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INTRODUCTION: The periprocedural management of patients with atrial fibrillation (AF) using a direct oral anticoagulant

(DOAC) undergoing elective gastrointestinal (GI) endoscopic procedure remains uncertain. We

investigated the safety of a standardized periprocedural DOAC management strategy.

METHODS: The Periprocedural Anticoagulation Use for Surgery Evaluation cohort study enrolled adult patients

receiving a DOAC (apixaban, rivaroxaban, or dabigatran) for AF scheduled for an elective procedure or

surgery. This analysis addresses patients undergoing digestive endoscopy. Standardized

periproceduralmanagement consisted of DOAC interruption1day preendoscopywith resumption1day

after procedure at low-moderate risk of bleeding or 2 days in case of a high bleeding risk. Thirty-day

outcomes included GI bleeding, thromboembolic events, and mortality.

RESULTS: Of556patients on aDOAC (mean [SD] age of 72.5 [8.6] years; 37.4% female;meanCHADS2 score 1.7

[1.0]), 8.6% were also on American Society of Anesthesiology (ASA) and 0.7% on clopidogrel. Most of

the patients underwent colonoscopies (63.3%) or gastroscopies (14.0%), with 18.9% having both on

the same procedural day. The mean total duration of DOAC interruption was 3.9 6 1.6 days. Four

patients experienced an arterial thromboembolic event (0.7%, 0.3%–1.8%) within 24.26 5.9 days of

DOAC interruption. GI bleeding events occurred in 2.5% (1.4%–4.2%) within 11.16 8.1 days (range:

0.6; 25.5 days) of endoscopy, with major GI bleeding in 0.9% (0.4%–2.1%). Three patients died

(0.5%; 0.2%–1.6%) 15.6–22.3 days after the endoscopy.

DISCUSSION: After a contemporary standardized periprocedural management strategy, patients with AF undergoing

DOAC therapy interruption for elective digestive endoscopy experienced low rates of arterial

thromboembolism and major bleeding.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/C754
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INTRODUCTION
Patients on direct oral anticoagulants (DOAC) often require
perioperative anticoagulant management around the time of an
elective surgery/procedure, which is—often a gastrointestinal
(GI) endoscopy (1). Perioperative DOAC interruption may in-
crease the risk for thromboembolism, whereas continuation may
increase the risk of postprocedural GI bleeding depending on the

nature of the endoscopic procedure (2–4). Recent guidelines have
proposed differing management strategies for patients on DOAC
undergoing GI endoscopic procedures, partly because of limited
and poor-certainty direct evidence (5–7).

The Periprocedural Anticoagulation Use for Surgery Evalua-
tion (PAUSE) study was designed to assess the feasibility
and safety of a standardized periprocedural and periprocedural
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management strategy for a DOAC regimen (8). The main hy-
pothesis was that a simple management approach, based on
DOAC-specific interruption and resumption intervals while
forgoing periprocedural heparin bridging and without the need
for preoperative coagulation function testing, is feasible and safe.
In an attempt to better inform current evidence-based recom-
mendations, this study analyzes a large cohort of patients re-
ceiving a DOAC scheduled to undergo an elective GI endoscopic
procedure, representing an important and more homogenous
subgroup drawn from the larger published PAUSE cohort (8).

METHODS
The PAUSE study design and oversight

In the PAUSE cohort, safety was defined as excluding 30-day
periprocedural rates of major bleeding of 2% and arterial
thromboembolism of 1.5%, according to expected outcome rates
(1% for major bleeding and 0.5% for arterial thromboembolism)
observed with optimal periprocedural management of warfarin
(1,9) and with a proof-of-concept prospective study of stan-
dardized periprocedural dabigatran management (10).

A dedicated steering committee developed the PAUSE study
design and data analysis plan, described in detail elsewhere (11).
The McMaster Center for Transfusion Research managed the
study and was responsible for the study organization, data col-
lection, validation, maintenance, and analysis. Study data were
collected and managed using REDCap electronic data capture
tools (12).

Patient population

Consecutive patients were included if adults (aged 18 years or
older) with atrial fibrillation were long-term users of apixaban (5
mg or 2.5 mg twice daily), dabigatran etexilate (150mg or 110mg
twice daily), or rivaroxaban (20 mg or 15 mg daily) and were able
to adhere to the DOAC therapy interruption protocol during
enrollment. Theywere excluded if 1 ormore of the followingwere
present: creatinine clearance (CrCl) ,25 mL/min for apixaban
users or CrCl ,30 mL/min for dabigatran or rivaroxaban users,
cognitive impairment or psychiatric illness, did not consent to
participate, previous study participation, or more than 1 pro-
cedure planned within 30 days.
Intervention: The DOAC periprocedural interruption strategy.
Patients were managed using a standardized periprocedural
DOAC strategy based onDOACpharmacokinetic properties (10-
to 14-hour half-lives, and 1- to 3-hour peak action), the
procedure-associated bleeding risk, and patient CrCl (11). Before
the procedure, according to the original PAUSE protocol (11),
DOAC regimens were omitted for 1 day before a low bleeding-
risk procedure (36- to 42-hour interval corresponding to ap-
proximately 3 DOAChalf-lives) and were omitted 2 days before a
high bleeding-risk procedure (60- to 68-hour interval corre-
sponding to approximately 5 DOAC half-lives); a longer in-
terruption interval was required for patients using dabigatran
with a CrCl ,50 mL/min to account for renal dependence of
dabigatran clearance (13). After the procedure, DOAC regimens
were resumed 1 day (approximately 24 hours) after a low
bleeding-risk procedure and 2–3 days (48–72 hours) after a high
bleeding-risk procedure, provided hemostasis was achieved.

In the full PAUSE cohort, all elective digestive endoscopic
procedures were initially considered low-risk bleeding-risk pro-
cedures (8).However, thePAUSEprotocol allowedflexibility in the
procedure-related bleeding risk classification and postprocedure

management to account for real-life situations (11) in the opinion
of the treating physicians.

Patient thromboembolic risk, based on the CHADS2 risk
score, did not affect periprocedural DOAC regimenmanagement
because this risk score is used in a periprocedural setting to assess
the need for heparin bridging, which was not performed in this
study (14,15). Patients at a high risk of venous thromboembolism
were eligible for a prophylactic dose of heparin after the operation
until DOAC therapy resumption.

All DOAC interruption time intervals were reported before or
after the procedure’s time until the resumption of the DOAC.
Time estimates were rounded out to the nearest day for clinical
pertinence and interpretability.

Outcomes

The primary clinical outcomes were major bleeding and arterial
thromboembolism (ischemic stroke, transient ischemic attack,
and systemic embolism). Secondary clinical outcomes included
clinically relevant nonmajor bleeding, minor bleeding, death,
myocardial infarction, deep vein thrombosis, pulmonary embo-
lism, and catheter-associated venous or arterial thrombosis. All
study outcomes were defined according to standardized criteria
and were independently adjudicated by a committee that was
blinded to the DOAC cohort, procedure bleeding risk, and pre-
operative DOAC treatment levels (that were also drawn as part of
the PAUSE study) (8,16,17).

The criteria for categorizing major and minor bleeding were
defined a priori and adapted from Douketis et al. (8). Study
outcomes were assessed from when the first DOAC dose was
interrupted until 30 days after the surgery/procedure. Patients
had scheduled weekly telephone follow-up and additional clinic
visits, as needed.

Statistical analysis

The unit of analysis is a patient for most of the results because the
outcomes pertain to a given patient with each enrolled only once
and some patients having 2 endoscopic procedures on the same
day. Descriptive analyses were reported with categorical data
expressed as proportions and 95% confidence interval and con-
tinuous data as mean values6 SD. Comparisons between groups
were performed using the x2, Fisher exact, or t test, where ap-
propriate. Ranges and medians were also used when appropriate.
All statistical analyses were performed using SAS 9.4, SAS In-
stitute, Cary, NC.

Ethics

The institutional review board of each of the 23 participating
clinical centers in Canada, the United States, and Europe ap-
proved the PAUSE study protocol, and all study participants
provided written informed consent.

RESULTS
Patient characteristics

Three thousand six hundred forty patientswere screened between
August 1, 2014, and July 31, 2018, at 23 clinical sites in Canada,
the United States, and Europe, and 3,007 enrolled in the full
PAUSE cohort (8). The subgroup of patients scheduled for an
elective GI endoscopic procedure consisted of 579 participants.
The procedure was canceled or rescheduled before DOAC in-
terruption in 21 patients, with no follow-up information available
in another 2.
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The study cohort included208 femaleparticipants (37.4%),with a
mean age of 72.568.6 years (Table 1).Overall, 11.2%of patients had
a history of stroke, 12.6% had a transient ischemic attack, 0.4% had a
systemic embolism, and 7.0% had previous venous thromboembo-
lism; 38.9% were on apixaban, 24.3% on dabigatran, and 36.9% on
rivaroxaban, while 10.1% of patients also received antiplatelet ther-
apy. Of these patients, American Society of Anesthesiology (ASA)
was the most prescribed (85.7%), followed by clopidogrel (7.1%) or
other nonsteroidal anti-inflammatory drug (7.1%). Dual antiplatelet
therapy (ASA and clopidogrel) was used in 4.1% of patients. The
mean CHADS2 score was 1.76 1.0, and the mean CHA2DS2-VASc
and HAS-BLED were 3.46 1.5 and 1.86 0.7, respectively.
DOAC interruption. Most of the patients (525, 94.4%) were
classified as undergoing a low/moderate bleed-risk GI, in keeping
with the assigned PAUSE classification of routine GI endos-
copies (8).

One patient underwent a 2-day preprocedural interruption
due to chronic kidney disease (CrCl ,50 mL/min) while on
dabigatran, as required by the PAUSE protocol. Reasons for
preprocedural protocol deviation that occurred in 56 patients are
listed in Appendix (see Supplementary Digital Content, http://
links.lww.com/AJG/C754).

Table 1. Demographics

n/N (%) or mean 6 std

Chronic nonvalvular or valvular AF 556/556 (100.0%)

Female 208/556 (37.4%)

Age 72.5 6 8.6

Race

African American 11/556 (2.0%)

Asian 7/556 (1.3%)

White 533/556 (95.9%)

East Indian 3/554 (0.5%)

Native Indian 2/556 (0.4%)

Previous stroke 62/554 (11.2%)

TIA 70/554 (12.6%)

Systemic embolism 2/556 (0.4%)

VTE 39/556 (7.0%)

Acute coronary syndrome 105/554 (19.0%)

Hypertension 424/556 (76.3%)

CHF 73/555 (13.2%)

Mitral valve disease 18/556 (3.2%)

Diabetes 171/556 (30.8%)

Cancer 129/554 (23.3%)

Antiplatelet therapy 56/556 (10.1%)

Aspirin 48/56 (85.7%)

Mean ASA dose (mg) 80.8 6 0.4

80 mg 7/48 (14.6%)

81 mg 41/48 (85.4%)

Clopidogrel (Plavix) 4/56 (7.1%)

Cilostazol (Pletal) 0/56 (0.0%)

COX-2 NSAID (Celebrex) 2/56 (3.6%)

Dipyridamole (Aggrenox) 0/56 (0.0%)

NSAID (e.g., Advil) 4/56 (7.1%)

Pentoxifyline (Trental) 0/56 (0.0%)

Prasugrel (Effient) 0/56 (0.0%)

Ticagrelor (Brillinta) 0/56 (0.0%)

Ticlopidine (Ticlid) 0/56 (0.0%)

Other 0/56 (0.0%)

Continuing on ASA (if Aspirin 5 1) 35/48 (72.9%)

Type of DOAC (dabigatran, rivaroxaban,

and apixaban)

Apixaban 216/556 (38.9%)

2.5 mg PO BID 29/216 (13.4%)

5 mg PO BID 187/216 (86.6%)

Mean dose (mg) 4.7 6 0.9

Dabigatran 135/556 (24.3%)

110 mg PO BID 43/135 (31.9%)

150 mg PO BID 92/135 (68.2%)

Table 1. (continued)

n/N (%) or mean 6 std

Mean dose (mg) 137.3 6 18.7

Rivaroxban 205/556 (36.9%)

15 mg PO OD 38/205 (18.5%)

20 mg PO OD 167/205 (81.5%)

Mean dose (mg) 19.1 6 1.9

CHADS2a 1.76 1.0

Score 0 58/553 (10.5%)

Score 1–2 387/553 (70.0%)

Score 3–4 108/553 (19.5%)

CHA2DS2-VAScb 3.46 1.5

HAS-BLEDc 1.86 0.7

Coronary stent 56/556 (10.1%)

Tissue heart valve 10/556 (1.8%)

Temporary interruption of NOAC for a

prespecified elective surgery or invasive

procedure

556/556 (100.0%)

AF, atrial fibrillation; BID, two times a day; CHF, congestive heart failure; DOAC,
direct oral anticoagulant; NOAC, novel oral anticoagulants; NSAID, nonsteroidal
anti-inflammatory drug; PO, per os; TIA, transient ischemic attack; VTE, venous
thromboembolism.
aCHADS2 risk score range: 1–6; risks include congestive heart failure,
hypertension, age 75 yr or older, diabetes, and previous stroke or transient
ischemic attack.
bCHADS2–VA2Sc risk score range: 1–9; risks include congestive heart failure,
hypertension, age 75 yr or older or 65 yr or older, diabetes, previous stroke or
transient ischemic attack, female sex, and vascular disease.

cHAS-BLED, bleeding risk score range: 1–7; risks include hypertension,
abnormal renal or liver function, previous stroke, previous bleed or bleed
predisposition, labile international normalized ratio (omitted), age 65 yr or
older, and drug use that affects hemostasis or alcohol use (omitted).

© 2022 by The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

EN
D
O
SC

O
P
Y

Periprocedural Management of Patients 3

Copyright © 2022 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

ReprintsDesk | 11/29/2022 3:38:59 PM

http://links.lww.com/AJG/C754
http://links.lww.com/AJG/C754


TheDOACwas restarted 1 day after the procedure in 55.9%, 2
days after the procedure in 17.2%, and 3 days or more (range: 0–7
days) in 26.9% of patients. DOAC interruption times pre-
procedure and postprocedure are detailed in Table 2.

The mean total duration of DOAC interruption was 3.96 1.6
days and included 2.0 6 0.5 days up to the exact time of the
procedure and 1.9 6 1.5 days postprocedure, including the
postendoscopy time elapsed on the day of the procedure. There
were 0.4% (2/550) of patients deemed at a high risk for venous
thromboembolism who received prophylactic dose of heparin
after the endoscopy until DOAC therapy resumption.

On the day of the procedure, 8.9% of all patients received
antiplatelet therapy, of whom 85.7% were taking ASA and 6.1%
each on clopidogrel or an nonsteroidal anti-inflammatory drug.

Primary and secondary outcomes

Thromboembolic events were reported in 4 patients (0.7%
[0.3%–1.8%]) 24.26 5.9 days from the date of DOAC procedural
interruption (range: 2.0–29.6 days). These included a patient with
a myocardial infarction 2 days after stopping dabigatran and
further complicated by a stroke and an acute ST segment eleva-
tionmyocardial infarction. Another patient experienced an acute
coronary syndrome 11 days after restarting rivaroxaban. Two
other patients developed a transient ischemic attack 22 and 24
days after restarting apixaban. Only 1 of the 4 events was adju-
dicated as related to the periprocedural DOAC interruption
(0.18% [0.03%–1.01%]).

A bleeding event of any type (endoscopy-related or other)
occurred in 24 (4.4%) patients, on average 10.36 7.7 days (range
0.6–25.5 days) after the procedure. Postendoscopy GI bleeding
occurred in 14 patients (2.5% [1.4%–4.2%] 11.16 8.1 days [range:
0.6–25.5 days]) after the endoscopy (Table 3) and 8.06 6.8 days
(range: 0–24 days) after DOAC resumption (Figure 1). The
bleeding event preceded DOAC resumption in 1 patient. Among
the 14GI bleeding events, 5 (35.7%)were classified asmajor for an
overall rate of major GI bleeding of 0.9% (0.4%–2.1%).

Three patients died (0.5%; 0.2%–1.6%) after a mean of 19.06
4.7 days (range 15.6–22.3 days) from the time of the procedure.
Two deaths occurred after developing a thromboembolic event. A
third patient died because of complications following an esoph-
agectomy 6 days after a gastroscopy without apixaban re-
sumption. Seven (50%) of all patients experiencing GI bleed
required admission to the hospital, including patients experi-
encing clinically relevant nonmajor bleeding, as defined a priori
(11) (Table 3).
DOAC interruption and bleeding outcomes according to the
nature of the digestive endoscopy. More detailed procedural in-
formation was available in 466 patients undergoing 554 endo-
scopic procedures. These included a colonoscopy (63.3%), a
gastroscopy (14.0%), a sigmoidoscopy (3.7%), or an ileoscopy
(0.2%) alone, while both a gastroscopy and a colonoscopy were
performed on the same procedural day in another 88 (18.9%)
patients (Table 2). Population characteristics were similar in the
90 patients for whom detailed procedural information was un-
available (data available on request).

Based on the preprocedural assessment as to the nature of the
endoscopic procedure, 408 (87.6%) patients underwent a gas-
troscopy or ileoscopy with planned therapy, a colonoscopy,

Table 2. DOAC interruption duration preprocedure and

postprocedure

Variable n/N (%) or mean 6 std

No. of days skipped preprocedurea

Mean 2.06 0.5

1–2 495/551 (89.8%)

3 or more 56/551 (10.2%)

No. of days postprocedure

Mean 1.96 1.5

1 306/547 (55.9%)

2 94/547 (17.2%)

3 or more 147/547 (26.9%)

DOAC, direct oral anticoagulant.
aThis interval of time at which the DOAC is stopped corresponds to instructions
for stopping it 1 day before the procedure; the actual preprocedural
interruption time overall exceeds 1 day because of variations as to when
patients ingested the last DOAC, dose, and/or when they underwent the
endoscopy on the day of the procedure.

Table 3. Outcomes

Variable

n/N (%)

% (95% CI) or mean 6 std

Thromboembolic event 4/552 (0.7%)

0.7% (0.3%–1.8%)

Procedure to thromboembolic event (d) 21.9 6 6.0

Last dose DOAC to thromboembolic event

(d)

24.2 6 5.9

All bleeding event 24/552 (4.4%)

GI bleeding 14/552 (2.5%; 1.4%–4.2%)

Major GI bleedinga 5/552 (0.9%; 0.4%–2.1%)

Time from procedure to date of bleed 11.1 6 8.1

Procedure

Colonoscopy only 9/11 (81.8%)

Flexible sigmoidoscopy only 0/11 (0.0%)

Gastroscopy only 1/11 (9.1%)

Colonoscopy and gastroscopy 1/11 (9.1%)

New admission due to GI bleeding 7/14 (50.0%)

Mortality 3/552 (0.5%)

0.5 (0.2; 1.6)

Time procedure to death 19.0 6 4.7

CI, confidence interval; DOAC, direct oral anticoagulant; GI, gastrointestinal.
aMajor bleeding is defined as fatal bleeding; bleeding causing a drop in
hemoglobin 20 g/L (1.24 mmol/L); bleeding leading to transfusion of 2 units of
whole blood or red cells within 48 hours of the bleed; bleeding that leads to
intervention; bleeding requiring intervention resulting in prolongedcare or stay;
bleeding that is unexpected or prolonged; bleeding sufficiently large to cause
hemodynamic instability associated with drop in hemoglobin 20 g/L (1.24
mmol/L) within 48 hours of seeking medical help; bleeding sufficiently large to
cause hemodynamic instability associated with transfusion of 2 units of whole
blood or red cells within 48 hours of the bleed.
Outcomes were missing for 4 patients who had the procedure (length of stay).
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sigmoidoscopy, or ileoscopy in which the DOACwas stopped 2.0
6 0.5 days (range: 0–4 days) before the endoscopic procedure. Of
the 58 (12.5%) patients in whom only a regular gastroscopy
(6biopsies) was planned, the DOAC was stopped 2.06 0.8 days
(range: 1–7 days) before the procedure.

Among the 27 patients in whom the available intraprocedural in-
formation confirmed ahigh risk of rebleeding as perAmerican Society
for Gastrointestinal Endoscopy criteria (78% of whomhad undergone
a colonic polypectomy), the DOAC was restarted in 41%, 18%, and
41%ofpatients1, 2, or3ormoredaysafter theendoscopy, respectively.

Among the 14 patients who experienced postprocedural GI
bleeding, 9 had undergone a colonoscopy alone, 1 had undergone a
gastroscopy alone, and 1had undergone both procedures on the same
day (no additional intraprocedural information in these, and the type
of endoscopy unspecified in 3). Detailed informationwas available on
the 14patientswho experiencedpostproceduralGI bleeding.Of them,
5hadmajor bleeding episodeswith 4 receiving blood transfusions and
2 requiring repeat colonoscopy and endoscopic clip hemostasis at a
postpolypectomy site; another patient underwent an ileoscopy that
failed to show a site of bleeding. Two patients had a computed to-
mography scan and one a computed tomography enterography. The
other 9 patients did not require hospitalization, blood transfusions, or
a repeat endoscopy. Figure 1 displays the timing of GI bleeding event
for DOACmanagement and GI endoscopic procedure.

DISCUSSION
Our study found a low rate of arterial thromboembolism (0.7%)
and GI bleeding (2.5%) using the standardized protocol of peri-
procedural DOAC interruption and resumption based on pro-
cedural bleed risk and DOAC pharmacokinetic properties in a
large group of consecutive patients undergoing elective GI pro-
cedures as part of the PAUSE study. Notwithstanding poorly
characterized patient and physician preferences (18), contem-
porary periendoscopic DOAC management remains disparate
with significant discrepancies in existing GI guidelines (5–7,19)
and resulting poor adherence rates to these (20). Indeed, such
recommendations have had to contend with evolving evidence

such as recent data refuting the need for heparin bridging to avoid
thrombosis for both patients on vitamin K antagonists or a
DOAC (and may in fact cause increased bleeding) (11,21,22) and
changing endoscopic approaches aimed at further decreasing
postprocedural bleeding (23). Guideline panels have also had to
contend with a lack of high-quality data addressing DOAC in-
terruption. Methodological limitations have included retrospec-
tive data collection, small sample size, incomplete results or lack
of appropriate controls precluding precise risk estimates, varying
definitions of outcomes, the inclusion of elective and urgent
procedures of all types with markedly disparate risks of post-
endoscopy bleeding, and the inclusion of heparin bridging, which
confounds bleeding outcomes. Perhaps most importantly, no
prospective study has adopted an a priori standardized DOAC
interruption regimen.

The PAUSE study addresses many of these shortcomings and
is the only prospective clinical study that assessed a standardized
periprocedural DOACmanagement strategy that involved a large
group of consecutive patients undergoing GI endoscopy while
adopting a priori definitions of outcomes that blinded assessors
subsequently adjudicated. The PAUSE protocol is based on
contemporary pharmacodynamic principles and aims for the
shortest safe DOAC interruption, minimizing risks of thrombo-
embolism while reducing postprocedural bleeding (11). The
DOAC interruption protocol was also designed to be easily un-
derstood by patients and broadly adopted by clinicians, allowing
for individualized management according to perceived pro-
cedural risk. The full PAUSE cohort assessed a wide sampling of
operations/procedures, with the current analysis focusing spe-
cifically on digestive endoscopies. The original sample size cal-
culation of the PAUSE cohort study (n 5 3,007) aimed to be
adequately powered to detect incidence rates of 1% for both
thromboembolic and bleeding events. This subgroup analysis
with n5 566 patients (and 99.6% 30-day follow-up data) results
of course in broader confidence intervals that were 0.7%
(0.3%–1.8%) for thromboembolic events and 2.5% (1.4%–4.2%)
for GI bleeding events.

Figure 1. Timing of GI bleeding event for DOAC management and GI endoscopic procedure in days. DOAC, direct oral anticoagulant; GI, gastrointestinal.
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Patient population characteristics demonstrate a broadly
generalizable risk profile for antithrombotic risk (n5 556, mean
age of 72.5 years, mean CHADS2 score 5 1.7), with 10.1% of
patients receiving antiplatelet therapy in addition to a DOAC.
Despite some missing detailed intraprocedural information, the
nature, number, and breadth of what are commonly performed
GI endoscopies provide important and representative outcome
estimates of thromboembolic and postendoscopy bleeding rates
that can be encountered in a general GI practice.

Most patients were allocated to the briefest DOAC in-
terruption intervals both preprocedureand postprocedure pro-
vided by the PAUSE management protocol, (1 day before and 1
day after the GI endoscopy in addition to the day of the pro-
cedure), resulting in amean total duration of DOAC interruption
of 3.9 days. This duration included 2.0 days up to the exact time of
the procedure and 1.9 days postprocedure, including the post-
endoscopy time elapsed on the day of the procedure. This study
was one of the key references identified in the American College
of Gastroenterologists guidelines on the management of antith-
rombotics before a scheduled GI endoscopy (24). In fact, this
subgroup analysis was completed specifically with the aim of
informing the ACG guidelines. The pertinent conclusions state
that from the limited available data, the panel suggests temporary
interruption of the DOAC that is preferred over continued
DOAC administration. The discussion pertaining to that rec-
ommendation states that the duration of temporary DOAC in-
terruption before endoscopic procedures associated with
favorable outcomes is between 1 and 2 days, excluding the day of
the procedure, which permits the shortest preprocedural duration
of DOAC interruption while balancing bleeding and thrombo-
embolism risk.

This conclusion stems specifically from the PAUSE cohort for
patients undergoing a digestive endoscopy, which have repre-
sented principally diagnostic procedures with or without bi-
opsies, although the lack of granularity of endoscopic information
limits this assumption with unclear extension to therapeutic
procedures known to be such a priori. It is important to mention
that past guidelines differ from the PAUSE protocol in that they
recommend shorter preprocedure interruption for sole di-
agnostic procedures, including colonoscopies (5,7). Whether
shorter durations of preprocedural interruption could further
decrease thrombotic complications remains unstudied. More-
over, a limitation of such recommendations is the lack of being
able to predict which patient will require a polypectomy at
colonoscopy in most cases.

Despite including all patients independent of thromboem-
bolic risk except for those with more advanced renal failure,
thromboembolic events were reported in only 4 patients (0.7%),
on average 24.2 days from the date of DOAC procedural in-
terruption (range: 2.0–29.6 days). Of importance, only 1 of the 4
events was adjudicated as related to the periprocedural DOAC
interruption (0.18%), with the other 3 events occurring 11–24
days after DOAC resumption. Reported thromboembolic risks in
anticoagulated patients undergoing elective endoscopy reached
5.4% in a nationwide Japanese cohort (25), although lower 30-day
thromboembolic rates more in keeping with our findings were
reported in an Italian cohort of 529 patients (0.4%) (26) and a
Spanish cohort of 598 patients (0.7%) (27).

AGI bleeding event occurred in 14 patients (2.5%) within 11.1
days (range: 0.6–25.5 days) of the endoscopy, with major GI
bleeding in 0.9% and 50.0% requiring hospital admission. A per

procedural analysis of the results is limited due to unavailable
intraprocedural information. However, among 11 of the 14 pa-
tients who experienced postprocedural GI bleeding, 9 had un-
dergone a colonoscopy only, 1 a gastroscopy only, and another
had undergone both procedures on the same day. Figure 1 dis-
plays the relationship between the timing of the bleeding event
and postendoscopic DOAC resumption, demonstrating a similar
bimodal distribution of bleeding events as in patients not taking
anticoagulants (28). The incidence of bleeding events, although
similar to some reports (29), most of whom addressed post-
polypectomy bleeding (30,31), was lower than that reported in
most large cohorts of patients onDOACundergoing awide range
of endoscopic procedures (6.7%–9.9%). This discrepancy may be
because of the performance of higher-risk procedures and the use
of heparin bridging in the latter (25,26,32,33). Indeed, the en-
doscopies performed in the PAUSE cohort included a large
proportion of gastroscopies and colonoscopies with what were
likely diagnostic procedures with or without biopsies and the re-
moval of small colonic polyps. These are procedures that are as-
sociated with a low risk of bleeding, even in anticoagulated patient
population (26,27,34–36), in contrast to higher-risk endoscopies
such as endoscopic retrograde cholangiopancreatography and
endoscopic submucosal dissection (22,25,26,32,33,37,38). Again,
the lack of detailed intraprocedural information and scarcity of
patients undergoing more sophisticated advanced endoscopic
procedures does not allow our PAUSE subanalysis data to further
inform guidelines on this aspect of management. Of interest,
delayed anticoagulant resumption does not seem to reduce the risk
of postprocedural bleeding (32,39), perhaps partly because of the
delayed timing of such bleeding. A recent observational study from
Japan suggested that cold snare polypectomy for polyps,10 mm
may be safely performed if direct-acting oral anticoagulants are
withheld only on the day of the procedure (38,40). Recent reports
suggesting limited added benefits when combining dual anti-
platelet therapy to an oral anticoagulant in some high-risk patients
(as was the case for some participants in our cohort) may lead to a
change in prescribing that could further decrease periprocedural
bleeding (41). Regarding any possible interpretation of between-
molecule significance in delayed bleeding, such comparison has
yielded varied conclusions in the literature and is limited, as is the
case in this study, by small numbers of events.

The very low arterial thromboembolic risk of adjudicated
thromboembolic events and few clinically significant post-
procedural bleeding events associated with the PAUSE protocol
for standardized temporary interruption and resumption of
DOAC suggests its adoption for most endoscopic procedures,
although some uncertainty persists concerning colonoscopy with
polypectomy. An insufficient number and diversity of advanced
endoscopic procedures limits the ability to verify the safety of the
PAUSE protocol in this clinical setting; additional studies are
required to assess the optimal postprocedural DOAC resumption
regimen.
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