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Abstract: The purpose of this study was to evaluate the
short-term outcomes after simultaneous gastrectomy plus cho-
lecystectomy in gastric cancer patients. PUBMED, EMBASE,
and the Cochrane Library were searched from inception to
Apr 15, 2021. Short-term surgical outcomes were compared
between the simultaneous gastrectomy plus cholecystectomy
group and the gastrectomy only group. Five retrospective stu-
dies with 3,315 patients and 1 randomized controlled trial with
130 patients were included. There was no significant difference
in age, sex, surgical methods, or reconstruction. In terms of
short-term outcomes, no significance was found in postopera-
tive complications (odds ratio, OR = 1.08, F = 24%, 95% CI =
0.78-1.50, P = 0.65), postoperative biliary complications (OR =
0.98, P = 0%, 95% CI = 0.43-2.25, P = 0.96), mortality (OR =
1.28, PP = 0%, 95% CI = 0.49-3.37, P = 0.61), and postoperative
hospital stay (MD = —0.10, P = 0%, 95% CI = —0.73-0.54, P =
0.77) between the two groups. Simultaneous gastrectomy plus
cholecystectomy in gastric cancer patients is safe and does not
increase the short-term outcomes.
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1 Introduction

Gastric cancer is the fifth most diagnosed cancers world-
wide and the third most common cause of cancer-related
deaths [1,2]. Surgery is still a mandatory backstone in the
treatment for gastric cancer patients. The main proce-
dures are gastrectomy plus D2 lymph node dissection [2].

Many studies have reported that the incidence of cho-
lecystolithiasis after gastric cancer surgery was higher
than that of the general population, and some of which
required a secondary surgery [3—-8]. It might be associated
with the changes in the vagus nerve branches after sur-
gical dissection and the changes in the gastrointestinal
anatomy after reconstruction [9-11]. Considering the high
incidence of cholecystolithiasis after gastrectomy, simulta-
neous cholecystectomy was not time-consuming, and there
was basically little increased risk to the patients; therefore,
some authors proposed simultaneous gastrectomy plus
cholecystectomy [12,13].

However, whether cholecystectomy should be per-
formed at the same time with gastrectomy remains con-
troversial. The Cholegas study reported that combined
cholecystectomy during gastrectomy did not increase
the risk of perioperative morbidity and mortality [14].
But another study reported that simultaneous gastrectomy
plus cholecystectomy increased the risk of perioperative
morbidity [15]. The purpose of this study was to evaluate
the surgical mortality and morbidity after combined gas-
trectomy plus cholecystectomy in gastric cancer patients.

2 Materials and methods

2.1 Structure of meta-analysis

The current study conformed to the Preferred Reporting Items
for Systematic Reviews and Meta Analyses (PRISMA) state-
ment stringently [16]. The registration ID of this meta-analysis
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on PROSPERO is CRD42021252274, and the link is https://
www.crd.york.ac.uk/prospero/display_record.php?ID=
CRD42021252274.

2.2 Literature search

Two authors searched through PUBMED, EMBASE, and
the Cochrane Library for literature independently, and
the deadline was Apr 15, 2021. The strategies were as fol-
lows: (“gastric tumor” OR “gastric cancer”) AND (“chole-
cystectomy” OR “gall stone” OR “cholecystolithiasis” OR
“cholelithiasis”). The language was restricted to publica-
tions in English.

The inclusion criteria of this current study were as fol-
lows: (1) studies comparing surgical endpoints between
simultaneous gastrectomy plus cholecystectomy group
and gastrectomy only group in gastric cancer patients;
(2) at least one short-term outcome was reported in the
included studies, the short-term outcomes were as fol-
lows: postoperative overall complications, postopera-
tive biliary complications, postoperative mortality, or
postoperative hospital stay. The exclusion criteria were
as follows: (1) reviews, conference, comments, case
reports, and/or non-original articles and (2) studies
with none of these short-term complications or end-
points. Group discussions were conducted on disputed
points about inclusion.

2.3 Data extraction and quality assessment

Two authors searched the literature independently. The
titles and abstracts were screened for the relevant con-
tent, then we checked full texts carefully according to the
inclusion and exclusion criteria. A group discussion would
be held on disagreement, and if there was still a dispute, a
third author would be involved in the final decision.

For the included studies, two authors extracted data
independently. The data extracted were as follows: first
author, publication year, study period, country, study
type, sample size, postoperative overall complications,
postoperative biliary complications, postoperative hospital
stay, and postoperative mortality. The unclear data were
evaluated through emails to the original authors if neces-
sary. Discussion in groups if disagreements appeared.

The main outcome of this study was the postopera-
tive overall complications. Secondary outcome included
postoperative biliary complications, mortality rate, and
postoperative hospital stay.
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We used the risk of bias in non-randomized studies of
interventions (ROBINS-I) tool to assess the quality of
included studies, and each study was evaluated in three
domains including selection, comparability, and results [17].
The senior author completed the assessment independently.

2.4 Statistical analysis

In the study, the odds ratio (OR) of dichotomous variables
and mean difference (MD of continuous variables were calcu-
lated, and 95% confidence interval (95% CI) was calculated,
respectively. The statistical heterogeneity of the included stu-
dies was assessed by using the P value. When P > 50%, the
random-effect model was used, and high heterogeneity was
considered, while P < 0.1 was considered statistically signifi-
cant. Otherwise, we used the fixed effects model and statisti-
cally significant was defined as p < 0.05 [18]. We used
RevMan 5.3 (The Cochrane Collaboration, London, United
Kingdom) for data analysis in this study.

3 Results

3.1 Study and patient characteristic

492 studies were identified in the databases, of which 186
studies were removed for duplication. 295 studies were
removed after screening the titles and abstracts and 11 stu-
dies were evaluated for full text review. Finally, six studies
[14,15,19-22] which compared short-term outcomes after
simultaneous gastrectomy plus cholecystectomy and only
gastrectomy in gastric cancer patients were included in this
study. The flow chart is shown in Figure 1.

There were 460 patients who underwent simultaneous
gastrectomy plus cholecystectomy and 2,985 patients who
underwent gastrectomy only for gastric cancer in the 6 stu-
dies. One is randomized controlled trial (RCT) from Italy and
the other five were retrospective studies from Korea, China,
and Japan. The publication year was from 2009 to 2019, and
the study date was from 1988 to 2018. The level of the
ROBINS-I is shown in Table 1.

3.2 Quantitative data synthesis

3.2.1 Baseline information

Between the Gastrectomy + Cholecystectomy group and
the Gastrectomy only group, the results showed that no
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Figure 1: Flowchart of study selection.

significant difference was found in age (MD = 1.40, I? =
0%, 95% CI = 0.50-3.30, P = 0.15) [15,18] or males (MD =
1.08, P = 0%, 95% CI = 0.83-1.40, P = 0.58) [14,15,18-20].
The total gastrectomy (MD = 0.92, P = 0%, 95% CI =
0.64-1.32, P = 0.64) [14,15,18,19] and reconstruction method
(MD = 0.89, P = 0%, 95% CI = 0.62-1.28, P = 0.53)
[14,15,18,19] had no significant difference (Table 2).

3.2.2 Primary outcomes

Postoperative complications were divided into two groups
including postoperative overall complications and postopera-
tive biliary complications. All six studies [14,15,19-22]
reported the overall postoperative complications, the one
RCT [14] did not find any significant difference between
the two groups (MD = 1.60, 95% CI = 0.68-3.79, P = 0.28).
Even for the five retrospective studies [15,19-22], there was
no significant difference between the two groups (MD =
1.01, P2 = 34%, 95% CI = 0.70-1.44, P = 0.98) (Figure 2).

3.2.3 Secondary outcomes

Three studies [14,19,22] reported the postoperative biliary
complications, the one RCT [14] did not find any signifi-
cant difference between the two groups (MD = 3.05, 95%
CI = 0.12-76.17, P = 0.50), and the analysis of the other
two retrospective studies [19,22] also reported that there
was no significance in the two groups (MD = 0.89, P = 0%,

95% CI = 0.37-2.15, P = 0.79) (Figure 3). Five studies
[14,19-22] including 2,961 patients reported the short-term
mortality. No significant difference was found between the
two groups (MD = 3.05, 95% CI = 0.12-76.17, P = 0.50) in the
one RCT [14], and also in the analysis of four retrospective
studies [19-22] (MD = 1.15, P = 0%, 95% CI = 0.40-3.26, P =
0.80) (Figure 4). Two studies reported the postoperative
hospital stay, and no significance was found (MD = -0.10,
P = 0%, 95% CI = —0.73-0.54, P = 0.77) (Table 2).

3.3 Sensitivity and publication bias

Sensitivity analyses were performed to assess the robust-
ness of the results by repeating analyses of removing one
study at a time, and every result did not change effect size
or overall heterogeneity. The results showed no publica-
tion bias in the funnel plots (Figure 5).

4 Discussion

Gastrectomy is the main treatment method of gastric
cancer [1,23]. The safety and feasibility of simultaneous
gastrectomy plus cholecystectomy are still in debate [24,25].
In this study, 6 studies with 3,445 patients were included.
For baseline information and surgical methods, the simul-
taneous gastrectomy plus cholecystectomy group and gas-
trectomy only group had no significant difference in age,
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Gastrectomy+Cholecystectomy Gastrectomy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed. 95% CI
1.2.1 Retrospective study
Jeong IH 2009 1 26 79 364 15.1% 0.14 [0.02, 1.08] - =1
Kim YN 2019 29 242 24 242  31.6% 1.240.70, 2.19] B L
Lai SL 2013 14 58 85 387 251% 1.13[0.59, 2.16] T
Tan Z 2019 5 62 145 1691 14.1% 0.94 [0.37, 2.37] -
Woo Y 2012 2 7 26 236 1.6%  3.23[0.60, 17.50] ]
Subtotal (95% CI) 395 2920 87.6% 1.01 [0.70, 1.44] ‘
Total events 51 359
Heterogeneity: Chi? = 6.05, df = 4 (P = 0.20); I* = 34%
Test for overall effect: Z = 0.03 (P = 0.98)
1.2.2 Randomized controlled trial
Bernini M 2013 16 65 1 65 12.4% 1.60[0.68, 3.79] i =
Subtotal (95% Cl) 65 65 12.4%  1.60[0.68, 3.79] -
Total events 16 11
Heterogeneity: Not applicable
Test for overall effect: Z=1.08 (P = 0.28)
Total (95% Cl) 460 2985 100.0% 1.08 [0.78, 1.50]
Total events 67 370
Heterogeneity: Chi? = 6.59, df = 5 (P = 0.25); I = 24% ‘0_0 , 0? r : 1‘0 p oo’

Test for overall effect: Z = 0.45 (P = 0.65)
Test for subgroup differences: Chi2=0.96, df =1 (P = 0.33); I?= 0%

Figure 2: Forest plot showing postoperative overall complications.

sex, total gastrectomy, or reconstruction method. No signif-
icance was found in postoperative complications including
overall complications, biliary complications, mortality, and
postoperative hospital stay between the two groups.

Many studies have reported a 3—4-fold increase in the
incidence of gallstones 5 years after gastric surgery, approxi-
mately 6% of patients undergoing upper gastrointestinal
tract surgery would probably require cholecystectomy
during follow-up [14,26,27]. There are two mechanisms
for this phenomenon: First, after the surgical dissection
of the vagus nerve branches in the gastrectomy, it might
play an important role in the change in plasma chole-
cystokinin concentrations and gallbladder emptying,

[Gastrectomy+Cholecystectomy] [Gastrectomy]

resulting in stone formation [28-30]. Second, recon-
struction such as Billroth II and Roux-en-Y excluded
food passage through the duodenum, which might lead
to higher risk of gallstone formation [31-33].

Considering the safety of the operation and postopera-
tive complications, it was controversial whether gastrectomy
plus cholecystectomy were performed simultaneously in
gastric cancer patients. Previous study reported that the
patients with gastric cancer undergoing the gastrectomy
plus cholecystectomy simultaneously had increased risk of
perioperative morbidity [15]. However, another two studies
reported that simultaneous gastrectomy plus cholecys-
tectomy did not influence the mortality [34,35]. In our

Gastrectomy+Cholecystectomy Gastrectomy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
4.2.1 Retrospective study
Jeong IH 2009 0 26 2 364 3.0%  2.74[0.13, 58.46]
Tan Z 2019 5 62 162 1691 92.7% 0.83[0.33, 2.09] i
Subtotal (95% ClI) 88 2055 95.7% 0.89 [0.37, 2.15]
Total events 5 164
Heterogeneity: Chi? = 0.54, df = 1 (P = 0.46); I? = 0%
Test for overall effect: Z = 0.26 (P = 0.79)
4.2.2 Randomized controlled trial
Bernini M 2013 1 65 0 65 4.3% 3.05[0.12,76.17]
Subtotal (95% Cl) 65 65 4.3% 3.05[0.12, 76.17] e —
Total events 1 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P = 0.50)
Total (95% ClI) 153 2120 100.0% 0.98 [0.43, 2.25]
Total events 6 164 ) . ) .
Heterogeneity: Chi? = 1.04, df =2 (P = 0.60); I>= 0% '0.01 0:1 1’ 1'0 100‘

Test for overall effect: Z = 0.05 (P = 0.96)
Test for subgroup differences: Chi2=0.52, df = 1 (P = 0.47); > = 0%

Figure 3: Forest plot showing postoperative biliary complications.

[Gastrectomy+Cholecystectomy] [Gastrectomy]
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Gastrectomy+ Cholecystectomy  Gastrectomy Odds Ratio Odds Ratio
r r Even Total Even Total Weight M-H, Fix % Cl M-H, Fix % Cl
2.2.1 Retrospective study
Jeong IH 2009 0 26 3 364 7.0% 1.95[0.10, 38.73]
Lai SL 2013 2 58 12 387 45.0% 1.12[0.24,5.12] E  E—
Tan Z 2019 1 62 38 1691 39.4% 0.71[0.10, 5.28] I
Woo Y 2012 0 7 1 236  1.4% 10.47[0.39, 278.75]
Subtotal (95% CI) 153 2678 92.7% 1.15 [0.40, 3.26] i
Total events 3 54
Heterogeneity: Chi? = 2.08, df = 3 (P = 0.56); 1> = 0%
Test for overall effect: Z = 0.26 (P = 0.80)
2.2.2 Randomized controlled trial
Bernini M 2013 1 65 0 65 7.3%  3.05[0.12,76.17]
Subtotal (95% CI) 65 65 7.3% 3.05[0.12,76.17] e —
Total events 1 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P = 0.50)
Total (95% Cl) 218 2743 100.0% 1.28 [0.49, 3.37]
Total events 4 54
Heterogeneity: Chi2 = 2.29, df = 4 (P = 0.68); I = 0% ‘0_01 0f1 : 1‘0 100‘

Test for overall effect: Z=0.51 (P = 0.61)
Test for subgroup differences: Chi?=0.32, df =1 (P = 0.57); ? = 0%

Figure 4: Forest plot showing postoperative mortality.
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Figure 5: Funnel plot of postoperative overall complications in the
included studies showing no evidence of publication bias. SE:
standard error, OR: odds ratio.

study, gastric cancer patients in the simultaneous gas-
trectomy plus cholecystectomy group had a 28% increase
in mortality over the gastrectomy group, although the
differences were not significant. Meanwhile, we found
no significant difference in postoperative overall compli-
cations and biliary complications in this study. On the
other hand, simultaneous gastrectomy plus cholecys-
tectomy in gastric cancer patients did not increase the
postoperative hospital stay than gastrectomy group.
Nevertheless, the sample size of studies about the
duration of surgery and the intraoperative blood loss
was limited. Only one study showed the operative time
was significantly shorter in the gastrectomy only group
than in the simultaneous cholecystectomy group [15].

[Gastrectomy+Cholecystectomy] [Gastrectomy]

However, the other four studies presented a difference
between the two groups [14,19-21]. About the intraopera-
tive blood loss, the same as duration of surgery, Kim
mentioned that the simultaneous cholecystectomy group
showed more intraoperative blood loss than the gas-
trectomy only group [15]. But no significant difference
was found in the other two studies [14,20]. Therefore,
more large samples and prospective studies were needed
in the future.

Although implementing gastrectomy in gastric cancer
patients might increase the risk of cholecystolithiasis,
but not all patients would have cholelithiasis after gas-
trectomy and would need subsequent cholecystectomy
[3,5,36,37]. A minimally invasive cholecystectomy was fea-
sible even in those patients who underwent gastric surgery
previously [38-40]. Although there is still controversy in
the duration of surgery and intraoperative blood loss
between the two groups, it did not affect the incidence of
postoperative overall complications, biliary complications,
mortality, and postoperative hospital stay. Overall, we
suggest combined gastrectomy plus cholecystectomy is
safe and does not change short-term outcomes.

There are several limitations. First, only six studies
were included and only one was RCT, while five were
retrospective studies. Second, there was lack of complete
baseline data such as tumor depth and TNM staging.
Third, the data form of duration of surgery and intraopera-
tive blood loss were limited, which may result in heteroge-
neity and the results might not be precise enough. Therefore,
RCTs with large samples and high quality should be carried
out in the future.
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5 Conclusion

In conclusion, simultaneous gastrectomy plus cholecys-
tectomy is safe and does not increase the short-term out-
comes in gastric cancer patients.
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