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EDITORIAL COMMENT
Continuation Versus Interruption of
Direct Oral Anticoagulants for
CIED Procedures
New Anticoagulants, Old Dilemma*
Johanna B. Tonko, MD, Matthew J. Wright, PHD, MBBS
W ith interest we have read the case report
by Hayashi et al. (1) in this issue of JACC:
Case Reports. This report illustrates an

example of significant pocket hematoma secondary
to generator change under uninterrupted direct oral
anticoagulation and highlights the difficult balance
of providing continuous periprocedural stroke pro-
tection in patients with atrial fibrillation (AF) while
avoiding bleeding events.

SCOPE OF THE PROBLEM

Periprocedural management of oral anticoagulant
agents represents a common dilemma in daily surgi-
cal practice and requires balancing of thromboem-
bolic risk against bleeding risk. Up to nearly 40% of
patients currently referred for cardiac implantable
electrophysiological device (CIED) insertion are
treated with oral anticoagulant agents; in addition,
approximately 57% are receiving antiplatelet agents
(2). Management of these patients poses a particular
challenge because of their frequently overlapping
elevated risks for bleeding and ischemic events. AF is
the most common reason for long-term anti-
coagulation, and investigators have demonstrated
that even short temporary interruptions of
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anticoagulant treatment expose the patient to a 3-fold
increase in stroke risk (3,4). Similarly, even though
standard CIED insertions are traditionally classified as
low–bleeding risk interventions, the occurrence of a
bleeding event is not benign and may lead to life-
threatening complications. These complications
include pericardial tamponade, hemothorax, and
significant pocket hematoma, which is associated
with a 7-fold increased risk of subsequent serious
device infection (5) and even up to a 15-fold increased
risk if reintervention for hematoma evacuation is
required (6).

PARADIGM SHIFTS IN ANTICOAGULATION

MANAGEMENT AND HEPARIN BRIDGING

Initial investigations into periprocedural anti-
coagulation management focused on vitamin K an-
tagonists (VKA) and heparin bridging. The
randomized BRUISE CONTROL (Bridge or Continue
Coumadin for Device Surgery Randomized Controlled
Trial) (7) demonstrated a reduction of clinically sig-
nificant pocket hematoma from 16% with heparin
bridging to 3.5% with continued VKA treatment. With
systematic reviews and meta-analysis overall favor-
ing a strategy of maintenance of VKA therapy for
CIED insertion (8,9), uninterrupted VKA use became
the standard approach.

However, anticoagulation management has since
been revolutionized with the introduction of direct
oral anticoagulant (DOAC) agents. After large clinical
trials establishing noninferiority with reduced
bleeding risk, current European Society of Cardiol-
ogy/American College of Cardiology guidelines give
DOAC agents preference to VKA agents in eligible
patients with nonvalvular AF and pulmonary
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FIGURE 1 Considerations for Periprocedural DOAC Management
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embolism or deep vein thrombosis. Most recently,
clinical benefit of long-term DOAC therapy has also
been shown for secondary prevention in coronary
artery disease with high ischemic risk (10).

PERIPROCEDURAL DOAC MANAGEMENT FOR

CIED IMPLANTATION

The periprocedural strategies for oral anticoagulation
management include interruption without bridging,
interruption with bridging, and continued uninter-
rupted anticoagulation.

PERIPROCEDURAL DOAC INTERRUPTION. Given the
relatively rapid onset of DOAC agents, predictable
peak plasma concentrations and short half-life hepa-
rin bridging are rarely necessary in DOAC therapy.
This has been confirmed in large, prospective,
multicenter trials and registries demonstrating that
interruption of DOAC use without heparin bridging
was safe, with low rates of major bleeding and sys-
temic thromboembolism (11,12). Moreover, restarting
DOAC agents 24 to 36 hours after the procedure was
not associated with an increased risk of pocket he-
matoma, whereas restarting heparin was, thereby
reinforcing concerns regarding periprocedural hepa-
rin administration.

To reduce periprocedural bleeding further, mea-
surement of plasma concentrations of DOAC agents
has been suggested to approximate residual antico-
agulant effect. This approach may guide timing of
intervention or inform about the need for reversal
agents (idaruzicumab, andexanet alfa). However, the
clinical benefit, cost-effectiveness, and cutoff values
for measuring plasma concentration of DOAC agents
before elective procedures are still controversial
(13,14). To date, DOAC plasma concentration
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measurement is not routinely recommended, but it
may be helpful in patients with extreme body
weights, severe liver and kidney dysfunction, or a
need for urgent surgery.

PERIPROCEDURAL DOAC CONTINUATION. On the
basis of the findings for periprocedural VKA contin-
uation, a similar approach has been suggested for
DOAC agents at the time of CIED insertion. A small
retrospective study demonstrated in 2013 that it was
safe to insert CIEDs in patients receiving uninter-
rupted dabigatran (15). The randomized prospective
BRUISE CONTROL-2 study, including patients with
nonvalvular AF (mean CHA2DS2-VASc of 3.9), rein-
forced these findings and found no difference in
terms of clinically significant pocket hematoma be-
tween the interrupted and continued DOAC arms of
the trial (equal incidence of 2.1%). On the basis of
these findings, continuation of DOAC agents for
CIED insertion has been suggested in selected pa-
tients (16).

EFFECT OF CONCOMITANT USE OF ANTIPLATELET

AGENTS. The risk of pocket hematoma after CIED
insertion was found to be 4- to 5-fold increased
under dual antiplatelet (aspirin and clopidogrel)
therapy and 1.5- to 2-fold increased with aspirin
alone compared with no antiplatelet therapy (17). If
clinically feasible, CIED insertion should be delayed
until dual antiplatelet therapy can be safely
temporarily omitted for the insertion. Few data are
available on the increase in risk with prasugrel and
ticagrelor.
A combined analysis of the BRUISE CONTROL-1
and 2 trials demonstrated a doubling of clinically
significant pocket hematoma with anticoagulant
(VKA or DOAC) therapy and concomitant antiplatelet
use (9.8%). The study was not powered to assess the
effect of dual vs single antiplatelet therapy (18).

CONCLUSIONS

The decision to interrupt or continue periprocedural
DOAC agents for CIED insertion is not straightfor-
ward. Incorporation of all the patient-related, proce-
dural, and pharmacologic factors and good
clinical judgment are required to select the appro-
priate patients for an uninterrupted DOAC strategy
(see Figure 1). The case report by Hayashi et al (1) is an
impressive example of this strategy wrongfully
applied to patients with an elevated bleeding risk,
thus leading to prolonged hospitalization, patient
discomfort, and necessity of prolonged cessation of
anticoagulant agents, as well as a significantly
elevated risk of infection.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The authors have reported that they have no relationships relevant to

the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Matthew J.
Wright, Department of Cardiology, St Thomas’ Hos-
pital, Westminster Bridge Road, London SE1 7EH,
United Kingdom. E-mail: matt.wright@gstt.nhs.uk.
RE F E RENCE S
1. Hayashi T, Shishido K, Tobita K, Saito S. Exposed
Hematoma After Pacemaker Generator Change. J
Am Coll Cardiol Case Rep 2021;3:1139–40.

2. Tarakji KG, Mittal S, Kennergren C, et al. Anti-
bacterial envelope to prevent cardiac implantable
device infection. N Engl J Med. 2019;380(20):
1895–905.

3. Healey JS, Eikelboom J, Douketis J, et al. Peri-
procedural bleeding and thromboembolic events
with dabigatran compared with warfarin: results
from the Randomized Evaluation of Long- Term
Anticoagulation Therapy (RE-LY) randomized trial.
Circulation. 2012;126(3):343–8.

4. Patel MR, Hellkamp AS, Lokhnygina Y, et al.
Outcomes of discontinuing rivaroxaban compared
with warfarin in patients with nonvalvular atrial
fibrillation: analysis from the ROCKET AF trial
(Rivaroxaban Once-Daily, Oral, Direct Factor Xa
Inhibition Compared With Vitamin K Antagonism
for Prevention of Stroke and Embolism Trial in
Atrial Fibrillation). J Am Coll Cardiol. 2013;61(6):
651–8.

5. Essebag V, Verma A, Healey JS, et al. Clinically
significant pocket Hematoma increases Long-Term
Risk of Device infection: BRUISE CONTROL
INFECTION study. J Am Coll Cardiol. 2016;67(11):
1300–8.

6. Klug D, Balde M, Pavin D, et al. Risk factors
related to infections of implanted pacemakers and
cardioverter-defibrillators. Circulation. 2007;
116(12):1349–55.

7. Birnie DH, Healey JS, Wells GA. Pacemaker or
defibrillator surgery without interruption of anti-
coagulation. N Engl J Med. 2013;368(22):
2084–93.

8. Sant’anna RT, Leiria TL, Nascimento T, et al.
Meta-analysis of continuous oral anticoagulants
versus heparin bridging in patients undergoing
CIED surgery: reappraisal after the BRUISE
study. Pacing Clin Electrophysiol. 2015;38(4):
417–23.

9. Proietti R, Porto I, Levi M, et al. Risk of
pocket hematoma in patients on chronic anti-
coagulation with warfarin undergoing electro-
physiological device implantation: a comparison
of different peri-operative management stra-
tegies. Eur Rev Med Pharmacol Sci. 2015;19(8):
1461–79.
10. Connolly SJ, Eikelboom JW, Bosch J, et al.,
COMPASS investigators. Rivaroxaban with or
without aspirin in patients with stable coronary
artery disease: an international, randomised,
double-blind, placebo-controlled trial. Lancet.
2018;391(10117):205–18.

11. Douketis JD, Spyropoulos AC, Duncan J,
et al. Perioperative management of patients
with atrial fibrillation receiving a direct oral
anticoagulant. JAMA Intern Med. 2019;179(11):
1469–78.

12. Beyer-Westendorf J, Gelbricht V, Forster K,
et al. Peri-interventional management of novel
oral anticoagulants in daily care: results from the
prospective Dresden NOAC registry. Eur Heart J.
2014;35(28):1888–96.

13. Tripodi A. To measure or not to measure direct
oral anticoagulants before surgery or invasive
procedures. J Thromb Haemost. 2017;15(1):202–4.

14. Spyropoulos AC, Al-Badri A, Sherwood MW,
Douketis JD. To measure or not to measure direct
oral anticoagulants before surgery or invasive
procedures: comment. J Thromb Haemost. 2016;
14(12):2556–9.

mailto:matt.wright@gstt.nhs.uk
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref1
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref1
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref1
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref2
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref2
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref2
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref2
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref3
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref3
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref3
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref3
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref3
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref3
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref4
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref4
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref4
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref4
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref4
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref4
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref4
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref4
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref4
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref5
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref5
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref5
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref5
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref5
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref6
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref6
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref6
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref6
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref7
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref7
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref7
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref7
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref8
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref8
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref8
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref8
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref8
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref8
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref9
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref9
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref9
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref9
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref9
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref9
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref9
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref10
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref10
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref10
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref10
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref10
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref10
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref11
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref11
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref11
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref11
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref11
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref12
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref12
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref12
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref12
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref12
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref13
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref13
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref13
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref14
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref14
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref14
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref14
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref14


Tonko and Wright J A C C : C A S E R E P O R T S , V O L . 3 , N O . 8 , 2 0 2 1

Periprocedural DOAC Management for CIED Implantation J U L Y 2 0 2 1 : 1 1 4 1 – 4

1144
15. Jennings JM, Robichaux R, McElderry HT, et al.
Cardiovascular implantable electronic device im-
plantation with uninterrupted dabigatran: com-
parison to uninterrupted warfarin. J Cardiovasc
Electrophysiol. 2013;24(10):1125–9.

16. Birnie DH, Healey JS, Wells GA, et al.
Continued vs interrupted direct oral anticoagu-
lants at the time of device surgery in patients with
moderate to high risk of arterial thromboembolic
events (BRUISE CONTROL-2). Eur Heart J. 2018;
39(44):3973–9.

17. Bernard ML, Shotwell M, Nietert PJ,
Gold MR. Meta-analysis of bleeding complica-
tions associated with cardiac rhythm device im-
plantation. Circ Arrhythm Electrophysiol. 2012;
5(3):468–74.
18. Essebag V, Healey JS, Joza J, et al. Effect of
direct oral anticoagulants, warfarin and anti-
platelet agents on risk of device pocket hema-
toma. Circ Arrhythm Electrophysiol. 2019;12(10):
e007545.

KEY WORDS anticoagulation, cardiac
pacemaker, complication, hemorrhage

http://refhub.elsevier.com/S2666-0849(21)00553-2/sref15
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref15
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref15
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref15
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref15
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref16
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref16
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref16
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref16
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref16
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref16
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref17
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref17
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref17
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref17
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref17
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref18
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref18
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref18
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref18
http://refhub.elsevier.com/S2666-0849(21)00553-2/sref18

	Continuation Versus Interruption of Direct Oral Anticoagulants for CIED Procedures
	Scope of the Problem
	Paradigm Shifts in Anticoagulation Management and Heparin Bridging
	Periprocedural DOAC Management for CIED Implantation
	Periprocedural DOAC interruption
	Periprocedural DOAC continuation
	Effect of concomitant use of antiplatelet agents

	Conclusions
	Funding Support and Author Disclosures
	References


