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Abstract

Background: Laparoscopic liver resection has been associated with less morbidity than, and similar global outcomes to, open liver
resection. There is no robust evidence that these outcomes lead to similar clinical outcomes in patients aged over 80 years. The
aim of this study was to analyse the short-term outcomes between open and laparoscopic liver resection in patients over 80 years old.

Methods: A retrospective analysis was undertaken. The study population comprised patients aged > 80 years who underwent
laparoscopic or open liver resection between January 2014 and December 2019, and who presented with resectable malignant
tumours. The primary outcome was postoperative morbidity, according to Dindo-Clavien grading. Cox regression models were
used to compute hazard ratios and 95% confidence intervals. Propensity score matching (1 : 1) was performed to balance the two
groups according to independent prognostic factors for morbidity.

Results: A total of 988 patients were analysed from 34 centres (16 from Asia, 14 from Europe and 4 from America): 487 in the open group
and 501 in the laparoscopic group. Independent risk factors associated with severe morbidity were the open approach (hazard ratio
1.59, 95% confidence interval 1.19 to 2.11; P < 0.001), Charlson Co-morbidity Index score > 7 (HR 1.69, 1.26 to 2.27; P < 0.001), more
than one resected tumour (hazard ratio 1.55, 1.13 to 2.11; P = 0.006), major hepatectomy (hazard ratio 1.86, 1.22 to 2.83; P = 0.003),
and Iwate score > 7 (hazard ratio 1.43, 1.02 to 2.01; P = 0.03). Before propensity score matching, severe morbidity, length of intensive
care unit stay, 90-day mortality, length of hospital stay, and readmission were better in the laparoscopic group (P <0.050). These
observations were confirmed after propensity score matching.

Conclusion: The laparoscopic approach is a safe procedure for elderly patients, with better morbidity and mortality outcomes than the

open approach, and should be considered as a default option.

Introduction

Well known benefits of laparoscopy include decreased blood loss,
postoperative pain, and length hospital of stay; improved
mobilization and quicker return to normal activity; and fewer
pulmonary, thrombotic, and abdominal wall complications™?.
It has been questioned whether elderly patients can reap the
same benefits from laparoscopic surgery in the liver surgery
setting®. Whether it is better to have a short open operation or a
longer laparoscopic procedure is under debate as it depends
on the impact of the physiological requirements of the
pneumoperitoneum®. Thanks to recent advancements in
intraoperative anaesthetic care, there is no evidence that longer
operating time and pneumoperitoneum can lead to worse clinical
outcomes in elderly patients®. For patients aged between 70 and
79 years, laparoscopic liver resection is still used, whereas the
open approach is most commonly preferred for patients aged
> 80 years®®. Several publications and meta-analyses®™ have
reported contrasting results about the benefits of minimally
invasive surgery in elderly patients aged > 80 years, and in most
studies octogenarians were included only in the open group.
Although there is still a tendency to perform open surgery for
elderly patients in Europe, the laparoscopic approach is preferred
in Asia, even among octogenarians.

The primary aim of this study was to establish whether the
laparoscopic or open approach is more appropriate for elderly
patients regarding morbidity and short-term outcomes.

Methods
Study population

Data from patients aged >80 years undergoing laparoscopic or
open liver resection for malignant liver tumours between
January 2014 and December 2019 were collected from a
dedicated multi-institutional database (34 centres) after
institutional approval at each centre. Inclusion criteria were:
patients aged >80 years with a resectable malignant liver
tumour (colorectal liver metastases, hepatocellular carcinoma,
cholangiocarcinoma or any other type). Exclusion criteria were:
patients who had emergency surgery, simultaneous resection of
other organs, distant metastases on abdominal or thoracic
computed tomography, previous surgical or local ablative
tumour treatment, or combined vascular, biliary, or

lymphadenectomy procedures whenever performed. All
participating centres had experience of > 100 hepatobiliary
resections during the study period. Patients whose procedure
was converted from a laparoscopic to an open approach were
considered in the laparoscopic group.

Variables

Clinical preoperative variables included demographics, American
Society of Anesthesiologists grade'®, co-morbidities (Charlson
Co-morbidity Index®), performance status'®, underlying liver
disease, and preoperative tumour features. Preoperative serum
values assessed were albumin level, total bilirubin level,
prothrombin time, and platelet count. Liver disease was defined
as severe, if cirrhosis and portal hypertension were present with
a history of variceal bleeding; moderate, if cirrhosis and portal
hypertension were present without a history of variceal
bleeding; and mild, if chronic hepatitis or cirrhosis was present
without portal hypertension. Portal hypertension was defined by
a hepatic venous pressure gradient before surgery of
> 10 mmHg or a platelet count of <100 000/ml*.

Preoperative difficulty was evaluated according to the Iwate
scoring system®.

Each specimen was subjected to pathological assessment, with
recording of the type, size, and number of tumours. Operative
variables included the type of hepatectomy, and the need for
vascular clamping, intraoperative blood transfusion, hand
assistance, and/or conversion to an open approach. Major and
extended major resections were defined as resection of at least
three or at least five Couinaud segments, respectively?.
Intraoperative blood transfusion was defined as the infusion of
packed red blood cells in the operating room. Other blood
products including fresh frozen plasma, cryoprecipitate, and
platelets were not included in this definition. Liver failure was
defined according to 50-50 criteria®®.

Mortality and morbidity were measured within 90 days of
surgery. Morbidity was graded according to the Comprehensive
Complication Index (CCI)??>. Clavien-Dindo grading” was also
evaluated. Severe morbidity was defined as any complication
with a Clavien-Dindo grade > III. A CCI >26.2, as described by
Yamashita et al.?®, was also used as reference standard to
describe relevant postoperative complications. Follow-up and
long-term clinical monitoring were carried out after surgery
according to the custom of each centre.
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Table 1 Patient characteristics in open and laparoscopic groups before propensity score matching

Open group Laparoscopic group P§
(n=487) (n=501)
Patient characteristics
Age (years), median (i.q.r.) 82 (81-83) 82 (81-84) 0.879
Sex 0.33
Male 315 (64.6%) 328 (65.4%)
Female 172 (35.4%) 173 (34.6%)
ASA fitness grade, median (i.q.r.) IH (II-IIT) H (II-I1I) 0.049
BMI > 30 kg/m? 62 (12.7%) 46 (9.1%) 0.05
Charlson Co-morbidity Index score, median (i.q.r.)"’ 7 (5-7) 7 (5-9) 0.739
Performance status > 1'% 109 (22.3%) 109 (21.7%) 0.81
Tumour characteristics
Tumour location (liver segment) 0.01
I 11 (2.2%) 5 (0.9%)
-1V 174 (35.7%) 195 (38.9%)
V-VI 118 (24.1%) 153 (30.5%)
VII-VIII 184 (38%) 148 (29.7%)
No. of tumours, median (i.q.r.) 1(1-2) 1(1-1) < 0.001
Type of primary tumour < 0.001
Hepatocellular carcinoma 190 (39.1%) 260 (51.8%)
Colorectal liver metastases 179 (36.7%) 167 (33.3%)
Cholangiocarcinoma 76 (15.6%) 31(6.2%)
Others 42 (8.6%) 43 (8.6%)
Surgical characteristics
Type of resection <0.001
Partial 156 (32%) 251 (50%) <0.001
Left lateral sectionectomy 22 (4.5%) 41 (8.2%) 0.01
Segmentectomy 113 (23.2%) 125 (25%) 0.52
Sectionectomy and more 196 (40.3%) 84 (16.8%) < 0.001
Wedge resection 191 (39.2%) 236 (47.1%) 0.01
Anatomical resection 319 (65.5%) 239 (47.7%) < 0.001
Major hepatectomy 187 (38.4%) 76 (15.1%) < 0.001
Iwate score >7 245 (50%) 164 (32.7%) <0.001
Outcomes
Total Pringle time (min), mean(s.d.) 24.4(39.2) 39.8(53.6) < 0.001#
Intraoperative blood loss (ml), mean(s.d.) 517(552.3) 251(422) < 0.001#
Intraoperative blood transfusion 93 (19%) 43 (8.5%) < 0.001
Conversion to open surgery 32 (6.3%)
Duration of operation (min), mean(s.d.) 257. 9(125 7) 265.2(134.7) 0.51#
Bile leakage 34 (6.9%) 23 (4.6%) 0.10
Liver failure®® 13 (2.6%) 7 (1.3%) 0.17
Postoperative ascites 31 (6.3%) 18 (3.6%) 0.03
Bleeding 14 (2.8%) 12 (2.4%) 0.56
Pulmonary complications* 53 (10.9%) 22 (4.4%) < 0.001
Cardiovascular complicationst 39 (8%) 23 (4.6%) 0.01
Cerebrovascular complicationst 3(0.6%) 3 (0.6%) >0.9
CCI score >26.2 230 (47.2%) 149 (29.7%) < 0.001
90-day mortality 18 (3.6%) 6 (1.2%) 0.01
Length of ICU stay (days), median (i.q.r.) 1(0-2) 1(0-1) 0.019
Length of hospital stay (days), median (i.q.r.) 9 (6-15) 8 (5-12) 0.019
Readmission within 90 days 39 (8%) 20 (4%) 0.007

Values are n (%) unless stated otherwise. *Any complication affecting the respiratory system after anaesthesia and surgery, including atelectasis, pulmonary
embolism, hypoxaemia, and respiratory failure. tAny complication affecting the cardiovascular system after anaesthesia and surgery, including arrythmias,
myocardial infarction, pericarditis, and heart failure. $Any complication affecting the cerebrovascular system after anaesthesia and surgery, including stroke,
transient ischaemic attack, cerebrovascular embolism, and intracranial haemorrhage. ASA, American Association of Anesthesiologists; i.q.r., interquartile range;
BMI, body mass index; s.d. standard deviation; CCI, Comprehenswe Complication Index; ICU, intensive care unit. §x” or Fisher’s exact test, except IMann-Whitney U

test and #t test.

Reporting data

Patient data were recorded by the local principal investigator. The
study was registered in Research Registry (10218). Patients were
coded anonymously by a numeric code, and a subject
identification code list was made and stored separately by the
local investigator, who safeguarded the code.

Ethical considerations

The study was conducted in accordance with the principles of the
Declaration of Helsinki, and the Medical Research Involving
Human Subjects Act of the World Medical Association®*
Regulation 2016/679 of the European Parliament and of the

council on the protection of individuals regarding the processing
of personal data and on the free movement of such data, and
the Organic Law 3/2018 of 5 December on the Protection of
Personal Data and guarantee of digital rights.

The study protocol and data protection officer were approved
by the local ethics committee of each hospital and by the
coordinator University Hospital (PR(AG)188/2021).

Statistical analysis

Qualitative variables are expressed as frequencies and percentages,
and were analysed by y* or Fisher's exact test when the frequency
was low, adding a study of standardized residuals to see the
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directionality of the associations. Quantitative variables are
presented as mean(standard deviation, s.d.) if they followed a
normal distribution, and as median (interquartile range, i.q.r.)
otherwise, with analysis using Student’s t test (grouped t test) or
the non-parametric Mann-Whitney U test, respectively. Two-sided
P <0.050 was considered to indicate statistical significance.

Patients from the open and laparoscopic groups were matched
using propensity score matching (PSM) as described by Rubin,
Thomas, and Rosenbaum?®. To balance the two populations,
PSM 1 : 1 nearest-neighbour matching was used. PSM was done
with a multivariable logistic regression model using confounders
related to both the exposure and the outcome selected a priori
based on background knowledge as the independent variable.
Baseline variables with prognostic relevance as determined in a
multivariable logistic model with P <0.050 (Charlson Co-morbidity
Index, number of resected tumours, major hepatectomy, and
Iwate score) were included. Exact matching was forced for the
independent risk factors. The caliper width was set to 0.1. After
matching, all standardized mean differences for the co-variates
were below 0.2, indicating good balance.

Statistical analysis was performed with R version 4.0.4 (R
Foundation for Statistical Computing, Vienna, Austria).

Results

After excluding 60 patients because they had at least 1 missing
value among the variables used for PSM, a total of 988 patients
were analysed from 34 centres (16 from Asia, 14 from Europe
and 4 from the Americas). There were 487 (49.3%) in the open
group and 501 (50.7%) in the laparoscopic group. Table 1
summarizes the main characteristics of the study population.
Figure S1 is a histogram of the patients’ distribution per centre.

Analysis before PSM

There were more patients with an ASA grade of > II (P =0.04) and
BMI > 30 kg/m? (62 (12.7%) versus 46 (9.1%); P=0.05) in the open
group than the laparoscopic group (Table 1). The tumour
location differed between the two groups (P < 0.01); lesions were
more likely to be located in the posterosuperior segments I (11
(2.2%) versus 5 (0.9%)), VII and VIII (184 (38%) versus 148 (29.7%))
in the open group. More patients presented more than one
tumour in the open group (median 1 (i.q.r. 1-2) versus 1 (1-1); P<
0.001). The type of primary tumour differed between groups (P <
0.001); a greater proportion of patients with hepatocellular
carcinoma underwent laparoscopy (260 (51.8%) versus 190
(39.1%)). Partial and wedge resections were more common in the
laparoscopy group (P<0.001 and P = 0.01). The surgery was
more complex in the open group (Iwate score >7: 245 (50%)
versus 164 (32.7%); P<0.001) (Table 1). The majority of patients
with liver disease had Child-Pugh A disease (Table S1). During
surgery, the total Pringle time was longer in the laparoscopic
group (mean(s.d.) 24.4(39.2) versus 39.8(53.6) min). Intraoperative
blood loss and transfusion amount were greater in the open
group (P <0.001).

Postoperative morbidity before PSM

Overall the severe morbidity rate was 38.2%, and 230 patients
(47.2%) had a CCI score of >26.2 in the open group, whereas 146
patients  (29.3%) experienced severe morbidity in the
laparoscopic group (P<0.001). Pulmonary complications were
more common in the open group (53 patients (10.9%) versus 22
(4.4%); P<0.001). Ninety-day mortality rates were 3.6% in the
open group (18 deaths) and 1.2% (6) in the laparoscopic group

Table 2 Ninety-day mortality: causes of deaths before
propensity score matching

Open group Laparoscopic Pt
(n=487) group
(n=501)
90-day mortality 18 (3.6%) 6 (1.2%) 0.01
Cause of death
Systemic inflammatory 3 (16.6%) 0 (0%) 0.07
response syndrome
Acute respiratory failure 4(22.2%) 1 (16.6%) 0.16
Liver failure?* 7 (38.8%) 3 (50%) 0.18
Bleeding 2 (11.1%) 0 (0%) 0.15
Cardiovascular 1(5.5%) 2 (33.3%) 0.58
complications*
Cerebrovascular 1(5.5%) 0 (0%) 0.31
complicationst

Values are n (%). *Any complication affecting the cardiovascular system after
anaesthesia and surgery, including arrythmias, myocardial infarction,
pericarditis, and heart failure. tAny complication affecting the cerebrovascular
system after anaesthesia and surgery, including stroke, transient ischaemic
attack, cerebrovascular embolism, and intracranial haemorrhage. x* or
Fisher’s exact test.

(P=0.01) (Table 2). The main causes of death were liver failure,
acute respiratory failure, systemic inflammatory response
syndrome, and cardiovascular complications. Hospital stay and
intensive care unit stay were longer (P=0.01), and the
readmission rate was higher, in the open group.

Independentrisk factors associated with severe morbidity were
an open approach (hazard ratio (HR) 1.59, 95% confidence interval
(ci)1.19t02.11; P < 0.001), Charlson Co-morbidity Index score > 7
(HR 1.69, 1.26 to 2.27; P <0.001), more than one resected tumour
(HR 1.55, 1.13 to 2.11; P=0.006), major hepatectomy (HR 1.86,
1.22 to 2.83; P=0.003), and Iwate score >7 (HR 1.43, 1.02 to 2.01;
P=0.03) (Table 3).

Analysis after PSM

After PSM, 294 of 487 patients in the open group could be matched
with 294 of 501 patients in the laparoscopic group. All clinically
relevant factors were balanced between the two groups. There
was no difference in demographic or operative characteristics
between the groups after PSM (Table 4).

Postoperative morbidity after PSM

The total Pringle time was longer in the laparoscopic group
(mean(s.d.)  23.2(39.1) wversus  37.1(52.5) min; P=0.001).
Intraoperative blood loss was greater in the open group (P=
0.001). The pulmonary complication rate was higher in the open
group (36 (12.2%) versus 15 (5.1%); P=0.003). The CCI score was
>26.2 in 138 patients (46.9%) in the open group versus 104
(35.3%) in the laparoscopic group (P=0.006). Ninety-day
mortality rates were higher and intensive care unit stays longer
in the open group (P=0.04). Length of hospital stay and
readmission rate were also higher in the open group (Table 4).

Discussion

This analysis of a large multicentre series comparing open and
laparoscopic hepatectomies in patients aged > 80 years found
that those in the laparoscopic group had fewer complications.
After multivariable and PSM analysis, open surgery was
associated with an increased risk of pulmonary complications,
CCI score > 26.2, 90-day mortality, longer intensive care unit and
hospital stay, and readmission.
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Table 3 Univariable and multivariable Cox regression analysis with robust estimator of severe morbidity after liver resection in the

entire cohort (988 patients)

No. with severe morbidity

Univariable analysis

Multivariable analysis

Hazard ratio* P Hazard ratio* P
Surgical technique
Open 230 (47.2%) 1.5 (1.34, 1.87) <0.001 1.59 (1.19, 2.11) <0.001
Laparoscopic 149 (29.7%) 1.00 (reference) 1.00 (reference)
Sex 0.83
Male 245 (64.6%)
Female 134 (35.4%)
ASA fitness grade 1.47 (1.13, 1.90) 0.003 1.19 (0.89, 1.58) 0.23
< 161 (42.5%)
> 11 218 (57.5%)
BMI (kg/m?) 0.26
<30 346 (91.3%)
>30 33 (8.7%)
Charlson Co-morbidity Index Score®” 1.91 (1.47, 2.48) 0.003 1.69 (1.26, 2.27) < 0.001
<7 156 (41.2%)
>7 223 (58.8%)
Performance status'® 1.72 (1.27, 2.33) < 0.001 1.30(0.92, 1.82) 0.12
<1 273 (72%)
>1 106 (28%)
Liver disease 0.50
Yes 125 (33%)
No 254 (67%)
Tumour in segment I 0.79
Yes 7 (1.8%)
No 9 (98.2%)
Tumour in segment II-IV 0.14
Yes 139 (32.3%)
No 230 (67.7%)
Tumour in segment V-VI 0.14
Yes 124 (42%)
No 147 (58%)
Tumour in segment VII-VIII 0.77
Yes 119 (35.8%)
No 213 (64.2%)
No. of tumours 1.91 (1.47, 2.48) < 0.001 1.55(1.13, 2.11) 0.006
<1 254 (67%)
>1 125 (33%)
Hepatocellular carcinoma 0.32
Yes 165 (36.7%)
No 285 (63.3%)
Cholangiocarcinoma 0.06
Yes 51 (46.8%)
No 56 (53.2%)
Colorectal metastases 0.78
Yes 131 (37.8%)
No 215 (62.2%)
Other tumours >0.9
Yes 28 (7.4%)
No 57 (92.6%)
Partial resection 0.44 (0.44, 0.58) < 0.001 1.10 (0.72, 1.68) 0.64
Yes 109 (28.8%)
No 270 (71.2%)
Left lateral sectionectomy 0.14
Yes 19 (5%)
No 360 (95%)
Segmentectomy 0.4
Yes 97 (25.6%)
No 282 (74.4%)
Sectionectomy and more 2.41(1.82,3.20) <0.001 1.15(0.76, 1.74) 0.49
Yes 151 (39.8%)
No 228 (60.2%)
Wedge resection 0.51 (0.39, 0.66) < 0.001 0.69 (0.48, 1.01) 0.05
Yes 126 (33.3%)
No 253 (66.7%)
Anatomical resection 2.15 (1.64, 2.82) < 0.001 0.96 (0.63, 1.46) 0.87
Yes 258 (68.4%)
No 121 (31.6%)

(continued)
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Table 3 (continued)

No. with severe morbidity Univariable analysis Multivariable analysis
Hazard ratio* P Hazard ratio* P
Major hepatectomy 2.78(2.08,3.71) < 0.001 1.86 (1.22, 2.83) 0.003
Yes 149 (39.3%)
No 230 (60.7%)
Iwate score 2.43 (1.84, 3.20) < 0.001 1.43 (1.02, 2.01) 0.03
<7 217 (57.3%)
>7 162 (42.7%)

Values are n (%) unless otherwise stated; *values in parentheses are 95% confidence intervals. ASA, American Society of Anesthesiologists.

Table 4 Patient characteristics in open and laparoscopic groups after propensity score matching

Open group Laparoscopic group P§
(n=294) (n=294)
Patient characteristics
Age (years), median (i.q.r.) 82 (81-83) 82 (81-84) 0.771
Sex 0.08
Male 201 (68.3%) 181 (61.5%)
Female 93 (31.4%) 113 (38.5%)
ASA fitness grade, median (i.q.r.) 1T (I-11) 1T (I-11) 0.459
BMI > 30 kg/m? 33 (11.2%) 27 (9.1%) 0.27
Charlson Co-morbidity Index score, median (i.q.r.)" 7 (5-10) 7 (6-10) 0.681
Performance status > 1 63 (21.4%) 52 (17.7%) 0.29
Tumour characteristics
Tumour location (liver segment) 0.76
I 8 (2.7%) 5 (1.7%)
-1V 107 (36.4%) 109 (37.1%)
V-VI 79 (26.8%) 82 (27.9%)
VII-VIII 100 (34.1%) 98 (33.3%)
No. of tumours, median (i.q.r.) 1(1-1) 1(1-1) 0.739
Type of primary tumour 0.38
Hepatocellular carcinoma 123 (41.8%) 140 (47.6%)
Colorectal liver metastases 117 (39.8%) 112 (38.1%)
Cholangiocarcinoma 29 (9.9%) 20 (6.8%)
Others 25 (8.5%) 22 (7.5%)
Surgical characteristics
Type of resection 0.44
Partial 126 (42.9%) 133 (45.4%) 0.56
Left lateral sectionectomy 14 (4.8%) 16 (5.5%) 0.70
Segmentectomy 70 (23.9%) 78 (26.6%) 0.44
Sectionectomy and more 84 (28.6%) 67 (22.8%) 0.10
Wedge resection 135 (45.9%) 135 (45.9%) >0.99
Anatomical resection 166 (56.5%) 151 (51.4%) 0.28
Major hepatectomy 63 (21.4%) 63 (21.4%) >0.99
Iwate score >7 125 (42.5%) 119 (40.5%) 0.17
Outcomes
Total Pringle time (min), mean(s.d.) 23.2(39.1) 37.1(52.5) 0.001#
Intraoperative blood loss (ml), mean(s.d.) 476.1(492.4) 275.3(454.1) < 0.001#
Intraoperative blood transfusion 45 (15.5%) 32 (11%) 0.13
Conversion to open surgery - 25 (8.5%)
Duration of operation (min), mean(s.d.) 255.4(122.1) 279.9(143.9) 0.08#
Bile leakage 12 (4.2%) 14 (4.9%) 0.84
Liver failure?? 7 (2.5%) 6 (2.1%) >0.99
Postoperative ascites 21 (7.4%) 15 (5.3%) 0.38
Bleeding 8 (2.8%) 8 (2.8%) >0.99
Pulmonary complications® 36 (12.2%) 15 (5.1%) 0.003
Cardiovascular complicationst 23 (8.1%) 13 (4.6%) 0.12
Cerebrovascular complicationst 2(0.7%) 1(0.4%) >0.99
CClI score > 26.2 138 (46.9%) 104 (35.3%) 0.006
90-day mortality 12 (4%) (1%) 0.04
Length of ICU stay (days), median (i.q.r.) 1(0-2) 1(0-1) 0.04f
Length of hospital stay (days), median (i.q.r.) 9 (6-14) 8 (5-13) 0.021
Readmission within 90 days 26 (9%) 10 (3.4%) 0.008

Values are n (%) unless stated otherwise. *Any complication affecting the respiratory system after anaesthesia and surgery, including atelectasis, pulmonary
embolism, hypoxaemia, and respiratory failure. tAny complication affecting the cardiovascular system after anaesthesia and surgery, including arrythmias,
myocardial infarction, pericarditis, and heart failure. $Any complication affecting the cerebrovascular system after anaesthesia and surgery, including stroke,
transient ischaemic attack, cerebrovascular embolism, and intracranial haemorrhage. ASA, American Association of Anesthesiologists; i.q.r., interquartile range;
BMI, body mass index; s.d., standard deviation; CCI, Comprehensive Complication Index; ICU, intensive care unit. §;° or Fisher's exact test, except IMann-Whitney U
test and #t test.
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Laparoscopic liver resection has been associated with less
morbidity than open operation®?’. The literature lacks robust
evidence regarding similar outcomes in patients aged
> 80 years®® %, Elderly patients are generally defined as those
aged > 65 years®™*!, but many researchers preferred to use
70 years as the cut-off***?, Very few studies have analysed
patients aged > 80 years as a separate subset, and the reported
studies were small®/-30-3842-44,

Although 324 patients (32.7%) recruited in this study presented
with liver disease, this was not an independent prognostic factor
for morbidity. Clearly, any octogenarian or nonagenarian
considered for surgery has good performance status. In the
present analysis, some 80% of patients had a performance
status of 1.

In the field of laparoscopic abdominal surgery compared with
open operation, the first three meta-analyses®® concerning
octogenarian patients favoured laparoscopy more. The
literature is confusing regarding the benefits of liver resection
for patients > 80 years old, who were included in few studies®*°,
and in most cases only in the open group. Martinez-Cecilia
et al.** observed that the benefits of the laparoscopic approach
appeared to wane with increasing age, with no benefits in
octogenarians except for a shorter intensive care unit stay.
Later, Nomi et al.** compared laparoscopic versus open surgery
for hepatocellular carcinoma in elderly patients, observing
better short-term outcomes in those aged >75 years in the
laparoscopic group. However, operating time, which is key in the
elderly population, was not reported. Sijberden et al.*° compared
minimally invasive versus open liver resection for hepatocellular
carcinoma in the elderly. No differences were observed between
groups regarding morbidity rates, probably owing to the small
sample size (59 patients).

In the present study, laparoscopy was associated with fewer
pulmonary complications before and after PSM (from 12.2% in
the open group to 5.1% in the laparoscopic group after PSM).
Pulmonary complications account for the majority of morbidity
following abdominal surgery, likely due to the altered
respiratory physiology associated with the disruption of the
abdominal musculature*®€. Lastly, 90-day mortality is key for
elderly patients, as there is less long-term survival than for
younger patients. In that respect, Mueller et al.*® analysed 2397
elderly patients who underwent open hepatic resection. In
unadjusted analysis, patients > 80 years of age had higher rates
of 90-day mortality (13.3 versus 3.6%; P <0.001). In the present
study, the 90-day postoperative mortality rate was below 4%
with the open approach and below 2% in the laparoscopic
group, probably because all the participating centres were
high-volume units, reporting low mortality rates, and the study
period was after 2014, so the laparoscopic liver resection
learning curve had been completed.

Some limitations of the present study warrant discussion. The
study was retrospective, so prone to information bias, and the
patients were not assigned randomly, so some selection bias
could be present despite the adjusted and matched methods of
analysis. A randomized clinical trial evaluating the impact of
this approach on outcomes would be difficult to design on
ethical grounds. PSM, the most robust statistical approach in a
retrospective study, was adopted. Although this report provides
complete data on a larger cohort than would have been possible
at a single centre, the follow-up protocols and management
approach used may have differed between hospitals. Even given
the weaknesses of the study, this is the largest study comparing
the laparoscopic approach for elderly patients versus open

hepatectomy, and has shown that laparotomy could be
associated with an increased risk of morbidity and 90-day
mortality in patients aged > 80 years.

In conclusion, the laparoscopic approach for elderly patients
offers better morbidity and mortality outcomes than the open
approach, and should be considered as a default option, given
the superior results observed in this population.
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