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Abstract

Background Considering the increase in overall life expectancy and the rising incidence of hepatocellular carcinoma (HCC),
more elderly patients are considered for hepatic resection. Traditionally, major hepatectomy has not been proposed to the
elderly due to severe comorbidities. Indeed, only a few case series are reported in the literature. The present study aimed to
compare short-term and long-term outcomes between laparoscopic major hepatectomy (LMH) and open major hepatectomy
(OMH) in elderly patients with HCC using propensity score matching (PSM).

Methods We performed a multicentric retrospective study including 184 consecutive cases of HCC major liver resection in
patients aged > 70 years in _8 European Hospital Centers. Patients were divided into LMH and OMH groups, and periopera-
tive and long-term outcomes were compared between the 2 groups.

Results After propensity score matching, 122 patients were enrolled, 38 in the LMH group and 84 in the OMH group. Post-
operative overall complications were lower in the LMH than in the OMH group (18 vs. 46%, p <0.001). Hospital stay was
shorter in the LMH group than in the OMH group (5 vs. 7 days, p=0.01). Mortality at 90 days was comparable between the
two groups. There were no significant differences between the two groups in terms of overall survival (OS) and disease-free
survival (DFS) at 1, 3, and 5 years.

Conclusion LMH for HCC is associated with appropriate short-term outcomes in patients aged > 70 years as compared to
OMH. LMH is safe and feasible in elderly patients with HCC.
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Hepatocellular carcinoma (HCC) is the most frequent primi-
tive malignant liver tumor, the third leading cause of can-
cer-related death and the fifth most common type of cancer
worldwide [1-3].

The management of HCC is rapidly evolving with the
advent of new locoregional therapies. However, surgical resec-
tion remains the curative treatment due to the current donor
shortage in liver transplantation [4, 5].

Since the first laparoscopic wedge resection reported by
Reich [6] and the first laparoscopic anatomical liver resec-
tion reported by Azagra [7] and Kaneko [8], laparoscopic liver
resection (LLR) has been progressively developed, acquiring
safety and feasibility [9].

The indications for LLR have been changed substantially
with improved laparoscopic techniques. Initially cirrhotic
patients were considered a contraindication because cirrhosis
made hepatectomy more complex and increased the risk of
developing significant postoperative complications. However,
nowadays minimally invasive approach has allowed improved
postoperative outcomes [10—13]. Most published studies focus
on cirrhotic patients undergoing minor laparoscopic resections,
whereas data can rarely be found in the literature for major
laparoscopic resections [2].

During the Second International Consensus Conference for
Laparoscopic Liver Resection held in Morioka, laparoscopic
minor hepatectomy was considered a standard surgical prac-
tice, while laparoscopic major hepatectomy was considered in
its "exploration" phase since still associated with risks [14].

Progress in laparoscopic major hepatectomy (LMH) has
been very slow worldwide but several centers have reported
good results after this approach [15, 16].

Advances in surgical techniques and perioperative care
have extended the indications for liver resection, especially
in older patients requiring major hepatectomy for malignant
disease [17].

Considering the increasing life expectancy, the percentage
of elderly patients with HCC who will undergo surgery will
continue to increase in the future. However, there are insuffi-
cient data in the literature to confirm that this approach is safe
and feasible in elderly patients.

To date, only a few studies have focused on the potential
benefits of laparoscopy in elderly patients requiring liver
resection and even fewer studies have focused on the results
of LMH in this group of patients specifically [16, 18].

The aim of our study was to evaluate the short- and long-
term outcomes of LMH versus open major hepatectomy
(OMH) for the treatment of HCC in elderly patients.

Materials and methods
Patient data

We performed a multicentric retrospective study including
184 consecutive cases of HCC liver resection in patients
aged > 70 years in 8 European Hospital Centers from Janu-
ary 2009 to January 2019. Centers enrolled were the fol-
lowing: IRCCS San Raffaele Hospital, Milan, Italy; Paul
Brousse University Hospital, Villejuif, France; Univer-
sity Hospital Reina Soffa, Cérdoba, Spain; Henri Mondor
University Hospital, Créteil, France; University Hospital
Policlinico of Modena, Modena, Italy; Miulli Hospital,
Bari, Italy; Robert Debré University Hospital, Reims,
France; Strasbourg University Hospital, IRCAD, Stras-
bourg, France.

Patients were divided into LMH and OMH groups
according to the surgical approach performed.

The laparoscopic group was randomly matched with
the open group using a 1-to-many matching of propensity
scores.

Preoperative, intraoperative, and postoperative data
were retrospectively analyzed and compared in both
groups. Patients < 70 years of age, with ASA > 1V, re-hepa-
tectomy, and R2 resection were excluded from our study.
Each center received IRB approval to collect individual
patient clinical data.

Preoperative assessment

Patient demographic data and preoperative variables were
collected. Patients underwent conventional hemograms
and liver function tests, i.e., serum a-fetoprotein (AFP),
platelets, bilirubin, coagulation and creatinine.

Preoperative assessment also included the evaluation
of surgical risks (ASA score), comorbidities, the presence
of portal hypertension, the cause of cirrhosis, the calcula-
tion of Child—Pugh and model for end-stage liver disease
(MELD) scores.

All patients were staged preoperatively following com-
puter tomography of chest, abdomen, and pelvis, and/or
abdominal magnetic resonance, and were discussed in a
multidisciplinary team.

Preoperative diagnosis was based on the non-invasive
criteria established by the European Association for the
study of the Liver (EASL) [19]. Biopsy was used only in
the event of inconclusive diagnosis. The number, location,
and size of liver nodules were recorded.

All patients received prophylactic antibiotic therapy as
well as anticoagulation with low-molecular weight heparin
to prevent deep vein thrombosis.
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Perioperative assessment

The surgical procedure was performed by expert surgeons
with consolidated experience in open liver surgery and
advanced laparoscopic surgery and with at least 30 to 60
cases of major liver resections having already developed
experience on minor resections. There was a similar man-
agement in all centers. The Couinaud classification was used
to define liver segmentation and the Brisbane 2000 nomen-
clature was used to define liver resections [20, 21]. Major
hepatectomy was defined when three or more liver segments
were removed. An intraoperative Doppler ultrasound was
systematically performed to confirm the number and size of
the lesions, to search for non-visible lesions, and to define
the resection type. Different types of device were used for
parenchymal liver transection such as electrocoagulation,
ultrasound, radiofrequency or combined energy.

The Pringle maneuver was routinely prepared and used
according to the experience of each center.

Postoperative complications were classified according to
the Clavien-Dindo grading system [22].

Ninety-day mortality was defined as any death occurring
within 90 days from surgery and was considered operative
mortality.

The histological examination of the resected specimen
analyzed the resection margin width and RO resection was
defined if the neoplasm was more than 1 mm from the resec-
tion margin.

Long-term outcomes

A standardized follow-up was adopted, i.e., every four
months for the first two years and then every six months.
The patients underwent a blood testing including alpha-feto-
protein (AFP) measurement, liver function tests and imaging
as well as abdominal ultrasonography, CT, or MRI.

All HCC-related deaths and recurrences were estimated
and used to calculate the overall and disease-free survival
analyzed in both groups.

Statistical analysis

A propensity score-based analysis was performed to limit
selection bias and reduce confusion arising from lack of
randomization. The propensity score was estimated using
a one-to-many logistic regression regarding the following
variables: gender, comorbidity, ASA score, Child—Pugh
score, number of tumors, and size of tumors.

All variables were compared before (b-PSM) and after
propensity score matching (a-PSM). The Mann—Whitney U
test was used for continuous variables expressed as median
(range). Instead, the Chi-square test was used for categorical
data, presented as numbers with percentages.
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Overall survival and disease-free survival were estimated
using the Kaplan—Meier method and compared using a log-
rank test. A p value of <0.05 was considered statistically
significant. All statistical analyses were performed using the
SPSS version 20 software.

Results
Preoperative outcomes b-PSM and a-PSM

Preoperative characteristics of the open and laparoscopic
groups are presented in Table 1. During the study period,
184 patients were enrolled and divided into two groups
according to the surgical technique performed. Among
these, 144 patients were managed with open liver resection
and 40 were managed with the laparoscopic approach. After
propensity score matching, 84 patients of the open group
and 38 patients of the laparoscopic group were compared
in each group.

There were no significant differences in sex, age, and
BMI between the two groups. The number of comorbidi-
ties was higher in the laparoscopic group b-PSM; how-
ever, for a-PSM, there was no difference between the two
groups. International normalized ration (INR) was statisti-
cally lower in the laparoscopic group both before and after
PSM. The Child-Pugh score was comparable in each group.
Conversely, the MELD score was lower in the laparoscopic
group b-PSM and equal between the two groups a-PSM.
Patients in the laparoscopic group had a major number
of tumors in accordance with the Milan criteria, and this
was confirmed even a-PSM. The tumor size of the biggest
lesion was lower in the laparoscopic group only b-PSM.
Conversely, for a-PSM there was no difference between the
two groups. In the open group, it was more necessary to
perform a preoperative biopsy both before and after PSM.
Patients undergoing laparoscopic surgery had a lower rate of
previous abdominal treatments both before and after PSM.

Perioperative outcomes b-PSM and a-PSM

Perioperative characteristics of the open and laparoscopic
groups are presented in Table 2. There was a different dis-
tribution of hepatectomy types between the two groups only
b-PSM (p=0.03). Operative time was comparable between
the two groups both before and after PSM. Intraoperative
blood transfusion was significantly lower in the LLR group
than in the OLR group (p =0.03) b-PSM. Conversely, for
a-PSM there was no more difference (p =0.10).

The use of the Pringle maneuver was comparable in each
groups both before and after PSM.
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Table 1 Preoperative characteristics before and after propensity matching, according to surgical approach

Before PSM (n:184) After PSM (n:122)

OLR (n:144) LLR (n:40) p OLR (n:84) LLR (n:38) p

Male n (%) 115 (80%) 30 (75%) 0.52 61 (73%) 29 0.85

Age (yr) median (range) 74.3 (70-89) 75.8 (70-82.5) 0.33  74.3 (70-86) 75 (70-82) 0.3

BMI (kg/cm?) median (range) 26.7 (15-41) 26 (18-34) 0.64 26.7 (15-37) 26 (18-34) 0.96

Comorbidity >2 n (%) 22 (15%) 13 (32%) 0.02 15(18%) 11 29%) 0.23

Cause of cirrhosis n (%) 0.02 0.16
Hepatitis C virus 59 (41%) 20 (50%) 39 (46%) 19 (50%)

Hepatitis B virus 22 (15%) 11 (27%) 16 (19%) 10 27%)
Alcohol 13 (9%) 5 (13%) 6 (7%) 5 (13%)
Others 50 (35%) 4 (10%) 23 (28%) 4 (10%)

F4 cirrhosis n (%) 57 (39%) 24 (60%) 0.03 37 (44%) 23 (60%) 0.12

ASA score n(%) 1.00 1.00
/I 43 (30%) 12 (30%) 27 (32%) 12 (32%)

v 101 (70%) 28 (70%) 57 (68%) 26 (68%)

Preoperative blood tests median (range)

Bilirubin (umol/L) median (range) 0.90 (0.30-3.60)  0.97 (0.20-3.45) 0.35 0.9(0.3-3.6) 0.9 (0.2-3.4)

Creatinine (umol/L) median (range) 0.98 (0.36-2.38)  0.90 (0.25-1.80) 0.07 0.9(0.4-2.4) 0.9 (0.2-1.8)  0.26
Platelet count X 10°/L median (range) 222 (15-550) 236 (25-421) 0.93 216 (15-549) 244 (60-523) 0.51
INR median (range) 1.20 (0.85-1.77) 1.08 (0.80-1.45) 0.01 1.20(0.8-1.7) 1.10 (0.8-1.4) 0.01
AFP (mg/mL) median (range) 5.2(0.2-131,385)  6.15 (0.2-8904) 0.53  830(2-39,297) 700 (5-8904)  0.55

CHILD PUGH n(%) 0.70 1.0
A 138 (96%) 38 (95%) 82 (98%) 37 (97%)

B 6 (4%) 2 (5%) 2 (2%) 1 (3%)

MELD median (range) 7 (6-19) 6 (6-10) 0.01 6(6-10) 6 (6-8) 0.43

Milano stage n(%) <0.001 0.03
In 32 (23%) 24 (60%) 24 (28%) 22 (58%)

Out 112 (77%) 16 (40%) 60 (72%) 16 (42%)

Tumors number n(%) 0.63 0.60
Single 119 (83%) 35 (87%) 68 (81%) 33 (87%)
Multinodular 25 (17%) 5 (13%) 16 (19%) 5 (13%)

Tumors size biggest lesion (mm) median (range) 77 (10-240) 40 (12-160) <0.001 70 (15-140) 40 (30-160) 0.08

Histological proven n(%) 67 (46%) 7(17%) 0.01 32 (38%) 6 (16%) 0.02

Previous abdominal treatment 7 (%) 43 (30%) 4 (10%) 0.01 24 (28%) 4 (10%) 0.02

Overall postoperative complications were significantly
lower in the LLR group than the OLR group, and this was
also confirmed in matched groups (p <0.001).

Major complication rates, i.e., Clavien—Dindo grades
III-1V, were significantly lower in the LLR b-PSM group
(p=0.03). After restricting the analysis to propensity score
matching, there was no difference between the two groups. A
median of hospital stay was significantly shorter in the LLR
group than in the OLR group (p <0.001). The same result
was shown in matched groups (p=0.01).

RO resection was achieved more in the LLR group than in
the OLR group (p =0.02). Conversely, for a-PSM there was
no difference between the two groups. Ninety-day mortality
was comparable between the two groups both before and
after PSM.

Long-term outcomes b-PSM and a-PSM

Overall survival (OS) and disease-free survival (DFS)
were calculated before and after propensity score match-
ing according to the surgical approach performed (Fig. 1).
There were no statistically significant differences between
each group in terms of OS (b-PSM p=0.12; a-PSM
p=0.37) and DFS (b-PSM p =0.78; a-PSM p=0.33) con-
sidering a follow-up of 5 years.

The median OS b-PSM was 21.3 months in the LLR
group and 42.9 months in the OLR group. In the LLR
group, the 1-, 3-, and 5-year OS rates b-PSM were 100,
100, and 80%, respectively, as compared to 91, 81, and
73% in the OLR group, respectively.
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Table 2 Perioperative characteristic before and after propensity score matching, according to surgical approach

Before PSM (n:184)

After PSM (n:122)

OLR (n:144) LLR (n:40) p OLR (n:84) LLR (n:38) p
Type of hepatec- 0.03 0.17
tomy (%)
Left hepatec- 40 (27%) 16 (40%) 29 (35%) 16 (42%)
tomy
Left extended 10 (7%) 1 (2%) 5(6%) 1 2%)
hepatectomy
Right hepatec- 68 (48%) 23 (58%) 39 (46%) 21 (56%)
tomy
Right extended 15(10%) 0(0%) 4 (5%) 0 (0%)
hepatectomy
Central hepa- 11 (8%) 0(0%) 7 (8%) 0 (0%)
tectomy
Operative time 244 (125-570) 270 (160-345) 0.85 246 (150-505) 270 (175-335) 0.72
(min) median
(range)
Blood transfu- 43 (30%) 5 (12%) 0.03 21 (25%) 5(13%) 0.10
sion n(%)
Pringle maneuver 143 (99%) 39 (98%) 0.39 84 (100%) 37 (97%) 0.31
n(%)
Dindo-Clavien 23 (16%) 1 (2%) 0.03 13 (15.5%) 1(2.6%) 0.06
HI-IV n(%)
Postoperative 72 (50%) 8 (20%) <0.001 39 (46%) 7 (18%) <0.001
complication
n(%)
Type of compli-
cation n(%)
Liver failure 22 (15%) 3 (7%) 0.30 14 (16%) 3 (8%) 0.26
Ascites 30 (21%) 4 (10%) 0.16 14 (16%) 4 (10%) 0.42
Biliary leakage 8 (5%) 0 (0%) 0.20 5 (6%) 0(0%) 0.32
Hemorrhage 7(5%) 0 (0%) 0.35 2 (2%) 0 (0%) 1
Systemic infec- 10 (7%) 2 (5%) 1.0 3 (3%) 1 (3%) 1
tion
Intra-abdominal 9 (6%) 1 (2%) 0.70 5 (6%) 1 (3%) 0.66
abscess
Wound infec- 8 (6%) 0 (0%) 0.20 5 (6%) 0 (0%) 0.32
tion
Portal throm- 32%) 0 (0%) 1.0 2 2%) 0 (0%) 1.0
bosis
Pulmonary 10 (7%) 0 (0%) 0.12 9 (10%) 0 (0%) 0.56
Cardiac 5 (4%) 0 (0%) 0.60 4 (5%) 2 (5%) 1
Renal 8 (5%) 2 (5%) 1.0 4 (5%) 0 (0%) 0.31
Reoperation n(%) 2 (1%) 0 (0%) 1.0 2 (2%) 0 (0%) 1.0
Postoperative 9 (6%) 0 (0%) 0.21 5 (6%) 0 (0%) 0.32
treatment n(%)
Length of hospi-  8(2-180) 6(3-12) <0.001 7 (2-180) 5@3-12) 0.01
tal stay median
(range)
Resection RO 114 (80%) 38 (95%) 0.02 73 (87%) 36 (95%) 0.34
n(%)
Mortality 90 days 5 (3%) 0(0%) 0.58 3 (3%) 0 (0%) 0.55
n(%)
Recurrence 67 (47%) 15 (37%) 0.37 37 (44%) 15 (39%) 0.70
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Fig.1 Overall (OS) and disease-free survival (DFS) after laparo-
scopic major hepatectomy versus open major hepatectomy in elderly
patients for hepatocellular carcinoma before (b-PSM) and after pro-
pensity score matching (a-PSM). A OS b-PSM; Log Rank (Mantel

The median OS a-PSM was 21.3 months in the LLR
group and 51.9 months in the OLR group. In the LLR
group, the 1-, 3-, and 5-year OS rates were 100, 100, and
77%, respectively, as compared to 95, 88, and 75% in the
OLR group, respectively.
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The median DFS b-PSM was 11.8 months in the LLR
group and 19.9 months in the OLR group. DFS b-PSM at
1-, 3-, and 5 years was 66, 46, and 35% in the LLR group
and 76, 51, and 44% in the OLR group, respectively.
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The median DFS a-PSM was 11.8 months in the LLR
group and 24.5 months in the OLR group. DFS at 1-, 3-, and
5 years was 67, 44, and 29% in the LLR group and 79, 54,
and 46% in the OLR group, respectively.

Discussion

To our knowledge, our study represents one of the few series
reported in the literature that aims to compare LMH and
OMH in elderly patients with HCC.

The old definition of elderly people concerns patients
aged over 65 years, but thanks to the improvement in medi-
cal care, life expectancy has increased in the elderly. Conse-
quently, the cut-off definition for the elderly population has
moved from > 65 years to 70 or 75 years [23].

Elderly patients, defined as fragile, have numerous
comorbidities, lower functional reserve, and are character-
ized by a postoperative high morbidity and mortality rate as
compared to younger patients. In general, a morbidity rate
of 20% and mortality of 6% have been reported for patients
over 70 years of age, with an increase in these rates accord-
ing to age [16, 24, 25]. Despite of this, surgical resection
remains the first-line treatment available with a curative
intention for the elderly, due to the age limit overpassed for
liver transplantation [26].

There is an increasing number of elderly patients with
hepatobiliary tumors requiring major liver resection, this
surgical procedure was more frequently performed for mul-
tifocal or large HCC and allowed for an adequate resection
margin, reducing intrahepatic recurrence. While the safety
and feasibility of major hepatectomy in elderly patients
has been specifically address, the value of the laparoscopic
approach in this setting or in other special clinical popula-
tions, such as patients with cirrhosis remains unclear [23,
26-28].

In the Second International Consensus Conference for
laparoscopic liver resection held in Morioka, laparoscopic
minor hepatectomy was considered a standard surgical care.
Indeed, several previous studies had already shown that
laparoscopic hepatectomy can be feasible for minor, non-
anatomical resections, and left lateral sectionectomy. On the
other hand, laparoscopic major hepatectomy was considered
in its “exploration” phase because it was still associated with
high risks [14, 30, 31].

The first major hepatectomy performed laparoscopically
was reported by Huscher et al. in 1998 [32].

The progress of LMH has been very slow worldwide
due to the technical difficulties with a steep learning curve
and the need for experience both in advanced laparoscopic
surgery and in hepatobiliary surgery, especially in cirrhotic
patients [15, 33, 34]. Advances in laparoscopic devices
and experience have gradually expanded the use of LMH
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in several centers that have reported good results after this
approach [15, 16].

During the first European Guidelines Meeting on Lapa-
roscopic Liver Surgery, held in Southampton in 2017, the
expert panel highlighted the difference in difficulty and
results between left and right laparoscopic hepatectomy.
The guidelines also state that the advantages of LMH as
compared to OMH can be achieved if the procedure has been
performed by expert hands [35].

Several previous studies have shown that minimally inva-
sive techniques guarantee favorable perioperative results,
such as lower intraoperative blood loss, shorter hospital
stay, and lower postoperative morbidity, for benign and
malignant diseases in elderly patients as compared to open
hepatectomy. However, there are still limited data available
for the use of laparoscopy in elderly patients for major liver
resection and these data need to be clarified with new results
originating from an improved experience [24].

Our study shows that major liver resections are feasible
even in elderly patients and that the laparoscopic approach
ensures a better postoperative course.

The progress of laparoscopic liver resection has been pro-
gressively developed acquiring safety and feasibility and this
was also evidenced in our study, as confirmed by the increas-
ing number of LMHs performed since 2009 (Fig. 2).

In our work, the majority of laparoscopic cases have been
performed in recent years, with the improvement of surgi-
cal technique and pre, peri- and postoperative care, which
could potentially have a positive impact on the outcome of
the laparoscopic cohort and could represent a limitation of
our work.

The year distribution of hepatic resection also showed a
reduction in the total number of major liver resections this
is in according to parenchymal sparing concept.

Parenchymal sparing surgery has been championed espe-
cially for colorectal metastases [36] but several groups have
reported that this is a valid technique also for HCC because
it is less invasive with surgical and oncological outcomes
comparable with those of major hepatectomy [37, 38].

In laparoscopic group, there are a greater number of
tumors within Milan criteria, but in our opinion, this does
not reduce the superiority of laparoscopic approach because
we have compared two groups for kind of surgical technique
and not for kind of tumor and we have used a-PSM to make
homogeneous the two groups.

In our study, there was no statistically significant differ-
ence in operative time between the two groups even after
restricting the analysis with propensity score matching. This
is corroborated by a recent meta-analysis and a multicentric
study [16, 24], which show how the development of sur-
gical instruments and the accumulation of surgical experi-
ence and skills have played a key role in reducing operative
times for laparoscopic liver resection [39]. This confirms
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that major liver resections should be attempted only once
significant experience in laparoscopic liver resections has
been achieved [16]. Conversely, others series showed a
higher operative time for LMH because this technique is
still being investigated and learned. This is explained by a
time-consuming approach to technical difficulties such as
liver mobilization, vessel and duct isolation, bleeding con-
trol, inability to perform manual palpation and work with
the deeper regions of the liver [30, 40, 41].

Our study showed that the two groups had also a compa-
rable rate of blood transfusion a-PSM according to recent
studies [15, 40]; however, many authors [24, 30] reported a
reduction in blood loss volume in the laparoscopic group.
This is explained by the hemostatic effect of the pneumop-
eritoneum and the magnified view which allowed a precise
identification of blood vessels in addition to the development
of devices which allow bleeding control [40]. Intraoperative
bleeding, and the subsequent need for blood transfusion and
fluid infusion have been identified as a risk factor for post-
operative morbidity and long-term survival [42, 43]. The
inconsistency in reporting blood transfusion rates in differ-
ent centers may justify the heterogeneity documented in our
study, as a result, it cannot be excluded that laparoscopy
confers advantages in terms of blood loss and transfusion
rate for major liver resections.

Overall postoperative complications were significantly
lower in the LMH group than in the OMH group and this
benefit persisted even after restricting the analysis to pro-
pensity score matching. This is also confirmed by Chen [24]
and Komatsu [15].

Conversely, major complication rates, i.e., Clavien—Dindo
grades III-IV, were comparable between the two groups
a-PSM, and this is also corroborated by many authors [15,
16].

Major liver-related complications such as liver failure,
liver dysfunction, and ascites, have not been significantly

2011-2012-2013 2014-2015-2016 2017-2018-2019

ELMH ®mOMH © TOT

different, because those complications are much more
related to the volume of liver resected and background liver
characteristics than to the surgical approach [41]. Gener-
ally, laparoscopic surgery allows for a lower abdominal inci-
sion with preservation of the venous collateral circulation
including the round ligament and the lymphatic flow of the
diaphragm, hence reducing the risk of refractory ascites and
subsequent potential liver failure [30, 44].

We did not identify any difference in the rate of cardio-
pulmonary complications between LMH and OMH, and this
is corroborated by Chen et al. [24]; however, other authors
showed a lower rate of cardiopulmonary complications in
the laparoscopic group [16, 45].

Kim et al. [46] reported a high incidence of postopera-
tive pneumonia in older patients because they have a greater
predisposition for this complication due to lung structure
changes with loss of collagen and parenchyma elasticity.

In accordance with data published in the literature [16,
24, 30], the laparoscopic group, b- and a-PSM, showed a
lower hospital stay as compared to the open group. Elderly
patients benefit from a quick return to daily activities and
they need a postoperative functional recovery with a period
of rehabilitation before discharge from hospital as compared
to young patients [47].

Conversely, Komatsu [15] and Xu [2] showed that hos-
pital stay is similar between the laparoscopic group and
the open group. Menon et al. [48] analyzed outcomes after
major hepatectomy between elderly and young patients and
showed a similar hospital stay between the two groups.

An appropriate surgical margin is a crucial step in
radical hepatic surgery. In our study, RO resection was
comparable between the two groups also after restricting
the analysis to propensity score matching, this finding
is supported by a recent meta-analysis and a propensity
score matching study [2, 24]. In major liver resections,
regardless of the surgical technique, a negative margin is
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more likely to be achieved as there is a greater volume of
resected liver than minor or non-anatomic hepatectomy
[30]. A precise intraoperative tumor localization is essen-
tial in the laparoscopic approach, as a direct tactile evalu-
ation of the liver is not possible. To overcome this limita-
tion, the use of intraoperative ultrasound is recommended
by international consensus conferences to improve tumor
detection [14, 24, 33].

The rate of mortality at 90 days was comparable
between the two groups, and this is also confirmed by
many authors [16, 40, 49, 50].

In our study, overall survival (OS) and disease-free
survival (DFS) had no statistically significant difference
between the two groups b-PSM and a-PSM, and this is in
accordance with the literature [29, 36, 47-49].

The curve has a steeper trend at exactly 36 months in
the laparoscopic group, this may be due to the lower num-
ber of patients and a shorter follow-up of the laparoscopic
group compared to the open group.

Our work has shown high OS and low DSF at 5 years
in both groups, we think that the mechanisms of carcino-
genesis are slower in the elderly patients, allowing higher
overall survival despite lower disease-free survival. In addi-
tion, the selection of elderly patients allows to obtain good
survival because patients who are considered for surgery
had a certain prognostic advantage, while those who had an
oncologically borderline indication and an advanced age are
considered for other types of treatments than surgery.

The prognosis of patients with hepatocellular carcinoma
could be extremely influenced by the biological behavior
of liver tumors rather than by the surgical approach [51,
52]. In addition, there is no superiority in terms of onco-
logical resection between the two approaches. As a result,
oncological resection could be performed irrespective of
the type of approach [30].

In conclusion, the current study showed than laparoscopic
major hepatectomy for HCC in cirrhotic and elderly patients
had better results in terms of overall morbidity and length of
hospital stay and comparable results in terms of oncological
outcomes as compared to the conventional open procedure.
Our study revealed how the minimally invasive approach
could be considered a valid technique, even in elderly and
cirrhotic patients who underwent major liver hepatectomy.
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