
Vol.:(0123456789)1 3

Gastric Cancer (2019) 22:845–852 
https://doi.org/10.1007/s10120-018-0898-7

ORIGINAL ARTICLE

Surgical risk and benefits of laparoscopic surgery for elderly patients 
with gastric cancer: a multicenter prospective cohort study

Michitaka Honda1 · Hiraku Kumamaru2 · Tsuyoshi Etoh3 · Hiroaki Miyata4 · Yuichi Yamashita5 · Kazuhiro Yoshida6 · 
Yasuhiro Kodera7 · Yoshihiro Kakeji8 · Masafumi Inomata3 · Hiroyuki Konno9 · Yasuyuki Seto10 · Seigo Kitano11 · 
Masahiko Watanabe12 · Naoki Hiki13 

Received: 30 September 2018 / Accepted: 5 November 2018 / Published online: 11 December 2018 
© The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2018

Abstract
Background Laparoscopic gastrectomy (LG) might have greater clinical benefits for elderly patients as less invasive sur-
gery; however, there is still little evidence to support its benefit. We evaluated the surgical outcomes of elderly patients in a 
nationwide prospective cohort study.
Methods One hundred and sixty-nine participating institutions were identified by stratified random sampling, and were 
adjusted for hospital volume, type and location. During 1 year from 2014 to 2015, consecutive patients who underwent 
gastrectomy for gastric cancer were prospectively enrolled. ‘Elderly’ was defined as ≥ 75 years of age, based on the preva-
lence of comorbidities and the activities of daily living of patients of this age. We compared the surgical outcomes of LG 
to those of open gastrectomy (OG) in non-elderly and elderly patients. The primary outcome was the incidence of severe 
morbidities (Grade ≥ 3).
Results Eight thousand nine hundred and twenty-seven patients were enrolled [non-elderly, n = 6090 (OG, n = 2602; LG, 
n = 3488); elderly, n = 2837 (OG, n = 1471; LG, n = 1366)]. Grade ≥ 3 complications occurred in 161 (10.9%) patients who 
underwent OG and 98 (7.2%) who underwent LG (p < 0.001). After adjusting for confounding factors, we confirmed that 
laparoscopic surgery was not an independent risk factor (odds ratio = 0.81, 0.60–1.09). OG was associated with a significantly 
longer median length of postoperative stay in comparison to LG (16 versus 12 days, p < 0.001). There were no significant 
differences in the incidence of other postoperative comorbidities.
Conclusion The safety of LG in elderly patients was demonstrated. LG shortened the length of postoperative hospital stay.
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Introduction

The aging population problem has been a major concern in 
developed countries. Japan, where the average life expec-
tancy has increased while birth rates have fallen during 
the last quarter-century, leads the world in this issue [1]. 
Surgical treatment with general anesthesia is generally 
considered to be associated with a high risk of postop-
erative complications in elderly patients [2–7]. The main 
reason is the higher prevalence of cardiac, pulmonary and 
other comorbidities in older patients [8, 9]. Although some 
surgeons suggest that less invasive surgery, such as lapa-
roscopic surgery, is of greater benefit in elderly patients 
[10–12], our previous survey on gastric cancer surgery 
using a national clinical database (NCD) have shown that 
surgeons tend to select open surgery for elderly patients 
[13–16]. Several clinical trials have demonstrated that the 
surgical outcomes of laparoscopic gastrectomy (LG) are 
similar or superior to those of open gastrectomy (OG) for 
patients with gastric cancer [17–21]; however, there is still 
little evidence of the efficacy and safety in elderly patients 
in routine clinical practice [22–24].

In the present study, we sought to address two research 
questions: can LG be performed safely in elderly patients 
and what kind of clinical benefit does LG have in this 
patient group? Our hypothesis was that the surgical risk of 
LG would not be higher than that of OG in terms of post-
operative complications in elderly patients. To verify this 
hypothesis and explore the potential clinical benefits of 
LG, we conducted a multicenter prospective cohort study 
based on an NCD system that covered more than 90% of 
the general surgery operations performed in Japan. We 
then confirmed the safety and explored the clinical benefits 
of LG in elderly patients, in comparison to conventional 
OG. Through this study, we hope to provide relevant infor-
mation for selecting a suitable surgical approach for the 
treatment of gastric cancer in elderly patients.

Methods

Study design and cohort development

The study design was a prospective cohort study. The 
method of cohort development was reported previously 
[14]. In brief, target institutions were selected from users 
of the NCD system by stratified random sampling. Adjust-
ment was performed for the hospital volume (number of 
surgical cases per year), hospital type (university hospital, 
specialized hospital, and others), and location (10 regions 
and 3 urban levels), then random sampling was performed 

to select a cohort of institutions that represented the state 
of the country. A request to participate was sent to 179 
institutions, 169 ultimately cooperated. During 1 year 
from August 2014 to July 2015, consecutive patients 
who underwent gastrectomy for gastric cancer were pro-
spectively enrolled. Patients who underwent concurrent 
operations other than cholecystectomy were excluded. The 
study was approved by the Institutional Review Board; all 
study procedures were conducted in accordance with the 
ethical standards of the respective committees on human 
experimentation (institutional and national) and with the 
Helsinki Declaration of 1964 and later versions.

Definition of ‘elderly’

To determine the cut-off age for ‘elderly’, we evaluated the 
relationship between age and the surgical and anesthesio-
logic risks in the patients in this dataset. The prevalence of 
chronic obstructive pulmonary disease, a history of ischemic 
heart disease, chronic heart failure, insulin-dependent dia-
betes, hypertension and peripheral arterial disease was 
evaluated at each age. The patients’ activities of daily living 
were classified into three categories: independent, partially 
assisted or completely assisted living. In addition, consider-
ing the cut-off point from the perspective of surgical deci-
sion making, we also analyzed the relationship between age 
and the actual proportion of patients who underwent lapa-
roscopic surgery in our dataset.

Data collection

We assumed that many confounding factors would affect 
the comparison of LG and OG. As potential confounding 
factors, our study team identified and collected some vari-
ables related to decision-making with regard to the perfor-
mance of LG or OG, as covariates from clinical and statisti-
cal perspectives, including age, sex, the American Society 
of Anesthesiologists Performance Status (ASA-PS) score, 
body mass index (BMI), presence of comorbidities, history 
of abdominal surgery, clinical TNM stage, degree of lym-
phadenectomy, resection area and reconstruction procedure.

Outcomes and statistics

The primary endpoint was the incidence of grade ≥ 3 com-
plications. A logistic regression analysis was performed 
to evaluate the odds ratio (OR) and 95% confidence inter-
val (95%CI) of laparoscopic surgery after adjusting for 
confounding factors as the primary endpoint. Covariates 
inserted in this logistic model were as follows: sex, BMI, 
ASA-PS score, respiratory disease, diabetes mellitus, 
chronic pulmonary disease, hypertension, bleeding dis-
order, emergency, preoperative chemotherapy, D2 lymph 
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node dissection, TNM stage, and resection area. Some 
of these variables were newly collected for this study in 
addition to the conventional list of variables in the NCD 
gastroenterology registry system. In addition, the interac-
tion between age and the surgical approach was also con-
firmed. The secondary endpoints included mortality within 
30 days, the length of postoperative stay, conversion to 
open surgery, operative time and blood loss. To compare 
these outcomes between the two surgical approaches, 
Fisher’s exact test was used to analyze binary variables in 
which the expected cell count was < 5, and Pearson’s chi-
squared test was used for the analysis of other variables. 

The Wilcoxon rank-sum test was used for continuous vari-
ables. Comparisons were all two-sided and p values of 
< 0.05 were considered to indicate statistical significance. 
All statistical analyses were conducted using the SAS soft-
ware program (ver. 9.4, SAS institute, Cary, NC, USA).

Fig. 1  The prevalence rate of 
preoperative comorbidities and 
activities of daily living. a The 
prevalence of cardio-vascular 
disease: chronic heart failure 
(CHF), myocardial infarction 
(MI) and peripheral vascular 
disease (PVD). b The preva-
lence of chronic obstructive 
pulmonary disease. c The 
prevalence of renal dysfunction; 
high level of serum creatinine 
and hemodialysis. d Nutrition 
status: proportion of serum 
albumin level. e The proportion 
of patients with ADL self-
support
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Results

The definition of ‘elderly’

Figures 1 and 2 demonstrate the relationship between patient 
age and the prevalence of comorbidities and laparoscopic 
surgery, respectively. Although it was difficult to decide on 
a clear threshold for the definition of ‘elderly’, our team 
selected 75 years as the cut-off age in the present study.

The study population and patient characteristics

We identified 2837 (37.3%) elderly patients from all patients 
who underwent gastrectomy (n = 8927) in the participating 
institutions during the study period. Table 1 demonstrates 
the characteristics of the non-elderly and elderly groups, 
respectively. Patients undergoing OG were more likely to be 
older, with a poorer ASA-PS, and to have a more advanced 
TMM stage in comparison to patients undergoing LG.

Primary outcome

Table  2 shows the surgical procedures and outcomes 
of non-elderly and elderly patients. In both groups, we 
found a higher incidence of postoperative complications 

in patients who underwent OG than in those who under-
went LG: 8.8% vs. 5.2% (p < 0.001) in the non-elderly and 
10.9% vs. 7.2% (p < 0.001) elderly groups. After adjust-
ment for confounding factors (using the logistic regres-
sion model), laparoscopic surgery was not an independent 
risk factor in either group. Table 3 shows the odds ratios 
and 95% CIs of the variables. Furthermore, no interaction 
between age and laparoscopic surgery was seen in this 
model (OR 0.97; 95% CI 0.69–1.36). Aside from the surgi-
cal approaches, respiratory disease, bleeding disorder and 
total gastrectomy were independent risk factors in elderly 
patients.

Secondary outcomes

In both groups, OG was associated with a longer mean 
length of postoperative stay. As expected, the mean operat-
ing time of LG was significantly longer in comparison to 
OG, while the amount of blood loss in OG was significantly 
greater in comparison to LG. The rate of conversion from 
LG to OG in the non-elderly and elderly groups did not differ 
to a statistically significant extent. Pneumonia, intra-abdom-
inal abscess and anastomotic leakage were major complica-
tions in elderly patients (Table 4).

Fig. 2  The number and propor-
tion of patients who underwent 
laparoscopic surgery
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Discussion

The results of the present study clarified that laparoscopic 
surgery was not associated with an increased risk of mor-
bidity in elderly or non-elderly patients with gastric can-
cer. In our cohort, LG tended to be selected for female 
patients, younger patients, and patients with earlier disease 

and a better performance status. Thus, through the process 
of adjusting for these confounding factors, our primary 
goal was achieved: the safety of LG relative to OG in 
elderly patients was confirmed. In addition, LG shortened 
the length of postoperative hospital stay by an average of 
4 days in elderly patients. Considering these results, we 

Table 1  Patients’ characteristics

ASA-PS American Society of Anesthesiologists Physical Status, DM diabetes mellitus, COPD chronic obstructive pulmonary disease

< 75 years old (n = 6090) p > 75 years old (n = 2837) p

Open (n = 2602) Laparoscopy (n 
= 3488)

Open (n = 1471) Laparoscopy (n 
= 1366)

Age category (%) <0.001 0.01
 <65 1011 (38.9) 1606 (46.0) – –
 <75 1591 (61.2) 1882 (55.0) – –
 <85 – – 1237 (84.1) 1197 (87.6)
 > 85 – – 234 (15.9) 169 (12.4)

Gender, female (%) 694 (26.7) 1138 (32.6) <0.001 432 (29.4) 455 (33.3) 0.03
Body mass index (%) <0.001 <0.001
 < 18.5 333 (12.8) 321 (9.2) 227 (15.4) 144 (10.5)
 18.5–25.0 1690 (65.0) 2324 (66.6) 1011 (68.7) 923 (67.6)
 > 25.0 515 (19.8) 760 (21.8) 202 (13.7) 255 (18.7)
 Missing 64 (2.5) 83 (2.4) 31 (2.1) 44 (3.2)

ASA-PS >3 (%) 244 (9.4) 167 (4.8) <0.001 322 (21.9) 203 (14.9) <0.001
History of abdominal surgery (%) 586 (27.1) 669 (23.2) 0.002 367 (30.5) 285 (25.9) 0.02
Comorbidity (%)
 Respiratory disease 87 (3.3) 99 (2.8) 0.29 67 (4.6) 59 (4.3) 0.83
 DM with insulin 74 (2.8) 77 (2.2) 0.13 51 (3.5) 36 (2.6) 0.24
 COPD 166 (6.4) 188 (5.4) 0.12 117 (8.0) 118 (8.6) 0.55
 Hypertension 797 (30.6) 1122 (32.2) 0.21 722 (49.1) 673 (49.3) 0.95
 Ischemic heart disease 20 (0.8) 29 (0.8) 0.90 36 (2.4) 14 (1.0) 0.01
 Hemodialysis 16 (0.6) 21 (0.6 1.00 16 (1.1) 13 (1.0) 0.86
 Bleeding disorder 90 (3.5) 93 (2.7) 0.09 99 (6.7) 84 (6.1) 0.58

Emergency operation (%) 26 (1.0) 5 (0.1) <0.001 33 (2.2) 2 (0.1) <0.001
Preoperative chemotherapy (%) 318 (12.2) 75 (2.2) <0.001 56 (3.8) 17 (1.2) <0.001
TNM stage (%) <0.001 <0.001
 IA 497 (19.1) 2303 (66.0) 251 (17.1) 756 (55.3)
 IB 234 ( 9.0) 430 (12.3) 137 (9.3) 154 (11.3)
 IIA 261 (10.0) 181 (5.2) 200 (13.6) 116 (8.5)
 IIB 320 (12.3) 159 (4.6) 174 (11.8) 81 (5.9)
 IIIA 269 (10.3) 89 (2.6) 181 (12.3) 60 (4.4)
 IIIB 328 (12.6) 90 (2.6) 183 (12.4) 67 (4.9)
 IIIC 289 (11.1) 68 (1.9) 149 (10.1) 42 (3.1)
 IV 345 (13.3) 61 (1.7) 166 (11.3) 41 (3.0)
 X 59 (2.3) 107 (3.1) 30 (2.0) 49 (3.6)

Pathological type (%) 0.045 0.26
 Well differentiated 1218 (45.8) 1595 (45.7) 846 (57.5) 819 (60.0)
 Poorly differentiated 331 (12.7) 488 (14.0) 188 (12.8) 170 (12.5)
 Mixed type 966 (37.1) 1324 (38.0) 377 (25.6) 338 (24.7)
 Others 87 (3.3) 81 (2.3) 60 (4.1) 39 (2.9)
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consider LG to have a certain clinical benefit as less inva-
sive surgery in elderly patients.

LG can be performed with a small incision on the 
abdominal wall and with a very small volume of blood 
loss; however, it takes approximately 1 h longer than 
OG. Our clinical question was: which surgical approach 
achieved better outcomes in elderly patients? In real-world 
practice in Japan (Fig. 2), surgeons tend to prefer OG to 
LG for elderly patients; however, this choice might not 
always be appropriate. One of the more notable findings 
in the present study was that the incidence of pancreatic 
fistula did not differ markedly between LG and OG in the 
elderly group. This conflicts with our previous finding 

Table 2  Surgical procedures and outcomes

RY Roux-en-Y reconstruction, B-I Billroth I reconstruction, B-II Billroth II reconstruction

< 75 (n = 6090) p > 75 (n = 2837) p

Open (n = 2602) Laparoscopy (n = 3488) Open (n = 1471) Laparoscopy (n = 1366)

Resection area
 Total 1228 (47.2) 728 (20.9) < 0.001 587 (39.9) 321 (23.5) < 0.001
 Distal 1319 2454 851 972
 Others 55 308 < 0.001 33 73 < 0.001

Reconstruction
 Total + RY 1108 (90.7) 582 (80.4) < 0.001 531 (90.9) 265 (82.6) < 0.001
 Distal + RY 687 (50.2) 889 (32.3) < 0.001 400 (45.5) 340 (32.8) < 0.001
 Distal +B-I 536 (39.2) 1458 (53.0) 351 (39.9) 528 (50.9)
 Distal +B-II 96 (7.0) 107 (3.9) 100 (11.4) 104 (10.0)

Lymph node dissection
 < D1+ 720 (27.9%) 2400 (68.9%) < 0.001 636 (43.6%) 926 (68.1%) < 0.001
 > D2 1865 (72.2%) 1082 (31.1%) 824 (56.5%) 434 (31.9%)

Operation time (min) 259 (159–449) 300 (192–485) < 0.001 241 (142–415) 299 (190–496) < 0.001
Blood loss (ml) 310 (50–1245) 31 (0–370) < 0.001 300 (38–1306) 45 (0–424) < 0.001
Conversion to open surgery – 93 (2.7) – 48 (3.5)
Mortality (within 30 days) 21 (0.8) 6 (0.2) < 0.001 26 (1.8) 12 (0.9) 0.04
All complication ( > Grade 3) 228 (8.8) 181 (5.2) < 0.001 161 (10.9) 98 (7.2) < 0.001
Length of post-operative stay 13 (8-46) 11 (7-32) < 0.001 16 (8-57) 12 (7-42) < 0.001

Table 3  Odds ratio for sever complications using logistic regression 
model

ASA-PS American Society of Anesthesiologists Physical Status, DM 
diabetes mellitus, COPD chronic obstructive pulmonary disease

< 75 years old > 75 years old
OR [95% CI] OR [95% CI]

Gender
 Female 0.62 [0.48–0.81] 0.71 [0.51–0.97]

ASA-PS
 > 3 1.80 [1.28–2.53] 1.34 [0.97–1.85]

Respiratory disease 0.77 [0.27–2.20] 2.08 [1.08–3.98]
DM with insulin 1.10 [0.61–1.99] 1.12 [0.57–2.20]
COPD 1.82 [1.28–2.60] 1.47 [0.97–2.23]
Hypertension 0.94 [0.28–3.19] 0.82 [0.24–2.84]
Bleeding disorder 1.16 [0.69–1.97] 1.73 [1.12–2.69]
Emergency operation 2.40 [0.94–6.17] 0.57 [0.17–1.97]
Preoperative chemotherapy 1.29 [0.90–1.84] 1.09 [0.52–2.26]
Lymphnode dissection
 > D2 1.13 [1.00–1.28] 1.04 [0.91–1.20]

TNM stage
 > II 1.30 [1.00–1.69] 1.27 [0.93–1.74]

Laparoscopic surgery 0.88 [0.69–1.13] 0.81 [0.60–1.09]
Body mass index
 < 18.5 0.80 [0.55–1.17] 1.08 [0.73–1.60]
 > 25.0 1.44 [1.13–1.82] 1.19 [0.84–1.69]

Resection area
 Total gastrectomy 1.66 [1.33–2.06] 1.90 [1.45–2.49]

Table 4  Details of postoperative complication in elderly patients

Open (n = 1471) Laparoscopy 
(n = 1366)

Superficial surgical site infection 45 (3.1%) 21 (1.5%)
Abdominal abscess 67 (4.6%) 47 (3.4%)
Anastomotic leakage 70 (4.8%) 51 (3.7%)
Pancreatic fistula 43 (2.9%) 27 (2.0%)
Wound dehiscence 17 (1.2%) 3 (0.2%)
Pneumonia 77 (5.2%) 36 (2.6%)
Sepsis 41 (2.8%) 21 (1.5%)
Renal dysfunction 17 (1.2%) 4 (0.3%)
Urinary tract infection 24 (1.6%) 5 (0.4%)
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that pancreatic fistula frequently occurred in patients who 
underwent LG [14, 25]. This may suggest that most sur-
geons tended to refrain from performing lymph node dis-
section in the peri-pancreatic area for elderly patients to 
save operative time and avoid complications. In addition, 
the amount of visceral fat tissue in elderly patients—which 
is lower than in middle-aged patients—might be related to 
lower incidence of pancreatic fistula. We also confirmed 
that bleeding disorder and respiratory disease were spe-
cific risk factors in the elderly population but not younger 
patients. Patients who received antithrombotic treatment 
with an antiplatelet agent or anticoagulant for cardio- or 
cerebrovascular disease were more common among elderly 
patients than among younger ones, highlighting the need 
to perform more careful manipulation during operation 
and perioperative management in older patients.

The definition of ‘elderly’ is an issue, whenever the 
treatment of elderly patients is discussed. The reason why 
the elderly population is excluded from most pharmaco-
logical trials is that their physiological capability, with 
regard to drug metabolism and hemodynamics (i.e., their 
liver, renal and cardiac function), may deteriorate as they 
grow older. Thus, the efficacy and adverse events of drugs 
may become more difficult to evaluate in elderly patients. 
When evaluating a specific type of surgery, therefore, we 
might need to consider the risks of general anesthesia and 
surgical complications and determine the cut-off age for 
the definition of ‘elderly’ in each study. One of the chal-
lenges in our study was determining the cut-off age from 
the perspective of operative risk and patient comorbidities. 
Although it was difficult to clearly define the threshold in 
the present population, we confirmed that the cut-off age 
of 75 years showed a certain degree of validity.

This study is the first and largest size prospective 
cohort study to focus on surgery for elderly gastric cancer 
patients. We believe that our results are useful and reliable 
for surgeons who treat gastric cancer patients. However, 
this study was associated with some limitations. Postop-
erative symptoms, quality of life and physical activities 
remain the most clinically relevant issues in relation to sur-
gery for elderly patients. Malnutrition, which develops in 
relation to sequelae after gastrectomy, causes the deterio-
ration of other comorbidities and the progression of disuse 
syndrome in some elderly patients. Furthermore, the most 
common cause of other death was pneumonia in elderly 
patients who underwent gastrectomy [26]. Although we 
did not monitor long-term events, preoperative respiratory 
disease was found to be an independent risk for complica-
tions in the elderly group. Surgeons should, therefore, pay 
attention to patients’ respiratory assessment findings in 
both the short and long terms. In future studies, we should 
evaluate the impact of less invasive surgery not only on the 
short-term outcomes of elderly patients but also on their 

mid- and long-term complication, nutrition status, quality 
of life and daily activities.

In conclusion, the safety of laparoscopic gastrectomy for 
elderly patients was demonstrated in this nationwide pro-
spective cohort study.
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