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Abstract

This study aims to compare the short-term outcomes after minimally invasive gastrectomy between obese and non-obese
population. Our analysis included data of 713 patients from ten departments of surgery. They were divided in non-obese
group and obese group with 617 and 96 patients respectively. Significant differences were found in terms of mortality at
90 days (obese: 0 vs non-obese: 27, p=0.037). Intraoperative data showed no significant differences in terms of conversion
(obese: 4 vs non-obese: 43, p=0.303). About postoperative complications, significant differences between the two groups
were found only in terms of surgical infection (obese: 13 vs non-obese: 38, p=0.009). About oncological outcomes, no
differences were found about retrieved lymph nodes (obese: 30.71 +18.44 vs non-obese: 32.93 +17.62, p=0.596) and
about surgical radicality (R0O) (obese:94 vs non-obese:594, p=0.415). Obesity doesn’t worsen postoperative outcomes and

minimally invasive gastrectomy in obese patients is related to a lower postoperative mortality.
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Introduction

Obesity is one of the major problems in Western countries
and it could be considered a global pandemic [1-4]. Nev-
ertheless, the current literature has showed an association
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between obesity and gastric cancer [5—10] and the increased
prevalence of obesity has caused an increase even in the
prevalence of gastric cancer.

Gastric cancer is the third leading cause of tumor-related
deaths worldwide [11]. Its incidence and presentation
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depend on geographical area with the highest incidence seen
in Eastern Asia, Eastern Europe and some Latin American
countries [12—16]. In daily clinical practice, surgery remains
the mainstay of therapy. In the 2013 annual Consensus
Conference on gastric cancer, the Italian Research Group
for Gastric Cancer (GIRCG) stated that minimal invasive
surgery should be performed only for early gastric cancer
(EGC) respecting the parameters of correct oncological
radicality [17, 18]. However, the propensity of expert Ital-
ian upper gastrointestinal surgeons is performing minimally
invasive techniques not only for early but also for advanced
gastric cancer (AGC). Furthermore, the current literature
also shows the safety of minimally invasive surgery for the
treatment of gastric cancer [19].

Although minimally invasive approach presents well-
known benefits, it could be technically more difficult in
obese patients due to comorbidities related to obesity and
few are known about feasibility and advantages of minimally
invasive gastrectomy in obese patients [20-22]. Thus, is it
safe for the treatment of gastric cancer in obese population?
The aim of this study is to compare the short-term outcomes
after minimally invasive gastrectomy between obese and
non-obese population.

Materials and methods
Patients and protocol

Patients with gastric cancer who underwent a planned gas-
trectomy with D2 lymphadenectomy at 10 high-volume Ital-
ian centers for upper gastrointestinal surgery from January
1,2017 to December 31, 2021 were retrospectively analyzed
from prospectively maintained databases. Only patients who
underwent a minimally invasive, both laparoscopic and
robotic gastrectomy, were included in the study to compare
the postoperative outcomes between the obese and non-
obese population.

A written informed consent was obtained from each
patient enrolled in the analysis. The study protocol conforms
to the ethical guidelines of the 1975 Declaration of Helsinki.

The inclusion criteria were: age > 18 years, written
informed consent provided, diagnosis of gastric cancer
planned for elective gastric surgery. The exclusion criteria
were age < 18 years, valid informed consent denied, locally
advanced cancers not amenable to curative surgery or requir-
ing en bloc multivisceral resection and severe systemic dis-
ease that contraindicated minimally invasive surgery.

All operations were performed by senior surgeons expe-
rienced in minimally invasive gastrectomy. To minimize the
bias related to the presence of different surgeons, only pro-
cedures performed by experts of high-volume Italian centers
for upper gastrointestinal surgery were considered.
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Demographic information and surgery-related data were
extracted. Demographic information included sex, age, BMI,
American Society of Anesthesiologists ASA score, Charlson
Comordibity Index, previous abdominal surgery, neoadju-
vant therapy performed and tumor localization. Surgery-
related data involved type of minimally invasive approach
(laparoscopic or robotic) and type of surgical technique
(subtotal or total).

Outcomes

The enrolled patients were divided into two groups: obese
(BMI > 30 kg/m?) patient group and non-obese patient
group.

The short-term outcomes of minimally invasive gastrec-
tomy in obese versus non-obese patients were evaluated.
These outcomes involved postoperative complications, mor-
tality at 90 days, conversion, margin status and retrieved
lymph nodes.

Furthermore, the complications were classified according
to Clavien—-Dindo (CD) Classification [23].

During postoperative course, patients were evaluated
with clinical monitoring and daily blood tests. After the
discharge, the patients were submitted to a check after 7,
30, 60 and 90 days.

Statistical analysis

Statistical analysis was performed using the statistical
package for the Social Sciences SPSS 28 system (SPSS
Inc., Chicago, IL, USA). Continuous data were expressed
as mean + standard deviation. Categorical variables were
expressed as percentages. Continuous variables were com-
pared by the Mann—Whitney U test and categorical vari-
ables with the Chi-square 2 test. All results are presented
as two-tailed values and a p <0.05 defined as a statistical
significance.

Results

Our analysis included data of 713 patients from ten depart-
ments of surgery. These patients were divided in non-obese
group and obese group with 617 (86.5%) and 96 (13.5%)
patients respectively. Patient and tumour characteristics
are summarized in Table 1. No differences were found in
terms of gender (p=0.112), age (obese: 70.01 +11.2 vs
non-obese: 70.07 +12.2, p=0.624), Charlson Comordibity
Index (p=0.202), previous abdominal surgery (p =0.27),
neoadjuvant therapy (p=0.527) and tumor localization
(p=0.930). Significative differences were found about
ASA score (p=0.024) with more ASA grades 3 and 4 cases
in the obese group. About surgical approach, laparoscopic
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Table 1 Demographic data and tumor characteristics

Overall (n=713) Not obese (n=617; 86.5%) Obese (n=96; 13.5%) P
Gender 0,112
Female 307 (43.1) 258 (41.8) 49 (51)
Male 406 (56.9) 359 (58.2) 47 (49)
Age at surgery; yrs 70.7+-12.1 (16 to 94) 70.7+-12.2 (16 to 94) 70.1+-11.2 (45 to 94) 0,624
BMI; kg/m2 24.5[22.2;27] (14.8 to 41.8) 24 [22 ; 26] (14.8 to 33.6) 31[30;34.2] (27.3 to 41.8)
ASA 0,024
1 21 (2.9) 21 (3.4) 0 (0)
11 399 (56) 353 (57.2) 46 (47.9)
III 281 (39.4) 234 (37.9) 47 (49)
v 12 (1.7) 9 (1.5) 3@3.1)
aCCl 5[3;6](0to 14) 5[3;6](0to 14) 5[3;6](0to 13) 0,202
Previous abdominal 305 (42.8) 269 (43.6) 36 (37.5) 0,27
surgery
Diabetes 99 (13.9) 79 (12.8) 20 (20.8) 0,04
Ischemic heart failure 64 (9) 53 (8.6) 11 (11.5) 0,341
Congestive heart disease 29 (4.1) 25 (4.1) 4 (4.2) 0,99
Hypertension 279 (39.1) 225 (36.5) 54 (56.2) <0.001
Bpco 50 (7) 38 (6.2) 12 (12.5) 0,031
Osas 6 (0.8) 4 (0.6) 22.1) 0,188
Neoadjuvant 179 (25.1) 158 (25.6) 21 (21.9) 0,527
chemotherapy
Tumor location 0,938
Upper 82 (11.5) 70 (11.3) 12 (12.5)
Middle 277 (38.8) 240 (38.9) 37 (38.5)
Lower 354 (49.6) 307 (49.8) 47 (49)
AJCC 0,415
0 13 (1.8) 11 (1.8) 22.1)
1 272 (38.1) 236 (38.2) 36 (37.5)
2 237 (33.2) 211 (34.2) 26 (27.1)
3 150 (21) 126 (20.4) 24 (25)
4 41 (5.8) 33 (5.3) 8 (8.3)
Technology 0,877
Laparoscopic 609 (85.4) 526 (85.3) 83 (86.5)
Robotic 104 (14.6) 91 (14.7) 13 (13.5)
Extent of gastrectomy 0,48
Sub-total 490 (68.7) 427 (69.2) 63 (65.6)
Total 223 (31.3) 190 (30.8) 33 (34.4)

Values are expressed as number and (percentage)

Continuous variables are expressed as mean and standard deviation
BMI body mass index, ASA American Society of Anesthesiologists, CCI Charlson Comorbidity Index, AJCC 8th edition American Joint Com-

mittee on Cancer

surgery was used in 609 (85.4%) cases (obese: 83 (13.6%)
vs non-obese: 526 (86.4%)) and robotic surgery in 104
(14.6%) cases (obese:13 (12.5%) vs non-obese: 91 (87.5%)),
(p=0.877). About surgical technique, 490 (68.7%) patients
(obese: 63 (12.9%) vs non-obese: 427 (87.1)) underwent
subtotal gastrectomy and 223 (31.3%) patients (obese: 33
(14.8%) vs non-obese: 190 (85.2%)) underwent total gas-
trectomy (p =0.48). Intraoperative data showed no signifi-
cant differences in terms of conversion (obese: 4 (4.2%) vs

non-obese: 43 (7%), p=0.303). The analysis of postopera-
tive complications showed significant differences between
the two groups in terms of surgical infection (obese: 13
(13.5%) vs non-obese: 38 (6.2%), p=0.009) while no differ-
ences interested the two group in terms of bleeding (obese: 2
(2.1%) vs non-obese: 41 (6.6%), p=0.081), the need of ICU
(obese: 13 (13.5%) vs non-obese: 71 (11.5%), p=0.565),
anastomotic leakage (obese: 7 (7.3%) vs non-obese: 31 (5%),
p=0.358), duodenal leakage (obese: 3 (3.1%) vs non-obese:
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18 (2.9%), p=0.911), anastomotic stenosis (obese: 1 (1%) vs
non-obese: 7 (1.1%), p=0.936), bowel obstruction (obese:
0 vs non-obese: 9 (1.5%), p=0.234) and bowel perforation
(obese: 2 (2.1%) vs non-obese: 9 (1.5%), p=0.644), abdom-
inal collection (obese: 6 (6.3%) vs non-obese: 33 (5.5%),
p=0.718), delayed gastric emptying (obese: 3 (3.1%) vs
non-obese: 21 (3.4%), p=0.888) and other major complica-
tions requiring re-intervention or other invasive procedures
(obese: 2 (2.1%) vs non-obese: 21 (3.4%), p=0.496). Con-
sidering the Clavien—Dindo Classification for postoperative
complications, no significant differences were found in terms
of CD-1 complications (obese: 9 (9.4%) vs non-obese: 69
(11.2%), p=0.598), in terms of CD-2 complications (obese:
16 (16.7%) vs non-obese: 92 (14.9%), p=0.655); in terms
of CD-3 complications (obese: 10 (10.4%) vs non-obese: 61
(9.9%), p=0.872); in terms of CD-4 complications (obese: 3
(3.1%) vs non-obese: 14 (2.3%), p=0.609) and CD-5 com-
plications (obese: 0 vs non-obese: 13 (2.1%), p=0.151).
Significant differences were found in terms of mortality
at 90 days (obese: 0 vs non-obese: 27 (4.4%), p=0.037);
comparing this result with the CD-5 complications, it
was found that in non-obese group other 14 deaths (2.3%)
occurred within 90 days after discharge. About oncological
outcomes, no differences were found about retrieved lymph
nodes (obese: 30.71 + 18.44 vs non-obese: 32.93+17.62,
p=0.596) and about surgical radicality (RO) (obese:94
(97.9%) vs non-obese:594 (96.3%), p=0.415). The short-
term outcomes of minimally invasive gastrectomy in obese
versus non-obese patients (postoperative complications,
mortality at 90 days, conversion, margin status and retrieved
lymph nodes) are summarized in Table 2.

In addition, patients were divided in subtotal minimally
invasive gastrectomy group and in total minimally invasive

gastrectomy group and each group has been divided in
two subgroups (non-obese and obese group) to evaluate
the aforementioned outcomes in obese versus non-obese
patients. In detail, the subtotal minimally invasive gas-
trectomy group involved 490 patients (68.7%) (obese: 63
(12.9%) and non-obese: 427 (87.1%)) and the total mini-
mally invasive gastrectomy group involved 223 patients
(31.3%) (obese: 33 (14.8%) and non-obese: 190 (85.2%)).
No differences were found in terms of short-term outcomes
in obese versus non-obese patients in the subtotal minimally
invasive gastrectomy group. On the contrary in the total min-
imally invasive gastrectomy group, significative differences
were found in terms of CD-2 complications (obese: 8 (3.6%)
vs non-obese: 20 (8.9%), p=0.029).

Discussion

Obesity could be considered a global pandemic and cur-
rent literature showed an association between obesity and
increased risk of gastric cancer [5—10]. In detail, excess body
weight (BMI > 25 according to the WHO classification for
overweight and obesity) was associated with an increased
risk of gastric cancer in non-Asian individuals [6], popula-
tion where obesity was significantly associated with the risk
of gastric cancer [7].

Current national trends in surgical treatment for gastric
cancer showed that minimally invasive surgery was adopted
for the treatment of both early and advanced gastric cancer
and that the penetrance of minimally invasive approach cor-
related with volumes activity [19]. In 2013, we joined the
annual Consensus Conference to gastric cancer, when Ital-
ian Research Group for Gastric Cancer (GIRCG) stated that

Table 2 The short-term

o . . Overall (n=713) Not obese Obese (n=96; 13.5%) P

outcomes of mlnlmally invasive (n=617; 86.5%)

gastrectomy in obese versus

non-obese patients Mortality at 90 days 27 27 0 0.037
Conversion 47 43 4 0.303
Margin status RO 688 594 94 0.415
Retrieved lymph nodes 32.63+£17.74 32.93+£17.62 30.71£18.44 0.596
Clavien—Dindo classification
0 424 367 57 0.970
1 78 69 9 0.598
2 108 92 16 0.655
3 71 61 10 0.872
4 17 14 3 0.609
5 13 13 0.151

Values are expressed as number and (percentage)

Continuous variables are expressed as mean and standard deviation

Short-term outcomes of minimally invasive gastrectomy in population with obesity versus population with-

out obesity: the obesity paradox
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minimal invasive surgery should be performed only for EGC
respecting the parameters of correct oncological radicality
[17, 18]. However, in the last decade, minimally invasive
surgery has been increasingly used also for AGC with an
improvement of recovery after surgery [24, 25] featuring
less estimated blood loss, reduced use of analgesic injec-
tion, shorter hospital stay, decreased early and late complica-
tion. Recently, several randomized controlled trials (RCTs)
[26-30] have revealed not only the surgical safety of lapa-
roscopic gastrectomy for AGC but also that early morbidity
rate was significantly lower after laparoscopic procedure in
patients with AGC [29] showing a comparable long-term
survival without an increase in recurrence and metastasis
[28]. In this setting, we decided to perform a national survey
on the current status of minimally invasive gastric practice
[19] which has stated that surgeons are not used to properly
respect the guidelines developed by GIRCG in 2013 and
minimally invasive surgery was adopted for the treatment of
both early and advanced gastric cancer. The survey [19] has
also demonstrated that obesity didn’t impact on the choice
to select a minimally invasive approach. This study aims to
compare the short-term outcomes after minimally invasive
gastrectomy between obese and non-obese population.

It is well known that the impact of obesity and the associ-
ated comorbidities, such as type 2 diabetes, hypertension,
cardiovascular disease, obstructive sleep apnea syndrome,
non-alcoholic fatty liver disease on the outcomes after major
surgery, has increased a wide interest in surgery over the
years. Additionally, obesity has always been considered
as a disease that predisposes to technically more difficult
interventions due to the excess adipose tissue and to the
laparoscopic surgery limitations. Specifically, obesity with
an excessive fatty tissue in abdominal wall and cavity could
increase the difficulty of exposing the surgical field, further
increasing the laparoscopic surgery limitations, such as two-
dimensional images, decreased tactile sensation, magnifica-
tion of physiological hand tremor, decreased dexterity due
to instruments used and limited range of instrument motion
[31, 32]. Previous studies have demonstrated that these dif-
ficulties, obesity-related, were associated with longer oper-
ative time, higher intra-operative blood loss, lower extent
of lymph node dissection and a higher risk of postopera-
tive complications [33-38], such as pancreatic fistula and
anastomotic leakage [39]. However, our results showed no
significant differences between the two groups in terms of
intra-operative complications, conversions and oncological
outcomes as shown by Tsekrekos A. et al. [40]. Of inter-
est, significant differences were found about postoperative
mortality at 90 days with 27 deaths in non-obese group and
no death in obese group. About postoperative complica-
tions, significant differences were found only about surgi-
cal infection which appeared significantly higher in non-
obese group; considering the Clavien—Dindo Classification

for postoperative complications, no significant differences
were found in terms of CD-1, CD-2, CD-3, CD-4 and CD-5
complications. These results might seem a paradox because
our results not only suggested that obesity doesn’t worsen
postoperative outcomes after minimally invasive gastrec-
tomy performed by experienced surgeons but also that, in
this setting, minimally invasive approach is related to a lower
postoperative mortality. Of interest, these results also sug-
gested safety and efficacy of minimally invasive surgery for
the treatment of gastric cancer in obese patients because no
significant differences were found in terms of postoperative
complications, and about oncological outcomes, no differ-
ences were found about retrieved lymph nodes and surgical
radicality (RO).

However, this study presents some limitations, such as its
retrospective, non-randomized character and the different
sample size of obese and non-obese group.

Conclusions

Thus, no definitive conclusions can be drawn and it could
be considered only a proof of concept and a call to perform
ad hoc high-quality studies involving high-volume centers
for upper gastrointestinal surgery to evaluate the postopera-
tive outcomes after minimally invasive gastrectomy between
the obese and non-obese population and how obesity could
influence the postoperative outcomes.
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