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INTRODUCTION

Direct oral anticoagulants 
(D OACs) ,  a l so  known as 
nonvitamin K antagonist oral 
ant ico agu l ants  (NOACs) , 
inc lud ing  ora l  f ac tor  Xa 
inhibitors, including rivaroxaban, 
apixaban and edoxaban, and 
oral direct thrombin inhibitors, 
such as dabigatran, have been 
increasingly used in the treatment 
of atrial fibrillation (AF) [1, 2]. 
As first-line drugs, DOACs have 
many advantages over traditional 
vitamin K antagonists (warfarin), 
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ABSTRACT

Aim: The aim of our systematic review and meta-analysis was to assess the risk of postpolypectomy bleeding 
(PPB) in patients exposed to direct oral anticoagulants (DOACs). 
Methods: A systematic search was conducted by searching the PubMed, Embase, and Cochrane Library 
databases using the following search terms: “(nonvitamin K antagonist oral anticoagulants or NOAC or 
apixaban or dabigatran or rivaroxaban or edoxaban or DOAC or direct oral anticoagulants) and polypectomy”. 
Studies evaluating the association between DOACs and PPB were identified.
Results: The bibliographical search yielded 103 studies. Twelve studies involving 621,279 participants were 
ultimately included (11 cohort studies, of which 10 were retrospective, and a randomized controlled trial.). 
Pooled estimates revealed a higher risk of PPB among patients using DOACs than among those without 
anticoagulation (odds ratio [OR]: 6.170, 95% confidence interval [CI]: 3.079 to 12.363). The same result 
occurred when DOACs were stopped 24 hours before polypectomy (OR: 8.66, 95% CI: 4.588 to 16.348). No 
significant difference was noted between overall DOACs and warfarin (OR 0.826, 95% CI 0.583 to 1.172), 
while for subgroups, dabigatran showed a lower PPB rate than warfarin (OR: 0.582, 95% CI: 0.340 to 0.994). 
Conclusions: DOACs can significantly raise the risk of PPB, even with 24-hour withdrawal before polypectomy. 
In addition, a lower risk of PPB was detected for dabigatran than for warfarin.

Key words: direct oral anticoagulant – warfarin – post polypectomy bleeding – gastrointestinal hemorrhage.

Abbreviations: AF: atrial fibrillation; CI: confidence intervals; CMA: comprehensive meta-analysis; DOAC: 
direct oral anticoagulants; EMR: endoscopic mucosal resection; ESD: endoscopic submucosal dissection; ESGE: 
European Society of Gastrointestinal Endoscopy; GI: gastrointestinal; INR: international normalized ratio; 
JGES: Japan Gastroenterological Endoscopy Society; NOAC: nonvitamin K antagonist oral anticoagulants; 
NOS: Newcastle - Ottawa Scale; OR: odds ratio; PPB: postpolypectomy bleeding; RCT: randomized controlled 
trial; ROB: risk of bias. 

such as higher persistence, efficacy, safety and convenience [3]. 
However, some studies found that DOACs were paradoxically 
related to an increase in gastrointestinal bleeding, which made 
invasive procedures in the digestive tract challenging [4, 5].

Gastrointestinal endoscopy is now widely used both to 
detect and remove precancerous polyps, especially in elderly 
patients. Nevertheless, postpolypectomy bleeding (PPB) is 
considered one of the highest risks for endoscopic resection of 
polyps [6]. Since the susceptible populations of gastrointestinal 
polyps and AF were partly similar, it was unclear whether there 
was an association between DOACs and PPB [7]. According to 
the guidelines from the European Society of Gastrointestinal 
Endoscopy (ESGE), DOACs should be withdrawn at least 
48 hours before high-risk procedures such as endoscopic 
polypectomy based on low-level evidence [8]. However, one 
recent study revealed that there was no statistically significant 
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difference in the PPB rate in patients treated with DOACs 
compared with those not receiving antithrombotic agents [9]. It 
remains unclear whether DOACs could raise the risk of PPB. In 
addition, DOACs were not always discontinued in accordance 
with ESGE guidelines before endoscopic polypectomy [10-12]. 
Therefore, based on these contradictory results, we carried out 
this systematic review and meta-analysis to assess the risk of 
PPB in patients receiving DOACs treatment and to further 
provide high-level evidence-based medical proof for the 
application of DOACs in polypectomy.

METHODS

This protocol has been registered in the International 
Platform of Registered Systematic Review and Meta-
analysis Protocols (INPLASY), with registration number 
(INPLASY2022100124).

Relevant studies were identified by searching PubMed 
(until December 2021), EMBASE (until December 2021), 
and the Cochrane Central Register of Controlled trials 
(Issue 12 of 12, until December 2021). The search terms 
used for all databases included the following: (nonvitamin 
K antagonist oral anticoagulants or NOAC or apixaban or 
dabigatran or rivaroxaban or edoxaban or DOAC or direct 
oral anticoagulants) and polypectomy. The search terms were 
slightly modified in different databases.

Two reviewers performed retrieval independently. The 
inclusion criteria were as follows: (1) patients: those who 
received endoscopic polypectomy (cold snare polypectomy 
or hot snare polypectomy) of the esophagus, stomach, colon, 
or rectum; (2) intervention: DOACs received before the 
endoscopic polypectomy; (3) comparator: patients received 
warfarin or nonanticoagulation before the endoscopic 
polypectomy; and (4) outcome: PPB after endoscopic 
polypectomy.

The exclusion criteria were as follows: (1) articles not 
reporting the prevalence of PPB; (2) information on PPB 
prevalence and sample size not available; (3) articles that 
included less than two branches of treatment consisting of 
DOACs; and (4) articles that were comments, reviews, letters, 
or case reports.

Postpolypectomy bleeding was defined as any bleeding 
occurring within 30 days of the completion of the procedure, 
including hematemesis, melena, spots of bleeding observed 
endoscopically, a fall in hemoglobin level of > 2 g/dL, or an 
event when emergency endoscopy with endoscopic hemostasis 
or transfusion of two or more units of red cells was needed. 
The PPB included immediate and delayed bleeding, while 
intraoperative bleeding was not included.

Two independent investigators extracted the data using 
standardized data extraction forms. Any discrepancies were 
resolved by consensus. The data collected included the year of 
publication, study design, number of patients in each treatment 
arm, prevalence of PPB, and endoscopic procedures.

Two reviewers assessed the quality of each cohort study 
independently using a 9-point Newcastle–Ottawa Scale 
(NOS). The scores were counted according to three aspects: 
selection of study subjects, comparability of groups, and 
assessment of outcome. The RCT was assessed by two reviewers 

independently using the Cochrane Risk of Bias (ROB) tool 
2.0, according to five aspects of bias: bias for randomization, 
bias for deviations from intended interventions, bias for 
missing outcome data, bias for outcome measurement and 
bias for selective reporting of results. Discrepancies between 
the reviewers were resolved by consulting a third reviewer for 
adjudication.

The data analysis was performed using Comprehensive 
Meta-Analysis software, Version 2 (Biosta, Inc. USA).

For each study, we calculated the odds ratio (OR) for 
the primary measurement. The ORs are presented with 95% 
confidence intervals (CIs). The proportion of individuals with 
PPB in each study was combined to achieve a pooled prevalence 
of PPB. Moreover, pooled ORs were calculated to evaluate the 
prevalence of PPB among each treatment arm. All results are 
presented with 95% CIs.

The degree of heterogeneity of the studies was evaluated 
using the χ2 test (with a value less than 0.1 considered 
significant) and the I2 test (25, 50, and 75% representing low, 
moderate, and high heterogeneity, respectively). To reduce the 
error caused by differences between studies, we conservatively 
used the random effect model to combine the effect sizes 
in these groups. To explore the different PPB risks between 
different DOAC regimens and warfarin, we conducted several 
subgroup analyses. Regarding the difference in polyp regions, 
we simply classified them as upper and lower gastrointestinal 
(GI) tract, and subgroup analyses were also performed in 
these groups. Since Japanese studies formed a large part of our 
included studies and because different dosages of warfarin have 
been suggested by Japanese guidelines, we deemed it necessary 
to conduct subgroup analyses of Japanese and non-Japanese 
studies to reduce bias. Regrettably, there was not sufficient 
information on the size of polyps for us to perform a subgroup 
analysis. To assess the stability of the results, a sensitivity 
analysis was also performed by excluding every single study. 
Publication bias was assessed by Egger‘s test and funnel plots.

RESULTS

Selection of Studies
A total of 103 studies were identified, and 35 duplicate studies 

were excluded. Forty-two studies were removed according to 
titles and abstracts, leaving 25 records to be examined. After 
reviewing the full-text articles, 6 studies of ineligible regimens 
and 7 studies with insufficient data were excluded. Ultimately, 
12 studies were included (Fig. 1 and Table I) [9-20]. None of 
these studies reported receiving industry funding.

The sample size of these studies ranged between 55 and 
605,044. Of the 12 studies, 10 studies were retrospective cohort 
studies [9, 11-18, 20], one was a prospective cohort study 
[10], and one was a randomized controlled trial (RCT) [19]. 
Three studies were conducted in China [14, 16, 18], two were 
conducted in the USA [9, 10], and the others were conducted 
in Japan [11-13, 15, 17, 19, 20]. Six studies investigated the 
prevalence of PPB among patients receiving DOACs and those 
without anticoagulation [9-12, 16, 18]. Furthermore, four 
studies mentioned the withdrawal timing of DOACs [10, 11, 
12, 18]. Regarding the types of DOACs, six studies included 
dabigatran, rivaroxaban, apixaban, and edoxaban [11-14, 17, 
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20]. Warfarin was examined in all of the studies except one 
[9-17, 19, 20]. Table II presents the outcomes of PPB of the 
included studies.

Quality of Studies
The methodological quality of the included cohort studies 

was assessed using the NOS, and the scores varied from 5 to 
8. The average score was 7.27. The only RCT was assessed 
using the Cochrane ROB tool 2.0 on its own, and the outcome 
showed a low risk of bias. Most of the cases, except one study 
in which patients who received cold snare polypectomy were 
included only, were highly represented. The exposure of all the 
participants was ascertained by surgical records. The follow-
up of PPB was not defined or was too short in three studies 
(Supplementary file, Table I).

DOAC vs. Nonanticoagulation
Moderate heterogeneity was observed among these 

studies [9,10,11,12,16,18], and a random effects model was 
used (p=0.018; I2=63.43%). The risk of PPB in the group 

with DOACs was higher than that in the group without 
anticoagulants. The summary OR was 6.170 (95%CI: 3.079-
12.363). The results were stable regardless of which study was 
excluded according to sensitivity analysis (Fig. 2).

Dabigatran vs. Nonanticoagulation
Only two studies evaluated the risks of PPB with dabigatran 

treatment compared to those with nonanticoagulation [11, 12]. 
The risk of PPB in the group receiving dabigatran was higher 
than that in the group without anticoagulants in both studies.

Rivaroxaban vs Nonanticoagulation
Only two studies evaluated the risks of PPB with rivaroxaban 

treatment compared to that with nonanticoagulation [11, 12]. 
The risk of PPB in the group receiving rivaroxaban was higher 
than that in the group without anticoagulants in both studies.

Apixaban vs. Nonanticoagulation
Only two studies evaluated the risks of PPB with apixaban 

treatment compared to that with nonanticoagulation [11, 12]. 

Fig. 1. Diagram of the study selection process.

Table I. The characteristics of included studies

Author, reference Year Country Design type Single/Multi center Location

Lau et al. [14] 2022 China Retrospective Multicenter Lower GI

Harada et al. [12] 2021 Japan Retrospective Multicenter Lower GI

Kubo et al. [13] 2021 Japan Retrospective Multicenter Upper/Lower GI

Song et al. [10] 2021 USA Prospective Single center Lower GI

Yan et al. [16] 2021 China Retrospective Single center Lower GI

Takeuchi et al. [19] 2019 Japan RCT Multicenter Lower GI

Tomida et al. [20] 2019 Japan Retrospective Multicenter Lower GI

Yu et al. [9] 2019 USA Retrospective Multicenter Lower GI

Nagata et al. [15] 2018 Japan Retrospective Multicenter Upper/Lower GI

Yanagisawa et al. [11] 2018 Japan Retrospective Single center Lower GI

Lam et al. [18] 2017 China Retrospective Multicenter Lower GI

Horiuchi et al. [17] 2016 Japan Retrospective Single center Lower GI

GI: gastrointestinal.
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The risk of PPB in the group receiving apixaban was higher 
than that in the group without anticoagulants in both studies.

Edoxaban vs. Nonanticoagulation
Only one study evaluated the risks of PPB with edoxaban 

treatment compared to that with nonanticoagulation [12]. The 
risk of PPB in the group receiving edoxaban was higher than 
that in the group without anticoagulants.

DOACs Stopped 24 Hours Ahead vs. Nonanticoagulation
Four studies evaluated the risk of PPB with 24-hour 

withdrawal of DOACs compared to that with nonanticoagulation 

Table II. The outcomes of PPB for all eligible studies

Study DOACs Warfarin Non-anticoagulation

PPB, n Total, n PPB, n Total, n PPB, n Total, n

Lau et al. [14] 38 1,665 116 2,222

Harada et al. [12] 24 249 10 138 63 5,062

Kubo et al. [13] 37 389 53 383

Song et al. [10] 5 13 1 5 2 81

Yan et al. [16] 1 26 4 31 21 1,785

Takeuchi et al. [19] 11 113 3 55

Tomida et al. [20] 10 143 2 122

Yu et al. [9] 10 1,590 43 3,471 1,430 599,983

Nagata et al. [15] 232 1,403 283 1,435

Yanagisawa et al. [11] 10 73 20 145 2 218

Lam et al. [18] 7 106 6 318

Horiuchi et al. [17] 2 16 0 39

PPB: postpolypectomy bleeding; DOAC: DOAC: direct oral anticoagulants.

Fig. 2. Forest plot comparing the overall risk of PPB between the 
DOAC group and the nonanticoagulation group. (a) Comparison 
between the DOAC group and the nonanticoagulation group on PPB 
risk. (b) Sensitivity analysis.

Fig. 3. Forest plot comparing the overall risk of PPB between the group 
undergoing a 24-hour withdrawal of DOACs ahead of polypectomy 
and the nonanticoagulation group.

[10-12, 18]. Low heterogeneity was observed among these 
studies, and a random effects model was used (p=0.229; 
I2=30.6%). The risk of PPB in the group undergoing a 24-
hour withdrawal of DOACs ahead of polypectomy was higher 
than that in the group not receiving any anticoagulants. The 
summary OR was 8.66 (95%CI: 4.588-16.348) (Fig. 3).

DOACs vs. Warfarin
Moderate heterogeneity was observed among these 

studies [9-17, 19, 20], and a random effects model was used 
(p=0.004; I2=61.68%). No significant difference was found 
between the DOAC and warfarin groups regarding the risk 
of PPB. The summary OR was 0.826 (95%CI: 0.583-1.172). 
The results were stable regardless of which study was excluded 
according to the sensitivity analysis (Fig. 4). The exclusion 
of the RCT did not influence the results (Supplementary 
file, Fig.S2) [19].

Dabigatran vs. Warfarin
Six studies evaluated the risk of PPB with dabigatran 

treatment compared to that with warfarin treatment [11-14, 
17, 20]. Low heterogeneity was observed among these studies, 
and a random effects model was used (p=0.33; I2=13.17%). The 
risk of PPB in the group receiving dabigatran was lower than 
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that in the group treated with warfarin. The summary OR was 
0.582 (95% CI: 0.340-0.994) (Fig. 5a).

Rivaroxaban vs. Warfarin
Five studies evaluated the risk of PPB with rivaroxaban 

treatment compared to that with warfarin treatment [11-14, 
20]. Moderate heterogeneity was observed among these studies, 
and a random effects model was used (p=0.008; I2=71.09%). 
No significant difference was found between the rivaroxaban 
and warfarin groups regarding the risk of PPB. The summary 
OR was 1.018 (95%CI: 0.491-2.109) (Fig. 5b).

Apixaban vs. Warfarin
Six studies evaluated the risk of PPB with apixaban 

treatment compared to that with warfarin treatment [11-14, 17, 
20]. Moderate heterogeneity was observed among these studies, 
and a random effects model was used (p=0.003; I2=72.32%). 
No significant difference was found between the apixaban and 
warfarin groups regarding the risk of PPB. The summary OR 
was 1.125 (95% CI: 0.468-2.706) (Fig. 5c).

Edoxaban vs. Warfarin
Three studies evaluated the risk of PPB with edoxaban 

treatment compared to that with warfarin treatment [12, 13, 
20]. Moderate heterogeneity was observed among these studies, 
and a random effects model was used (p=0.177; I2=42.26%). 
No significant difference was found between the edoxaban and 

Fig. 4. Forest plot comparing the overall risk of PPB between the 
DOAC group and the warfarin groups. (a) Comparison between the 
DOAC group and the warfarin group on PPB risk. (b) Sensitivity 
analysis.

warfarin groups regarding the risk of PPB. The summary OR 
was 0.881 (95%CI: 0.235-3.308) (Fig. 5d).

DOAC vs. Nonanticoagulation in Japanese Studies
Only two studies evaluated the risks of PPB with DOAC 

treatment compared to warfarin in patients among Japanese 
studies [11, 12]. The risk of PPB in the group receiving DOACs 
was higher than that in the group without anticoagulants in 
both studies.

Fig. 5. Forest plot comparing the overall risk of PPB between the 
DOAC group and the warfarin group. (a) Comparison between the 
dabigatran group and the warfarin group on PPB risk. (b) Comparison 
between the rivaroxaban group and the warfarin group on PPB risk. 
(c) Comparison between the apixaban group and the warfarin group 
on PPB risk. (d) Comparison between the edoxaban group and the 
warfarin group on PPB risk.
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DOAC vs. Nonanticoagulation in Non-Japanese Studies
Low heterogeneity was observed among the four studies 

[9, 10, 16, 18], and a random effects model was used (p=0.150; 
I2=43.65%). Among non-Japanese studies, the risk of PPB in the 
group with DOACs was higher than that in the group without 
anticoagulants. The summary OR was 4.220 (95% CI: 1.861-
9.571) (Fig. 6). The results were stable regardless of which study 
was excluded according to sensitivity analysis.

DOAC vs. Warfarin in Japanese Studies
Moderate heterogeneity was observed among the six studies 

[11-13, 15, 17, 19, 20], and a random effects model was used 
(p=0.058; I2=50.72%). No significant difference was found 
between the DOAC and warfarin groups among Japanese 
studies regarding the risk of PPB. The summary OR was 1.031 
(95%CI: 0.703-1.511) (Fig. 7a). The results were stable even 
though the RCT was excluded according to the sensitivity 
analysis (Supplementary file, Fig. S3) [19].

Fig. 6. Forest plot comparing the overall risk of PPB between the 
DOAC group and the nonanticoagulation group among non-Japanese 
studies.

Fig. 7. Forest plot comparing the overall risk of PPB between the 
DOAC group and the warfarin group. (a) Comparison among 
Japanese studies. (b) Comparison among non-Japanese studies.

Fig. 8. Forest plot comparing the overall risk of PPB between the 
DOAC group and the warfarin group in the lower GI.

DOAC vs. Warfarin in Non-Japanese Studies
Low heterogeneity was observed among the four studies 

[9, 10, 14, 16], and a random effects model was used (p=0.519; 
I2=0%). Among non-Japanese studies, the risk of PPB in the 
group receiving DOACs was lower than that in the group 
treated with warfarin. The summary OR was 0.450 (95% CI: 
0.326 to 0.620) (Fig. 7b). The results were stable regardless of 
which study was excluded according to the sensitivity analysis.

DOAC vs. Warfarin in the Upper GI Tract
Only one study evaluated the risks of PPB with DOAC 

treatment compared to warfarin in patients receiving a 
polypectomy of the upper GI tract [15]. The risk of PPB in 
the group receiving DOACs was lower than that in the group 
with warfarin.

DOAC vs. Warfarin in the Lower GI Tract
Moderate heterogeneity was observed among these studies 

[9-17, 19, 20], and a random effects model was used (p=0.003; 
I2=63%). No significant difference was found between the 
DOAC and warfarin groups regarding the risk of PPB. The 
summary OR was 0.859 (95% CI: 0.590-1.250) (Fig. 8). 
Sensitivity analysis revealed that the results were stable even 
the RCT was excluded (Supplementary file, Figure S4) [19].

Fig. 9. Funnel plot for publication bias of included studies.

Publication Bias
No significant publication bias was identified by the funnel 

plot. Egger‘s regression test (p=0.26) and Begg‘s test (p= 0.16) 
also did not show significant bias (Fig. 9).
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DISCUSSION

This is the first meta-analysis which examines the 
prevalence of PPB occurrence rates comparing DOACs with 
nonanticoagulation. The results of this meta-analysis showed 
that the incidence of PPB was much higher in the DOAC group 
than in the nonanticoagulation group (OR=6.170, 95%CI: 
3.079-12.363), which indicated that DOACs were independent 
risk factors for PPB.

For subgroups, our study explored the correlation between 
the withdrawal timing of DOACs and the risk of PPB. As the 
latest ESEG guideline suggested, DOACs should be stopped 
at least 48 hours before high-risk endoscopic procedures, 
including polypectomy [8]. Moreover, more substantial and 
solid evidence is required for confirmation. However, the JGES 
guideline in 2014 posted a different suggestion, namely, that 
DOACs should be stopped 24-48 hours before the procedures 
[21]. We found that the PPB rate was obviously higher in the 24-
hour withdrawal group (OR=8.66, 95%CI: 4.588-16.348) than 
in the nonanticoagulation group. This result provided strong 
evidence for ESGE guidelines that DOACs should be stopped 
48 hours ahead of polypectomy to prevent a hemorrhage.

Rivaroxaban, apixaban, dabigatran and edoxaban were 
the most commonly and extensively used DOACs. The results 
of the subgroup analysis showed that the abovementioned 
DOACs were all risk factors for PPB. Rivaroxaban, apixaban, 
and edoxaban inhibit the extrinsic and intrinsic pathways of 
blood coagulation by inhibiting factor Xa directly. Dabigatran 
acts as an oral direct thrombin inhibitor for free and fibrin-
bound thrombin, and the safety of these drugs is of great 
concern. According to the ESEG guidelines, several studies 
have shown that dabigatran is associated with an increased risk 
of GI bleeding [22, 24]. The mechanism of the high bleeding 
risk was proposed to be the low pH of the GI tract caused by 
the tartaric acid core contained in the dabigatran particles [22, 
23]. Interestingly, our results also showed that dabigatran was 
superior to warfarin in terms of PPB (OR=0.582, 95%CI: 0.34-
0.994), which may be attributed to several reasons. First, our 
study focused on PPB, especially in the lower GI, while previous 
studies simply analyzed GI bleeding without limitations on 
the procedures or segments of GI. Second, a lower GI is not 
affected to a large extent by gastric acid. This result indicated 
that dabigatran might be a better choice in polypectomy.

In addition, our meta-analysis compared DOACs with 
warfarin. No significant difference between DOACs and 
warfarin was detected regarding the risk of PPB (OR=0.826, 
95%CI: 0.583-1.172). However, a recent meta-analysis 
comparing DOACs with warfarin reported a decrease in post-
procedural bleeding risk using DOACs instead of warfarin, 
following endoscopic resection [25]. This opposite result may 
be due to the different endoscopic procedures incorporated. 
Since Zhu et al. [25] focused on endoscopic resection, including 
cold polypectomy, hot polypectomy, endoscopic submucosal 
dissection (ESD), and endoscopic mucosal resection (EMR), 
we only focused on polypectomy. Furthermore, 27 of 30 studies 
included in their meta-analysis came from Japan, suggesting a 
probable existence of geographical bias. With a more precise 
scope of study and less bias, our study has a greater clinical 
significance for polypectomy in anticoagulant users.

Since most of the studies that focused on the relationship 
between DOACs and PPB came from Japan, we performed a 
subgroup analysis according to the country of origin of the 
studies. The results suggested that compared with warfarin, 
DOACs had a decreased PPB risk among non-Japanese 
studies, while in Japanese studies, no significant difference 
was found between DOACs and warfarin regarding PPB risk. 
The different outcomes between Japan and other regions may 
be due to the different doses of warfarin according to different 
guidelines. Japanese patients usually receive a small dose of 
warfarin to achieve a target international normalized ratio 
(INR) of 1.6 to 2.6 [26], while in other countries, the target 
INR is defined as 2.0 to 3.0 [27, 28], which may be due to the 
increased risk of bleeding in the Asian population compared 
to Caucasians under warfarin treatment according to recent 
research [29]. With a smaller dose of warfarin, those patients 
who received warfarin as anticoagulants in Japanese studies 
would probably have less PPB risks than those in other regions. 
Ethnic differences should also be taken into consideration. Our 
outcome is different from Zhu et al. [25] work, which included 
27 of 30 studies in their meta-analysis from Japan [25]. These 
different outcomes between our Japanese-study subgroup and 
their works are mainly due to the different internalized studies, 
especially Harada et al. [12] work, which was published recently 
and with a high preponderance in our analysis. In this study, 
a higher PPB risk was detected in the DOACs group than in 
the warfarin group (DOACs: 9.2%, warfarin: 7.2%, p= 0.572]). 
More research from other regions should be included in the 
future to increase the applicability of the results.

As they are the second highest level of evidence, RCTs are 
more valid than cohort studies. However, due to the ethical 
dilemmas, few RCTs have examined the relationship between 
anticoagulants and PPB. Our search strategy only identified 
one RCT that examined the risk of PPB in DOACs or warfarin 
users. In this trial, the PPB rate of DOAC users showed no 
statistical difference compared with those using warfarin 
(DOACs: 9.7%, warfarin: 5.5%; p=0.519), which was consistent 
with our pooled results.

There were also several potential limitations of our meta-
analysis. First, the number of studies examining DOACs for 
PPB was limited. Therefore, further studies are warranted. 
Second, significant heterogeneity was found when the data 
were pooled. The reason may be different characteristics among 
studies. The random‑effect model was used to provide a more 
conservative result. Third, incomplete reporting of detailed 
data such as localization of resected polyps was found in some 
included studies. Although the polyps were localized in the 
upper or lower GI, the specific localization was not counted 
in most of the studies, which may lead to potential bias. 
Additionally, most included studies were cohort studies. We 
could only describe the association between DOACs and PPB. 
More RCT studies are required to detect causal relationships.

CONCLUSIONS

Direct oral anticoagulants were independent risk factors 
for PPB, even with 24-hour withdrawal before polypectomy. 
In addition, the superiority of dabigatran over warfarin for use 
in polypectomy was identified.



474� Ye et al.

J Gastrointestin Liver Dis, December 2022 Vol. 31 No 4: 467-475

Conflicts of interest: None to declare.

Authors’ contribution: H.-Z.Y. and B.W. designed the study. H.-Z.Y. 
and J.-J.G. collected the data. B.W. analyzed the data. H.-Z.Y. and 
J.-J.G. interpreted the results. H.-Z.Y. drafted the manuscript. B.W., 
J.-J.G., H.Z., Z.-W.L. and H.-W.X. critically revised the manuscript. 
All authors approved the final version to be published, and agree to 
be accountable for all aspects of the work.

 
Supplementary material: To access the supplementary material visit 
the online version of the J Gastrointestin Liver Dis at http://dx.doi.
org/10.15403/jgld-4607.

REFERENCES

	 1.	 Hindricks G, Potpara T, Dagres N, et al; ESC Scientific Document 
Group. 2020 ESC Guidelines for the diagnosis and management 
of atrial fibrillation developed in collaboration with the European 
Association for Cardio-Thoracic Surgery (EACTS): The Task Force 
for the diagnosis and management of atrial fibrillation of the European 
Society of Cardiology (ESC) Developed with the special contribution 
of the European Heart Rhythm Association (EHRA) of the ESC. Eur 
Heart J 2021;42:373-498. doi:10.1093/eurheartj/ehaa612

	 2.	 Pastori D, Menichelli D, Cammisotto V, Pignatelli P. Use of Direct 
Oral Anticoagulants in Patients With Antiphospholipid Syndrome: A 
Systematic Review and Comparison of the International Guidelines. 
Front Cardiovasc Med 2021;8:715878. doi:10.3389/fcvm.2021.715878

	 3.	 Lip GY, Lane DA. Stroke prevention in atrial fibrillation: a systematic 
review. JAMA 2015;313:1950-1962. doi:10.1001/jama.2015.4369

	 4.	 Ruff CT, Giugliano RP, Braunwald E, et al. Comparison of the efficacy 
and safety of new oral anticoagulants with warfarin in patients 
with atrial fibrillation: a meta-analysis of randomised trials. Lancet 
2014;383:955-962. doi:10.1016/S0140-6736(13)62343-0

	 5.	 Bennaghmouch N, de Veer AJWM, Bode K, et al. Efficacy and Safety of 
the Use of Non-Vitamin K Antagonist Oral Anticoagulants in Patients 
With Nonvalvular Atrial Fibrillation and Concomitant Aspirin Therapy: 
A Meta-Analysis of Randomized Trials. Circulation 2018;137:1117-
1129. doi:10.1161/CIRCULATIONAHA.117.028513

	 6.	 DeSantis CE, Lin CC, Mariotto AB, et al. Cancer treatment and 
survivorship statistics, 2014. CA Cancer J Clin 2014;64:252-271. 
doi:10.3322/caac.21235

	 7.	 Chung MK, Refaat M, Shen WK, et al; ACC Electrophysiology Section 
Leadership Council. Atrial Fibrillation: JACC Council Perspectives. J 
Am Coll Cardiol 2020;75:1689-1713. doi:10.1016/j.jacc.2020.02.025

	 8.	 Veitch AM, Vanbiervliet G, Gershlick AH, et al. Endoscopy in 
patients on antiplatelet or anticoagulant therapy, including direct 
oral anticoagulants: British Society of Gastroenterology (BSG) and 
European Society of Gastrointestinal Endoscopy (ESGE) guidelines. 
Gut 2016;65:374-389. doi:10.1136/gutjnl-2015-311110

	 9.	 Yu JX, Oliver M, Lin J, et al. Patients Prescribed Direct-Acting Oral 
Anticoagulants Have Low Risk of Postpolypectomy Complications. 
Clin Gastroenterol Hepatol 2019;17:2000-2007.e3. doi:10.1016/j.
cgh.2018.11.051

	 10.	 Song JH, Friedland S. Is Submucosal Injection Helpful in Cold Snare 
Polypectomy for Small Colorectal Polyps? Clin Endosc 2021;54:397-403. 
doi:10.5946/ce.2020.226

	 11.	 Yanagisawa N, Nagata N, Watanabe K, et al. Post-polypectomy bleeding 
and thromboembolism risks associated with warfarin vs  direct oral 

anticoagulants. World J Gastroenterol 2018;24:1540-1549. doi:10.3748/
wjg.v24.i14.1540

	 12.	 Harada H, Miyaoka Y, Yuki T, et al. Postpolypectomy bleeding of 
colorectal polyps in patients with continuous warfarin and short-
term interruption of direct oral anticoagulants. Gastrointest Endosc 
2021;93:691-698. doi:10.1016/j.gie.2020.09.046

	 13.	 Kubo K, Kato M, Mabe K, et al. Risk Factors for Delayed Bleeding 
after Therapeutic Gastrointestinal Endoscopy in Patients Receiving 
Oral Anticoagulants: A Multicenter Retrospective Study. Digestion 
2021;102:161-169. doi:10.1159/000502952

	 14.	 Lau LH, Guo CL, Yip TC, et al. Risks of post-colonoscopic polypectomy 
bleeding and thromboembolism with warfarin and direct oral 
anticoagulants: a population-based analysis. Gut 2022;71:100-110. 
doi:10.1136/gutjnl-2020-323600

	 15.	 Nagata N, Yasunaga H, Matsui H, et al. Therapeutic endoscopy-related 
GI bleeding and thromboembolic events in patients using warfarin or 
direct oral anticoagulants: results from a large nationwide database 
analysis. Gut 2018;67:1805-1812. doi:10.1136/gutjnl-2017-313999

	 16.	 Yan Z, Gao F, Xie J, Zhang J. Incidence and risk factors of colorectal 
delayed postpolypectomy bleeding in patients taking antithrombotics. 
J Dig Dis 2021;22:481-487. doi:10.1111/1751-2980.13034

	 17.	 Horiuchi A, Makino T, Fujiwara N. Su1641 Risk of delayed bleeding 
following cold SNARE polypectomy for small colorectal polyps in 
patients taking antithrombotic agents. Gastrointest Endosc 2016;83(5 
Suppl):AB375. doi:10.1016/j.gie.2016.03.956

	 18.	 Lam LYK, Lam TYT, Ching JYL, Wong SH, Ng SCC, Chan FKL. Colonic 
postpolypectomy bleeding in patients on new oral anti-coagulant-a case 
control study. United European Gastroenterol J 2017;5 (Suppl 1):A100.

	 19.	 Takeuchi Y, Mabe K, Shimodate Y, et al; Madowazu Study Group. 
Continuous Anticoagulation and Cold Snare Polypectomy Versus 
Heparin Bridging and Hot Snare Polypectomy in Patients on 
Anticoagulants With Subcentimeter Polyps: A Randomized Controlled 
Trial. Ann Intern Med 2019;171:229-237. doi:10.7326/M19-0026

	 20.	 Tomida H, Yoshio T, Uragami N. Delayed bleeding after colonoscopic 
treatment in patients taking anti coagulants. United European 
Gastroenterol J 2019;7(8 Suppl):551-552.

	 21.	 Fujimoto K, Fujishiro M, Kato M, et al; Japan Gastroenterological 
Endoscopy Society. Guidelines for gastroenterological endoscopy in 
patients undergoing antithrombotic treatment. Dig Endosc 2014;26:1-
14. doi:10.1111/den.12183

	 22.	 Connolly SJ, Ezekowitz MD, Yusuf S, et al; RE-LY Steering Committee 
Investigators. Dabigatran versus warfarin in patients with atrial 
fibrillation. N Engl J Med 2009;361:1139- 1151. doi:10.1056/
NEJMoa0905561

	 23.	 Chang HY, Zhou M, Tang W, Alexander GC, Singh S. Risk of 
gastrointestinal bleeding associated with oral anticoagulants: population 
based retrospective cohort study. BMJ 2015;350:h1585. doi:10.1136/
bmj.h1585

	 24.	 Kurokawa H, Taninaka A, Shigekawa H, Matsui H. Dabigatran 
Etexilate Induces Cytotoxicity in Rat Gastric Epithelial Cell Line via 
Mitochondrial Reactive Oxygen Species Production. Cells 2021;10:2508. 
doi:10.3390/cells10102508

	 25.	 Zhu H, Li F, Tao K, Liu M, Xu H. Bleeding after endoscopic resection 
between direct oral anticoagulants or warfarin: Systematic review and 
meta-analysis. J Gastroenterol Hepatol 2021;36:2363-2374. doi:10.1111/
jgh.15527

	 26.	 JCS Joint Working Group. Guidelines for Pharmacotherapy of Atrial 
Fibrillation (JCS 2013). Circ J 2014;78:1997-2021. doi:10.1253/circj.
cj-66-0092

https://dx.doi.org/10.1093/eurheartj/ehaa612
https://dx.doi.org/10.3389/fcvm.2021.715878
https://dx.doi.org/10.1001/jama.2015.4369
https://dx.doi.org/10.1016/S0140-6736(13)62343-0
https://dx.doi.org/10.1161/CIRCULATIONAHA.117.028513
https://dx.doi.org/10.3322/caac.21235
https://dx.doi.org/10.1016/j.jacc.2020.02.025
https://dx.doi.org/10.1136/gutjnl-2015-311110
https://dx.doi.org/10.1016/j.cgh.2018.11.051
https://dx.doi.org/10.1016/j.cgh.2018.11.051
https://dx.doi.org/10.5946/ce.2020.226
https://dx.doi.org/10.3748/wjg.v24.i14.1540
https://dx.doi.org/10.3748/wjg.v24.i14.1540
https://dx.doi.org/10.1016/j.gie.2020.09.046
https://dx.doi.org/10.1159/000502952
https://dx.doi.org/10.1136/gutjnl-2020-323600
https://dx.doi.org/10.1136/gutjnl-2017-313999
https://dx.doi.org/10.1111/1751-2980.13034
https://dx.doi.org/10.1016/j.gie.2016.03.956
https://dx.doi.org/10.7326/M19-0026
https://dx.doi.org/10.1111/den.12183
https://dx.doi.org/10.1056/NEJMoa0905561
https://dx.doi.org/10.1056/NEJMoa0905561
https://dx.doi.org/10.1136/bmj.h1585
https://dx.doi.org/10.1136/bmj.h1585
https://dx.doi.org/10.3390/cells10102508
https://dx.doi.org/10.1111/jgh.15527
https://dx.doi.org/10.1111/jgh.15527
https://dx.doi.org/10.1253/circj.cj-66-0092
https://dx.doi.org/10.1253/circj.cj-66-0092


Postpolypectomy bleeding in patients receiving DOACs� 475

J Gastrointestin Liver Dis, December 2022 Vol. 31 No 4: 467-475

	 27.	 January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/HRS Focused 
Update of the 2014 AHA/ACC/HRS Guideline for the Management 
of Patients With Atrial Fibrillation: A Report of the American College 
of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines and the Heart Rhythm Society in Collaboration 
With the Society of Thoracic Surgeons. Circulation 2019;140:e125-e151. 
doi:10.1161/CIR.0000000000000665

	 28.	 Chinese Society of Pacing and Electrophysiology. Current knowledge 
and management of atrial fibrillation: consensus of Chinese experts 
2021. Chinese Journal of Cardiac Arrythmias 2022;26:15-88.

	 29.	 Chiang CE, Wang KL, Lip GY. Stroke prevention in atrial fibrillation: an 
Asian perspective. Thromb Haemost 2014;111:789–797. doi:10.1160/
TH13-11-0948

https://dx.doi.org/10.1161/CIR.0000000000000665
https://dx.doi.org/10.1160/TH13-11-0948
https://dx.doi.org/10.1160/TH13-11-0948

