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Abstract. – OBJECTIVE: The efficacy of 
robotic surgery in oncological operations has 
been demonstrated, but its applicability in the 
elderly population (≥70 years) is limited in stud-
ies. This study aims to investigate the feasibil-
ity, safety, and short-term outcomes of robot-
ic surgery in gastric cancer surgery in geriat-
ric patients.

PATIENTS AND METHODS: Patients who un-
derwent robotic surgery for gastric cancer be-
tween July 2021 and September 2023 were in-
cluded in the study. Patients were divided into 
two groups: the elderly group (≥70 years) and 
the younger group (<70 years). Demographic 
data, clinical findings, perioperative outcomes, 
and pathology results were analyzed and com-
pared between the two groups.

RESULTS: 63 patients were included in our 
study. Group 1, the younger patients (<70 years), 
consisted of 44 patients, while Group 2, the 
older patients (>70 years), consisted of 19 pa-
tients. The male gender was dominant in both 
groups (70.5% vs. 78.9%, p=0.486). ASA 2 was 
the most common score in both groups (70.5% 
vs. 52.6%, p=0.261). Group 2 had lower hemo-
globin (11.3 vs. 10.1, p=0.017) and albumin lev-
els (39.9 vs. 37.6, p=0.049). The average opera-
tion times were similar in both groups (255 min 
vs. 242 min, p=0.457). The median postopera-
tive hospital stay was 5 days in both groups. The 
distributions of postoperative complications ac-
cording to the Clavien-Dindo classification were 
similar. Postoperative 30-day mortality was ob-
served in one patient in Group 2. The 90-day 
hospital readmission rates were similar (11.3% 
vs. 10.6%, p=0.459). The average tumor diame-
ters were similar (38 mm vs. 48 mm, p=0.165), as 
were the numbers of dissected lymph nodes (35 
vs. 34, p=0.796). According to pathology results, 
T4a tumors were most common in Group 1 and 
T0 tumors in Group 2 (34.1% vs. 31.6%, p=0.149). 
The most common lymph node involvements 
were N0 in Group 1 and N1 in Group 2 (36.4% vs. 
36.8%, p=0.515).

CONCLUSIONS: Robotic surgery in gastric 
cancer is considered a safe and feasible meth-
od in the elderly population due to its success-
ful early outcomes, suggesting its reliability and 
effectiveness.
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Introduction

Gastric cancer remains the fifth most common 
cancer worldwide and the second leading cause 
of cancer-related deaths. Radical gastrectomy 
with lymph node dissection continues to be the 
curative and primary method for treating gastric 
cancer1,2. With the global trend of increasing life 
expectancy, the number of elderly individuals 
undergoing gastrectomy for radical treatment of 
gastric cancer is rising. Elderly patients, com-
pared to younger ones, often have one or more 
comorbid conditions and are generally considered 
frail, with a higher risk of morbidity and mortal-
ity. Approaches involving less surgical trauma 
and a milder acute inflammatory response are 
recommended3-5 in elderly patients.

Minimal-invasive surgical approaches for gas-
tric cancer have been used as a tool to improve 
postoperative outcomes in patients undergoing 
gastrectomy due to gastric cancer. Reduced post-
operative pain, decreased risk of complications, 
less blood loss, shorter hospital stays, and quick-
er return to normal daily activities are some 
demonstrated advantages. With the advancement 
of surgical techniques, the gradual introduction 
of the da Vinci robotic surgical system (Intuitive 
Surgical Inc., Sunnyvale, CA, USA) into the sur-
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gical field is taking minimally invasive surgery 
into a new era. However, critical issues need to 
be addressed for the more frequent application of 
robotic gastrectomy for gastric cancer, including 
its use in patients with high morbidity, cost con-
siderations for advanced cancer and frequently 
debated oncological safety6,7.

The reliability and validity of robotic surgery 
as an alternative to laparoscopic and open surgery 
for various malignancies have been established in 
various studies8-11. However, data on the safety 
and feasibility of robotic gastrectomy in elderly 
patients are lacking. The same concerns about 
potential dangers to elderly patients, including 
prolonged operation time and pneumoperitone-
um, which were raised when laparoscopic gas-
trectomy was first introduced, are now being 
raised for robotic gastrectomy. 

There are a few studies3,12 in the literature on 
this topic. Therefore, this study aimed to evaluate 
the safety and feasibility of robotic gastrectomy 
in elderly patients (>70 years) by comparing its 
surgical outcomes with those in younger patients 
undergoing robotic gastrectomy.

Patients and Methods

Following the approval from the local Eth-
ics Committee with the reference number 
KAEK/2022.12.408, the study was planned as a 
single-center retrospective analysis. Due to the 
retrospective nature of the study, patient consent 
was waived in accordance with IRB approval. Pa-
tients who underwent robotic surgery for gastric 
cancer between July 2021 and September 2023 
were included in the study. Patients who un-
derwent laparoscopic and conventional surgery, 
those with multiple primary cancers, non-adeno-
carcinoma pathology, and patients under 18 years 
of age were excluded. Clinical and follow-up data 
of all patients undergoing robotic surgery in our 
clinic are prospectively recorded. These records 
are created using patient electronic files, patholo-
gy results, and nurse observation forms. Analyses 
were performed using this created dataset.

Patients were divided into groups based on age 
70, as referenced in previous studies12-15: Group 
1 (<70 years) and Group 2 (≥70 years). In these 
groups, patients’ demographic characteristics, the 
American Society of Anesthesiologists (ASA) 
score, preoperative hemoglobin and albumin lev-
els, tumor markers, neoadjuvant treatment status, 
tumor location, surgical treatment procedures 

performed, intraoperative complications, opera-
tion time, tumor diameter, number of dissected 
lymph nodes, number of metastatic lymph nodes, 
postoperative complications, postoperative hos-
pital stay duration, reoperation, postoperative 
30-day mortality, 90-day unplanned hospital 
readmission, and adjuvant therapy status were 
compared.

All patients diagnosed with carcinoma were 
discussed in a multidisciplinary tumor board 
to decide on treatment methods. To determine 
the clinical stage and diagnosis before surgery, 
endoscopy, endoscopic ultrasonography, comput-
ed tomography, abdominal ultrasonography, and, 
when necessary, PET-CT, were performed. The 
pathological diagnosis was determined according 
to the World Health Organization (WHO) classi-
fication16, and the disease stage was determined 
using the 8th Edition of the TNM Classification17. 
The Clavien-Dindo classification18 was used for 
postoperative complications.

Surgical Technique 
All operations were performed by the same 

surgeon (HB) using the Da Vinci Xi Surgical 
System (Intuitive Surgical Inc., Sunnyvale, CA, 
USA). In consideration of the neoplasm’s anatom-
ical positioning, the surgical intervention entailed 
either a distal subtotal gastrectomy or a total 
gastrectomy accompanied by a D2 lymphadenec-
tomy, as determined by the surgeon’s clinical 
judgment. The surgical procedure was conducted 
in accordance with the methodology previously 
delineated in the literature19.

Statistical Analysis
Statistical analyses were conducted using 

SPSS v. 22.0 software (IBM Corp., Armonk, 
NY, USA). The normal distribution of numerical 
data used in this research was assessed using 
the Shapiro-Wilk test. Numerical variables were 
expressed with mean and standard deviation for 
those conforming to normal distribution and with 
median and minimum-maximum values for those 
not conforming. To determine the differences 
between groups, the Independent Samples t-test 
was used for numerical variables conforming to 
normal distribution and the Mann-Whitney U test 
for those not conforming. Categorical variables 
were expressed in percentages and numbers, and 
the Chi-Square test was preferred for intergroup 
analyses. In all analyses, the level of statistical 
significance was set to an alpha of 0.05..



Robotic gastrectomy is safe in geriatric patients with gastric cancer: a retrospective cohort study

3043

Results

Our study included 63 patients, with 44 in Group 
1 and 19 in Group 2. The male gender was dom-
inant in both groups (70.5% vs. 78.9%, p=0.486). 
ASA 2 was the most frequently observed score in 
both groups (70.5% vs. 52.6%, p=0.261). Group 2 
had lower hemoglobin (11.3 vs. 10.1, p=0.017) and 
albumin levels (39.9 vs. 37.6, p=0.049), but tumor 
marker levels were similar. Demographic and clin-
ical data are shown in Table I.

The average duration of operations was simi-
lar in both groups (255 minutes vs. 242 minutes, 
p=0.457). Postoperative mortality was observed 
in one patient in Group 2. Total gastrectomy was 
the most performed procedure (77.3% vs. 73.7%, 
p=0.759). The median postoperative hospital stay 

was 5 days for both groups. In Group 2, one pa-
tient underwent surgery for anastomosis stricture. 
The distribution of postoperative complications 
according to the Clavien-Dindo classification18 

was similar. Postoperative 30-day mortality was 
observed in 1 patient in Group 2. The 90-day 
hospital readmission rate was similar (11.3% vs. 
10.6%, p=0.459). Perioperative period data are 
presented in Table II.

Tumors were most frequently located in the 
cardia in Group 1 (34.1%) and in the antrum in 
Group 2 (31.6%). The average tumor diameters 
were similar (38 mm vs. 48 mm, p=0.165). The 
number of dissected lymph nodes was similar (35 
vs. 34, p=0.796). The most common tumor stages 
were T4a in Group 1 (34.1%) and T0 in Group 2 
(31.6%, p=0.149). The most common lymph node 

Table I. Characteristics of patients.

  Group 1 <70 (n=44) Group 2 ≥70 (n=19) p

Age (mean±SD)  59.4±7.2 72.9±3.5 <0.001
Gender Male 70.5% (31) 78.9% (15) 0.486
 Female 29.5% (13) 21.1% (4) 
ASA score 1 2.3% (1) 0 0.261
 2 70.5% (31) 52.6% (10) 
 3 27.3% (12) 47.4% (9) 
Neoadjuvant chemotherapy No 27.3% (12) 31.6% (6) 0.728
 Yes 72.7% (32) 68.4% (13) 
Hemoglobin gr/dl [mean±SD (min-max)]  11.3±1.9 (5.2-15.2) 10.1±1.4 (8.0-13.9) 0.017
Albumin gr/l [mean±SD (min-max)]  39.9±4.49 (27.0-49.0) 37.6±3.1 (31.0-44.0) 0.049
CEA [median (min-max)]  3.04 (1.09-40.40) 2.73 (1.55-29.50) 0.712
Ca 19.9 [median (min-max)]  13.5 (2.0-936.0) 17.50 (2.0-683.0) 0.929

ASA: American Society of Anesthesiologists, CEA: carcinoembryonic antigen.

Table II. Intraoperative and postoperative outcomes.

  Group <70 (n=44) Group 2 ≥70 (n=19)  p

Operation length (minutes)  255.4±64.3 242.6±56.8 0.457
Intraoperative complications  0 0 -
Postoperative mortality  0 5.3% (1) 0.125
Operation type Total 77.3% (34) 73.7% (14) 0.759
 Subtotal  22.7% (10) 26.3% (5) 
Conversion to open  11.4% (5) 10.5% (2) 0.923
Postoperative length of stay (days)   5 (3-14) 5 (3-25) 0.455
[median (min-max)] 
Reoperation  0 5.3% (1) 0.125
Clavien dindo complication grade 1 79.5% (35) 72.2% (13) 0.115
 2 15.9% (7) 5.6% (1) 
 3b 4.5% (2) 16.7% (3) 
 5 0 5.6% (1) 
90-day hospital readmission Inadequate oral intake 4.5% (2) 5.3% (1) 0.459
 Acute kidney failure 2.3% (1) 0 
 Myocardial Infarction (MI) 0 5.3% (1) 
 Surgical site infection 4.5% (2) 0 
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involvement was N0 in Group 1 (36.4%) and N1 
in Group 2 (36.8%, p=0.515). Lymphovascular in-
vasion (p=0.667), perineural invasion (p=0.889), 
and mixed-type adenocarcinoma (p=0.859) were 
similar in both groups. Pathological data are 
shown in Table III.

Discussion

In this study evaluating the safety, feasibility, 
and short-term outcomes of robotic gastrectomy 
in the geriatric patient group, it was observed 
that patients over the age of 70, despite having 
lower albumin and hemoglobin levels, exhibited 
similar postoperative short-term outcomes and 
oncological reliability as younger patients. The 
implementation of robotic surgical techniques did 
not result in an escalation of postoperative com-
plications or mortality rates within the cohort of 
patients classified as medically fragile.

Elderly patients have high rates of comorbid-
ities and postoperative complications due to the 
general decrease in functional reserve capacity, 
making the application of gastric cancer surgery 
in this group high-risk15. Historically, it has been 
shown20 that 90-day post-gastrectomy mortality 
is higher in elderly patients. Advances in anesthe-

sia techniques, intensive care, surgical devices, 
and less invasive surgical techniques have re-
duced the occurrence of surgical complications, 
thereby improving short-term outcomes in elderly 
patients. Consequently, recent studies21,22 have 
demonstrated that postoperative morbidity and 
mortality are comparable between elderly and 
younger patients. We hypothesized the safety of 
elderly patients considering these technological 
advancements and the development of minimally 
invasive approaches.

Robotic surgery in randomized studies23,24 has 
shown short-term outcomes equivalent to laparos-
copy in gastric cancer surgery. Potential benefits, 
such as less blood loss, accurate removal of extra 
gastric lymph nodes, fewer postoperative com-
plications, a faster recovery process, and earlier 
initiation of adjuvant chemotherapy, are expected 
to lead to better oncological outcomes23. Another 
systematic review24 in the literature compared the 
outcomes of conventional surgery with robotic 
surgery. It was demonstrated that the application 
of the robotic surgery system in radical gastrecto-
my can effectively reduce blood loss, duration of 
hospital stay, and the incidence of postoperative 
complications.

In their study focusing on the safety and fea-
sibility of robotic gastric surgery in elderly pa-

EGJ: esophagogastric junction.

Table III. Characteristics of tumors

  Group 1 <70 (n=44) Group 2  ≥70 (n=19) p

Tumor localization Antrum 27.3% (12) 31.6% (6) 0.499
 Cardia 34.1% (15) 26.3% (5) 
 Corpus 31.8% (14) 21.1% (4) 
 EGJ 2.3% (1) 5.3% (1) 
Tumor length (mm)  38.6±25.3 48.8±22.8 0.165
Total number of lymph nodes removed  35±13 (0-61) 34±17 (11-68) 0.796
[mean±SD (min-max)] 
Number of positive lymph nodes  2 (0-36) 2 (0-19) 0.896
[median (min-max)] 
pT 0 11.4% (5) 31.6% (6) 0.149
 1 20.5% (9) 5.3% (1) 
 2 9.1% (4) 10.5% (2) 
 3 25.0% (11) 26.3% (5) 
 4a 34.1% (15) 21.1% (4) 
 4b 0 5.3% (1) 
pN 0 36.4% (16) 31.6% (6) 0.515
 1 18.2% (8) 36.8% (7) 
 2 15.9% (7) 5.3% (1) 
 3a 18.2% (8) 15.8% (3) 
 3b 11.4% (5) 10.5% (2) 
Lenfovascular invasion  63.6% (28) 57.9% (11) 0.667
Perineural invasion   45.5% (20) 47.4% (9) 0.889
Mixed type adenocarcinoma  9.1% (4) 10.5% (2) 0.859
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tients, Garbarino et al3 showed that robot-assisted 
surgery for gastrectomy performed with oncolog-
ical principles in elderly patients was not inferior 
to open techniques in terms of perioperative 
outcomes and overall 5-year survival. They also 
concluded that the longer operation time did not 
correlate with adverse outcomes in the fragile 
patient group. This study implies that the positive 
impact of minimally invasive surgery is evident 
in elderly patients. In another study in the litera-
ture, Chen et al25 demonstrated that compared to 
open surgery, laparoscopic-assisted radical gas-
trectomy is relatively safe and even effective in 
elderly gastric cancer patients, capable of reduc-
ing postoperative surgical complications and se-
vere complication rates, shortening hospital stays, 
and lowering readmission rates. Considering both 
robotic and laparoscopic surgery, we can infer 
that minimally invasive surgery is not inferior to 
open surgery in the elderly population, suggest-
ing the potential benefits of minimally invasive 
techniques are also realized in this age group.

In the study by Okumura et al12, which com-
pared robotic gastrectomy outcomes in young 
and elderly patients, 370 patients participated in 
their cohorts. The elderly robotic group showed 
more accompanying comorbid diseases com-
pared to the young robotic group. Except for the 
number of lymph nodes removed (36.5 vs. 41.5, 
p=0.007), short-term surgical outcomes, includ-
ing pathological parameters, were comparable 
between the two robotic groups. The complica-
tion rate in the elderly robotic gastrectomy group 
was not different from that in the younger robotic 
gastrectomy group (14.3% vs. 11.8%, p=0.639). 
The severity of complications measured accord-
ing to the Clavien-Dindo classification was also 
similar between the groups (p=0.633). The older 
robotic group showed comparable disease-spe-
cific survival to the younger robotic group but 
demonstrated poorer overall survival. 

A rational assessment suggests that it is not 
difficult to surmise that the parameter affecting 
survival is not the surgical approach itself. The 
conclusion drawn from this study is that age 
alone does not affect outcomes in the group 
undergoing robotic surgery. This finding was 
similarly observed and corroborated within our 
own series of cases. Contrary to our initial ex-
pectations that diminished levels of albumin and 
hemoglobin in elderly patients would adversely 
affect clinical outcomes, this anticipated correla-
tion did not manifest in the observed results. We 
found comparable outcomes in both young and 

elderly patients. Age did not worsen postopera-
tive quality indicators either.

Limitations
Retrospective studies like ours might seem 

like limitations, but the patients were followed 
up carefully and prospectively, and the study 
concept eliminated this limitation. The limited 
number of patients is a constraint, considering 
the few studies on this topic in the literature. Our 
study contributes to the literature.

Conclusions

In this study, we have demonstrated that robot-
ic surgery is safe and feasible for elderly gastric 
cancer patients, with short-term outcomes and 
oncological resectability comparable between 
young and elderly patients. Therefore, we believe 
that robotic gastrectomy can be utilized in the 
treatment of elderly patients with gastric cancer. 
To obtain more reliable results, there is a need for 
multicenter randomized prospective studies pro-
viding long-term oncological outcomes.
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