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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 complications1,2. 
It has been questioned whether elderly patients can reap the 
same benefits from laparoscopic surgery in the liver surgery 
setting3. 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 
pneumoperitoneum4. 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 patients5. 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 years6–8. Several publications and meta-analyses9–15 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 grade16, co-morbidities (Charlson 
Co-morbidity Index17), performance status18, 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/ml19.

Preoperative difficulty was evaluated according to the Iwate 
scoring system1.

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, respectively20. 
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 criteria21.

Mortality and morbidity were measured within 90 days of 
surgery. Morbidity was graded according to the Comprehensive 
Complication Index (CCI)22. Clavien–Dindo grading22 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.23, 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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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 Association24. 
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 χ2 or Fisher’s exact test when the frequency 
was low, adding a study of standardized residuals to see the 

Table 1 Patient characteristics in open and laparoscopic groups before propensity score matching

Open group 
(n = 487)

Laparoscopic group 
(n = 501)

P§

Patient characteristics
Age (years), median (i.q.r.) 82 (81–83) 82 (81–84) 0.87¶
Sex 0.33

Male 315 (64.6%) 328 (65.4%)
Female 172 (35.4%) 173 (34.6%)

ASA fitness grade, median (i.q.r.) III (II–III) II (II–III) 0.04¶
BMI ≥ 30 kg/m2 62 (12.7%) 46 (9.1%) 0.05
Charlson Co-morbidity Index score, median (i.q.r.)17 7 (5–7) 7 (5–9) 0.73¶
Performance status > 118 109 (22.3%) 109 (21.7%) 0.81

Tumour characteristics
Tumour location (liver segment) 0.01

I 11 (2.2%) 5 (0.9%)
II–IV 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 failure21 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 complications† 39 (8%) 23 (4.6%) 0.01
Cerebrovascular complications‡ 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) 0.01¶
Length of hospital stay (days), median (i.q.r.) 9 (6–15) 8 (5–12) 0.01¶
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. †Any 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. §χ2 or Fisher’s exact test, except ¶Mann–Whitney U 
test and #t test.
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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 Rosenbaum25,26. 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/m2 (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 

(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.

Independent risk factors associated with severe morbidity were 
an open approach (hazard ratio (HR) 1.59, 95% confidence interval 
(c.i.) 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 
(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) versus 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.

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

Open group 
(n = 487)

Laparoscopic 
group 

(n = 501)

P‡

90-day mortality 18 (3.6%) 6 (1.2%) 0.01
Cause of death

Systemic inflammatory   
response syndrome

3 (16.6%) 0 (0%) 0.07

Acute respiratory failure 4 (22.2%) 1 (16.6%) 0.16
Liver failure21 7 (38.8%) 3 (50%) 0.18
Bleeding 2 (11.1%) 0 (0%) 0.15
Cardiovascular   

complications*
1 (5.5%) 2 (33.3%) 0.58

Cerebrovascular   
complications†

1 (5.5%) 0 (0%) 0.31

Values are n (%). *Any 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. ‡χ2 or 
Fisher’s exact test.
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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
≤ II 161 (42.5%)
> II 218 (57.5%)

BMI (kg/m2) 0.26
< 30 346 (91.3%)
≥ 30 33 (8.7%)

Charlson Co-morbidity Index Score17 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 status18 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 
(n = 294)

Laparoscopic group 
(n = 294)

P§

Patient characteristics
Age (years), median (i.q.r.) 82 (81–83) 82 (81–84) 0.77¶
Sex 0.08

Male 201 (68.3%) 181 (61.5%)
Female 93 (31.4%) 113 (38.5%)

ASA fitness grade, median (i.q.r.) II (I–II) II (I–II) 0.45¶
BMI ≥ 30 kg/m2 33 (11.2%) 27 (9.1%) 0.27
Charlson Co-morbidity Index score, median (i.q.r.)17 7 (5–10) 7 (6–10) 0.68¶
Performance status > 118 63 (21.4%) 52 (17.7%) 0.29

Tumour characteristics
Tumour location (liver segment) 0.76

I 8 (2.7%) 5 (1.7%)
II–IV 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) 0.73¶
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 failure21 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 complications† 23 (8.1%) 13 (4.6%) 0.12
Cerebrovascular complications‡ 2 (0.7%) 1 (0.4%) > 0.99
CCI score ≥ 26.2 138 (46.9%) 104 (35.3%) 0.006
90-day mortality 12 (4%) 4 (1%) 0.04
Length of ICU stay (days), median (i.q.r.) 1 (0–2) 1 (0–1) 0.04¶
Length of hospital stay (days), median (i.q.r.) 9 (6–14) 8 (5–13) 0.02¶
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. †Any 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. §χ2 or Fisher’s exact test, except ¶Mann–Whitney U 
test and #t test.
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Laparoscopic liver resection has been associated with less 
morbidity than open operation2,27. The literature lacks robust 
evidence regarding similar outcomes in patients aged 
> 80 years28–38. Elderly patients are generally defined as those 
aged > 65 years39–41, but many researchers preferred to use 
70 years as the cut-off42,43. Very few studies have analysed 
patients aged > 80 years as a separate subset, and the reported 
studies were small6,7,30–38,42–44.

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-analyses6–8 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 studies8–15, 
and in most cases only in the open group. Martínez-Cecilia 
et al.44 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.45 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.30 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 musculature46–48. 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.48 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.

Funding
The study did not receive any financial support from any of the 
following organizations: National Institutes of Health, Wellcome 
Trust, Howard Hughes Medical Institute, or others.

Acknowledgements
The authors thank B. Brennan for valuable English language 
correction.

Author contributions
Concepcion Gomez i Gavara (Conceptualization, Data curation, 
Formal analysis, Funding acquisition, Investigation, 
Methodology, Project administration, Visualization, Writing— 
original draft, Writing—review & editing), Zenichi Morise 
(Conceptualization, Data curation, Investigation, Methodology, 
Project administration, Supervision, Writing—original draft, 
Writing—review & editing), Victor Lopez-Lopez 
(Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Supervision, Writing—review & 
editing), Christoph Kuemmerli (Data curation, Formal analysis, 
Investigation, Methodology, Supervision, Writing—review & 
editing), Daniel Esono (Formal analysis, Methodology, 
Supervision), Kazuharu Igarashi (Data curation, Formal analysis, 
Investigation, Supervision, Writing—review & editing), Kohei 
Mishima (Data curation, Formal analysis, Investigation, 
Methodology, Supervision, Writing—review & editing), Akishige 
Kanazawa (Data curation, Supervision, Writing—review & 
editing), Shogo Tanaka (Data curation, Supervision, Writing— 
review & editing), Shoji Kubo (Data curation, Supervision, 
Writing—review & editing), Satoshi Nemoto (Data curation, 
Supervision, Writing—review & editing), Goro Honda (Data 
curation, Supervision, Writing—review & editing), Kazuteru 
Monden (Data curation, Supervision, Writing—review & editing), 
Masaki Ueno (Data curation, Supervision, Writing—review & 
editing), Yasuhito Iwao (Data curation, Supervision, Writing— 
review & editing), Naoto Gotohda (Data curation, Supervision, 
Writing—review & editing), Masashi Kudo (Data curation, 
Supervision, Writing—review & editing), Hiroyuki Nitta 
(Data curation, Supervision, Writing—review & editing), 
Satoshi Amano (Data curation, Supervision, Writing—review & 
editing), Rafael Diaz-Nieto (Data curation, Supervision, Writing— 
review & editing), Alex Gordon-Weeks (Data curation, 
Supervision, Writing—review & editing), Serena Langella (Data 
curation, Supervision, Writing—review & editing), Alessandro 
Ferrero (Data curation, Supervision, Writing—review & editing), 
Yuichiro Otsuka (Data curation, Supervision, Writing—review & 
editing), Hironori Kaneko (Data curation, Supervision, Writing— 
review & editing), Riccardo Boetto (Data curation, Supervision, 
Writing—review & editing), Umberto Cillo (Data curation, 
Supervision, Writing—review & editing), Daniel D’Souza (Data 
curation, Supervision, Writing—review & editing), Pablo Serrano 
(Data curation, Supervision, Writing—review & editing), 

Gómez-Gavara et al. | 7
D

ow
nloaded from

 https://academ
ic.oup.com

/bjsopen/article/9/6/zraf102/8354970 by SER
VIC

IO
 M

U
R

C
IAN

O
 D

E SALU
D

 user on 27 February 2026



Giammauro Berardi (Data curation, Formal analysis, Methodology, 
Supervision, Writing—review & editing), Marco Angrisani (Data 
curation, Writing—review & editing), Giuseppe Maria Ettorre 
(CRediT contribution not specified), Parrisa Tabrizian (Data 
curation, Supervision, Writing—review & editing), Allen Yu (Data 
curation, Validation, Writing—review & editing), Brian Kim Poh 
Goh (Data curation, Writing—review & editing), Takuya 
Minagawa (Data curation, Writing—review & editing), Osamu 
Itano (Data curation, Validation, Writing—review & editing), 
Daisuke Asano (Data curation, Supervision, Writing—review & 
editing), Minoru Tanabe (Data curation, Supervision, Writing— 
review & editing), Marcello Di Martino (Data curation, 
Methodology, Supervision, Validation), Elena Martín-Pérez (Data 
curation, Writing—review & editing), Simone Famularo (Data 
curation, Supervision, Writing—review & editing), Elisa Paulozzi 
Tomada (Data curation, Writing—review & editing), Guido 
Torzilli (Supervision, Writing—review & editing), Jaime Pirola 
Krüger (Data curation, Writing—review & editing), Paulo Herman 
(Data curation, Validation, Writing—review & editing), Mario 
Giuffrida (Data curation, Validation, Writing—review & editing), 
Ramón Charco (Supervision, Writing—original draft, Writing— 
review & editing), Mikel Gastaca (Data curation, Validation, 
Writing—review & editing), Waclaw Holówko (Data curation, 
Writing—review & editing), Stephanie Truant (Data curation, 
Writing—review & editing), Kit-Man Ho (Data curation, Writing— 
review & editing), Kai-Chi Cheng (Data curation, Writing—review & 
editing), Rafael Jose Maurette (Data curation, Writing—review & 
editing), Laura-Ann Blatt (Data curation, Writing—review & editing), 
Tatiana Belda Ibáñez (Data curation, Writing—review & editing), 
Yuta Abe (Data curation, Writing—review & editing), Shuichiro 
Uemura (Data curation, Writing—review & editing), and Go 
Wakabayashi (Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Supervision, 
Writing—original draft, Writing—review & editing)

Disclosure
The authors declare no conflict of interest.

Supplementary material
Supplementary material is available at BJS Open online.

Data availability
The data that support the findings of this study are available on 
request from the corresponding author (C.G.G.).

References
1. Wakabayashi G, Cherqui D, Geller DA, Buell JF, Kaneko H, Han 

HS et al. Recommendations for laparoscopic liver resection: a 
report from the second international consensus conference 
held in Morioka. Ann Surg 2015;261:619–629

2. Fretland ÅA, Dagenborg VJ, Bjørnelv GMW, Kazaryan AM, 
Kristiansen R, Fagerland MW et al. Laparoscopic versus open 
resection for colorectal liver metastases: the OSLO COMET 
randomized controlled trial. Ann Surg 2018;267:199–207

3. Bates AT, Divino C. Laparoscopic surgery in the elderly: a review 
of the literature. Aging Dis 2015;6:149–155

4. Wirth S, Biesemann A, Spaeth J, Schumann S. 
Pneumoperitoneum deteriorates intratidal respiratory system 

mechanics: an observational study in lung-healthy patients. 

Surg Endosc 2017;31:753–760
5. Chesney T, Acuna SA. Do elderly patients have the most to gain 

from laparoscopic surgery? Ann Med Surg 2015;4:321–323
6. Li Y, Wang S, Gao S, Yang C, Yang W, Guo S. Laparoscopic 

colorectal resection versus open colorectal resection in 
octogenarians: a systematic review and meta-analysis of 
safety and efficacy. Tech Coloproctol 2016;20:153–162

7. Xie M, Qin H, Luo Q, He X, Lan P, Lian L. Laparoscopic 
colorectal resection in octogenarian patients: is it safe? A 
systematic review and meta-analysis. Medicine (Baltimore) 2015; 
94:e1765

8. Xie SM, Xiong JJ, Liu XT, Chen HY, Iglesia-García D, Altaf K et al. 
Laparoscopic versus open liver resection for colorectal liver 
metastases: a comprehensive systematic review and 
meta-analysis. Sci Rep 2017;7:1012

9. Cheung TT, Poon RTP, Yuen WK, Chok KSH, Tsang SHY, Yau T 
et al. Outcome of laparoscopic versus open hepatectomy for 
colorectal liver metastases. ANZ J Surg 2013;83:847–852

10. Jung KU, Kim HC, Cho YB, Kwon CHD, Yun SH, Heo JS et al. 
Outcomes of simultaneous laparoscopic colorectal and hepatic 
resection for patients with colorectal cancers: a comparative 
study. J Laparoendosc Adv Surg Tech A 2014;24:229–235

11. Takasu C, Shimada M, Sato H, Miyatani T, Imura S, Morine Y 
et al. Benefits of simultaneous laparoscopic resection of 
primary colorectal cancer and liver metastases. Asian J Endosc 
Surg 2014;7:31–37

12. de’Angelis N, Eshkenazy R, Brunetti F, Valente R, Costa M, 
Disabato M et al. Laparoscopic versus open resection for 
colorectal liver metastases: a single-center study with 
propensity score analysis. J Laparoendosc Adv Surg Tech A 2015; 
25:12–20

13. Hasegawa Y, Nitta H, Sasaki A, Takahara T, Itabashi H, Katagiri 
H et al. Long-term outcomes of laparoscopic versus open liver 
resection for liver metastases from colorectal cancer: a 

comparative analysis of 168 consecutive cases at a single 
center. Surgery 2015;157:1065–1072

14. Langella S, Russolillo N, D’Eletto M, Forchino F, Lo Tesoriere R, 
Ferrero A. Oncological safety of ultrasound-guided 
laparoscopic liver resection for colorectal metastases: a case– 
control study. Updates Surg 2015;67:147–155

15. Ratti F, Catena M, Di Palo S, Staudacher C, Aldrighetti L. Impact 
of totally laparoscopic combined management of colorectal 
cancer with synchronous hepatic metastases on severity of 
complications: a propensity-score-based analysis. Surg Endosc 
2016;30:4934–4945

16. De Cassai A, Boscolo A, Tonetti T, Ban I, Ori C. Assignment of 
ASA-physical status relates to anesthesiologists’ experience: a 
survey-based national-study. Korean J Anesthesiol 2019;72:53–59

17. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method 
of classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis 1987;40:373–383

18. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE et al. 
Toxicity and response criteria of the Eastern Cooperative 
Oncology Group. Am J Clin Oncol 1982;5:649–655

19. European Association for the Study of the Liver, European 
Organisation for Research and Treatment of Cancer. 
EASLEORTC clinical practice guidelines: management of 
hepatocellular carcinoma. J Hepatol 2012;56:908–943

20. Couinaud C. Le foie: études anatomiques et chirurgicales. Masson: 
Masson & Cie, 1957

21. Balzan S, Belghiti J, Farges O, Ogata S, Sauvanet A, Delefosse D 
et al. The ‘50–50 criteria’ on postoperative day 5: an accurate 

8 | BJS Open, 2025, Vol. 9, No. 6

D
ow

nloaded from
 https://academ

ic.oup.com
/bjsopen/article/9/6/zraf102/8354970 by SER

VIC
IO

 M
U

R
C

IAN
O

 D
E SALU

D
 user on 27 February 2026

http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zraf102#supplementary-data


predictor of liver failure and death after hepatectomy. Ann Surg 

2005;242:824–828, discussion 828–829
22. Dindo D, Demartines N, Clavien PA. Classification of surgical 

complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg 2004;240:205–213

23. Yamashita S, Sheth RA, Niekamp AS, Aloia TA, Chun YS, Lee JE 
et al. Comprehensive Complication Index predicts cancer-specific 
survival after resection of colorectal metastases independent of 
RAS mutational status. Ann Surg 2017;266:1045–1054

24. World Medical Association. Declaration of Helsinki: ethical 
principles for medical research involving human subjects. 
JAMA 2013;310:2191–2194

25. Rubin DB, Thomas N. Matching using estimated propensity 
scores: relating theory to practice. Biometrics 1996;52:249–264

26. Rosenbaum PR, Rubin DB. Constructing a control group using 
multivariate matched sampling methods that incorporate the 
propensity score. Am Stat 1985;39:33–38

27. Pilgrim CHC, To H, Usatoff V, Evans PM. Laparoscopic 
hepatectomy is a safe procedure for cancer patients. HPB 
(Oxford) 2009;11:247–251

28. Chan ACY, Poon RTP, Cheung TT, Chok KSH, Dai WC, Chan SC 
et al. Laparoscopic versus open liver resection for elderly 
patients with malignant liver tumors: a single-center 
experience. J Gastroenterol Hepatol 2014;29:1279–1283

29. Wang XT, Wang HG, Duan WD, Wu CY, Chen MY, Li H et al. Pure 
laparoscopic versus open liver resection for primary liver 
carcinoma in elderly patients. Medicine (Baltimore) 2015;94:e1854

30. Sijberden JP, Cipriani F, Lanari J, Russolillo N, Benedetti 
Cacciaguerra A, Osei Bordom D et al. Minimally invasive versus 
open liver resection for hepatocellular carcinoma in the 
elderly: international multicentre propensity score-matched 
study. Br J Surg 2023;110:927–930

31. Amato B, Aprea G, De Rosa D, Milone M, di Domenico L, Amato M 
et al. Laparoscopic hepatectomy for HCC in elderly patients: 
risks and feasibility. Aging Clin Exp Res 2017;29:179–183

32. Zeng Y, Tian M. Laparoscopic versus open hepatectomy for 
elderly patients with liver metastases from colorectal cancer. J 
BUON 2016;21:1146–1152

33. Badawy A, Seo S, Toda R, Fuji H, Fukumitsu K, Ishii T et al. A 
propensity score-based analysis of laparoscopic liver resection 
for liver malignancies in elderly patients. J Invest Surg 2019;32: 
75–82

34. Goh BKP, Chua D, Syn N, Teo JY, Chan CY, Lee SY et al. 
Perioperative outcomes of laparoscopic minor hepatectomy 
for hepatocellular carcinoma in the elderly. World J Surg 2018; 
42:4063–4069

35. Delvecchio A, Conticchio M, Ratti F, Gelli M, Anelli FM, Laurent A 
et al. Laparoscopic major hepatectomy for hepatocellular 
carcinoma in elderly patients: a multicentric propensity 
score-based analysis. Surg Endosc 2021;35:3642–3652

36. Dumronggittigule W, Han HS, Ahn S, Yoon YS, Cho JY, Choi Y. 
Laparoscopic versus open hepatectomy for hepatocellular 

carcinoma in elderly patients: a single-institutional propensity 

score matching comparison. Dig Surg 2020;37:495–504
37. Kim JM, Kim S, Rhu J, Choi G-S, Kwon CHD, Joh JW. Elderly 

hepatocellular carcinoma patients: open or laparoscopic 
approach? Cancers (Basel) 2020;12:2281

38. Monden K, Sadamori H, Hioki M, Ohno S, Takakura N. 
Short-term outcomes of laparoscopic versus open liver 
resection for hepatocellular carcinoma in older patients: a 
propensity score matching analysis. BMC Surg 2022;22:63

39. Gómez Gavara C, Esposito F, Gurusamy K, Salloum C, Lahat E, 
Feray C et al. Liver transplantation in elderly patients: a 
systematic review and first meta-analysis. HPB (Oxford) 2018; 
21:14–25

40. Gómez-Gavara C, Lim C, Adam R, Zieniewicz K, Karam V, Mirza 
D et al. The impact of advanced patient age in liver 
transplantation: a European Liver Transplant Registry 
propensity-score matching study. HPB (Oxford) 2022;24:974–985

41. Gómez-Gavara C, Charco R, Tapiolas I, Ridaura N, 
Campos-Varela I, Dopazo C et al. Recipient age for liver 
transplantation: should it be limited? A propensity score 
matching analysis of a large European series. Transplant Proc 
2020;52:1442–1449

42. Di Martino M, Dorcaratto D, Primavesi F, Syn N, Blanco-Terés 
L, Dupré A et al. Liver resection in elderly patients with 
extensive CRLM: are we offering an adequate treatment? 
A propensity score matched analysis. Eur J Surg Oncol 2022; 
48:1331–1338

43. Iswanto S, Cheek S, Tsung A, Marsh JW, Geller D. Minimally 
invasive liver resection for primary and metastatic liver 
tumors: influence of age on perioperative complications and 
mortality. Surg Endosc 2018;32:1885–1891

44. Martínez-Cecilia D, Cipriani F, Vishal S, Ratti F, Tranchart 
H, Barkhatov L et al. Laparoscopic versus open liver 
resection for colorectal metastases in elderly and 
octogenarian patients: a multicenter propensity score 

based analysis of short- and long term outcomes. Ann Surg 
2017;265:1192–1200

45. Nomi T, Hirokawa F, Kaibori M, Ueno M, Tanaka S, Hokuto D 
et al. Laparoscopic versus open liver resection for 
hepatocellular carcinoma in elderly patients: a multi-centre 
propensity score-based analysis. Surg Endosc 2019;34:658–666

46. Nobili C, Marzano E, Oussoultzoglou E, Rosso E, Addeo P, 
Bachellier P et al. Multivariate analysis of risk factors for 
pulmonary complications after hepatic resection. Ann Surg 
2012;255:540–550

47. Fuks D, Cauchy F, Ftériche S, Nomi T, Schwarz L, Dokmak S et al. 
Laparoscopy decreases pulmonary complications in 
patients undergoing major liver resection. Ann Surg 2016;263: 
353–361

48. Mueller JL, Molina G, Ferrone CR, Chang DC, Vagefi P, Tanabe KK 
et al. Open hepatic resection in the elderly at two tertiary referral 
centers. Am J Surg 2021;222:594–598

Gómez-Gavara et al. | 9
D

ow
nloaded from

 https://academ
ic.oup.com

/bjsopen/article/9/6/zraf102/8354970 by SER
VIC

IO
 M

U
R

C
IAN

O
 D

E SALU
D

 user on 27 February 2026


	Laparoscopic versus open liver resection in patients aged at least 80 years: retrospective propensity �score-matched cohort study
	Introduction
	Methods
	Study population
	Variables
	Reporting data
	Ethical considerations
	Statistical analysis

	Results
	Analysis before PSM
	Postoperative morbidity before PSM
	Analysis after PSM
	Postoperative morbidity after PSM

	Discussion
	Funding
	Acknowledgements
	Author contributions
	Disclosure
	Supplementary material
	Data availability
	References




