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Abstract
Background Venous thromboembolism (VTE) is a common postoperative complication in patients undergoing 
surgery for gastric cancer (GC). Although VTE incidence may vary among cancers, guidelines rarely stratify preventive 
methods for postoperative VTE by cancer type. The risk of VTE in patients undergoing surgery for GC remains unclear.

Methods A systematic review and meta-analysis was undertaken to determine the risk of VTE after GC surgery and 
discuss the clinical value of pharmacological thromboprophylaxis in these cases. Medline, Embase, Web of Science, 
and Cochrane Library databases were searched for articles published from their inception to September 2022.

Results Overall, 13 studies (111,936 patients) were included. The overall 1-month incidence of VTE, deep vein 
thrombosis (DVT), and pulmonary embolism (PE) after GC surgery was 1.8% (95% CI, 0.8–3.1%; I²=98.5%), 1.2% 
(95% CI, 0.5–2.1%; I²=96.1%), and 0.4% (95% CI, 0.1–1.1%; I²=96.3%), respectively. The prevalence of postoperative 
VTE was comparable between Asian and Western populations (1.8% vs. 1.8%; P > 0.05). Compared with mechanical 
prophylaxis alone, mechanical plus pharmacological prophylaxis was associated with a significantly lower 1-month 
rate of postoperative VTE and DVT (0.6% vs. 2.9% and 0.6% vs. 2.8%, respectively; all P < 0.05), but not PE (P > 0.05). The 
1-month postoperative incidence of VTE was not significantly different between laparoscopic and open surgery (1.8% 
vs. 4.3%, P > 0.05).

Conclusion Patients undergoing GC surgery do not have a high risk of VTE. The incidence of VTE after GC surgery 
is not significantly different between Eastern and Western patients. Mechanical plus pharmacological prophylaxis 
is more effective than mechanical prophylaxis alone in postoperative VTE prevention. The VTE risk is comparable 
between open and laparoscopic surgery for GC.
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Introduction
Gastric cancer (GC) is a common malignant tumour that 
is the third most common cause of cancer-related death 
globally [1]. Surgery is currently the primary treatment 
modality for resectable GC. Venous thromboembolism 
(VTE), including deep vein thrombosis (DVT) and pul-
monary embolism (PE), is a common complication in 
patients with cancer. Virchow’s triad describes three ele-
ments associated with VTE, namely, blood stasis, endo-
thelial injury, and hypercoagulability, and cancer appears 
to be associated with all of these elements. Cancer sur-
gery directly damages the endothelium and activates 
coagulation, and postoperative patients stay in bed for a 
long time, resulting in blood stasis, all of which will fur-
ther aggravate the risk of VTE [2–4]. The risk of VTE in 
cancer patients is higher than that in the general popula-
tion, and major surgery is a strong risk factor for VTE [5–
8]. In addition, VTE is not only a common complication 
of cancer surgery, but also the most common cause of 
death 30 days after surgery [9, 10], incurring huge medi-
cal and economic costs. Therefore, prevention of VTE 
in patients undergoing cancer surgery deserves more 
attention.

However, there is still considerable controversy regard-
ing the development of VTE prevention strategies in 
patients undergoing cancer surgery, especially in dif-
ferent regions. The latest American Society of Clinical 
Oncology guideline recommends that patients under-
going surgery for major cancers should be started on 
thromboprophylaxis before surgery [11]. However, the 
American Society of Hematology only recommends 
postoperative thromboprophylaxis for patients undergo-
ing surgery and considers that the evidence of its effects 
is still low [12]. The incidence of VTE for surgery under 
high-risk factors is significantly lower in Asian coun-
tries than in Western countries, and thus, the routine 
use of anticoagulants seems unreasonable [13, 14]. The 
Asian guidelines on VTE stipulate that not all cancers 
have a high risk of VTE. Accordingly, they only recom-
mend drug prophylaxis for high-risk cancer surgery and 
mechanical prophylaxis for patients with high bleeding 
risk [15]. However, the guidelines do not specify which 
cancer surgeries are associated with a high risk of VTE. A 
study reported that the VTE rate is different among dif-
ferent races and even in the same race in different regions 
[16]. Various economic and medical conditions in differ-
ent regions further complicate this issue, which may also 
be an objective factor for the differences in these guide-
lines. Although many studies have reported on the inci-
dence of VTE after GC surgery, the incidence still varies 
widely among patients. Therefore, it is necessary to reli-
ably evaluate the incidence of VTE after GC surgery to 
determine the degree of risk. Thus, this study aimed to 
determine the risk of VTE after GC surgery and discuss 

the clinical value of pharmacological thromboprophy-
laxis in these cases to provide a reference for the routine 
use of thromboprophylaxis. Towards this goal, we used a 
systematic review to determine the incidence of VTE in 
GC patients who underwent surgery.

Methods
This review protocol is registered in the PROSPERO 
database (CRD42019144562) and published elsewhere 
[17].

Literature search
This work has been reported in line with PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses) [18] and AMSTAR (Assessing the meth-
odological quality of systematic reviews) Guidelines 
[19]. We searched Medline, Embase, Web of Science, 
and Cochrane Library from their inception to Septem-
ber 2022. The keywords were as follows: thrombosis, 
venous thromboembolism, pulmonary embolism, PE, 
DVT, VTE, stomach neoplasms, stomach cancer, stom-
ach tumour, gastric cancer, gastric tumour, epidemiologic 
studies, and incidence. The details of search strategy are 
listed in supplemental materials (Table S1).

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) the incidence 
of VTE after GC surgery was reported from randomised 
controlled trials (RCTs), cohort studies, population-
based surveys, and cross-sectional studies; (2) only stud-
ies published in English were included; (3) the type of 
surgery included laparoscopic or open surgery; (4) the 
primary outcomes included VTE events, which included 
symptomatic or incidentally detected DVT or PE; (5) 
studies should reported sufficient data to compute the 
VTE incidence after surgery.

The exclusion criteria were as follows: (1) patients 
who needed simultaneous surgery for other diseases; (2) 
patients with VTE at baseline; (3) studies occasionally 
reporting VTE as one of the adverse effects of surgery; (4) 
studies with no description of the lengths of follow-up.

Study selection and data extraction
After removing duplicates, two reviewers independently 
screened the titles and abstracts of all articles, after 
which the full texts of the potentially eligible articles 
were retrieved and read. Any discrepancies were resolved 
through consultation with a third reviewer. A data 
extraction form was created to extract relevant informa-
tion including first author, publication year, region, study 
design, sample size, sex, type of surgery (laparoscopic or 
open surgery), type of VTE (VTE, DVT, or PE) after sur-
gery, follow-up time, thromboprophylaxis method, and 
bleeding complications.
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Quality assessment
Two reviewers independently assessed the quality of 
each included study. The bias assessment tool modified 
by Hoy et al. was used to assess prevalence studies [20]. 
Each study was evaluated based on 10 items, with each 
item scored as 1 (yes) or 0 (no). The risk of bias was then 
rated based on these scores as low (> 8), moderate (6–8), 
or high (≤ 5) [21]. Meanwhile, the Cochrane bias assess-
ment tool was used for RCTs [22]. This bias assessment 
tool contains six domains: selection, performance, detec-
tion, attrition, reporting, and other biases. The risk of 
bias was classified as low, high, or unclear based on these 
domains.

Statistical analysis
Study-specific incidence and SE estimates were recalcu-
lated using raw numerators and denominators from the 
individual studies. The metaprop procedure was used to 
perform a meta-analysis of proportions [23] in STATA 
17.0. The procedure stabilises the variance of the study-
specific incidence using the Freeman–Tukey double 
arcsine transformation. An overall pooled estimate of 
incidence was obtained using a random effects model. 
Heterogeneity was assessed using Cochran’s Q test and 
quantified using I² statistics, with I² values of 25%, 50%, 
and 75% representing low, medium, and high hetero-
geneity, respectively. Statistical significance was set at 
P < 0.05. Sensitivity analysis was performed by exclud-
ing one study at a time to observe the robustness of the 
results and identify the possible sources of heterogeneity. 
Publication bias was explored graphically using a funnel 
plot and statistically using the Egger’s test, and P < 0.05 
was considered to indicate publication bias. If there was 
significant publication bias, the trim-and-fill method was 
used to solve it.

Results
Search results
A total of 8029 records were identified during the ini-
tial literature search. After removing duplicate records, 
29 eligible studies were analysed by screening titles and 
abstracts. The full texts of these studies were reviewed, 
and 16 studies were excluded for the following reasons: 
no eligibility for research objective, no available data, no 
description of follow-up length, no full text, overlapping 
period data from the same database, and replicated trial 
data. Finally, 13 studies were included in the systematic 
review and meta-analysis [24–36]. A flow diagram of the 
study selection process is shown in Fig. 1.

Characteristics of the included studies
The characteristics of the 13 included studies are listed in 
Table 1. All 13 studies involved a total of 111,936 patients. 
The studies were conducted in Asia (n = 8, 61.5%) [26, 

28–32, 34, 36], North America (n = 4, 30.8%) [25, 27, 
33, 35], and Europe (n = 1, 7.7%) [24]. Western coun-
tries included England, the USA, and Canada, and Asian 
countries included Turkey, Korea, and Japan. In most 
studies, the follow-up time of VTE events after GC sur-
gery was 1 month or similar (69.2%, n = 9) [24, 25, 27–30, 
33, 35, 36]. In other studies, the patients were followed up 
for 7 days (15.4%, n = 2) [31, 34], 24 months (7.7%, n = 1) 
[32], and 36 months (7.7%, n = 1) [26].

Of the 13 studies included, there were 12 prevalence 
studies and 1 RCT. In total, 4 and 9 of the studies had a 
low and moderate risk of bias, respectively (Table S2, Fig. 
S1).

Incidence of VTE, DVT, and PE after GC surgery
Nine studies [24, 25, 27–30, 33, 35, 36] with a 1-month 
follow-up reported the incidence of postoperative VTE 
in patients undergoing GC surgery. As some studies used 
data from the same database (ACS-NSQIP), the study by 
Ruff 2013 [35] with the largest cohort was retained for the 
meta-analysis, while the study by Bellini 2016 [25] with 
duplicate analyses was excluded. The overall 1-month 
incidence of VTE after GC surgery was 1.8% (95% CI, 
0.8–3.1%; I²=98.5%) (Fig. 2A). Five studies [25, 28, 30, 33, 
36] with a follow-up period of 1 month reported post-
operative DVT events. The overall 1-month incidence 
of DVT after GC surgery was 1.2% (95% CI, 0.5–2.1%; 
I²=96.1%) (Fig. 2B). Five studies [25, 28, 30, 33, 36] docu-
mented PE events within 1 month, and the 1-month inci-
dence of postoperative PE was 0.4% (95% CI, 0.1–1.1%; 
I²=96.3%) (Fig.  2C). There were high levels of heteroge-
neity for all the above results. Further sensitivity analyses 
showed that there was no significant change in the results 
and heterogeneity level, indicating that these results were 
stable and reliable (Fig. S2).

Two studies [31, 34] assessed VTE events within 7 days 
after GC surgery. The 7-day incidence of VTE, DVT, 
and PE was 8.8% (95% CI, 5.0–13.5%; I²=0%), 8.8% (95% 
CI, 5.0–13.5%; I²=0%), and 0% (95% CI, 0–0.7%; I²=0%), 
respectively (Fig.  3). Three studies [26, 32, 33] reported 
VTE events within 90 days, 24 months, and 36 months 
after GC surgery. The study by Lee 2010 [32] with a fol-
low-up period of 24 months reported only the total VTE 
events and did not specify DVT and PE. The incidence 
rates of postoperative VTE at 90 days, 24 months, and 
36 months were 2.4%, 2.0%, and 3.7%, respectively. The 
incidence rates of DVT at 90 days and 36 months postop-
eratively were 1.4% and 3.7%, respectively. The incidence 
rates of PE at 90 days and 36 months postoperatively 
were 1.0% and 0%, respectively.

Subgroup analysis
Studies with a 1-month follow-up after GC surgery [24, 
25, 27–30, 33, 35, 36] were selected for subgroup analysis. 
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With respect to region, the 1-month incidence of VTE, 
DVT, and PE in patients undergoing GC surgery was 
1.8% (95% CI, 1.0–2.8%; I²=94.7%), 1.1% (95% CI, 0.8–
1.3%), and 0.8% (95% CI, 0.6–1.0%) in non-Asian regions, 
respectively and was 1.8% (95% CI, 0.4–4.0%; I²=92.3%), 
1.3% (95% CI, 0.1–3.5%), and 0.1% (95% CI, 0–0.4%) in 
Asian regions, respectively. There was no significant dif-
ference in the 1-month incidence of postoperative VTE 
and DVT between non-Asian and Asian GC patients 
(P > 0.05); however, the 1-month incidence of PE after GC 
surgery in Asian regions was significantly lower than that 
in non-Asian regions (0.1% vs. 0.8%, P < 0.01) (Table 2).

With respect to the methods used to identify VTE 
cases, 2 of the 9 studies with a 1-month follow-up used 
routine postoperative imaging screening [28, 30]. Con-
sidering that the routine imaging tool in the 2 studies 
was duplex ultrasonography (DUS), we set the target for 
analysis as DVT. The 1-month incidence of postoperative 
DVT was significantly lower in the non-routine imaging 
group than in the routine imaging group (0.8% (95% CI, 
0.2–1.6%) vs. 2.1% (95% CI, 1.3–3.1%), P < 0.05; Table 2).

Four studies clearly described the thromboprophy-
laxis methods, including 1 clinical trial [28] and 1 
observational [30] study all with a 1-month follow-up, 

Fig. 1 PRISMA flow chart showing article selection process
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1 observational study with a 7-day follow-up [34], and 
1 database analysis study with a 36-month follow-up 
[26]. The 1-month incidence of postoperative VTE, 
DVT, and PE was 2.9% (95% CI, 1.8–4.3%), 2.8% (95% 
CI, 1.7–4.2%), and 0.4% (95% CI, 0–1.1%), respectively, 
in patients receiving mechanical prophylaxis alone. 
Meanwhile, it was 0.6% (95% CI, 0.1–2.2%), 0.6% (95% 
CI, 0.1–2.2%), and 0% (95% CI, 0–1.1%), respectively, in 
patients receiving mechanical prophylaxis plus antico-
agulant. Although the incidence rates of VTE, DVT, and 
PE were lower with combined anticoagulants than with 

mechanical prophylaxis alone, only the incidence rates of 
VTE and DVT were significantly different (0.6% vs. 2.9% 
and 0.6% vs. 2.8%, respectively; all P < 0.05) (Table  2). 
The study with a 7-day follow-up [34] also reported VTE 
rates of 7.5%, 0%, and 0% in the mechanical prophy-
laxis alone group, pharmacological prophylaxis alone 
group, and mechanical plus pharmacological prophy-
laxis group, respectively. Additionally, in the study with 
a 36-month follow-up [26], the incidence of VTE, DVT, 
and PE was 3.7%, 3.7%, and 0%, respectively, in patients 
receiving mechanical plus pharmacological prophylaxis. 

Fig. 2 Forest plots of postoperative VTE, DVT, and PE within 1 month in GC
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Among the above-mentioned 4 studies, only 1 study 
[28] reported postoperative bleeding complications. The 
1-month bleeding rate was significantly lower in patients 
with mechanical thromboprophylaxis than in those with 
mechanical plus pharmacological prophylaxis (1.2% vs. 
9.1%, P < 0.01) [28].

Two studies [29, 30] reported the 1-month incidence 
of VTE according to the type of surgery. The incidence 
of VTE in patients after open surgery was 4.3% (95% CI, 
1.5–8.2%) and was 1.8% (95% CI, 0.5–3.7%) after laparo-
scopic surgery. Despite the higher incidence in open sur-
gery than in laparoscopic surgery, the difference was not 
statistically significant (P > 0.05) (Table 2).

Forest plots for all subgroup analyses were presented in 
supplemental materials (Fig. S3-5).

Publication bias
Exploration of publication bias found that there was only 
significant publication bias in studies of the 1-month 
postoperative DVT in GC (Egger’s test, P < 0.05) (Fig. S6). 
Next, the bias was solved by the trim-and-fill method, 
and 3 studies were virtualised. However, the final out-
come did not change, and the results of the existing 
meta-analysis were considered to be stable (Fig. S7).

Discussion
Despite the varying incidence of VTE among cancers, 
current guidelines on preventive methods are not well 
stratified by cancer type. This study found that the overall 
1-month incidence rate of VTE, DVT, and PE after GC 
surgery was low. These results are consistent with those 

Fig. 3 Forest plots of postoperative VTE, DVT, and PE within 7 days in GC
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of a previous meta-analysis of postoperative symptomatic 
VTE in abdominal and pelvic tumours [37]. However, we 
only focused on GC and did not limit VTE presentation 
(symptomatic or asymptomatic). Most current guidelines 
do not describe VTE prevention after GC surgery, and 
recommendations for VTE prophylaxis are not specified 
according to the types of cancer and surgery [11, 12, 15, 
38, 39]. Considering that the reported incidence of post-
operative VTE varies widely among pelvic and abdominal 
tumours (e.g., 1.9% for colorectal cancer and as high as 
8% for ovarian cancer) [40, 41], it is necessary to under-
stand the accurate incidence of this complication in 
patients undergoing GC surgery.

Although the 1-month incidence of VTE (1.8%) and 
DVT (1.2%) after GC surgery is low, the 7-day incidence 
of postoperative VTE (8.8%) and DVT (8.8%) is high. 
Such a high rate of VTE may be due to the routine post-
operative imaging screening in both studies with a 7-day 
follow-up; all patients diagnosed with VTE were asymp-
tomatic [31, 34]. Although routine imaging screening 
can reveal asymptomatic VTE, it is not recommended 
because of the cost and limited accuracy of imaging 
examination in the diagnosis of asymptomatic VTE [42]. 
Asymptomatic VTE events are very common in cancer 

patients, and the associated mortality is not lower than 
that of symptomatic VTE events [43–45]. In the current 
study, analysis stratified according to VTE diagnostic 
methods showed that the 1-month incidence of post-
operative DVT was significantly higher in the routine 
DUS group than in the non-routine DUS group, which 
indicated that the incidence of asymptomatic DVT was 
higher than that of symptomatic DVT. Considering that 
PE is mainly a complication of DVT, and PE accompa-
nying DVT accounts for 80.6% of the total incidence of 
PE [46], clinicians have to pay more attention to PE due 
to its potential lethality. At present, routine imaging 
screening is rarely performed in the clinic and is only 
used to confirm the diagnosis when patients have rel-
evant clinical manifestations, which may mean that many 
asymptomatic VTEs are missed. Therefore, whether 
postoperative imaging screening should be routinely per-
formed remains controversial.

Many previous studies have shown that the incidence 
of VTE in Asian populations is significantly lower than 
that in Western populations [47–52]. Surprisingly, in our 
study, the pooled 1-month incidence of VTE after GC 
surgery was similar between Asian and Western coun-
tries. In addition, although the rate of postoperative 

Table 2 Subgroup analysis of the 1-month incidence of VTE and subgroup differences
Subgroups VTE DVT PE

Number 
of studies

Incidence 
% (95% 
CI)

Pheterogeneity Number 
of studies

Inci-
dence 
% (95% 
CI)

Pheterogeneity Number 
of studies

Inci-
dence 
% (95% 
CI)

Pheterogeneity

Region
Non-Asia 4 1.8 

(1.0–2.8)
0.920 2 1.1 

(0.8–1.3)
0.704 2 0.8 

(0.6–1.0)
0.000

Asia 4 1.8 
(0.4–4.0)

3 1.3 
(0.1–3.5)

3 0.1 
(0.0–0.4)

Study design
Retrospective 5 1.4 

(0.5–3.0)
0.222 3 0.8 

(0.2–1.6)
0.018 3 0.5 

(0.1–1.4)
0.646

Prospective 3 2.3 
(1.5–3.3)

2 2.1 
(1.3–3.1)

2 0.3 
(0.0–0.7)

Diagnostic method
Non-routine DUS 3 0.8 

(0.2–1.6)
0.018

Routine DUS 2 2.1 
(1.3–3.1)

Prophylaxis method
Mechanical 2 2.9 

(1.8–4.3)
0.007 2 2.8 

(1.7–4.2)
0.010 2 0.4 

(0.0–1.1)
0.163

Mechanical + Pharmacological 1 0.6 
(0.1–2.2)

1 0.6 
(0.1–2.2)

1 0.0 
(0.0–1.1)

Surgery type
Open 2 4.3 

(1.5–8.2)
0.138

Laparoscopic 2 1.8 
(0.5–3.7)
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DVT was higher in Asia than in the West, the differ-
ence was not statistically significant. Meanwhile, the 
incidence of PE after GC surgery was significantly lower 
in Asian countries than in Western countries. Sakon 
et al. reported that the PE rate after general surgery 
was lower in Japan than in the West (0.33% vs. 1.6%) 
[53], and consistent findings of a difference between 
Asian and Western populations were found in the cur-
rent study. Currently guidelines, Western guidelines put 
more emphasis on pharmacological thromboprophy-
laxis, while Asian guidelines do not. Our study found 
that the 1-month incidence of VTE in patients undergo-
ing GC surgery in both Asian and Western populations 
was not high at 1.8%, which suggested that there may 
be futile treatment in the Western guidelines. However, 
among the included Western studies, none reported 
specific methods for VTE prevention. Considering that 
drug prophylaxis in patients undergoing cancer surgery 
is used routinely in Western countries but rarely in Asian 
countries, this consistency between the VTE rates in the 
East and West may only be a facade. Therefore, this result 
should be interpreted cautiously, and more complete data 
need to be obtained for further analyses.

The appropriate strategy for pharmacological throm-
boprophylaxis in patients undergoing cancer surgery also 
remains unclear to date. Anticoagulant use for patients 
undergoing cancer surgery is routine practice in Western 
countries, and the debate is mostly focused on drug selec-
tion and the duration of prophylaxis. The latest ITAC and 
ESMO guidelines recommended the highest prophylac-
tic dose of LMWH once per day for patients undergoing 
major cancer surgery, starting 2–12 h preoperatively and 
extending to 4 weeks after surgery [54, 55]. In the guide-
lines from the Japanese Circulation Society, patients over 
the age of 40 undergoing major cancer surgery were con-
sidered to be at high risk of VTE, and anticoagulation 
therapy was recommended as a preventive treatment for 
patients undergoing abdominal surgery [56]. The choice 
of anticoagulants includes enoxaparin, fondaparinux, or 
low-dose unfractionated heparin. The medication regi-
men was as follows: starting 24 h postoperatively, enoxa-
parin was administered subcutaneously twice daily at a 
dose of 2000U with a treatment duration of ≤ 2 weeks, 
or fondaparinux subcutaneously once daily at a dose of 
2.5  mg with a treatment duration of ≤ 8 days. However, 
in Korean guidelines for patients undergoing GC sur-
gery, patients aged < 60 years were defined to have very 
low risk, and only early ambulation was recommended; 
meanwhile patients aged ≥ 60 years were defined to have 
low risk, and mechanical prevention was recommended 
[57]. The latest Asian venous thromboembolism guide-
lines recommend LMWH for VTE prevention in patients 
undergoing cancer surgery, but lack details such as drug 
dosage [15]. But in fact, most doctors in Japan and Korea 

still prefer mechanical prophylaxis over pharmacological 
prophylaxis. Currently, guidelines from the Asian region 
are still fewer and slower to update compared with West-
ern countries. In the final analysis, the crux of the con-
troversy is postoperative bleeding, the most common 
side effect of pharmacological prophylaxis in cancer sur-
gery. A previous RCT showed that mechanical prophy-
laxis combined with fondaparinux was associated with 
significantly lower incidence of postoperative VTE than 
was mechanical prophylaxis alone in patients undergoing 
abdominal surgery, but there was more severe postopera-
tive bleeding [58]. Similarly, another study on abdominal 
tumour surgery also reported that although the 1-month 
incidence of postoperative VTE in patients who received 
in-hospital drug prevention before and after surgery 
was as low as 0.35%, up to 42% of the patients had major 
bleeding [59]. In patients undergoing GC surgery, Joe et 
al. found that although the use of LMWH brought sig-
nificant benefits, it also significantly increased the risk 
of bleeding [60]. In our study, mechanical prophylaxis 
combined with anticoagulants was associated with a sig-
nificantly lower risk of VTE within 1 month after GC 
surgery than was mechanical thromboprophylaxis alone. 
However, postoperative bleeding events were also signifi-
cantly higher in the study by Jung 2018 [28]. Interestingly, 
all the included studies comparing between mechanical 
prophylaxis alone and mechanical plus pharmacological 
prophylaxis were from Japan and Korea. This may reflect 
the scepticism of Asian surgeons about the benefits of 
chemoprophylaxis. In addition, only one of the included 
studies reported postoperative bleeding events with dif-
ferent preventive measures, so more studies are needed 
to provide reliable data.

Only few studies have focused on the long-term VTE 
risk after GC surgery, and most related studies have 
focused on VTE events within 1 month. An earlier pro-
spective cohort study of national populations found that 
although the VTE risk peaked at approximately 3 weeks 
postoperative, it is still high at 12 weeks postoperative 
[61]. In addition, in two analyses of the national read-
mission database, the readmission rate related to VTE 
after GC surgery was remained high over a long period 
[33, 62]. In the current analysis, only 3 of the 13 studies 
reported the long-term risk of VTE after GC surgery. 
Despite the limited number of included studies, it still 
showed an increasing trend in the rate of VTE from the 
time after GC surgery: 1 m, 1.8%; 90d, 2.4%; 24 m, 2.0%; 
36 m, 3.7% for VTE; 1 m, 1.2%, 90d, 1.4%; and 36 m, 3.7% 
for DVT; and 1 m, 0.4%; 90d, 1.0%, and 36 m, 0% for PE. 
However, the association between GC surgery and long-
term VTE risk is still unconvincing, because the long-
term risk may be due to other causes, such as tumour 
recurrence, rather than the cancer surgery itself.
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Laparoscopic surgery has become widely used in can-
cer surgery; however, although this surgical approach 
has the advantages of minimal trauma and rapid postop-
erative recovery, its impact on VTE is still controversial. 
One study suggested that the relatively longer duration 
of laparoscopic surgery and the compression caused by 
the pneumoperitoneum might increase postoperative 
VTE events [63]. However, some studies found that the 
risk of VTE after laparoscopic surgery was comparable to 
that after open surgery [34, 59]. The results of two studies 
using large clinical databases supported that laparoscopic 
surgery has a significantly lower incidence of postopera-
tive VTE than has open surgery [64, 65]. In the current 
analysis, the incidence of postoperative VTE was higher 
after open surgery than after laparoscopic surgery, but 
the difference was not statistically significant. Few studies 
have compared VTE risk after different surgical proce-
dures for GC, and thus, more studies are needed to fur-
ther evaluate this risk in the future.

Among the 13 studies included in the current analysis, 
6 studies involved 5 national or provincial databases. The 
incidence of postoperative VTE after GC surgery was 
0.89–2.98% from Western databases [24, 25, 27, 33, 35]. 
Meanwhile, the incidence of VTE reported from only 
one Asian database was 0.47% [36]. Although some of the 
data reported from these studies, such as those on throm-
boprophylaxis methods, are incomplete, they are still of 
great reference for real-world data. Eastern and Western 
countries showed significant differences in both the main 
sites of GC and the treatment methods. Proximal GC 
is common in Western populations, whereas distal GC 
is more prevalent in Asia [66]. In addition, gastrectomy 
with D1 lymphadenectomy is mostly used in the West, 
and attention is paid to perioperative chemoradiation; 
meanwhile, D2 lymphadenectomy is most commonly 
performed for GC in Asian countries [67, 68]. Chemora-
diation is an important risk factor for postoperative VTE 
in cancer [69, 70], and this may be one of the reasons for 
the clinical use of drug prophylaxis in the West. In con-
trast, the more aggressive surgical procedures for GC in 
Asia than in Western countries may explain why Asian 
surgeons are more worried about postoperative bleed-
ing caused by anticoagulants. Therefore, these differences 
may have contributed to the disagreement between the 
East and West on pharmacological thromboprophylaxis 
for patients undergoing GC surgery.

Our study determined the postoperative incidence 
of VTE in patients undergoing GC surgery, providing a 
reference for clinicians to formulate preventive mea-
sures. This meta-analysis has several strengths. First, 
the analyses only considered studies whose primary out-
comes included VTE events to ensure reliability of the 
results. Second, the studies were required to include a 
clear follow-up period, and the VTE data were classified 

and analysed according to similar lengths of follow-up. 
Third, the risk of postoperative VTE and bleeding com-
plications with pharmacological thromboprophylaxis 
was evaluated, although this was observed only in Asian 
populations.

Despite its strengths, this study also has some limita-
tions. There was substantial heterogeneity among the 
included studies, which might have resulted from the 
different methods used to identify VTE, lack of informa-
tion about prevention methods, and unknown dosage 
of LMWH, etc. In addition, the included studies were 
only from six countries, and most of the studies were 
from the USA, Japan, and Korea, which may affect the 
representativeness of the estimates. Therefore, further 
research is needed in other Eastern and Western coun-
tries. Moreover, as none of the included studies from 
Western countries described the use of anticoagulation 
and postoperative bleeding complications, the benefit of 
chemoprophylaxis in Western populations could not be 
assessed. More prospective studies are needed to opti-
mise the risk stratification of patients and develop more 
personalised treatment plans to achieve the optimal bal-
ance between the risk of VTE and bleeding prevention. 
Finally, because the demographic information provided 
by most of the included studies only reported pooled data 
for multiple tumours (e.g. esophagogastric, gastrointesti-
nal tract, and pelvic/abdominal cancers) and did not pro-
vide biological data for GC alone, there were insufficient 
data to further investigate the biological factors underly-
ing the differences in VTE incidence between Asian and 
Western populations. Therefore, more detailed data are 
needed to elucidate the biological factors that may cause 
the difference in VTE rates.

In conclusion, the 1-month incidence of VTE in 
patients undergoing GC surgery is not very high. The 
incidence rate of VTE after GC surgery is comparable 
between Eastern and Western patients; however, evi-
dence, such as for thromboprophylaxis measures, in 
different regions is still lacking. Additionally, pharma-
cological prophylaxis significantly increases the risk of 
postoperative bleeding complications after GC surgery in 
Asian populations, although VTE events are also notably 
reduced. Compared with open GC surgery, laparoscopic 
GC surgery does not increase or reduce the risk of post-
operative VTE.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-023-11424-x.

Supplementary Material 1

Acknowledgements
Not applicable.

https://doi.org/10.1186/s12885-023-11424-x
https://doi.org/10.1186/s12885-023-11424-x


Page 11 of 12Xiang et al. BMC Cancer          (2023) 23:933 

Author contributions
Conception and design: Lin Xiang, Dengfeng Wang. Acquisition, analysis, 
or interpretation of data: All authors. Drafting the manuscript: Shuai Jin, Lin 
Xiang, Hao Chen. Investigation and statistical analysis: Shuai Jin, Yang Yu, 
Dengfeng Wang. Supervision: Lin Xiang, Hao Chen. Review and revising: Lin 
Xiang, Hao Chen. Funding acquisition: Hao Chen. All authors have read and 
agreed to the published version of the manuscript.

Funding
This research was funded by Key Talents Project of Gansu Province (No. 
2019RCXM020), Key Project of Science and Technology in Gansu province 
(22ZD6FA054), and Medical Innovation and Development Project of Lanzhou 
University (lzuyxcx-2022-45).

Data Availability
The data in this study are available from the article and its supplementary 
materials.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Received: 24 May 2023 / Accepted: 20 September 2023

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, 

Bray F. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence 
and Mortality Worldwide for 36 cancers in 185 countries. Cancer J Clin. 
2021;71(3):209–49.

2. Lip GY, Chin BS, Blann AD. Cancer and the prothrombotic state. Lancet Oncol. 
2002;3(1):27–34.

3. De Cicco M. The prothrombotic state in cancer: pathogenic mechanisms. Crit 
Rev Oncol Hematol. 2004;50(3):187–96.

4. Guntupalli SR, Spinosa D, Wethington S, Eskander R, Khorana AA. Prevention 
of venous thromboembolism in patients with cancer. BMJ (Clinical Research 
ed). 2023;381:e072715.

5. Blom JW, Doggen CJ, Osanto S, Rosendaal FR. Malignancies, prothrombotic 
mutations, and the risk of venous thrombosis. JAMA. 2005;293(6):715–22.

6. Prandoni P, Falanga A, Piccioli A. Cancer and venous thromboembolism. 
Lancet Oncol. 2005;6(6):401–10.

7. Lee AY. Cancer and venous thromboembolism: prevention, treatment and 
survival. J Thromb Thrombolysis. 2008;25(1):33–6.

8. Khan F, Tritschler T, Kahn SR, Rodger MA. Venous thromboembolism. Lancet 
(London England). 2021;398(10294):64–77.

9. Agnelli G, Bolis G, Capussotti L, Scarpa RM, Tonelli F, Bonizzoni E, Moia M, 
Parazzini F, Rossi R, Sonaglia F, et al. A clinical outcome-based prospective 
study on venous thromboembolism after cancer surgery: the @RISTOS 
project. Ann Surg. 2006;243(1):89–95.

10. Merkow RP, Bilimoria KY, McCarter MD, Cohen ME, Barnett CC, Raval MV, Cap-
rini JA, Gordon HS, Ko CY, Bentrem DJ. Post-discharge venous thromboembo-
lism after cancer surgery: extending the case for extended prophylaxis. Ann 
Surg. 2011;254(1):131–7.

11. Key NS, Khorana AA, Kuderer NM, Bohlke K, Lee AYY, Arcelus JI, Wong SL, 
Balaban EP, Flowers CR, Francis CW, et al. Venous thromboembolism prophy-
laxis and treatment in patients with Cancer: ASCO Clinical Practice Guideline 
Update. J Clin Oncology: Official J Am Soc Clin Oncol. 2020;38(5):496–520.

12. Lyman GH, Carrier M, Ay C, Di Nisio M, Hicks LK, Khorana AA, Leavitt AD, Lee 
AYY, Macbeth F, Morgan RL, et al. American Society of Hematology 2021 
guidelines for management of venous thromboembolism: prevention and 
treatment in patients with cancer. Blood Adv. 2021;5(4):927–74.

13. Yeo DX, Junnarkar S, Balasubramaniam S, Tan YP, Low JK, Woon W, Pang TC. 
Incidence of venous thromboembolism and its pharmacological prophy-
laxis in asian general surgery patients: a systematic review. World J Surg. 
2015;39(1):150–7.

14. Wang KL, Yap ES, Goto S, Zhang S, Siu CW, Chiang CE. The diagnosis and 
treatment of venous thromboembolism in asian patients. Thromb J. 
2018;16:4.

15. Liew NC, Alemany GV, Angchaisuksiri P, Bang SM, Choi G, DA DES, Hong JM, 
Lee L, Li YJ, Rajamoney GN, et al. Asian venous thromboembolism guidelines: 
updated recommendations for the prevention of venous thromboembolism. 
Int Angiol. 2017;36(1):1–20.

16. Zakai NA, McClure LA, Judd SE, Safford MM, Folsom AR, Lutsey PL, Cushman 
M. Racial and regional differences in venous thromboembolism in the United 
States in 3 cohorts. Circulation. 2014;129(14):1502–9.

17. Wang D, Yu Y, Tao P, Wang D, Chen Y, Chen H. Risk of venous thromboembo-
lism in patients undergoing gastric cancer surgery: protocol for a systematic 
review and meta-analysis. BMJ open. 2020;10(1):e033267.

18. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, et al. The PRISMA 2020 statement: 
an updated guideline for reporting systematic reviews. Int J Surg (London 
England). 2021;88:105906.

19. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P, 
Welch V, Kristjansson E, et al. AMSTAR 2: a critical appraisal tool for systematic 
reviews that include randomised or non-randomised studies of healthcare 
interventions, or both. BMJ (Clinical Research ed). 2017;358:j4008.

20. Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, Baker P, Smith E, Buchbinder 
R. Assessing risk of bias in prevalence studies: modification of an existing tool 
and evidence of interrater agreement. J Clin Epidemiol. 2012;65(9):934–9.

21. Mogire RM, Mutua A, Kimita W, Kamau A, Bejon P, Pettifor JM, Adey-
emo A, Williams TN, Atkinson SH. Prevalence of vitamin D deficiency in 
Africa: a systematic review and meta-analysis. The Lancet Global Health. 
2020;8(1):e134–42.

22. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, Savovic J, 
Schulz KF, Weeks L, Sterne JA. The Cochrane collaboration’s tool for assessing 
risk of bias in randomised trials. BMJ (Clinical Research ed). 2011;343:d5928.

23. Nyaga VN, Arbyn M, Aerts M. Metaprop: a Stata command to perform meta-
analysis of binomial data. Archives of Public Health = Archives belges de 
sante Publique. 2014;72(1):39.

24. Adiamah A, Ban L, West J, Humes DJ. The risk of venous thromboembolism 
after surgery for esophagogastric malignancy and the impact of chemo-
therapy: a population-based cohort study. Dis Esophagus: Official J Int Soc 
Dis Esophagus 2020, 33(6).

25. Bellini G, Teng A, Kotecha N, Sutton E, Yang CK, Passeri M, Lee DY, Rose K. The 
identification of risk factors for venous thromboembolism in gastrointestinal 
oncologic surgery. J Surg Res. 2016;205(2):279–85.

26. Colapkulu-Akgul N, Ozemir IA, Beyazadam D, Alimoglu O. Perioperative 
Short Term Prophylaxis against Deep Vein thrombosis after major abdominal 
Cancer surgery: Retrospective Cohort Study. Vascular Specialist International. 
2021;37:45.

27. Hanna NM, Williams E, Kong W, Fundytus A, Booth CM, Patel SV, Caycedo-
Marulanda A, Chung W, Nanji S, Merchant SJ. Incidence, timing, and 
outcomes of venous thromboembolism in patients undergoing surgery for 
Esophagogastric Cancer: a Population-Based Cohort Study. Annals of surgical 
oncology 2022.

28. Jung YJ, Seo HS, Park CH, Jeon HM, Kim JI, Yim HW, Song KY. Venous thrombo-
embolism incidence and Prophylaxis Use after Gastrectomy among korean 
patients with gastric adenocarcinoma: the PROTECTOR Randomized Clinical 
Trial. JAMA Surg. 2018;153(10):939–46.

29. Kaida S, Miyake T, Murata S, Yamaguchi T, Tatsuta T, Murakami K, Okauchi H, 
Nishimura S, Ohta H, Tsuchihashi H, et al. A prospective Multicenter Obser-
vational study of venous thromboembolism after gastric Cancer surgery 
(SHISA-1601). Eur Surg Res Europaische Chirurgische Forschung Recherches 
Chirurgicales Europeennes. 2021;62(1):10–7.

30. Kim JW, Chun EJ, Choi SI, Park DJ, Kim HH, Bang SM, Kim MJ, Lee JH, Lee 
MS, Lee JO, et al. A prospective study on the incidence of postoperative 
venous thromboembolism in korean gastric cancer patients: an inquiry into 
the application of western guidelines to asian cancer patients. PLoS ONE. 
2013;8(4):e61968.

31. Kimura Y, Oki E, Ando K, Saeki H, Kusumoto T, Maehara Y. Incidence of 
venous thromboembolism following laparoscopic surgery for gastroin-
testinal Cancer: a Single-Center, prospective cohort study. World J Surg. 
2016;40(2):309–14.



Page 12 of 12Xiang et al. BMC Cancer          (2023) 23:933 

32. Lee KW, Bang SM, Kim S, Lee HJ, Shin DY, Koh Y, Lee YG, Cha Y, Kim YJ, Kim 
JH, et al. The incidence, risk factors and prognostic implications of venous 
thromboembolism in patients with gastric cancer. J Thromb Haemostasis: 
JTH. 2010;8(3):540–7.

33. Mallick S, Aiken T, Varley P, Abbott D, Tzeng CW, Weber S, Wasif N, Zafar SN. 
Readmissions from venous thromboembolism after Complex Cancer surgery. 
JAMA Surg. 2022;157(4):312–20.

34. Osaki T, Saito H, Fukumoto Y, Kono Y, Murakami Y, Shishido Y, Kuroda H, 
Matsunaga T, Sato K, Hirooka Y, et al. Risk and incidence of perioperative deep 
vein thrombosis in patients undergoing gastric cancer surgery. Surg Today. 
2018;48(5):525–33.

35. Ruff SM, Weber KT, Khader A, Conte C, Kadison A, Sullivan J, Wang J, Zaidi R, 
Deutsch GB. Venous thromboembolism in patients with cancer undergoing 
surgical exploration. J Thromb Thrombolysis. 2019;47(2):316–23.

36. Yhim HY, Jang MJ, Bang SM, Kim KH, Kim YK, Nam SH, Bae SH, Kim SH, Mun 
YC, Kim I, et al. Incidence of venous thromboembolism following major 
surgery in Korea: from the Health Insurance Review and Assessment Service 
database. J Thromb Haemostasis: JTH. 2014;12(7):1035–43.

37. Knoll W, Fergusson N, Ivankovic V, Wang TF, Caiano L, Auer R, Carrier M. 
Extended thromboprophylaxis following major abdominal/pelvic cancer-
related surgery: a systematic review and meta-analysis of the literature. 
Thromb Res. 2021;204:114–22.

38. Afshari A, Ageno W, Ahmed A, Duranteau J, Faraoni D, Kozek-Langenecker 
S, Llau J, Nizard J, Solca M, Stensballe J, et al. European guidelines on peri-
operative venous thromboembolism prophylaxis: executive summary. Eur J 
Anaesthesiol. 2018;35(2):77–83.

39. Farge D, Frere C, Connors JM, Ay C, Khorana AA, Munoz A, Brenner B, Kakkar 
A, Rafii H, Solymoss S, et al. 2019 international clinical practice guidelines for 
the treatment and prophylaxis of venous thromboembolism in patients with 
cancer. Lancet Oncol. 2019;20(10):e566–81.

40. Lewis-Lloyd CA, Pettitt EM, Adiamah A, Crooks CJ, Humes DJ. Risk of postop-
erative venous thromboembolism after surgery for colorectal malignancy: a 
systematic review and Meta-analysis. Dis Colon Rectum. 2021;64(4):484–96.

41. Xu Y, Jia Y, Zhang Q, Du Y, He Y, Zheng A. Incidence and risk factors for postop-
erative venous thromboembolism in patients with ovarian cancer: systematic 
review and meta-analysis. Gynecol Oncol. 2021;160(2):610–8.

42. Khorana AA, Mackman N, Falanga A, Pabinger I, Noble S, Ageno W, Moik F, 
Lee AYY. Cancer-associated venous thromboembolism. Nat Reviews Disease 
Primers. 2022;8(1):11.

43. Cronin CG, Lohan DG, Keane M, Roche C, Murphy JM. Prevalence and signifi-
cance of asymptomatic venous thromboembolic disease found on oncologic 
staging CT. AJR Am J Roentgenol. 2007;189(1):162–70.

44. Heidrich H, Konau E, Hesse P. Asymptomatic venous thrombosis in cancer 
patients–a problem often overlooked. Results of a retrospective and prospec-
tive study. VASA Z fur Gefasskrankheiten. 2009;38(2):160–6.

45. Chaturvedi S, Sidana S, Elson P, Khorana AA, McCrae KR. Symptomatic and 
incidental venous thromboembolic disease are both associated with mortal-
ity in patients with prostate cancer. PLoS ONE. 2014;9(8):e94048.

46. Palareti G, Antonucci E, Dentali F, Mastroiacovo D, Mumoli N, Pengo V, Poli 
D, Testa S, Pujatti PL, Menditto VG, et al. Patients with isolated pulmonary 
embolism in comparison to those with deep venous thrombosis. Differences 
in characteristics and clinical evolution. Eur J Intern Med. 2019;69:64–70.

47. Chew HK, Wun T, Harvey D, Zhou H, White RH. Incidence of venous thrombo-
embolism and its effect on survival among patients with common cancers. 
Arch Intern Med. 2006;166(4):458–64.

48. Alcalay A, Wun T, Khatri V, Chew HK, Harvey D, Zhou H, White RH. Venous 
thromboembolism in patients with colorectal cancer: incidence and effect 
on survival. J Clin Oncology: Official J Am Soc Clin Oncol. 2006;24(7):1112–8.

49. Chew HK, Wun T, Harvey DJ, Zhou H, White RH. Incidence of venous throm-
boembolism and the impact on survival in breast cancer patients. J Clin 
Oncology: Official J Am Soc Clin Oncol. 2007;25(1):70–6.

50. Mukherjee D, Lidor AO, Chu KM, Gearhart SL, Haut ER, Chang DC. Postopera-
tive venous thromboembolism rates vary significantly after different types 
of major abdominal operations. J Gastrointest Surgery: Official J Soc Surg 
Aliment Tract. 2008;12(11):2015–22.

51. Jang MJ, Bang SM, Oh D. Incidence of venous thromboembolism in Korea: 
from the Health Insurance Review and Assessment Service database. J 
Thromb Haemostasis: JTH. 2011;9(1):85–91.

52. Choi S, Lee KW, Bang SM, Kim S, Lee JO, Kim YJ, Kim JH, Park YS, Kim DW, 
Kang SB, et al. Different characteristics and prognostic impact of deep-vein 

thrombosis / pulmonary embolism and intraabdominal venous thrombosis 
in colorectal cancer patients. Thromb Haemost. 2011;106(6):1084–94.

53. Sakon M, Kakkar AK, Ikeda M, Sekimoto M, Nakamori S, Yano M, Monden M. 
Current status of pulmonary embolism in general surgery in Japan. Surg 
Today. 2004;34(10):805–10.

54. Farge D, Frere C, Connors JM, Khorana AA, Kakkar A, Ay C, Muñoz A, Brenner 
B, Prata PH, Brilhante D, et al. 2022 international clinical practice guidelines for 
the treatment and prophylaxis of venous thromboembolism in patients with 
cancer, including patients with COVID-19. Lancet Oncol. 2022;23(7):e334–47.

55. Falanga A, Ay C, Di Nisio M, Gerotziafas G, Jara-Palomares L, Langer F, 
Lecumberri R, Mandala M, Maraveyas A, Pabinger I, et al. Venous thrombo-
embolism in cancer patients: ESMO Clinical Practice Guideline. Ann Oncol. 
2023;34(5):452–67. Epub 2023 Jan 10.

56. Guidelines for the. Diagnosis, treatment and prevention of pulmo-
nary thromboembolism and deep vein thrombosis (JCS 2009). Circ J. 
2011;75(5):1258–81.

57. Bang SM, Jang MJ, Kim KH, Yhim HY, Kim YK, Nam SH, Hwang HG, Bae SH, 
Kim SH, Mun YC, et al. Prevention of venous thromboembolism, 2nd edition: 
korean society of thrombosis and hemostasis evidence-based Clinical Prac-
tice Guidelines. J Korean Med Sci. 2014;29(2):164–71.

58. Turpie AG, Bauer KA, Caprini JA, Comp PC, Gent M, Muntz JE. Fondaparinux 
combined with intermittent pneumatic compression vs. intermittent 
pneumatic compression alone for prevention of venous thromboembolism 
after abdominal surgery: a randomized, double-blind comparison. J Thromb 
Haemostasis: JTH. 2007;5(9):1854–61.

59. Serrano PE, Parpia S, Linkins LA, Elit L, Simunovic M, Ruo L, Bhandari M, 
Levine M. Venous thromboembolic events following major pelvic and 
abdominal surgeries for Cancer: a prospective cohort study. Ann Surg Oncol. 
2018;25(11):3214–21.

60. Jeong O, Ryu SY, Park YK, Kim YJ. The effect of low molecular weight heparin 
thromboprophylaxis on bleeding complications after gastric cancer surgery. 
Ann Surg Oncol. 2010;17(9):2363–9.

61. Sweetland S, Green J, Liu B, Berrington de González A, Canonico M, Reeves G, 
Beral V. Duration and magnitude of the postoperative risk of venous throm-
boembolism in middle aged women: prospective cohort study. BMJ (Clinical 
Research ed. 2009;339:b4583.

62. Jarvis CA, Bonney PA, Ding L, Tang AM, Giannotta SL, Kim AW, Mack WJ, 
Attenello FJ. Readmission with venous thromboembolism after surgical treat-
ment by primary cancer site. Surg Oncol. 2020;35:268–75.

63. Garg PK, Teckchandani N, Hadke NS, Chander J, Nigam S, Puri SK. Alteration in 
coagulation profile and incidence of DVT in laparoscopic cholecystectomy. 
Int J Surg (London England). 2009;7(2):130–5.

64. Nguyen NT, Hinojosa MW, Fayad C, Varela E, Konyalian V, Stamos MJ, 
Wilson SE. Laparoscopic surgery is associated with a lower incidence 
of venous thromboembolism compared with open surgery. Ann Surg. 
2007;246(6):1021–7.

65. Shapiro R, Vogel JD, Kiran RP. Risk of postoperative venous thromboembolism 
after laparoscopic and open colorectal surgery: an additional benefit of the 
minimally invasive approach? Dis Colon Rectum. 2011;54(12):1496–502.

66. Strong VE, Song KY, Park CH, Jacks LM, Gonen M, Shah M, Coit DG, Brennan 
MF. Comparison of gastric cancer survival following R0 resection in the 
United States and Korea using an internationally validated nomogram. Ann 
Surg. 2010;251(4):640–6.

67. Van Cutsem E, Sagaert X, Topal B, Haustermans K, Prenen H. Gastric cancer. 
Lancet (London England). 2016;388(10060):2654–64.

68. Ajani JA, Lee J, Sano T, Janjigian YY, Fan D, Song S. Gastric adenocarcinoma. 
Nat Reviews Disease Primers. 2017;3:17036.

69. Walker AJ, West J, Card TR, Crooks C, Kirwan CC, Grainge MJ. When are breast 
cancer patients at highest risk of venous thromboembolism? A cohort study 
using English health care data. Blood. 2016;127(7):849–57. quiz 953.

70. Li M, Guo Q, Hu W. Incidence, risk factors, and outcomes of venous throm-
boembolism after oncologic surgery: a systematic review and meta-analysis. 
Thromb Res. 2019;173:48–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Risk of venous thromboembolism in patients undergoing gastric cancer surgery: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Literature search
	Inclusion and exclusion criteria
	Study selection and data extraction
	Quality assessment
	Statistical analysis

	Results
	Search results
	Characteristics of the included studies
	Incidence of VTE, DVT, and PE after GC surgery
	Subgroup analysis
	Publication bias

	Discussion
	References


