoscopic left hemihepatectomy.

Table 3. Postoperative Outcomes

RLLH (n = 46) ELLH (n = 26) P value

LOS (days) 5 (4.2–7) 7 (6–8.7) <.05
Resume oral

intake (hours)
48.6 – 14.4 46.7 – 15.3 .60

Ambulation (hours) 38.3 – 9.5 37.6 – 11.9 .81
Drainage (days) 4.3 – 2.4 3.3 – 1.4 .06
Complications (%) 4 (8.7%) 4 (15.3%) .63

Hemorrhage 1 2 .61
Bile leaks 1 1 .74
Ascites 1 1 .74
Pulmonary 1 0 .77

ELLH, early laparoscopic left hemihepatectomy; LOS, length of
postoperative hospital stay; RLLH, recent laparoscopic left
hemihepatectomy.

Table 4. Oncologic Results

RLLH
(n = 46)

ELLH
(n = 26) P value

Malignant lesions (%) 28 (60.8%) 9 (34.6%) .03
HCC 22 (47.8%) 7 (26.9%) .08
ICC 5 (10.9%) 2 (7.6%) .66
Colorectal cancer

liver metastasis
1 (2.2%) 0 .77

Surgical margin (cm) 1.8 – 1.1 1.6 – 0.7 .50
Benign lesions (%) 18 (39.2%) 17 (65.4%) .03

Hepatic hemangioma 10 (21.7%) 12 (46.1%) .03
FNH 5 (10.9%) 2 (7.6%) .98
Hepatolithiasis 1 (2.2%) 1 (3.8%) .74
Angiomyolipoma 2 (4.3%) 1 (3.8%) .61
Hepatic cyst 0 1 (3.8%) .36

ELLH, early laparoscopic left hemihepatectomy; FNH, focal
nodular hyperplasia; HCC, hepatocellular carcinoma; ICC, intrahe-
patic cholangiocarcinoma; RLLH, recent laparoscopic left hemi-
hepatectomy.
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with open surgery.7,22 By contrast, intraoperative bleeding
is a common cause of conversion due to the difficulty in
achieving hemostasis laparoscopically during major liver
resections.23,24 Thus, prior effective control of vascular in-
flow to reduce intraoperative blood loss is a significant step
in left hemihepatectomies.

According to published reports, three laparoscopic tech-
niques have been generally utilized to divide the left pedicle
as described below. With a hilar dissection approach, the
peritoneal fascia of the left pedicle is incised; the left hepatic
artery, left branch portal, and left hepatic duct are succes-
sively dissected, obstructed by titanium, absorbable or Hem-
o-Lok clips, and transected extraparenchymally.11,25,26 With
an extrahepatic Glissonian approach, the left hepatic pedicle
is isolated extraparenchymally and the left portal triad is
encircled with a tape and divided en bloc with an endoscopic
stapler without incision of the fibrous sheath that envelopes
the entire portal triad.27,28 With an intrahepatic Glissonian
approach, the left portal triad is obstructed by a laparoscopic
vascular clamp, which is inserted into the liver parenchyma
according to a specific anatomic landmark, and then trans-
ected en bloc with a stapler intraparenchymally.29,30

Based on a prospective randomized trial that compared hilar
dissection with the Glissonian approach for open major liver
resection, the intraoperative blood loss, overall operative time,
and complications were largely similar; however, the en bloc
stapled transection of the pedicle required less time.31 During
laparoscopic major liver resection using an intrahepatic or
extrahepatic Glissonian approach, the left hepatic pedicle is
completely divided without a separate dissection of each portal
structure. Despite the lack of randomized controlled trials
(RCTs) for laparoscopic major liver resection, these tech-
niques are feasible, reduce technical difficulties, provide rapid
access to the left pedicle for control of vascular inflow, and
expedite the transection of the liver.27–30

However, without a direct visualization of each element in
the left pedicle, en bloc transection can cause vascular and
biliary duct injury if anatomic variations exist. Without
confirmation of anatomical distribution, the vascular bran-
ches leading to the caudate lobe and bile duct of the caudate
lobe or right liver that frequently drains into the left bile duct
could be injured. It is difficult to confirm whether the stapler
is correctly positioned in the parenchyma based on the dis-
coloration of the left liver. Using this indirect indicator, it is
difficult to control the distal end of the stapler jaws to com-
pletely encompass the left hepatic pedicle while not stapling

the contralateral biliary duct. Therefore, tumors located near
the left hepatic pedicle are a contraindication for both the
intrahepatic and extrahepatic Glissonian approach, but not
the hilar dissection technique.

In addition to the vascular inflow, the left bile duct is
dissected and divided extraparenchymally during a conven-
tional hilar dissection.26 In our early cases of LLH (ELLH
group), each element of the left hepatic pedicle was carefully
dissected and transected using this technique. This procedure
can be time-consuming and carries the risk of accidental in-
jury to variant bile ducts, such as the bile duct from the right
posterior section that drains into the left hepatic duct. The
division of the left hepatic artery exposes sufficient space for
the division of the left branch portal vein. The left hepatic
artery can be reliably clamped by clips depending on the
thickness and elasticity of the arterial wall (Fig. 2B). How-
ever, this is not similar to the left branch portal when it is
separated from the surrounding tissue, clipped, and divided.
Given the thin and fragile venous wall, these clips can be
dislodged and can slit the portal vein during mobilization of
the left liver, dissection of their adjacent tissues, or specimen
removal.24

With the improved technique described in this article, the
extraparenchymal division of the left hepatic duct is aban-
doned and the left branch portal vein is ligated, but not
transected, using 4-0 silk sutures instead of flinty clips after
dissection (Fig. 2D). In this improvement, the treatment of
the left branch portal vein is optimized and the dissection of
the left bile duct is eliminated, allowing for rapid and pre-
cise control of vascular inflow, minimizing the aforemen-
tioned risks and expediting liver resection. The ligated left
branch portal together with the left bile duct is divided in-
traparenchymally using an endoscopic linear cutter stapler
when the parenchyma is transected to their vicinity (Fig. 3C).
The median operative time was significantly reduced in the
RLLH group compared with patients in the ELLH group,
who underwent the conventional technique (Table 2; 182,
162.5–223.7 versus 232.5, 200–357.5 minutes, P < .01).

A common trunk for the left hepatic vein and middle he-
patic vein draining into the inferior vena cava is frequently
present. In this study, division of the hepatic vein extra-
parenchymally is not routinely performed because it is time-
consuming and increases the risk for bleeding and a gas
embolism. The left hepatic vein is dissected in favor of mo-
bilization of the left liver, facilitating the introduction of the
stapler. Similarly, the left hepatic vein is divided after the

Table 5. Comparison with Other Recently Published Series

Pearce et al.11 Namgoong et al.12 Belli et al.13a Our report

Case number 20 37 82 46
Operative time (min) 290 (140–480) 257 – 50.4 234 – 138 182 (162.5–223.7)
Estimated blood loss (mL) 300 (50–1500) 280 – 96.9 306 – 371 150 (100–257.5)
LOS (days) 4 (1–12) 8.8 – 4.1 7.1 – 5.1 5 (4.2–7)
Conversion (%) 0 0 3 (4%) 1 (1.8%)
Transfusion (%) 2 (10%) 0 39 (47%) 2 (3.6%)
Complication (%) 3 (15%) 4 (10.8%) 16 (20%) 4 (7.2%)
90-day mortality (%) 0 0 1 (1%) 0

aThis series contains hand-assistance laparoscopic liver resections.
LOS, length of postoperative hospital stay.
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parenchyma transection is nearly complete (Fig. 3D). An
appropriate parenchymal thinness and a clear field are es-
sential for a safe and reliable staple.

Like other surgeons at many centers, at the beginning of
major laparoscopic liver resection, we were not sure about the
oncological efficacy of major laparoscopic liver resection for
malignancy. Thus, in the ELLH group, malignant tumors
accounted for a lower proportion of the cohort. When patients
faced the choice between open surgery and laparoscopic
surgery, overweight patients preferred the latter because, in
open surgery, they need a longer incision for good surgical
exposure. With the development of minimally invasive
surgery, laparoscopic liver resection has been increasingly
performed for malignancy with equivalent oncological out-
comes to open surgery.

Laparoscopic surgery has become the preferred method
for an increasing number of patients with malignant disease
as well as with benign disease not only because of improved
cosmetic outcomes but also because the method results in
less trauma and better recovery, so multiple differences
show between two groups (Tables 1 and 4). Despite tech-
nical improvements and the worldwide expansion of lapa-
roscopic liver resection, we maintain that the indications
for the resection of benign lesions should not be widened
solely because of the ability to perform major laparoscopic
liver resections.

However, it is undeniable that the growing experience of
the surgeon and technical advances and modifications in
laparoscopic devices contributed to these results. The grow-
ing use of laparoscopic major liver resection is likely due to
the technological advances and modifications in laparoscope
and surgeon experience. The image magnification provided
by a laparoscope considerably facilitates precise dissection of
the left hepatic pedicle. The technical difficulties associated
with this procedure can be overcome with systematic and
standardized training to create a safe and efficacious treat-
ment for patients.

Our results confirm that LLH is safe and feasible in ex-
perienced hands, and this improved technique simplifies the
procedure of dissecting the left hepatic pedicle with reliable
and safe vascular inflow control. We believe that this de-
scribed technique will contribute to the development of a
simplified laparoscopic major liver resection procedure.
However, because a learning curve does exist, extensive
experience in open liver surgery and laparoscopic left lateral
sectionectomy is required before a surgeon can perform LLH.
The present series has its limitations. This report was com-
posed of a single center’s experience and was unable to
eliminate the interference of the learning curve to the result.
We look forward to further studies in the future to support this
preliminary result.

Conclusions

The improved technique described in this article is simple,
safe, and novel. This procedure enables the precise dissection
of the hepatic pedicle and reliable control of vascular inflow
and minimizes the risk of accidental injury to the hepatic
pedicle. Although laparoscopic major liver resections are
complex and time-consuming procedures, we believe that
LLH is likely to become a new standard of care. However, a
strict training and admittance system and comprehensive

patient selection criteria are necessary for the widespread use
of this procedure.
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