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Background: Management of anticoagulants for patients un-
dergoing polypectomy is still controversial. Cold snare polypec-
tomy (CSP) is reported to cause less bleeding than hot snare
polypectomy (HSP).

Objective: To compare outcomes between continuous admin-
istration of anticoagulants (CA) with CSP (CA+CSP) and peripro-
cedural heparin bridging (HB) with HSP (HB+HSP) for subcenti-
meter colorectal polyps.

Design: Multicenter, parallel, noninferiority randomized con-
trolled trial. (University Hospital Medical Information Network
Clinical Trials Registry: UMIN000019355)

Setting: 30 Japanese institutions.

Patients: Patients receiving anticoagulant therapy (warfarin or
direct oral anticoagulants) who had at least 1 nonpedunculated
subcentimeter colorectal polyp.

Intervention: Patients were randomly assigned to undergo
HB+HSP or CA+CSP and followed up 28 days after polypectomy.

Measurements: The primary end point was incidence of
polypectomy-related major bleeding (based on the incidence of
poorly controlled intraprocedural bleeding or postpolypectomy
bleeding requiring endoscopic hemostasis). The prespecified in-
feriority margin was �5% (CA+CBP vs. HB+HSP).

Results: A total of 184 patients were enrolled: 90 in the HB+HSP
group, 92 in the CA+CSP group, and 2 who declined to partici-
pate after enrollment. The incidence of polypectomy-related ma-
jor bleeding in the HB+HSP and CA+CSP groups was 12.0%
(95% CI, 5.0% to 19.1%) and 4.7% (CI, 0.2% to 9.2%), respec-
tively. The intergroup difference for the primary end point was
+7.3% (CI, �1.0% to 15.7%), with a 0.4% lower limit of 2-sided
90% CI, demonstrating the noninferiority of CA+CSP. The mean
procedure time for each polyp and the hospitalization period
were longer in the HB+HSP than in the CA+CSP group.

Limitation: An open-label trial assessing 2 factors (anticoagulation
approach and polypectomy procedure type) simultaneously.

Conclusion: Patients having CA+CSP for subcentimeter colo-
rectal polyps who were receiving oral anticoagulants did not
have an increased incidence of polypectomy-related major
bleeding, and procedure time and hospitalization were shorter
than in those having HB+HSP.
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Polypectomy reduces the morbidity and mortality as-
sociated with colorectal cancer (1–5). As the popu-

lation ages and indications for anticoagulation therapy
expand (6), the number of patients receiving anticoag-
ulants is increasing (7, 8). Anticoagulants confer an in-
creased risk for hemorrhage, but their withdrawal also
poses risks for thromboembolic sequelae (9). Guide-
lines on peripolypectomy management of anticoagu-
lants vary greatly, and the current updated guidelines
do not recommend heparin bridging (HB) for all pa-
tients; however, direct comparison of HB with continu-
ous administration of oral anticoagulants (CA) has pro-
vided little evidence (10–14).

Cold snare polypectomy (CSP), which does not in-
volve electrocautery, is reported to be safe and effec-
tive and is recommended by the European Society of
Gastrointestinal Endoscopy as standard care for sub-

centimeter polyps (15–17). A randomized controlled
trial (RCT) reported that CSP may decrease delayed
bleeding in persons receiving warfarin (18). However,
the RCT did not compare a new strategy (CSP with CA
[CA+CSP]) with a conventional one (hot snare polypec-
tomy [HSP] with HB [HB+HSP]) (19) and did not include
patients receiving direct oral anticoagulants (DOACs),
although the use of DOACs is increasing (20).

Cold snare polypectomy with CA may be performed
safely, without the complications of HB, while theoretically
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maintaining an anticoagulant effect. Therefore, CA+CSP
might be a standard approach to removing subcentime-
ter polyps in patients receiving anticoagulants if the inci-
dence of severe adverse events is noninferior to that of
HB+HSP, the conventional strategy. Therefore, we con-
ducted a multicenter RCT to investigate the noninferiority
of CA+CSP versus HB+HSP for treating subcentimeter
colorectal polyps.

METHODS
Design Overview

The study was designed as an open-label, parallel (1:
1), multicenter RCT. The study protocol (Supplement,
available at Annals.org) was developed by the steering
committee and approved by the research ethics commit-
tee of the participating clinical centers (Osaka Interna-
tional Cancer Institute, 31 March 2016). The trial recruited
patients from 29 June 2016 to 27 December 2017, and
follow-up was completed on 26 April 2018. No major
changes to study procedures or outcomes occurred after
the trial began. The study followed the CONSORT (Con-
solidated Standards of Reporting Trials) 2010 statement
(21) and was registered on 1 June 2016 in the University
Hospital Medical Information Network Clinical Trials Reg-
istry as UMIN000022461. All eligible patients provided
written informed consent to participate. An independent
efficacy and safety committee monitored patient safety,
adverse events, and the trial's progress.

Setting and Participants
The study was conducted at 30 Japanese academic

or tertiary institutions (Madowazu Study Group). Pa-
tients were eligible to participate in the trial if they were
aged 20 to 80 years, had an Eastern Cooperative On-
cology Group Performance Status score of 1 or lower,
were receiving anticoagulation therapy with warfarin or
DOACs (dabigatran, rivaroxaban, apixaban, or edoxa-
ban), had preserved organ function (platelet count
≥100 × 109/L; creatinine concentration ≤176.8 μmol/L
[2.0 mg/dL]; and, for patients receiving DOACs,
prothrombin time [PT] ≥40% ), and had at least 1 sub-
centimeter nonpedunculated polyp detected during
colonoscopy in the past 3.5 years. Patients receiving
warfarin were required to have a PT international nor-
malized ratio (PT-INR) in the therapeutic range (1.5 to
3.0). Patients were not eligible if they had lesions that
were 10 mm or larger, lesions suspected to be cancer-
ous, pedunculated polyps, or depressed polyps; were
receiving antiplatelet drugs and could not discontinue
treatment according to the Japanese guideline (19); or
had other conditions (Appendix 2, available at Annals
.org). Recruitment was not regulated, and potential par-
ticipants were identified mainly by the attending physi-
cian or clinical research coordinator. Eligibility and
informed consent were confirmed by the study investi-
gators. An ineligible polyp detected during colonos-
copy and treated at the colonoscopist's discretion was
considered a protocol deviation.

Randomization and Intervention
Randomization was performed by using a computer-

generated system at Medical Research Support (Kyoto,
Japan) with a program available on the Web. On the basis
of allocation adjustment factors among the institutions,
the known number of polyps (≤4 or ≥5), and anticoagu-
lant therapy (warfarin or DOACs), participants were ran-
domly assigned (1:1) to receive conventional treatment
(HB+HSP group) or investigational therapy (CA+CSP
group) according to a minimization method, without the
use of blocks. Then, the allocated interventions were dis-
played so that the sequence was concealed to the
colonoscopists until the participants were assigned. Nei-
ther the colonoscopists nor the participants were blinded
to the allocated groups.

Polypectomy was performed on an inpatient basis.
The plan for anticoagulant management is shown in the
Appendix Figure (available at Annals.org) and de-
scribed in Appendix 3 (available at Annals.org); details
regarding colonoscopy and polypectomy are given in
Appendix 4 (available at Annals.org).

After polypectomy, the endoscopist observed
bleeding from the mucosal defect for at least 30 sec-
onds. Hemostasis clips were applied immediately if
blood was spurting or if bleeding did not slow. Cautery
was performed with an electric current if hemostasis
could not be achieved with clips. If hemostasis could
not be achieved endoscopically, interventional radiol-
ogy or surgery was recommended. Prophylactic hemo-
stasis was not standardized for either group.

Outcomes and Follow-up
The primary end point was the incidence of

polypectomy-related major bleeding, defined as poorly
controlled intraprocedural bleeding requiring transfu-
sion, surgery, or interventional radiology, or postpo-
lypectomy bleeding requiring endoscopic hemostasis
within 28 days after polypectomy. Postpolypectomy
bleeding requiring endoscopic hemostasis was defined
as postprocedural bleeding necessitating emergency
endoscopy. Emergency endoscopy was performed for
bleeding accompanied by 2 or more consecutive epi-
sodes of hematochezia or melena that did not show
signs of improvement, for changes in vital signs (dia-
stolic pressure <100 mm Hg and heart rate >90 beats/
min), or for a decrease in hemoglobin level of 20 g/L or
greater; endoscopic hemostasis was performed for en-
doscopic findings of gastrointestinal bleeding classified
as Forrest Ia, Ib, or IIa (22).

Secondary end points were mean procedure time;
incidence of intraprocedural bleeding requiring hemo-
stasis immediately after polyp excision; incidence of
postpolypectomy hematochezia or melena not requir-
ing emergency endoscopic hemostasis; mean days of
hospitalization; mean number of colonoscopic exami-
nations until removal of all detected polyps; and ad-
verse events, including data obtained from a patient
survey 28 days after polypectomy. We also examined
the characteristics of postpolypectomy bleeding cases.

All events during hospitalization were assessed by
hospital staff (nurses and colonoscopists) (Appendix 5,
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available at Annals.org). Patients scheduled an appoint-
ment for 14 days after polypectomy, and the presence
of postdischarge adverse events was assessed by a
nonblinded outpatient physician. At the outpatient visit,
patients completed a survey form inquiring about
whether they had adverse events but not severity or
causality. Patients also were given a survey comprising
a checklist of adverse events (hematochezia, abdominal
pain, bloating, and diarrhea) that might occur within 28
days after treatment; the participants then mailed the
completed surveys to the investigators (23).

Statistical Analysis
On the basis of previous reports about warfarin and

HB (few data on DOACs were available when we con-
ceived this trial) (18, 24), we hypothesized that the inci-
dence of severe bleeding would be 10% in the
HB+HSP group and 3% in the CA+CSP group. The non-
inferiority margin between the 2 groups was set to
�5%, which is the maximum tolerable inferiority of
CA+CSP to HB+HSP, based on our discussion about
the clinical relevance of the new strategy. With � = 0.05
(1-sided) and � = 0.10 (normal approximation), 72 par-
ticipants were required in both groups. The target en-
rollment was set at 90 patients per group to account for
a withdrawal and ineligibility rate of 20%.

Intention-to-treat analysis was defined as analysis
of all randomly assigned participants. The full analysis
set (FAS) was defined as all participants who were ran-
domly assigned and had polypectomy, after excluding
those who violated eligibility or exclusion criteria, did
not receive the study treatment (had treatment other
than the one assigned), or did not have postrandomiza-

tion data. The per protocol set (PPS) was defined as all
participants who were randomly assigned and had
polypectomy, without important deviations from the
protocol.

To test the noninferiority of the primary end point,
we used the lower limit of the 2-sided 90% CI (Wald) as
a boundary, which corresponds to a 1-sided 95% lower
confidence limit. If it exceeded �5% (if the difference in
the proportion was the difference obtained by subtract-
ing the bleeding rate in the CA+CSP vs. HB+HSP
groups in the FAS), we would declare CA+CSP to be
noninferior to HB+HSP in the setting of this study.

Secondary outcomes, including adverse events,
also were evaluated in the FAS, and the PPS was used
for sensitivity analysis for the primary outcome. We cal-
culated 95% CIs for all outcomes in both groups, as
well as the differences between the groups. For sec-
ondary outcomes, we used Fisher exact and t tests for
categorical and continuous variables, respectively.
Missing data were excluded from each analysis, and the
number of missing data is shown in each table.

We did not have stopping guidelines and did not
perform an interim analysis. Data analysis was con-
ducted by using SAS, version 9.4 (SAS Institute). All P
values were 2-tailed, and P < 0.050 was defined as sta-
tistically significant. More details are presented in Ap-
pendix 6 (available at Annals.org).

Role of the Funding Source
The Japanese Gastroenterological Association had

no role in the design or conduct of the trial, the analysis
or interpretation of the results, or the decision to sub-
mit the manuscript for publication.

Figure 1. Patient recruitment and selection.

Patients enrolled and randomly assigned (n = 184)

Declined to participate after
enrollment (n = 2)

Assigned to HB+HSP
(n = 90)

Included in FAS
(n = 83)

Included in PPS
(n = 79)

Included in PPS
(n = 84)

Included in FAS
(n = 85)

Assigned to CA+CSP
(n = 92)

Excluded (n = 7)
   Declined treatment: 1
   Noneligible: 3
   No treatment: 3

Excluded (n = 7)
   Declined treatment: 1
   Noneligible: 5
   No treatment: 1

Deviated from protocol (n = 4) Deviated from protocol (n = 1)

CA = continuous administration of oral anticoagulants; CSP = cold snare polypectomy; FAS = full analysis set; HB = heparin bridging; HSP = hot
snare polypectomy; PPS = per protocol set.
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RESULTS
Recruitment and Participant Flow

Between June 2016 and December 2017, a total of
184 patients undergoing colonoscopy enrolled in the
study. Median time from written informed consent and

confirmation of eligibility to enrollment and randomiza-
tion was 0 days (interquartile range, 0 to 0 days). Infor-
mation for 2 patients was excluded from the database
because they decided not to take part in the study after
being enrolled. Thus, 90 patients were assigned to the

Table 1. Baseline Characteristics of the Full Analysis Set

Characteristic Study Group

HB�HSP (n � 83) CA�CSP (n � 85)

Patients, n (%)
Male 68 (82) 76 (89)
Female 15 (18) 9 (11)

Median age (IQR), y 73 (68–76) 73 (70–76)

Mean BMI (SD), kg/m2 23.7 (3.7) 24.8 (3.1)

Anticoagulant use
Warfarin, n (%) 25 (30) 30 (35)

Median dose (IQR), mg/d 2.75 (2.5–3.5) 3 (2.4–4.0)
DOACs, n (%) 58 (70) 55 (65)

Dabigatran 8 (14) 5 (9)
Rivaroxaban 29 (50) 20 (36)
Apixaban 13 (22) 20 (36)
Edoxaban 8 (14) 10 (18)

Antiplatelet use, n (%)
Aspirin 5 (6) 8 (9)
Clopidogrel 1 (1) 2 (2)
Cilostazol 1 (1) 3 (3)
Other 1 (1) 1 (1)

Comorbidity
Median Charlson Comorbidity Index score (range) 0 (0–4) 0 (0–4)

Distribution, n (%)
0 69 (83) 75 (88)
1 9 (11) 4 (5)
2 4 (5) 3 (4)
3 0 (0) 2 (2)
4 1 (1) 1 (1)

Median CHA2DS2-VASc score (range)* 3 (0–6) 3 (0–6)
Distribution, n (%)

0 1 (1) 2 (2)
1 14 (17) 12 (14)
2 24 (29) 18 (21)
3 23 (28) 23 (27)
4 12 (14) 16 (19)
5 4 (5) 9 (11)
6 5 (6) 5 (6)

Mean laboratory values (SD)
Hemoglobin level, g/L 137 (18) 140 (16)
Platelet count, × 109 cells/L 200 (61) 196 (55)
Creatinine level

μmol/L 77.8 82.2
mg/dL 0.88 (0.19) 0.93 (0.21)

PT, % 64.4 (26.0) 60.6 (25.0)
PT-INR ratio

Patients receiving warfarin 1.86 (0.46) 1.98 (0.45)
Patients receiving DOACs 1.21 (0.21) 1.19 (0.16)

aPTT, s
Patients receiving warfarin 38.9 (8.0) 39.7 (8.2)†
Patients receiving DOACs 37.7 (9.1) 38.1 (10.7)

aPTT = activated partial thromboplastin time; BMI = body mass index; CA = continuous administration of oral anticoagulants; CHA2DS2-VASc =
Congestive heart failure, Hypertension, Age ≥75, Diabetes mellitus, Stroke, Vascular disease, Sex female; CSP = cold snare polypectomy;
DOACs = direct oral anticoagulants; HB = heparin bridging; HSP = hot snare polypectomy; INR = international normalized ratio; IQR = interquartile
range; PT = prothrombin time.
* Reference 31.
† Data missing for 1 patient.
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HB+HSP group and 92 to the CA+CSP group. After
treatment allocation, 1 patient in both groups retracted
their consent and declined to participate. Three pa-
tients in the HB+HSP group and 5 in the CA+CSP
group were excluded because they were found to be
ineligible: 2 patients in the HB+HSP group and 3 in the
CA+CSP group had polyps 10 mm or larger or a lesion
suspicious for invasive cancer, 1 patient in the HB+HSP
group had been enrolled in the study previously, and 2
patients in the CA+CSP group were not receiving anti-
coagulant therapy. Three patients in the HB+HSP
group and 1 patient in the CA+CSP group did not have
colonoscopy because their underlying diseases had
been aggravated between study enrollment and
polypectomy. As a consequence, 83 patients in the
HB+HSP group and 85 in the CA+CSP group were in-
cluded in the FAS (Figure 1). Four patients in the
HB+HSP group and 1 patient in the CA+CSP group did
not have all detected polyps removed because there
were too many to extract during 1 colonoscopy. There-
fore, these cases were considered protocol deviations
and excluded from the PPS analysis.

Baseline Data and Anticoagulant Management
Although no outcomes data were missing, some

laboratory values were absent for a few patients and
were excluded (Tables 1 to 3 and Appendix Table 1,
available at Annals.org). Baseline data were analyzed
between groups and were not significantly different
(Table 1). The most common reason for anticoagulant
use was atrial fibrillation (Appendix Table 2, available at
Annals.org). The PT-INR was within therapeutic range
among patients receiving warfarin and within normal
range for those receiving DOACs. Periprocedural anti-

coagulant therapy was managed mostly according to
protocol (Appendix Table 1). The PT-INR among pa-
tients in the HB+HSP group who were receiving warfa-
rin returned to normal range and was significantly
lower than that of the CA+CSP group on the morning
of polypectomy. The PT-INR and activated partial
thromboplastin time were almost similar between the
morning after and the morning of polypectomy in both
groups.

Outcomes and Estimation
A total of 631 lesions were detected, and 611 eli-

gible lesions were removed from 168 patients. Four le-
sions larger than 10 mm and 1 lesion suspected to be
cancerous were detected and removed outside of pro-
tocol. Although the median number of detected and
eligible lesions, as well as the size and morphology of
the removed lesions, did not differ between the 2
groups, polyps were distributed in the right colon more
frequently in the CA+CSP than in the HB+HSP group.
Prophylactic hemostasis was performed more often in
the HB+HSP than in the CA+CSP group (Table 2).

The incidence of polypectomy-related major bleed-
ing (primary end point) was 4.7% (95% CI, 0.2% to 9.2%)
in the CA+CSP group and 12.0% (CI, 5.0% to 19.1%) in
the HB+HSP group. The intergroup difference for the in-
cidence of polypectomy-related major bleeding was 7.3%
(CI, �1.0% to 15.7%), the lower limit of the 2-sided 90% CI
was 0.4%, and the risk ratio was 2.56 (CI, 0.84 to 7.84)
(Figure 2 and Table 3). In the subgroup analysis, non-
inferiority of the primary end point also was observed
both in patients receiving warfarin and those taking
DOACs. Poorly controlled intraprocedural bleeding did
not occur in either the CA+CSP or HB+HSP group, and all
polypectomy-related major bleeding cases were post-

Table 2. Procedure-Related Factors

Factor Study Group P Value

HB�HSP (n � 83) CA�CSP (n � 85)

Lesions
Median detected (IQR), n 3 (2–5) 3 (2–5) 0.26
Median targeted (IQR), n 3 (2–4) 3 (2–5) 0.144
Median removed (IQR), n 3 (1–4) 3 (2–5) 0.36
Total removed, n 286 325
Median size (range), mm 5 (3–6) 5 (3–6) 0.76

Diminutive (1–5 mm), n (%) 206 (72) 223 (69) 0.38
Small (6–9 mm), n (%) 80 (28) 102 (31)

Location, n (%) 0.018
Right-sided colon 169 (59) 222 (68)
Left-sided colon and rectum 117 (41) 103 (32)

Morphologic characteristics, n (%) 0.55
Polypoid 187 (65) 204 (63)
Nonpolypoid 99 (35) 121 (37)

Pathologic characteristics, n (%) 0.008
Adenoma* 246 (86) 302 (93)
Invasive cancer 0 (0) 0 (0)
Serrated polyp/nonneoplastic 35 (12) 22 (7)

Not retrieved, n (%) 5 (2) 1 (0.3)
Submucosal injection, n/N (%) 126/284 (44)† 0/0 (0)
Prophylactic hemostasis, n/N (%) 38/286 (13) 6/325 (2) <0.001

CA = continuous administration of oral anticoagulants; CSP = cold snare polypectomy; HB = heparin bridging; HSP = hot snare polypectomy;
IQR = interquartile range.
* Including intramucosal carcinoma.
† Data are missing for 1 patient.
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polypectomy hemorrhage requiring endoscopic hemo-
stasis. Even after protocol deviation cases were excluded
(PPS analysis), the incidence of major bleeding was 12.7%
(CI, 5.3% to 20.0%) in the HB+HSP group and 4.7% (CI,
0.2% to 9.2%) in the CA+CSP group. The intergroup dif-
ference was +8.0% (CI, �0.7% to 16.6%). Although 14
patients were excluded from the FAS analysis, 8 with inel-
igible lesions discovered after enrollment received treat-
ment individually, none of whom had postpolypectomy
bleeding. Outcomes for the other 6 patients are not avail-
able, because 2 declined to participate after enrollment
and 4 did not have colonoscopy.

Although none of the patients in the CA+CSP
group who were receiving warfarin had major bleed-
ing, 4 patients in that group who were receiving
DOACs did. Intraprocedural bleeding requiring endo-
scopic hemostasis immediately after polyp excision and

postpolypectomy hematochezia without endoscopic
hemostasis occurred more frequently in the CA+CSP
than in the HB+HSP group, although these differences
were not significant (Table 3). Characteristics of post-
polypectomy bleeding cases are shown in Appendix
Table 3 (available at Annals.org). Rivaroxaban use,
more than 3 polyps removed, polyps larger than 6 mm,
polyps in the right versus left colon, and protruded pol-
yps were observed frequently in bleeding cases. In all 7
patients in the HB+HSP group who were receiving
DOACs and had postpolypectomy bleeding, the bleed-
ing occurred after HB was terminated.

Mean procedure time per lesion was significantly
shorter in the CA+CSP than in the HB+HSP group. Be-
cause all polyps were not removed in 5 cases, the number
of colonoscopies performed before all detected polyps
were removed could not be assessed accurately. How-
ever, the mean hospitalization period was longer in the
HB+HSP than in the CA+CSP group (Table 3).

Adverse Events
Localized peritonitis after polypectomy occurred in

a patient in the HB+HSP group who had a 40-mm polyp
and was excluded from the FAS. No thromboembolic
events occurred. Other polypectomy-related adverse
events obtained from patient survey forms were not
significantly different between the 2 groups. All but 1 of
the patient surveys (167 of 168) were completed, for a
99% response rate.

DISCUSSION
In this trial, we demonstrated the noninferiority of a new

strategy for subcentimeter colorectal polyps (CA+CSP) com-

Table 3. Study End Points

End Point Study Group Risk Difference
(95% CI),
percentage pointsHB�HSP CA�CSP

Primary, n/N (% [95% CI])
Polypectomy-related major bleeding 10/83 (12.0 [5.0 to 19.1]) 4/85 (4.7 [0.2 to 9.2]) 7.3 (−1.0 to 15.7)

Poorly controlled intraprocedural bleeding 0 0 —
Postpolypectomy bleeding requiring endoscopic hemostasis 10/83 (12.0 [5.0 to 19.1]) 4/85 (4.7 [0.2 to 9.2]) 7.3 (−1.0 to 15.7)

Patients receiving warfarin 3/25 (12.0 [0 to 24.7]) 0/30 (0 [0 to 11.6]) 12.0 (−0.7 to 24.7)
Patients receiving DOACs 7/58 (12.1 [3.7 to 20.5]) 4/55 (7.3 [0.4 to 14.1]) 4.8 (−6.0 to 15.6)

P Value

Secondary
Mean procedure time per lesion (95% CI), s 94.4 (87.1 to 101.7) 59.6 (54.0 to 65.2) <0.001
Minor bleeding-related polypectomy, n/N (% [95% CI])

Intraprocedural bleeding requiring endoscopic hemostasis 11/286 (3.8 [1.6 to 6.1]) 23/325 (7.1 [4.3 to 9.9]) 0.111
Hematochezia after polypectomy without hemostasis 7/83 (8.4 [2.5 to 14.4]) 10/85 (11.9 [5.0 to 18.8]) 0.61

Mean hospital stay (95% CI), d 5.1 (4.2 to 6.1) 2.9 (1.8 to 4.0) 0.003
Patients receiving warfarin 9.6 (8.1 to 11.1) 2.0 (1.6 to 2.3) <0.001
Patients receiving DOACs 3.2 (2.5 to 3.9) 3.4 (1.7 to 5.1) 0.82

Adverse events, n (%)*
Abdominal pain 3 (3.6) 2 (2.4) 0.68
Bloating 4 (4.8) 2 (2.4) 0.44
Diarrhea 5 (6.0) 9 (10.7) 0.40
Any 9 (10.8) 11 (13.1) 0.81

CA = continuous administration of oral anticoagulants; CSP = cold snare polypectomy; DOACs = direct oral anticoagulants; HB = heparin bridging;
HSP = hot snare polypectomy.
* Based on responses to patient survey. Data are missing for 1 patient.

Figure 2. Primary end point of the trial (difference in
incidence of polypectomy-related major bleeding
between groups).

Hypothesized
noninferiority

margin 95% CI

Lower limit
of 90% Cl

7.3%

–10 –5 0 5 10 15 20
Risk Difference, %

Favors CA+CSPFavors HB+HSP

CA = continuous administration of oral anticoagulants; CSP = cold snare
polypectomy; HB = heparin bridging; HSP = hot snare polypectomy.
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pared with a conventional approach (HB+HSP). Noninferior-
ity also was shown in patients taking warfarin as well as
those receiving DOACs. Because this study was a clinical
trial, we aimed to reduce the risk for embolic events to the
extent possible and believed that the risk for bleeding
with HB should be compared with that of CA, although
most of our patients had a low risk for atrial fibrillation and
current guidelines do not recommend HB for such pa-
tients (10). Therefore, we used either HB or CA, rather
than discontinuing anticoagulant therapy. Cold snare
polypectomy with CA may become a standard approach
for removing subcentimeter colorectal polyps in patients
receiving anticoagulants, especially high-risk patients who
cannot stop anticoagulant therapy, because HB+HSP re-
quires a longer procedure time and hospital stay and car-
ries the risk for loss of anticoagulation control during the
transition from oral anticoagulants to heparin. Our results
are consistent with current guidelines, which recommend
CSP for subcentimeter polyps and do not recommend HB
(10, 14, 15).

In theory, endoscopic procedures in patients re-
ceiving oral anticoagulants may be associated with
hemorrhagic complications, but the incidence of se-
vere bleeding in the CA+CSP group in our trial was
4.7%, which may be considered acceptable. Another
RCT found a lower bleeding rate with CSP than with
HSP in patients receiving warfarin (18). In contrast to
our trial, in which patients received continuous DOAC
therapy and underwent CSP, Radaelli and colleagues
(25) reported a higher incidence of delayed major
bleeding (14.3%) in patients who had high-risk endo-
scopic procedures and resumed DOAC therapy earlier
than recommended by guidelines (10). Furthermore,
we noted a higher number of total and right-sided pol-
yps in the CA+CSP group, both of which may result in
more frequent bleeding episodes, which suggests that
CA+CSP may be a relatively safe approach. Therefore,
we think that CSP may be the least risky polypectomy
procedure. In addition, CA+CSP required a significantly
shorter procedure time and hospital stay. Our results
indicate not only the noninferiority but also the superi-
ority of CA+CSP to HB+HSP.

In this trial, intraprocedural bleeding requiring en-
doscopic hemostasis was manageable in both groups.
Because intraprocedural bleeding may depend on a
patient's hemostatic ability, it may be associated with
anticoagulant therapy before polypectomy (25). Ac-
cording to Western guidelines, anticoagulant therapy
can be discontinued before an endoscopic procedure
in patients at low risk for thrombosis (10, 13), and the
absolute risk for an embolic event in patients whose
anticoagulation is withdrawn for 4 to 7 days is reported
to be approximately 1% (26, 27). However, embolic
events may be severe once they occur. Therefore, the
Japanese guidelines consider all patients receiving an-
ticoagulants to be at high risk for thromboembolism
associated with antithrombotic withdrawal (14). Our re-
sults suggest that discontinuing anticoagulant therapy
before polypectomy for subcentimeter polyps may be
unnecessary and support the Japanese guidelines,
which recommend not withholding anticoagulants for

procedures with low bleeding risk. On the contrary, be-
cause the anticoagulant effect of DOACs wanes within
12 to 24 hours after the last dose (28), delayed bleed-
ing may be the result of reinitiating DOAC therapy too
soon. Although current Western guidelines recommend
DOAC cessation for several days after the procedure (10,
13), the risk for embolic events theoretically might be in-
creased if DOACs are withheld for more than 48 hours
(20, 29). An analysis of a nationwide database in Japan
found a nonnegligible incidence of postendoscopy
thromboembolism in patients receiving anticoagulants
(30). In the current trial, most cases of postprocedural
bleeding in the CA+CSP group occurred in patients re-
ceiving DOACs the day after polypectomy, suggesting
that resuming DOAC therapy the next day was too soon.
Therefore, a 1-day suspension of DOAC therapy after
polypectomy, without prepolypectomy discontinuation,
may be safer.

This trial had some limitations. First, clinicians and
patients were not blinded to treatment allocation. How-
ever, blinding was not possible because clinicians had
to actively monitor and assess patients for postproce-
dural complications, which may have been influenced
by the anticoagulation approach and type of proce-
dure. Second, we assessed 2 factors simultaneously,
namely the management of anticoagulants and the
polypectomy method used. Drawing a conclusion re-
garding which factor contributed to the results is diffi-
cult. Third, patients who were receiving DOACs before
the study and were randomly assigned to HSP received
HB during the trial to minimize their risk for an embolic
event, although guidelines do not recommend this ap-
proach (6, 9). Fourth, we included patients with subcen-
timeter polyps only. Future research should investigate
the appropriate management for patients with polyps
10 mm or larger. Finally, we could not assess differ-
ences in outcomes according to the kinds of DOACs
used in this trial, because the number of patients using
each DOAC type was too small.

In conclusion, CA+CSP for subcentimeter colorec-
tal polyps in patients receiving anticoagulants did not
increase the incidence of polypectomy-related major
bleeding compared with HB+HSP and was associated
with a shorter procedure time and hospital stay. Al-
though CA+CSP is considered standard treatment for
subcentimeter colorectal polyps in patients receiving
anticoagulants, a larger trial is needed to identify a better
management strategy for patients receiving DOACs.

From Osaka International Cancer Institute, Osaka, Japan
(Y.T.); National Hospital Organization Hakodate National Hos-
pital, Hakodate, Japan (K.M.); Kurashiki Central Hospital,
Kurashiki, Japan (Y.S.); Sapporo Medical Center Nippon Tele-
graph and Telephone East Corporation, Sapporo, Japan
(S.Y.); Ishikawa Prefectural Central Hospital, Kanazawa, Japan
(S.Y.); Sano Hospital, Kobe, Japan (M.I.); Kyoto Second Red
Cross Hospital, Kyoto, Japan (T.K.); Shizuoka Cancer Center,
Suntogun, Shizuoka, Japan (K.H.); Suita Municipal Hospital,
Suita, Japan (K.N.); Akashi Medical Center, Akashi, Japan
(N.I.); Osaka City General Hospital, Osaka, Japan (T.Y.); Kindai
University Faculty of Medicine, Osaka-Sayama, Japan (Y.K.);

Cold Snare Polypectomy Under Continuous Anticoagulation ORIGINAL RESEARCH

Annals.org Annals of Internal Medicine 7

Downloaded from https://annals.org by Mercy Hospital of Buffalo, Edward Edward Stehlik on 07/22/2019



Tane General Hospital, Osaka, Japan (S.A.); Utsunomiya Me-
morial Hospital, Tochigi, Japan (Y.A.); Japanese Red Cross
Society Wakayama Medical Center, Wakayama, Japan (T.A.);
National Hospital Organization Osaka National Hospital,
Osaka, Japan (Y.S.); Nihon University School of Medicine, To-
kyo, Japan (H.I.); Naha City Hospital, Naha, Japan (Y.K.); Kan-
sai Rosai Hospital, Amagasaki, Japan (T.O.); Nara City Hospi-
tal, Nara, Japan (Y.K.); Kumamoto University, Kumamoto,
Japan (T.S.); Osaka General Medical Center, Osaka, Japan
(T.I.); Hyogo College of Medicine, Nishinomiya, Japan (Y.O.);
Tochigi Cancer Center, Utsunomiya, Japan (N.K.); Teine Kei-
jinkai Hospital, Sapporo, Japan (T.T.); Sapporo Higashi
Tokushukai Hospital, Sapporo, Japan (R.S.); National Cancer
Center Hospital, Tokyo, Japan (T.S.); National Hospital Orga-
nization Kyushu Medical Center, Fukuoka, Japan (N.H.); Can-
cer Institute Hospital, Tokyo, Japan (A.C.); Kyoto Prefectural
University of Medicine, Osaka, Japan (H.I.); The University of
Tokyo, Tokyo, Japan (M.N.); and National Hospital Organiza-
tion Tokyo Medical Center, Tokyo, Japan (T.U.).

Acknowledgment: The authors thank Ms. Atsuko Michishita
(Medical Research Support) for data management, the mem-
bers of the Madowazu Study Group (listed in Appendix 1) for
their participation, the members of the Efficacy and Safety
Assessment Committee (Dr. Shigeaki Yoshida, Dr. Takuji
Gotoda, Dr. Eriko Nakamura, and Dr. Atsushi Imagawa) for
their contribution, and the members of the Japanese Gastro-
enterological Association (Chairperson, Prof. Kazuhide Higu-
chi) for their support.

Grant Support: By the Japanese Gastroenterological Association.

Disclosures: Authors have disclosed no conflicts of interest.
Forms can be viewed at www.acponline.org/authors/icmje
/ConflictOfInterestForms.do?msNum=M19-0026.

Data Sharing Statement: The following data will be made
available with publication: complete deidentified patient data
set (contact Yoji Takeuchi; e-mail, takeuti-yo@mc.pref.osaka.jp
or yoji.endoscopy@oici.jp). The following supporting docu-
ments will be made available with publication: analytic/statis-
tical code (contact Yoji Takeuchi; e-mail, takeuti-yo@mc.pref
.osaka.jp or yoji.endoscopy@oici.jp). These data will be made
available for any purpose to researchers whose proposed use
of the data has been approved.

Corresponding Author: Yoji Takeuchi, MD, Department of
Gastrointestinal Oncology, Osaka International Cancer
Institute, 3-1-69 Otemae, Chuo-ku, Osaka 541-8567, Japan;
e-mail, takeuti-yo@mc.pref.osaka.jp or yoji.endoscopy
@oici.jp.

Current author addresses and author contributions are avail-
able at Annals.org.

References
1. Zauber AG, Winawer SJ, O’Brien MJ, et al. Colonoscopic
polypectomy and long-term prevention of colorectal-cancer

deaths. N Engl J Med. 2012;366:687-96. [PMID: 22356322] doi:
10.1056/NEJMoa1100370
2. Løberg M, Kalager M, Holme Ø, et al. Long-term colorectal-cancer
mortality after adenoma removal. N Engl J Med. 2014;371:799-807.
[PMID: 25162886] doi:10.1056/NEJMoa1315870
3. Shaukat A, Mongin SJ, Geisser MS, et al. Long-term mortality after
screening for colorectal cancer. N Engl J Med. 2013;369:1106-14.
[PMID: 24047060] doi:10.1056/NEJMoa1300720
4. Nishihara R, Wu K, Lochhead P, et al. Long-term colorectal-cancer
incidence and mortality after lower endoscopy. N Engl J Med. 2013;
369:1095-105. [PMID: 24047059] doi:10.1056/NEJMoa1301969
5. Løberg M, Kalager M, Holme Ø, et al. Long-term colorectal-cancer
mortality after adenoma removal. N Engl J Med. 2014;371:799-807.
[PMID: 25162886] doi:10.1056/NEJMoa1315870
6. Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide ep-
idemiology of atrial fibrillation: a global burden of disease
2010 study. Circulation. 2014;129:837-47. [PMID: 24345399]
doi:10.1161/CIRCULATIONAHA.113.005119
7. Ruff CT, Giugliano RP, Braunwald E, et al. Comparison of the effi-
cacy and safety of new oral anticoagulants with warfarin in patients
with atrial fibrillation: a meta-analysis of randomised trials. Lancet.
2014;383:955-62. [PMID: 24315724] doi:10.1016/S0140-6736(13)
62343-0
8. Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for VTE
disease: CHEST guideline and expert panel report. Chest. 2016;149:
315-352. [PMID: 26867832] doi:10.1016/j.chest.2015.11.026
9. Witt DM, Delate T, Garcia DA, et al. Risk of thromboembolism,
recurrent hemorrhage, and death after warfarin therapy interruption
for gastrointestinal tract bleeding. Arch Intern Med. 2012;172:1484-
91. [PMID: 22987143] doi:10.1001/archinternmed.2012.4261
10. 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;65:374-89. [PMID: 26873868] doi:10.1136/gutjnl-2015
-311110
11. Acosta RD, Abraham NS, Chandrasekhara V, et al; ASGE
Standards of Practice Committee. The management of antithrom-
botic agents for patients undergoing GI endoscopy. Gastrointest En-
dosc. 2016;83:3-16. [PMID: 26621548] doi:10.1016/j.gie.2015.09
.035
12. Chan FKL, Goh KL, Reddy N, et al. Management of patients on
antithrombotic agents undergoing emergency and elective endos-
copy: joint Asian Pacific Association of Gastroenterology (APAGE)
and Asian Pacific Society for Digestive Endoscopy (APSDE) practice
guidelines. Gut. 2018;67:405-417. [PMID: 29331946] doi:10.1136
/gutjnl-2017-315131
13. Douketis JD, Berger PB, Dunn AS, et al. The perioperative man-
agement of antithrombotic therapy: American College of Chest Phy-
sicians evidence-based clinical practice guidelines (8th edition).
Chest. 2008;133:299S-339S. [PMID: 18574269] doi:10.1378/chest
.08-0675
14. Kato M, Uedo N, Hokimoto S, et al. Guidelines for gastroenter-
ological endoscopy in patients undergoing antithrombotic treat-
ment: 2017 appendix on anticoagulants including direct oral antico-
agulants [Letter]. Dig Endosc. 2018;30:433-440. [PMID: 29733468]
doi:10.1111/den.13184
15. Ferlitsch M, Moss A, Hassan C, et al. Colorectal polypectomy and
endoscopic mucosal resection (EMR): european society of gastroin-
testinal endoscopy (ESGE) clinical guideline. Endoscopy. 2017;49:
270-297. [PMID: 28212588] doi:10.1055/s-0043-102569
16. Takeuchi Y, Yamashina T, Matsuura N, et al. Feasibility of cold
snare polypectomy in Japan: a pilot study. World J Gastrointest En-
dosc. 2015;7:1250-6. [PMID: 26634041] doi:10.4253/wjge.v7.i17
.1250
17. Kawamura T, Takeuchi Y, Asai S, et al. A comparison of the re-
section rate for cold and hot snare polypectomy for 4-9 mm colorec-
tal polyps: a multicentre randomised controlled trial (CRESCENT
study). Gut. 2018;67:1950-1957. [PMID: 28970290] doi:10.1136
/gutjnl-2017-314215

ORIGINAL RESEARCH Cold Snare Polypectomy Under Continuous Anticoagulation

8 Annals of Internal Medicine Annals.org

Downloaded from https://annals.org by Mercy Hospital of Buffalo, Edward Edward Stehlik on 07/22/2019



18. Horiuchi A, Nakayama Y, Kajiyama M, et al. Removal of small
colorectal polyps in anticoagulated patients: a prospective random-
ized comparison of cold snare and conventional polypectomy. Gas-
trointest Endosc. 2014;79:417-23. [PMID: 24125514] doi:10.1016/j
.gie.2013.08.040
19. 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. [PMID: 24215155] doi:10.1111/den.12183
20. Connolly SJ, Ezekowitz MD, Yusuf S, et al; RE-LY Steering Com-
mittee and Investigators. Dabigatran versus warfarin in patients
with atrial fibrillation. N Engl J Med. 2009;361:1139-51. [PMID:
19717844] doi:10.1056/NEJMoa0905561
21. Schulz KF, Altman DG, Moher D; CONSORT Group. CONSORT
2010 statement: updated guidelines for reporting parallel group
randomized trials. Ann Intern Med. 2010;152:726-32. [PMID:
20335313] doi:10.7326/0003-4819-152-11-201006010-00232
22. Heldwein W, Schreiner J, Pedrazzoli J, et al. Is the Forrest classi-
fication a useful tool for planning endoscopic therapy of bleeding
peptic ulcers? Endoscopy. 1989;21:258-62. [PMID: 2693077]
23. Cotton PB, Eisen GM, Aabakken L, et al. A lexicon for endoscopic
adverse events: report of an ASGE workshop. Gastrointest Endosc.
2010;71:446-54. [PMID: 20189503] doi:10.1016/j.gie.2009.10.027
24. Inoue T, Nishida T, Maekawa A, et al. Clinical features of post-
polypectomy bleeding associated with heparin bridge therapy. Dig
Endosc. 2014;26:243-9. [PMID: 23730922] doi:10.1111/den.12123
25. Radaelli F, Fuccio L, Paggi S, et al; Bowell Group. Periendoscopic
management of direct oral anticoagulants: a prospective cohort

study. Gut. 2019;68:969-976. [PMID: 30064986] doi:10.1136/gutjnl
-2018-316385
26. Garcia DA, Regan S, Henault LE, et al. Risk of thromboembolism
with short-term interruption of warfarin therapy. Arch Intern Med.
2008;168:63-9. [PMID: 18195197] doi:10.1001/archinternmed.2007
.23
27. Blacker DJ, Wijdicks EF, McClelland RL. Stroke risk in anticoag-
ulated patients with atrial fibrillation undergoing endoscopy. Neurol-
ogy. 2003;61:964-8. [PMID: 14557569]
28. Raparelli V, Proietti M, Cangemi R, et al. Adherence to oral anti-
coagulant therapy in patients with atrial fibrillation. Focus on non-
vitamin K antagonist oral anticoagulants. Thromb Haemost. 2017;
117:209-218. [PMID: 27831592] doi:10.1160/TH16-10-0757
29. Steffel J, Verhamme P, Potpara TS, et al; ESC Scientific Docu-
ment Group. The 2018 European Heart Rhythm Association Practical
Guide on the use of non-vitamin K antagonist oral anticoagulants in
patients with atrial fibrillation. Eur Heart J. 2018;39:1330-1393.
[PMID: 29562325] doi:10.1093/eurheartj/ehy136
30. 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. [PMID: 28874418] doi:
10.1136/gutjnl-2017-313999
31. Camm AJ, Kirchhof P, Lip GY, et al; European Heart Rhythm
Association. Guidelines for the management of atrial fibrillation: the
Task Force for the Management of Atrial Fibrillation of the European
Society of Cardiology (ESC). Eur Heart J. 2010;31:2369-429. [PMID:
20802247] doi:10.1093/eurheartj/ehq278

Cold Snare Polypectomy Under Continuous Anticoagulation ORIGINAL RESEARCH

Annals.org Annals of Internal Medicine 9

Downloaded from https://annals.org by Mercy Hospital of Buffalo, Edward Edward Stehlik on 07/22/2019



Current Author Addresses: Dr. Takeuchi: Department of Gas-
trointestinal Oncology, Osaka International Cancer Institute,
3-1-69 Otemae, Chuo-ku, Osaka, 541-8567, Japan.
Dr. Mabe: National Hospital Organization Hakodate National
Hospital, 18-16 Kawahara, Hakodate, 041-8512, Japan.
Dr. Shimodate: Kurashiki Central Hospital, 1-1-1, Miwa, Kura-
shiki, Okayama, 710-8602, Japan.
Dr. Yoshii: Sapporo Medical Center NTT EC, S1 W15, Chuo-
ku, Sapporo 060-0061, Japan.
Dr. Yamada: Kanazawa University Hospital, 920-8641 13-1
Takara-machi Kanazawa Ishikawa, Japan.
Dr. Iwatate: Sano Hospital, 2-5-1, Shimizugaoka, Tarumi-ku,
Kobe, Hyogo, 655-0031, Japan.
Dr. Kawamura: Kyoto Second Red Cross Hospital, 355-5,
Haruobi-cho, Kamigyo-ku, Kyoto 602-8026, Japan.
Dr. Hotta: Shizuoka Cancer Center, 1007 Shimonagakubo,
Nagaizumi-cho, Sunto-gun, Shizuoka, 411-8777, Japan.
Dr. Nagaike: Suita Municipal Hospital, 5-7 Kishibeshinmachi,
Suita, Osaka 564-8567, Japan.
Dr. Ikezawa: Kobe University, Department of Gastroenterol-
ogy, 7-5-1 Kusunoki-cho, Chuo-ku, Kobe, Hyogo, 650-0017,
Japan.
Dr. Yamasaki: Department of Gastroenterology, Osaka City
General Hospital, 2-13-22, Miyakojimahondori, Miyakojima-
ku, Osaka, 534-0021, Japan.
Dr. Komeda: Kindai University Faculty of Medicine, 377-2
Ohno-Higashi, Osaka-Sayama, Osaka, 589-8511 Japan.
Dr. Asai: Tane General Hospital, 1-12-21 Kujominami Nishiku
Osaka, 550-0025, Japan.
Dr. Abe: Hanyu General Hospital, 446 Shimoiwase, Hanyu-shi,
Saitama, 348-8505, Japan.
Dr. Akamatsu: Japanese Red Cross Society Wakayama Medi-
cal Center, 4-20, Komatsubara-dori, Wakayama-city, Wa-
kayama, 6408558, Japan.
Dr. Sakakibara: National Hospital Organization Osaka Na-
tional Hospital, 2-1-14, Hoenzaka, Chuo-ku, Osaka, 540-0006,
Japan.
Dr. Ikehara: Nihon University School of Medicine, 1-6 Suruga-
dai, Kanda, Chiyoda-ku, Tokyo, 101-8309, Japan.
Dr. Kinjo: Naha City Hospital, 2-31-1 Furujima, Naha-city, Oki-
nawa, 902-8511, Japan.
Dr. Ohta: Kansai Rosai Hospital, 3-1-69, Inabasou, Amagasaki,
Hyogo, Japan.
Dr. Kitamura: Nara City Hospital, 1-50-1 Kidera-cho, Nara city,
Nara, 630-8305, Japan.
Dr. Shono: Graduate School of Medical Sciences, Kumamoto
University, 1-1-1 Honjo, Chuo-ku, Kumamoto, 860-8556,
Japan.
Dr. Inoue: Osaka General Medical Center, 3-1-56, Bandai-
higashi, Sumiyoshi-ku, Osaka-city, Japan.
Dr. Ohda: Nara Endoscopic Clinic, 9-1-1 Sanjohonmachi, Nara
630-8122, Japan.
Dr. Kobayashi: Tochigi Cancer Center, 4-9-13 Yonan, Ut-
sunomiya, Tochigi, Japan.
Dr. Tanuma: Teine Keijinkai Hospital, 1-12 Maeda, Teine-ku,
Sapporo 006-8555, Japan.
Dr. Sato: Sakaemachi Gastroenterogical Endoscopic Clinic, 15
Chome-2-15 Kita 40 Johigashi, Higashi-ku, Sapporo-shi, Hok-
kaido 007-0840, Japan.
Dr. Sakamoto: National Cancer Center Hospital, 5-1-1, Tsukiji,
Chuo-ku, Tokyo, 104-0045, Japan.
Dr. Harada: National Hospital Organization Kyushu Medical
Center, 1-8-1 Jigyohama, Chuo-ku, Fukuoka 810-8563, Japan.

Dr. Chino: Cancer Institute Ariake Hospital of Japanese Foun-
dation for Cancer Research, 3-8-31, Ariake, Koto-ku Tokyo
135-8550, Japan.
Dr. Ishikawa: Graduate School of Medical Science, Kyoto Pre-
fectural University of Medicine, 3-2-17-2F Imabashi, Chuo-ku,
Osaka 541-0042, Japan.
Dr. Nojima: The Institute of Medical Science Hospital, The Uni-
versity of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo, Japan.
Dr. Uraoka: Gunma University Graduate School of Medicine,
3-39-22, Showa-machi, Maebashi, Gunma, 371-8514, Japan.

Author Contributions: Conception and design: Y. Takeuchi, K.
Mabe, S. Yoshii, S. Yamada, M. Iwatate, K. Hotta, H. Ishikawa,
M. Nojima, T. Uraoka.
Analysis and interpretation of the data: Y. Takeuchi, S.
Yamada, K. Hotta, M. Nojima.
Drafting of the article: Y. Takeuchi, K. Mabe, K. Hotta, M.
Nojima.
Critical revision for important intellectual content: K. Mabe, S.
Yoshii, T. Kawamura, T. Akamatsu.
Final approval of the article: Y. Takeuchi, K. Mabe, Y.
Shimodate, S. Yoshii, S. Yamada, M. Iwatate, T. Kawamura, K.
Hotta, K. Nagaike, N. Ikezawa, T. Yamasaki, Y. Komeda, S.
Asai, Y. Abe, T. Akamatsu, Y. Sakakibara, H. Ikehara, Y. Kinjo,
T. Ohta, Y. Kitamura, T. Shono, T. Inoue, Y. Ohda, N.
Kobayashi, T. Tanuma, R. Sato, T. Sakamoto, N. Harada, A.
Chino, H. Ishikawa, M. Nojima, T. Uraoka.
Provision of study materials or patients: S. Yamada, K.
Nagaike, N. Ikezawa, S. Asai, Y. Abe, T. Ohta, Y. Ohda, N.
Kobayashi.
Statistical expertise: M. Nojima.
Obtaining of funding: Y. Takeuchi, S. Yoshii.
Administrative, technical, or logistic support: Y. Takeuchi, K.
Hotta, H. Ishikawa, M. Nojima.
Collection and assembly of data: Y. Shimodate, S. Yoshii, T.
Kawamura, K. Hotta, N. Ikezawa, T. Yamasaki, Y. Komeda, Y.
Abe, T. Akamatsu, Y. Sakakibara, H. Ikehara, Y. Kinjo, T. Ohta,
Y. Kitamura, T. Shono, T. Inoue, T. Tanuma, R. Sato, T.
Sakamoto, N. Harada, A. Chino, H. Ishikawa, T. Uraoka.
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Nippon Telegraph and Telephone East Corporation

(NTT EC), Sapporo Medical Center NTT EC: Mio Matsu-
moto and Daisuke Miyamoto.

Ishikawa Prefectural Central Hospital: Shigetsugu
Tsuji.

Sano Hospital: Yasushi Sano and Sachiyo Komai.
Shizuoka Cancer Center: Kenichiro Imai.
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APPENDIX 2: EXCLUSION CRITERIA
Patients with lesions 10 mm or larger, lesions sus-

pected to be cancerous, pedunculated polyps, or de-
pressed polyps were excluded from the study. Other ex-
clusion criteria were previous enrollment in this trial,
inflammatory bowel disease or familial polyposis, sys-
temic administration of steroids or multiple-anticoagulant
therapy, blood coagulation disorders, pregnancy or
breastfeeding, psychiatric disease or symptoms that may
have caused difficulty in participating in the trial, active
bacterial or fungal infection, poorly controlled high blood
pressure, respiratory disease requiring continuous oxy-
gen therapy, dialysis, and a colonoscopist's judgment that
the patient was not a candidate for enrollment.

APPENDIX 3: ANTICOAGULANT MANAGEMENT
Perioperative anticoagulant management in this

trial is detailed in the Appendix Figure.
Patients receiving warfarin in the HB+HSP group

discontinued treatment 3 days before the scheduled
day of polypectomy on an inpatient basis to start HB.
Patients receiving DOACs in the HB+HSP group dis-

continued treatment 24 to 48 hours before the sched-
uled polypectomy; patients receiving twice-daily
DOACs started HB 12 hours after cessation, and those
with a once-daily regimen began HB 24 hours after ces-
sation. The method for HB was as follows: Because low-
molecular-weight heparin for subcutaneous injection
was not officially approved in Japan for commercial use
until recently, continuous intravenous infusion of un-
fractionated heparin, 10 000 to 20 000 U/d at 200 U/kg
per day, was given, and the dosage was adjusted to
achieve an activated partial thromboplastin time at
least 1.5- to 2.0-fold greater than baseline. On the day
of polypectomy, heparin was withdrawn 3 hours before
the procedure and reinitiated 3 hours after completion.
If no signs of bleeding were observed, warfarin or
DOAC therapy resumed the next morning. The dosage
for reinitiation was the same as before discontinuation.
For patients receiving DOACs, HB was discontinued
just after reinitiation of anticoagulant therapy. For those
receiving warfarin, blood tests were performed at least
once every second day to ensure that the PT-INR was in
the therapeutic range before heparin was withdrawn.

In contrast, patients in the CA+CSP group, whether
receiving warfarin or DOACs, continued their anticoag-
ulant therapy before and after polypectomy as usual.
Polypectomy for patients receiving DOACs in this
group was scheduled after 3:00 p.m. to avoid peak
DOAC levels 2 to 6 hours after oral administration. Be-
cause this trial's interventions were anticoagulant man-
agement during hospitalization and polypectomy, ad-
herence to anticoagulant therapy was controlled by
nurses at each hospital.

APPENDIX 4: BOWEL PREPARATION,
PRESCRIBED AGENTS, PROCEDURES

PERFORMED, INFORMATION COLLECTED,
DEVICES USED, AND MANAGEMENT OF

PATHOLOGIC ASSESSMENT
Bowel preparation was performed according to

each institution's protocol. Typically, patients were
given a low-fiber diet and received preparative medi-
cation the day before colonoscopy: 160 mg of senno-
side (Yodel-S [Fujimoto Pharmaceutical]) after every
meal and 34 g of magnesium citrate (Magcorol P [Horii
Pharmaceutical]) dissolved in 180 mL of water at night.
The morning of colonoscopy, bowel cleansing was per-
formed with 68 g of magnesium citrate dissolved in 1.8
L of water or 137.155 to 274.31 g of polyethylene gly-
col (Muben [Nihon Pharmaceutical] or Niflec or Mov-
iprep [Eisai]) dissolved in 2 to 4 L of water (32, 33).
Midazolam or diazepam with or without additional
pethidine hydrochloride was used for sedation, accord-
ing to patient preference. Scopolamine butylbromide
or glucagon was administered as an antispasmodic
agent. In each case, the investigation began after the
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colonoscopist reached the cecum. In the event of in-
complete colonoscopy, or in postcolectomy cases, any
lesions detected in the limited area observed also were
included.

For all detected lesions, location (right colon [ce-
cum, ascending colon, and transverse colon], left colon
[descending and sigmoid colon], or rectum), size (ac-
tual size and category [1 to 5 mm, 6 to 9 mm, or ≥10
mm]), and macroscopic type according to the Paris
classification (34, 35) (polypoid [0-I] or nonpolypoid [0-
II]) were documented. Polyp size was estimated visually
by using the size of the snare as a reference. In general,
all detected lesions were removed by the allocated
method. In the HB+HSP group, submucosal injection
before polypectomy was permitted. Electrocautery set-
ting and type of snare were not standardized, and HSP
was performed according to the clinical practice of
each institution. For the CA+CSP group, the Exacto (US
Endoscopy), Captivator II (Boston Scientific), or Profile
(Boston Scientific) snare was recommended for polyp
excision without electrocautery. Macroscopically identi-
fied residuals were excised by additional CSP, or by
cold forceps polypectomy using standard or jumbo bi-
opsy forceps. Polyps that could not be eradicated by
conventional CSP were removed by piecemeal CSP. All
removed polyps were retrieved, and the fixed specimens
were subjected to histologic examination. The reference
standard was histopathology with hematoxylin and eosin
staining. Histopathologists at each institution diagnosed
all specimens according to the Japanese classification for
colorectal carcinoma (36). Colonoscopists adhered to
cancer screening guidelines for polypectomy.

APPENDIX 5: DETAILS REGARDING DATA

COLLECTION
The case report form (CRF) consisted of 7 pages: a

patient eligibility checklist, including the confirmation
date for eligibility; patient background information;
procedural outcomes from hospitalization until com-
pletion of polypectomy; procedural outcomes after
polypectomy until discharge; follow-up data reporting
all events from polypectomy to 28 days or more after
the procedure, including the patient survey form, which
was returned 28 days after polypectomy or later; ad-
verse events; and a discontinuation reporting form.
Nonblinded investigators were encouraged to send
these data as soon as possible to an independent data
center (Medical Research Support, Kyoto, Japan) when
each page of the CRF was completed. Because the
follow-up data included the patient survey form, both
the follow-up data sheet and survey form were returned
28 days after polypectomy, and information about all
events during the 28 days after polypectomy was col-
lected. Finally, the data center reminded each institu-
tion to send all CRFs by April 2018.

APPENDIX 6: DETAILS REGARDING

STATISTICAL ANALYSIS
The independent data center, Medical Research

Support, managed the study and was responsible for
study coordination, randomization, and maintenance of
the study database and data collection. The Center for
Translational Research at the Institute of Medical Sci-
ence Hospital of the University of Tokyo was responsi-
ble for data analysis.
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Appendix Figure. Schedules of periprocedural management of anticoagulant therapy in both groups.

Standard treatment

HB+HSP group

New treatment

CA+CSP group

Day –3 Day –1
 3 h before

polypectomy
 3 h after

polypectomy
Morning of

day 0
Morning of

day 1Polypectomy

Warfarin cessation + HB

DOAC once a day

DOAC twice a day

HB

HB

HB
withdrawal

HB
withdrawal

Anticoagulants (warfarin/DOAC) CSP

HSP

Anticoagulants
(warfarin/DOAC)

Reinitiation
of HB

Warfarin + HB

Reinitiation of
anticoagulant therapy

CA = continuous administration of oral anticoagulants; CSP = cold snare polypectomy; DOAC = direct oral anticoagulant; HB = heparin bridging;
HSP = hot snare polypectomy.

Appendix Table 1. Perioperative Anticoagulant Management

Measure Study Group P Value

HB�HSP CA�CSP

Median time off of anticoagulant therapy (IQR), d
Patients receiving warfarin 4 (4–4) —
Patients receiving DOACs 2 (1–2) —

Mean laboratory values the morning of polypectomy (SDs)
PT-INR ratio

Patients receiving warfarin 1.25 (0.17) 2.01 (0.42) <0.001
Patients receiving DOACs 1.06 (0.08) 1.17 (0.15) <0.001

aPTT, s
Patients receiving warfarin 46.6 (15.2) 40.9 (8.1) 0.078
Patients receiving DOACs 38.5 (11.6) 37.4 (7.5) 0.57

Median time before restarting HB (IQR), h 3 (3–3) —

Median time to postprocedure anticoagulant therapy (IQR), d 1 (1–1) —

Mean laboratory values the morning after polypectomy (SDs)
Hemoglobin level, g/L 135 (16) 139 (17)* 0.170
Platelet count, × 109 cells/L 190 (56) 191 (53)* 0.87
PT-INR ratio

Patients receiving warfarin 1.17 (0.14) 2.04 (0.45) <0.001
Patients receiving DOACs 1.10 (0.15) 1.15 (0.13)* 0.080

aPTT, s
Patients receiving warfarin 47.4 (15.4) 42.2 (8.4) 0.144
Patients receiving DOACs 40.2 (13.9) 36.3 (6.7)* 0.054

Median time for HB after polypectomy (IQR), d
Patients receiving warfarin 4 (2.5–7) —
Patients receiving DOACs 1 (1–1) —

aPTT = activated partial thromboplastin time; CA = continuous administration of oral anticoagulants; CSP = cold snare polypectomy; DOACs =
direct oral anticoagulants; HB = heparin bridging; HSP = hot snare polypectomy; INR = international normalized ratio; IQR = interquartile range;
PT = prothrombin time.
* Data are missing for 2 patients.
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Appendix Table 2. Additional Information on Baseline Characteristics of the Full Analysis Set

Characteristics Study Group

HB�HSP (n � 83) CA�CSP (n � 85)

Participants enrolled at each institution, n
Osaka International Cancer Institute 14 14
Kurashiki Central Hospital 9 9
Suita Municipal Hospital 7 7
Ishikawa Prefectural Central Hospital 7 6
Akashi Medical Center 7 6
Osaka City General Hospital 7 3
Sapporo Medical Center NTT EC 4 3
National Hospital Organization Tokyo Medical Center 3 3
Sano Hospital 3 3
Kindai University Faculty of Medicine 3 3
Japanese Red Cross Society Wakayama Medical Center 3 3
National Hospital Organization Osaka National Hospital 4 2
Nihon University School of Medicine 3 3
Tane General Hospital 1 4
Kyoto Second Red Cross Hospital 1 3
Shizuoka Cancer Center 1 3
Utsunomiya Memorial Hospital 3 1
Kansai Rosai Hospital 1 2
Naha City Hospital 1 2
Nara City Hospital 0 2
Kumamoto University 0 2
Osaka General Medical Center 1 0
Hyogo College of Medicine 0 0
Tochigi Cancer Center 0 1
Teine Keijinkai Hospital 0 0
Sapporo Higashi Tokushukai Hospital 0 0
National Cancer Center Hospital 0 0
National Hospital Organization Kyushu Medical Center 0 0
Cancer Institute Hospital 0 0

Reason for anticoagulant therapy, n (%)*
Atrial fibrillation 66 (80) 68 (80)
Deep venous thrombosis 8 (10) 7 (8)
Valve replacement 5 (6) 4 (5)
Cerebral infarction 5 (6) 9 (10)
Peripheral vein diseases 2 (2) 2 (2)
Pacemaker replacement 1 (1) 1 (1)

CA = continuous administration of oral anticoagulants; CSP = cold snare polypectomy; HB = heparin bridging; HSP = hot snare polypectomy; NTT
EC = Nippon Telegraph and Telephone East Corporation.
* More than 1 reason may have been given.
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Appendix Table 3. Characteristics of Patients With Postpolypectomy Bleeding

Case Age,
y

Sex Anticoagulant Antiplatelet CCI
Score

Treatment
Group

PT-INR
Ratio*

aPTT, s* Polyps, n Maximum
Polyp
Size, mm

Polyp
Location, n

Paris
Classification
of Polyps, n

Days of
Bleeding, n

1 70 Male Warfarin — 0 HB+HSP 1.16 49.8 13 9 Right colon: 7
Left colon: 6

0–I: 7
0–IIa: 6

6 (during HB)

2 79 Male Rivaroxaban — 2 HB+HSP 1.15 44.7 13 9 Right colon: 7
Left colon: 6

0–I: 9
0–IIa: 4

4 (after HB)

3 73 Male Dabigatran — 1 HB+HSP 1.12 36 3 5 Right colon: 2
Left colon: 1

0–I: 3
0–IIa: 0

3 (after HB)

4 73 Male Warfarin Sarpogrelate 0 HB+HSP 1.08 42.6 4 8 Right colon: 4
Left colon: 0

0–I: 3
0–IIa: 1

1 (during HB)

5 68 Female Warfarin — 0 HB+HSP 1.06 45.4 3 8 Right colon: 2
Left colon: 1

0–I: 3
0–IIa: 0

1 (during HB)

6 61 Male Rivaroxaban — 0 HB+HSP 1.08 36.4 1 7 Right colon: 0
Left colon: 1

0–I: 1
0–IIa: 0

2 (after HB)

7 75 Male Rivaroxaban — 0 HB+HSP 1.06 40.1 1 6 Right colon: 1
Left colon: 0

0–I: 1
0–IIa: 0

2 (after HB)

8 72 Male Edoxaban — 0 CA+CSP 1.11 33.6 1 8 Right colon: 1
Left colon: 0

0–I: 1
0–IIa: 0

4

9 68 Male Rivaroxaban — 0 CA+CSP 1.03 37.9 4 7 Right colon: 4
Left colon: 0

0–I: 4
0–IIa: 0

1

10 56 Male Rivaroxaban — 0 HB+HSP 0.98 27.9 3 3 Right colon: 3
Left colon: 0

0–I: 3
0–IIa: 0

1 (after HB)

11 49 Male Rivaroxaban — 0 HB+HSP 1.01 31.9 4 7 Right colon: 3
Left colon: 1

0–I: 2
0–IIa: 2

4 (after HB)

12 64 Male Apixaban — 0 CA+CSP 1.00 27 3 5 Right colon: 0
Left colon: 3

0–I: 0
0–IIa: 3

1

13 65 Male Rivaroxaban — 0 CA+CSP 1.01 38.7 4 6 Right colon: 3
Left colon: 1

0–I: 0
0–IIa: 4

1

14 74 Female Rivaroxaban — 1 HB+HSP 1.09 37.2 6 8 Right colon: 2
Left colon: 4

0–I: 6
0–IIa: 0

4 (after HB)

aPTT = activated partial thromboplastin time; CA = continuous administration of oral anticoagulants; CCI = Charlson Comorbidity Index; CSP = cold
snare polypectomy; HB = heparin bridging; HSP = hot snare polypectomy; INR = international normalized ratio; PT = prothrombin time.
* Next morning.
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