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INTRODUCTION

ABSTRACT

Objectives: Laparoscopic hepatectomy (LH) for hepatocellular carcinoma (HCC) has
been well known for its advantages in the past 10 years, but little is known regarding
its oncologic outcomes while the technique is being developed at an institution. This
study aimed to evaluate the safety and effectiveness of LH for patients with primary
HCC at favorable locations, focusing on postoperative short- and long-term outcomes
during the development period. Materials and Methods: We retrospectively reviewed
patients diagnosed with primary HCC who underwent hepatectomy between January
2013 and December 2019 at Hualien Tzu Chi Hospital. Patients with HCC at favorable
locations (anterolateral segments) were collected and divided into laparoscopic and open
hepatectomy (OH) groups. The data for long-term outcomes, as the primary endpoint, and
postoperative outcomes, as the secondary endpoint, were collected. Results: The review
included 159 patients, among which 42 and 44 patients in favorable locations underwent
open and laparoscopic hepatectomies, respectively. There were no significant differences
in intraoperative blood loss, major complication rate, and 90-day mortality rate between
the two groups. The laparoscopic group had a lower transfusion rate, shorter postoperative
hospital stay, and lower 90-day readmission rate. There were no significant differences in
12-, 36-, and 60-month overall survival and disease-free survival. Conclusion: LH for
favorably located HCC is the preferred surgical approach compared to OH due to the
decreased transfusion rate, shorter postoperative hospital stay, and lower 90-day readmission
rate. LH did not compromise the 90-day mortality rate with sustained long-term overall
and disease-free survival. LH for favorably located HCC is a safe and effective surgical
approach even during the development period.
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in tumor size [5], prior abdominal surgeries [6], patients with
cirrhosis [7], and the elderly population [8]. Furthermore, LH
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}l’epatocellular carcinoma (HCC) was the sixth most
common neoplasm and the third leading cause of cancer
death worldwide in 2020, with 905,677 diagnosed cases and
830,180 deaths [1]. The treatment guidelines established
by the Barcelona Clinic Liver Cancer strategy underscore
hepatectomy as a pivotal therapeutic avenue for managing
HCC [2]. Since the inaugural description of laparoscopic
hepatectomy (LH) in 1991 [3], its evolution into a viable
surgical alternative has been gradual yet significant. Following
the landmark feasibility study of LH in 2000 [4], numerous
investigations have amalgamated to ascertain the safety and
efficacy of the laparoscopic approach across diverse clinical
scenarios. These investigations have encompassed variations
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offers a plethora of advantages, including a smaller incision
size, reduced operation duration, diminished transfusion
requirements, lower incidence of major complications, shorter
hospitalization periods, and comparable overall survival
and disease-free survival rates when juxtaposed with open
hepatectomy (OH) [9-12].
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A myriad of challenges, encompassing liver mobilization,
hemorrhage management, diminished tactile feedback, a deeper
surgical field, and intraoperative risks, pose impediments to the
acquisition of proficiency in LH [13,14]. Recent investigations
evaluating the feasibility and safety of LH have predominantly
emanated from well-established medical centers, thus lacking
comprehensive data from developing institutions or their
formative stages. Additionally, the influence of tumor location
on LH outcomes remains inadequately elucidated.

The aim of this study was to assess the safety and efficacy
of our preliminary encounters with LH for HCC situated in
favorable anatomical sites. Specifically, we aimed to scrutinize
the short-term and long-term outcomes of LH during its
developmental phase.

MATERIALS AND METHODS
Patient characteristics

We conducted a retrospective analysis on a series of
sequential cases involving patients newly diagnosed with
HCC who underwent hepatectomy at Hualien Tzu Chi
General Hospital, a tertiary referral center in eastern Taiwan,
between January 2013 and December 2019. The preoperative
identification of HCC relied upon outcomes derived from two
sets of noninvasive dynamic imaging within high-risk cohorts
afflicted with chronic hepatitis B, chronic hepatitis C, or
cirrhosis, irrespective of alpha-fetoprotein elevation.

Postoperative  HCC was histopathologically confirmed
through examination of resected specimens across all patients.
Patients with prior HCC treatment, synchronous malignancy,
or a recurrent diagnosis of HCC were excluded from the study
cohort. The patient cohort was stratified into two groups:
LH and OH. Further stratification was conducted within
the subgroup of patients with tumors located in favorable
positions, categorized as the favorable location group. Within
this subset, patients were further divided into either the open
group (F-OH) or laparoscopic group (F-LH). The assignment
of patients to the open or laparoscopic group was determined
by the surgeon’s discretion, considering factors such as patient
age, liver function, tumor size, location, and proximity to
major vessels. This decision-making process was influenced
by the surgeon’s proficiency in laparoscopic techniques.
Volumetric assessment of the tumor was not standard practice
due to lack of coverage by the National Health Insurance of
Taiwan, rendering it financially unfeasible for the majority
of patients. Resection volume was determined using the
Makuuchi criteria [15]. A retrospective review of medical
records was conducted to gather demographic characteristics,
perioperative variables, and follow-up outcomes. The
primary endpoint focused on long-term oncologic outcomes,
encompassing overall and disease-free survival. Perioperative
outcomes constituted the secondary endpoint. The median
follow-up duration for the cohort was 48 months.

Definitions and surgical technique

Definitions for liver anatomy were derived from the
Brisbane 2000 Guidelines [16]. Major resection was
characterized by the removal of >3 segments, whereas
minor resection involved the excision of <3 segments. The

determination between major and minor resections hinged
upon factors such as tumor size, location, and the feasibility
of achieving adequate surgical margins. Postoperative
complications were graded according to the Clavien—Dindo
classification system, with major complications defined as
those categorized as class 3 or higher [17]. The definitions
for bile leakage and posthepatectomy liver failure were
standardized based on the criteria established by the
International Study Group of Liver Surgery [18,19]. Tumor
locations were classified as favorable if situated within
segments S2, S3, S4b, S5, and S6, while locations within
segments S1, S4a, S7, and S8 were considered unfavorable.
Details regarding the surgical techniques employed in OH and
LH were previously described in our prior study [9].

Statistical analysis

The Chi-square test was used to analyze categorical
variables, presented as numbers and percentages. The
Kolmogorov—Smirnov test was used to check the normality
of continuous variables. Normally distributed continuous
variables are presented as means with standard deviations and
were analyzed with Student’s #-test. Nonnormally distributed
continuous variables are presented as medians with interquartile
ranges and were analyzed using the Mann—Whitney U-test. The
Kaplan—Meier curve with the log-rank test was used for the
survival analysis. SPSS for MAC ver. 26 (SPSS Inc., Chicago,
IL, USA) was used for the statistical analysis. Statistical
significance was set at a P < 0.05.

Ethic declaration

Ethical approval for this study (Research Ethics Committee,
REC No. IRB 109-074-B) was provided by the Research
Ethics Committee of Hualien Tzu Chi Hospital, the Buddhist
Tzu Chi Medical Foundation, on April 16, 2020. Informed
written consent was waived by the IRB because the study
was a retrospective data analysis. This study was conducted in
accordance with the Declaration of Helsinki.

RESULTS

Figures 1 and 2 depict the evolution of LH from 2013
to 2019. Over this developmental period, the ratio of
LH [Figure 1] demonstrated a gradual increase, surpassing
50% post-2017. Similarly, the proportion of favorable location
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Year 2013 2014 2015 2016 2017 2018 2019
OH (n) 2 28 15 13 10 4 4
LH (n) 3 4 3 2 15 21 15

Total (n) 25 32 18 15 25 25 19

Figure 1: Distribution of hepatectomy. LH: Laparoscopic hepatectomy, OH: Open
hepatectomy
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laparoscopic hepatectomies (F-LH) [Figure 2] exhibited a
concurrent rise, exceeding 50% post-2017, aligning with the
overall trend observed in LH development.

Baseline characteristics

The baseline characteristics of the patients are summarized
in Table 1. A total of 159 patients were included, of which
86 (54.1%) exhibited tumors in favorable locations. The
OH group comprised 96 patients (60.3%), while the LH
group consisted of 63 patients (39.6%). Both the groups
predominantly comprised male patients, with no significant
disparity observed in the prevalence of comorbidities such
as diabetes mellitus, hypertension, and coronary artery
disease between the OH and LH groups. Notably, a higher
proportion of patients in the LH group were classified as
Child-Pugh class A compared to the OH group (98.4% vs.
88.9%, P = 0.026), although the Model for End-Stage Liver
Disease-Na (MELD-Na) scores were comparable between
the two groups (8 vs. 7, P = 0.229). The preoperative 15-min
retention rate for indocyanine green was 13.3% in the LH
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Figure 2: Distribution of hepatectomy of favorable location by year. F-OH: Open
hepatectomy in the favorable location group, F-LH: Laparoscopic hepatectomy in
the favorable location group

group and 9.1% in the OH group, with no statistically
significant difference observed (P = 0.748).

In the subgroup analysis focusing on the favorable location
group, 42 patients (48.8%) were categorized into the F-OH
group, while 44 patients (51.2%) belonged to the F-LH group.
Significantly, a higher proportion of patients in the F-LH group
compared to the F-OH group were classified as Child—Pugh
class A (100% vs. 89.7%, P = 0.031), while the MELD-Na
scores remained similar between both the groups (7 vs.
8, P = 0.604). The preoperative 15-min retention rate of
indocyanine green was 10.6% in the F-OH group and 12.2%
in the F-LH group, with no statistically significant difference
observed (P = 0.871). Viral hepatitis was identified as the
primary risk factor for HCC in both the groups of patients,
with rates of 90.5% in the F-OH group and 86.4% in the F-LH
group, demonstrating no significant difference (P = 0.602).

Perioperative outcomes and histopathology

When comparing the OH versus LH groups, a higher rate of
major hepatectomy was observed in the OH group compared
to the LH group (38.5% vs. 11.1%, P < 0.001) [Table 2].
Conversely, the LH group exhibited significantly shorter
median operation time (208 vs. 255 min, P = 0.025) and lower
intraoperative blood loss (250.0 vs. 355.0 mL, P = 0.005)
compared to the OH group. In the favorable location subgroup
analysis, a greater proportion of patients in the F-OH group
underwent major hepatectomy compared to the F-LH
group (38.1% vs. 4.5%, P < 0.001). However, the median
operation time and intraoperative blood loss were similar in
both the groups. Notably, the intraoperative transfusion rate
was significantly lower in the F-LH group compared to the
F-OH group (2.3% vs. 14.3%, P = 0.042).

In comparison to the OH group, the LH group exhibited
a higher proportion of patients diagnosed with solitary
HCC (90.5% vs. 76.0%, P = 0.022) and a smaller median
tumor diameter (3.0 vs. 4.0 cm, P = 0.001) [Table 2]. In the
favorable location subgroup analysis, the majority of patients

Table 1: Patient characteristics

Characteristics Whole cohort OH (n=96) LH (n=63) P Favorable location F-OH (n=42) LH (n=44) P
(n=159) subgroup (n=86)
Age (years)* 65+10 64+11 6749 0.156 65+10 64+11 66+9 0.148
Sex (male), n (%) 120/159 (75.5) 70/96 (72.9) 50/63 (79.4)  0.452 65/86 (75.6) 33/42 (78.6) 32/44 (72.7)  0.619
BMI (kg/m?)* 25.243.6 25.0+3.7 25.7+£3.6 0.687 25.6+3.7 25.7+4.0 25.543.4 0.379
Comorbidity, 7 (%)
DM 57/159 (35.8) 28/96 (29.2) 29/63 (46.3)  0.042 21/86 (36.0) 10/42 (23.8) 21/44 (47.7)  0.026
HTN 72/159 (45.3) 40/96 (41.7) 32/63 (51.0)  0.329 42/86 (48.8) 21/42 (50.0) 21/44 (47.7) 1.00
CAD 10/159 (6.3) 6/96 (6.2) 4/63 (6.3) 0.98 6/86 (7.0) 3/42 (7.1) 3/44 (6.8) 0.953
FEVI1/FVC?! 79.3 (72.4-83.5) 78.8(70.3-82.7) 77.9 (73.2-83.0) 0.244  78.7(72.0-82.6)  79.1(71.1-84.1) 77.8 (74.1-82.4) 0.554
LVEF (%)* 75.3(69.3-79.8) 73.9 (66.1-77.8) 75.4(69.8-79.7) 0.047  75.4(67.0-80.3)  74.5(66.1-78.5) 76.0(69.1-83.1) 0.345
Child-Pugh classification ~ 141/152 (92.8) 80/90 (88.9) 61/62 (98.4)  0.026 78/82 (95.1) 35/39 (89.7) 43/43 (100.0)  0.031
stage A, n (%)
MELD-Na score* 8(7-9) 7(7-8) 8 (10-11) 0.229 7(7-9) 7 (7-10) 8(7-9) 0.604
ICG-15 (%)’ 10.6 (5.2-20.1) 9.1 (4.4-16.3) 13.3(8.1-16.0) 0.748 10.7 (4.2-22.9) 10.6 (4.5-22.9) 12.2(3.8-24.9) 0.871
Viral hepatitis, n (%) 139/159 (87.4) 86/96 (89.6) 53/63 (84.1)  0.273 76/86 (88.4) 38/42 (90.5) 38/44 (86.4)  0.602

*Normal distribution, SNonnormal distribution. OH: Open hepatectomy, LH: Laparoscopic hepatectomy, F-OH: Open hepatectomy in favorable location group,
DM: Diabetes mellitus, HTN: Hypertension, CAD: Coronary artery disease, FEV1: Forced expiratory volume in 1 s, FVC: Forced vital capacity, LVEF: Left
ventricular ejection fraction, MELD-Na: Model for End-Stage Liver Disease-Na, ICG: Indocyanine green, BMI: Body mass index
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in both the groups underwent hepatectomy for solitary
tumors (85.7% in the F-OH group vs. 88.6% in the F-LH
group, P = 0.755). However, the median tumor diameter was
significantly smaller in the F-LH group compared to the F-OH
group (3.0 vs. 4.3 cm, P = 0.005). Notably, no significant
differences were observed in resection margin status or Ishak
score between the two groups.

Postoperative short-term outcomes

The overall complication rate was lower in the LH group
than in the OH group (33.3% vs. 50.0%, P = 0.050) [Table 3].
In the favorable location subgroup analysis, the F-LH group
had a lower rate of major complications rate than the F-OH
group (12.0% vs. 2.3%, P = 0.080). In the F-OH group,
two patients experienced grade Illa complications (both
had pleural effusion), one patient experienced a grade IIIb
complication (grade C bile leakage), one patient experienced a
grade I'Va complication (posthepatectomy liver failure), and one
patient experienced a grade IVb complications (acute kidney
injury and posthepatectomy liver failure). In the F-LH group,
one patient experienced a grade IIla complication (superficial
surgical site infection). No grade V complications developed
in either group.

The postoperative hospital stay was significantly shorter
in the LH group compared to the OH group (7 vs. 11 days,

P < 0.001) [Table 3]. Furthermore, the 90-day readmission
rate was significantly lower in the LH group than in the OH
group (3.2% vs. 12.5%, P = 0.048) [Table 3]. However, there
was no significant difference in 90-day mortality between
both the groups (1.6% vs. 5.2%, P = 0.241). In the favorable
location subgroup analysis, the F-LH group exhibited a shorter
postoperative hospital stay compared to the F-OH group (7 vs.
10 days, P < 0.001) and a significantly lower 90-day
readmission rate (2.3% vs. 14.3%, P = 0.042). Nevertheless,
no significant difference was observed in the 90-day mortality
rate between the F-LH and F-OH groups (0.0% vs. 7.1%,
P=0.071).

Long-term outcomes

Between the LH and OH groups, no significant difference
was observed in 12-, 36-, and 60-month overall survival
rates (88.5%, 82.9%, and 71.8% vs. 83.7%, 74.3%, and
67.6%, respectively, P = 0.257) and disease-free survival
rates (77.2%, 53.3%, and 48.3% vs. 71.5%, 52.8%, and 39.7%,
respectively, P = 0.509) [Figure 3a and b]. In the OH group,
intrahepatic recurrence occurred in 35 patients (94.6%), while
2 patients (5.4%) experienced both intrahepatic and extrahepatic
recurrence. In contrast, in the LH group, intrahepatic recurrence
was observed in 19 patients (95.0%), with 1 patient (5.0%)
experiencing extrahepatic recurrence. In the favorable location

Table 2: Perioperative outcomes and pathology findings

Characteristics ‘Whole cohort OH (n=96) LH (n=63) P Favorable F-OH (n=42) F-LH (n=44) P
(n=159) location
subgroup (n=86)

IWATE core 7 (5-10) 9 (6-10) 53-7) <0.001 3(6-7) 7 (6-8) 4 (3-6) 0.001
Major resection, 1 (%) 44/159 (27.7) 37/96 (38.5) 7/63 (11.1) <0.001 18/86 (20.9) 16/42 (38.1) 2/44 (4.5) <0.001
Operative time (min)* 248 (181-340)  255(195-348) 208 (167-372)  0.025 229 (170-296) 242 (175-307) 198 (159-267)  0.101
Pringle maneuver, n (%)  122/159 (76.7) 78/96 (81.3) 44/63 (69.8) 0.125 59/86 (68.6) 32/42 (76.2) 27/44 (61.4) 0.167
Pringle duration (min)®  72.0 (44.8-101.0) 72.9 (55.0-100) 59.0(31-93.5) 0.021  60.0 (35.0-85.0) 65.0 (49.2-82.5) 55.0(27.0-88.0) 0.322
Blood loss (mL)* 300 (100-900) 355 (150-730) 250 (125-815)  0.005 200 (100-448) 300 (138-700) 150 (50-388) 0.072
Intraoperative 15/159 (9.4) 10/96 (10.4) 5/63 (7.9) 0.783 7/86 (8.1) 6/42 (14.3) 1/44 (2.3) 0.042
transfusion, n (%)
Solitary tumor, 7 (%) 130/159 (81.8) 73/96 (76.0) 57/63 (90.5) 0.022 75/86 (87.2) 36/42 (85.7) 39/44 (88.6) 0.755
Multiple tumors, 7 (%) 29/159 (18.2) 23/96 (24.0) 6/63 (9.5) 11/86 (12.8) 6/42 (14.3) 5/44 (11.4)

2 24/159 (15.1) 20/96 (20.8) 4/63 (6.3) 8/86 (9.3) 5/42 (11.9) 3/44 (6.8)

3 5/159 (3.1) 3/96 (3.2) 2/63 (3.2) 3/86 (3.5) 1/42 (2.4) 2/44 (4.6)
Size (cm)’ 3.5(2.5-5.5) 4.0 (3.0-7.5) 3.0(2.542) 0.001 3.2(2.5-5.0) 4.3 (2.7-6.1) 3.0(2.3-3.8) 0.005
Margin (cm)® 0.7 (0.2-1.2) 1.0 (0.2-1.5) 0.5(0.2-0.9) 0.049 0.8 (0.2-1.2) 1.0 (0.2-1.4) 0.7 (0.2-1.2) 0.640
Ishak score® 4 (1-6) 3 (0-6) 5(3-5) 0.436 4 (2-6) 4 (0-6) 4 (2-6) 0.346
SNonnormal distribution. OH: Open hepatectomy, LH: Laparoscopic hepatectomy, F-OH: Open hepatectomy in favorable location group, F-LH:
Laparoscopic hepatectomy in favorable location group
Table 3: Postoperative outcomes
Characteristics Whole cohort OH (n=96) LH (n=63) P Favorable location F-OH F-LH P

(n=159) subgroup (n=86) (n=42) (n=44)

Complications, 7 (%) 69/159 (43.4)  48/96(50.0) 21/63(33.3) 0.050 40/86 (46.6) 24/42(57.2) 16/44(36.4)  0.083
Major complications, 1 (%) 12/159 (7.5) 9/16 (9.4) 3/63 (4.8) 0.281 6/86 (7.0) 5/42 (11.9) 1/44 (2.3) 0.080
Minor complications, n (%) 57/159 (35.8)  39/96(40.7) 18/63(28.5) 0.132 34/86 (39.5) 19/42(45.2) 15/44(34.1)  0.378
Postoperative hospital stay (days)* 8 (7-12) 11 (9-14) 7 (6-10) <0.001 8 (6-10) 10 (8-17) 7 (6-8) <0.001
90-day readmission rate, 1 (%) 14/159 (8.8) 12/96 (12.5)  2/63 (3.2) 0.048 7/86 (8.1) 6/42 (14.3) 1/44 (2.3) 0.042
90-day mortality rate, n (%) 6/159 (3.8) 5/96 (5.2) 1/63 (1.6) 0.241 3/86 (3.5) 3/42 (7.1) 0 0.071

SNonnormal distribution. OH: Open hepatectomy, LH: Laparoscopic hepatectomy, F-OH: Open hepatectomy in favorable location group, F-LH:

Laparoscopic hepatectomy in favorable location group
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Figure 3: Kaplan—Meier curve of the overall survival and disease-free survival in the LH, OH, F-LH, and F-OH groups. (a and b) The overall survival and disease-free
survival rates in LH and OH groups. (c and d) The overall survival and disease-free survival rates in F-LH and F-OH groups. LH: Laparoscopic hepatectomy, OH: Open
hepatectomy, F-LH: Laparoscopic hepatectomy in the favorable location group, Open hepatectomy in the favorable location group

subgroup analysis, the F-LH and F-OH groups exhibited
no significant difference in 12-, 36-, and 60-month overall
survival rates (respectively, 90.7%, 88.1%, and 75.4% vs.
79.5%, 76.6%, and 70.4%, P = 0.184) and disease-free survival
rates (respectively, 79.2%, 52.9%, and 49.1% vs. 73.9%, 54.7%,
and 39.5%, P = 0.683) [Figure 3¢ and d]. In the F-OH group,
intrahepatic recurrence occurred in all 13 patients (100%),
whereas in the F-LH group, 16 patients (94.1%) experienced
intrahepatic recurrence and 1 patient (5.9%) experienced
extrahepatic recurrence.

DISCUSSION

The first feasibility study for LH in 2000 concluded that
LH was both feasible and safe for patients with left- and
right-sided peripheral lesions requiring limited resection [4].
Subsequently, numerous feasibility studies for LH have
been conducted under various circumstances, including
considerations such as tumor size [5], previous abdominal
surgery [6], cirrhotic patients [7], and elderly patients [8].
These studies consistently indicated that LH does not
compromise perioperative outcomes, short-term outcomes, or
long-term survival. Throughout this period, the indications for
LH have evolved, initially outlined in the Louisville statement
of 2008 [20], which delineated specific criteria for LH, and
later refined in the Morioka consensus of 2014 [21], which
found no definitive indications for LH. Consequently, at our
center, the implementation of LH began with smaller tumors
and minor resections, gradually progressing to encompass
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major resections during the developmental phase. Adhering
to the principles outlined in the Louisville statement, we
primarily targeted tumors located in peripheral segments,
specifically segments 2—6, which are considered favorable
locations for LH.

Several retrospective studies have investigated the
feasibility and safety of LH in patients with HCC [22-24].
In the study conducted by Kim et al. demonstrated desirable
outcomes associated with LH, including reduced postoperative
ascites (0.0% vs. 17.2%, P = 0.025), shorter hospital stays
(7.69 + 2.94 vs. 13.38 + 7.37 days, P < 0.001), and preserved
long-term survival rates (12-, 36-, and 60-monthsurvival
rates of 100%, 100%, and 92.2%, respectively; 12-, 36-,
and 60-month disease-free survival rates of 81.7%, 61.7%,
and 54.0%, respectively) [22]. Similarly, Memeo ef al. [23]
reported significantly shorter operative times (80 vs. 140 min,
P = 0.02), reduced hospital stays (7 vs. 12 days, P < 0.0001),
and lower morbidity rates (20% vs. 4%, P = 0.01) associated
with LH, without compromising long-term survival rates (1-,
5-, and 10-year rates of 88%, 59%, and 12%, respectively).
In our series comparing F-LH and F-OH, the F-LH group
exhibited a significantly shorter postoperative hospital
stay (7 vs. 10 days, P < 0.001), with a trend toward a lower
major complication rate (2.3% vs. 11.9%, P = 0.080), consistent
with findings from previous studies. Regarding long-term
outcomes, there were no significant differences observed in
12-, 36-, and 60-month overall survival rates (respectively,
90.7%, 88.1%, and 75.4% vs. 79.5%, 76.6%, and 70.4%,
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P = 0.184) and disease-free survival rates (respectively,
79.2%, 52.9%, and 49.1% vs. 73.9%, 54.7%, and 39.5%,
P = 0.683), aligning with previous research. These results
suggest that the utilization of laparoscopic techniques alone
may not directly influence outcomes; instead, factors such as
intraoperative hemorrhage-related blood transfusion, tumor
exposure, and surgical margin, which are affected by the
laparoscopic approach, may impact tumor recurrence and
survival in HCC patients [25-27]. Proficiency in laparoscopic
techniques and the learning curve associated with hepatectomy
are crucial prerequisites for successful LH. Additionally, when
implementing LH, patient selection plays a pivotal role in
determining both short-term and long-term outcomes. Among
various selection criteria, the tumor’s location emerges as
one of the most critical factors influencing the difficulty of
LH [28].

Regarding tumor location, the majority of studies
investigating the feasibility of LH have primarily focused on
tumors situated in unfavorable locations. For instance, in a
comparative analysis by Kwon et al., tumors in unfavorable
locations were found to have similar median blood
loss (500 vs. 400 mL, P = 0.214), rates of intraoperative
transfusion (39% vs. 19%, P = 0.061), median postoperative
hospital stay (10 vs. 8 days, P = 0.166), and complication
rates (21% vs. 11%, P = 0.148) when compared to tumors in
more favorable locations [29]. Similarly, the INSTALL-2 study
reported that tumors located at segments S7 and S8 were
associated with a median operative time of 315 min, a
postoperative hospital stay of 7 days, and a major complication
rate of 11.9% [30]. It is important to note that these studies
were conducted by well-developed and experienced centers.
The evidence provided by studies focusing on tumor location
suggests that LH may be feasible even in unfavorable locations
when performed in high-quality centers with expertise in the
procedure.

Unfortunately, there is currently insufficient evidence
available for centers seeking to initiate the development
of LH. In our present study, we analyzed cases of HCC
located in favorable locations who underwent LH during the
developmental phase. Following the indications outlined in
the Louisville statement, LH was initiated for tumors situated
in favorable locations and those of smaller sizes, with minor
resections performed initially before advancing to more
complex procedures during the developmental phase at our
institution. Consequently, the ratio of major resections was
significantly higher in the F-OH group compared to the F-LH
group. Throughout the developmental phase of our study, the
utilization of laparoscopic techniques gradually increased,
eventually becoming the predominant intervention in our
series as proficiency in the technique improved. Importantly,
during this developmental period, short-term outcomes
such as intraoperative blood loss, major complication rate,
postoperative hospital stay, 90-day readmission rate, and
90-day mortality rate were not compromised under the
laparoscopic approach. Furthermore, long-term outcomes,
including overall and disease-free survival rates, remained
unaffected by the use of the laparoscopic method. Our
study provides evidence to suggest that centers embarking

on the development of LH, even those with lower surgical
volumes (<20-50 liver resections per year), may benefit from
implementing this technique for favorably located tumors
without significantly impacting short- and long-term outcomes,
even without being classified as high-volume centers [31].

Only a limited number of studies have focused on the
experience of developing LH using cases of favorably located
tumors. Our study successfully demonstrates the feasibility
and safety of LH during its developmental phase within a
single center. These findings hold promise for institutions
aspiring to initiate the development of this procedure.
However, it is important to acknowledge several limitations
of our study. First, this was a retrospective, nonrandomized
study, which may have introduced observation bias. Second,
there was a lack of data on short- and long-term quality of life
outcomes, such as the presence of incisional abdominal wall
hernia and assessments of pain scale. Third, the study had a
relatively small sample size and was conducted at a single
center. As the technique of LH becomes more mature, we
plan to gradually expand its application to more challenging
cases. Subsequent studies will aim to provide further insights
into the outcomes associated with LH in broader patient
populations and settings.

CONCLUSIONS

LH emerges as a viable alternative to OH for primary
HCC with favorably located tumors. Our study highlights
several advantages of LH, including reduced intraoperative
transfusion rates, shorter postoperative hospital stays, and
lower 90-day readmission rates compared to OH. Importantly,
LH does not compromise outcomes related to intraoperative
blood loss, complication rates, morbidity, 90-day mortality
rates, or long-term overall and disease-free survival. These
findings underscore the feasibility and safety of LH as a
surgical approach for primary HCC located at favorable sites
during the developmental phase. Institutions contemplating
the adoption of LH can draw confidence from our study, as it
provides evidence supporting the efficacy and benefits of LH
in this patient population.
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