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Periprocedural Management of Direct Oral
Anticoagulants Surrounding Cardioversion
and Invasive Electrophysiological Procedures
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Abstract: As direct oral anticoagulants (DOACs) have demonstrated favor-
able efficacy and safety outcomes compared with vitamin K antagonists for
the treatment and prevention of venous thromboembolism and the prevention
of stroke and systemic embolism in patients with nonvalvular atrial fibrilla-
tion, their role in the management of anticoagulation during electrophysiologi-
cal procedures continues to evolve. At present, guidelines are limited regarding
specific recommendations for the use of DOACs in these clinical settings. Here,
we review available data regarding the risks and benefits associated with various
periprocedural anticoagulation management approaches when patients receiv-
ing DOACs undergo electrophysiologic procedures including cardioversion,
ablation, and device implantation. This discussion is intended to provide clini-
cians with an overview of available evidence and best practices to minimize the
risk of both thromboembolic and bleeding events in the periprocedural setting.
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I here are more than 5 million patients with atrial fibrillation (AF) in
the United States, a number that is expected to double over the next
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25 years.' Similar trends are anticipated for European populations.>? AF
is a significant contributor to morbidity and mortality, conferring a five-
fold increase in the risk of stroke, a threefold increase in the risk of heart
failure, and a doubling of mortality compared with patients without
AF.! The direct oral anticoagulants (DOACs) are additional treatment
options for the prevention of thromboembolic stroke in the setting of
nonvalvular AF, demonstrating at a minimum, efficacy, and safety that
is similar to vitamin K antagonists (VKAs). At present, approximately
one-half of patients with AF on oral anticoagulants are taking DOACs,?
and approximately 10% per year will undergo an invasive procedure.*

As familiarity with DOACs continues to grow, the use of these
agents during electrophysiological procedures is expected to gain greater
acceptance. Here, we review the available data regarding risks and
benefits associated with periprocedural management strategies when
patients who are anticoagulated with DOACs undergo invasive elec-
trophysiological procedures such as cardioversion, ablation, or device
implantation. Anticoagulation regimens can utilize VKAs or a DOAC,
and can be interrupted or uninterrupted, with or without heparin bridging
(Table 1).>% Important differences in pharmacokinetics and pharmaco-
dynamics between VKAs and DOACs underlie differences in their inter-
ruption protocols. Additional results from randomized and controlled
clinical studies will ensure a better understanding of the appropriate role
for DOACs, and will help refine best practices for at-risk patients under-
going cardioversion and electrophysiological procedures.

ANTICOAGULATION PROTOCOLS FOR
CARDIOVERSION

Cardioversion by electrical or pharmacological means is effec-
tive for terminating AF and restoring normal sinus rhythm. Patients
with hemodynamic instability and those with a known AF onset of
<48 hours can undergo immediate cardioversion.' If the duration
of AF is unknown, or >48 hours, the periprocedural risk of throm-
boembolism can be as high as 7% without anticoagulant therapy.”’
The conventional approach is to provide anticoagulation for at least
3 weeks before, and at least 4 weeks postcardioversion.! Observa-
tional data suggest that anticoagulation lowers the risk of thrombo-
embolism to approximately 0.5-1.6%,* and that thromboembolism
is significantly more common with an international normalized ratio
(INR) of 1.5-2.4 on warfarin versus an INR of 2.5 or higher before
cardioversion (0.93% vs 0%; P =0.012).%!

After cardioversion, thromboembolic risk is greatest during the
first 72 hours, with the majority of events occurring within 10 days.*
Although the pathophysiology of postcardioversion thrombotic events
is not well understood, these may result from the migration of thrombi
dislodged during the procedure, or thrombi that form while atrial func-
tion is still depressed postcardioversion. The latter is supported by trans-
esophageal echocardiography (TEE) trials, which demonstrate despite
restoration of sinus rhythm on electrocardiogram, atrial mechanical
dysfunction may persist for several weeks postcardioversion.>

By practice guidelines, TEE is used to rule out the presence of
a thrombus in the left atrium or left atrial appendage.'3* TEE allows
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TABLE 1. Clinical Trials of Anticoagulation Strategies in Electrophysiology Procedures
Author/Year Trial Design OAC Regimen Efficacy Endpoint* Safety Endpoint*

Anticoagulation during cardioversion for AF

Nagarakanti
etal (20110°

Piccini et al (2013)°

Flaker et al (2014)"

Plitt et al (2016)°

Cappato et al (2014)°

Goette et al (2016)"°

PHA, RE-LY
(n = 1270; 7%)

PHA, ROCKET-AF
(n=321;2.3%)

PHA, ARISTOTLE
(n = 540; 2.8%)

PHA, ENGAGE-AF-TIMI
48 (n=365; 1.7%)
X-VeRT, a prospective,
randomized trial
(N =1504)

Randomized, prospective,
open-label (N =2199)
(ENSURE-AF)

Anticoagulation during cardiac ablation of AF
Interrupted DOAC therapy during AF ablation

Lakkireddy
etal (2012)"

Bassiouny
etal (2013)"

Kim et al (2013)"

Nin et al (2013)™

Imamura
etal (2013)"*

Prospective multicenter
observational

Prospective registry

Case—control

Randomized, controlled

Prospective, observational
cohort

Dabigatran 110 or 150 mg vs ADW

TEE if cardioverted within 60 days
of randomization
Rivaroxaban 20 or 15 mg) vs ADW

Apixaban 5 or 2.5mg BID vs ADW

High- (60/30mg) or low-dose
(30/15 mg) edoxaban vs ADW
Rivaroxaban 20 or 15mg vs ADW

Early = OAC 1-5 days before DCCV
(+injectable agent); OAC continued
6 weeks postprocedure

Delayed = OAC =3 weeks prior; OAC
continued 8 weeks postprocedure

Edoxaban 60/30 mg daily or enoxaparin
bridged to ADW for cardioversion

Interrupted dabigatran 150mg BID
(n = 145) vs uninterrupted ADW
(n = 145); all on OAC >30 days before
ablation; morning dose dabigatran held;
resumed 3 hours after hemostasis

Propensity scoring for baseline-
matched cohort (344 patients each,
interrupted dabigatran 150 mg BID
vs uninterrupted ADW)

1-2 doses of dabigatran held prior, according
to physician preference; resumed
immediately after sheath removal or
when patients were transferred to floor

Interrupted dabigatran 150 mg BID
(n=191) vs uninterrupted ADW
(n=1572); all on OAC >4 weeks before
ablation; dabigatran discontinued 24-30
hours before ablation; resumed 4 hours
after hemostasis

Interrupted dabigatran 110mg (n =45) vs
interrupted ADW (n = 45); both OACs
held 1 day before procedure; resumed
after hemostasis confirmed; no bridging
with VKA

Interrupted dabigatran (n = 101) vs interrupted
VKA with bridging UFH (n = 126). Both
agents dosed >1 month before ablation.
TEE with both groups. Post ablation dose
3 hours after procedure. Dabigatran was
discontinued 12-24 hours before ablation in
patients with normal renal function

NSD; stroke and
systemic embolism
(30 days)

NSD; stroke and
systemic embolism
or CV death
(2.1 years)

No stroke or embolic
events.

NSD; MI or deaths
(30 days)

NSD; stroke or
embolic events

NSD; primary efficacy
endpoint (stroke,
TIA, PE, MI, and
cardiovascular death)

NSD; event rates
between groups (+)
TEE guidance

Higher composite
thrombotic and
bleeding event
rate (dabigatran vs
ADW:16% vs 6%;
P =0.009)

NSD; thromboembolic
events

No thromboembolic
events

NSD; thromboembolic

complications

NSD;
thromboembolism

NSD; major bleeding

NSD; major and clinically
relevant nonmajor
bleeding (2.1 years)

NSD; major bleeding
events
NSD; deaths

NSD; major bleeding

NSD; major bleeding

NSD; major bleeding
(<1% each) or any
bleeding (3% each)

Higher rates of major
bleeding (dabigatran vs
ADW: 6% vs 1%;
P=0.019)

NSD; major hemorrhages

NSD; pericardial tamponade

NSDj; major and minor
bleeding

Minor bleeding increased
with ADW (OR, 3.2; 95%
CI, 1.28-8.49; P=0.015)

NSD; major or minor
bleeding

(Continued)
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TABLE 1.

(Continued)

Author/Year

Trial Design

OAC Regimen

Efficacy Endpoint*

Safety Endpoint*

Uninterrupted DOAC therapy during AF ablation

Arshad et al (2014)'¢

Nagao et al (2015)"7

Maddox et al (2013)"®

Dillier et al (2014)"

Cappato et al (2015)*

Lakkireddy et al
(2014)*

Nagao et al (2015)*

Di Biase et al
(2015)%

Kaess et al (2015)*

Calkins et al (2017)*

Multicenter, retrospective

Case-controlled

Retrospective analysis

Single center, retrospective,
observational

Prospective, randomized
(VENTURE-AF)

Multicenter, observational,
prospective registry

Retrospective analysis of
consecutive cohort

Prospective multicenter
registry, not randomized
or controlled

Multicenter, retrospective,
matched-cohort

Multicenter, prospective,
randomized
(RE-CIRCUIT)

Anticoagulation during CIED surgery

Kosiuk et al (2014)*

Kosiuk et al (2014)*

Jennings et al (2013)*

Case—control
observational cohort

Prospective case—control

Case—control cohort

Uninterrupted ADW (n = 276), dabigatran
150 or 75mg BID (n = 374), or ADW
with heparin bridging (n = 232)

Uninterrupted dabigatran 110 or 150 mg
BID (n = 173) vs uninterrupted
ADW (n = 190)

Uninterrupted dabigatran 150 mg
BID (n = 212) vs uninterrupted
ADW (n=251)

Uninterrupted rivaroxaban 20 or 15mg
(n =272) vs uninterrupted
phenprocoumon (n = 272;
baseline parameter matched)

Uninterrupted rivaroxaban 20 mg
(n = 124) or uninterrupted ADW
(n = 124) before ablation

Uninterrupted rivaroxaban 20 or 15mg
(n=321) vs uninterrupted ADW
(n=321)

Uninterrupted apixaban 5 or 2.5mg BID
(n=105) vs uninterrupted ADW (n =237)

Uninterrupted apixaban 5 or 2.5mg
BID (n =200) vs uninterrupted
ADW (n=200)

Uninterrupted apixaban 5 or 2.5mg BID
(n=105) or phenprocoumon (n = 210)
matched by age, gender, and arrhythmia

Uninterrupted dabigatran 150 mg
BID (n=317) vs ADW (n=318)

Interrupted dabigatran, 110 or 150 mg
(n = 93) vs interrupted rivaroxaban,
15 or 20mg (n = 83); the last
preintervention DOAC dose was omitted
(dabigatran = 24 hours; rivaroxaban = 36
hours preprocedure). First postprocedure
DOAC dose was left to discretion of the
implanting physician

Interrupted dabigatran 110 or 150mg
(n=118) vs uninterrupted ADW
(n=118) to an INR of 2-3. For
dabigatran-experienced patients,
anticoagulation was discontinued 12 hours
before, and readministered 24 hours
(IQR 048 hours) postprocedurally

Uninterrupted dabigatran 75 or 150 mg BID
(n =48) vs uninterrupted ADW (n = 195)

Major complications
with ADW (4.3%)
vs dabigatran
(0.8%) and bridged
groups (2.6%;
P=0.01)

NSD; thromboembolic
events

NSD; thromboembolic
complications

NSD; thromboembolic
events

NSD; thromboembolic
events

NSD; embolic
complications

NSD; thromboembolic
complications

No symptomatic
thromboembolic
complications

NSD; primary
endpoint (bleeding,
thromboembolic
events, and death)

Lower incidence of
major bleeding
events with
dabigatran (1.6%
vs 6.9%; P <0.001)

NSD; days to
discharge

Shorter discharge time
with dabigatran
(2.5+2.3 vs
3.8+4.1 days;

P =0.002)

NSD

Transfusion or major
bleeding: (2.1%;
uninterrupted ADW)
(0.0%; dabigatran) and
(1.2%; bridged);
P=0.04

NSD; major or minor
bleeding events

NSD; total bleeding
complications

NSD; major or minor
bleeding events
NSD; major or minor

bleeding events

NSD; major or minor
bleeding complications

NSD; safety complications

NSD; major or minor
bleeding complications

NSD; major or minor

bleeding

NSD; minor bleeding events

NSD; bleeding events

Greater postprocedural
blood loss (reduced
hemoglobin) with
warfarin; P = 0.023)

NSD; bleeding
complications

ADW indicates, adjusted-dose warfarin; AF, atrial fibrillation; aPTT, activated partial thromboplastin time; ARISTOTLE, Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation; BID, twice daily; CI, confidence interval; CIED, cardiac implantable electrical device; DCCV, direct-current cardioversion; ENGAGE
AF-TIMI 48, Effective Anticoagulation with Factor Xa Next Generation in Atrial Fibrillation-Thrombolysis in Myocardial Infarction 48; ENSURE-AF, Edoxaban vs Enoxaparin-
Warfarin in Patients Undergoing Cardioversion of Atrial Fibrillation; MI, myocardial infarction; NA, not applicable; NSD, no significant difference; OAC, oral anticoagulation; OR,
odds ratio; PE, peripheral embolism; PHA, post hoc analysis; RE-CIRCUIT, Randomized Evaluation of Dabigatran Etexilate Compared to Warfarin in Pulmonary Vein Ablation:
Assessment of an Uninterupted Periprocedural Anticoagulation Strategy; RE-LY, Randomized Evaluation of Long-Term Anticoagulation Therapy; ROCKET-AF, Rivaroxaban
Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation; TEE, transesophageal
echocardiography; TIA, transient ischemic attack; UFH, unfractionated heparin; VENTURE-AF, A Randomized, Open-label, Active-controlled Multicenter Study to Assess Safety of
Uninterrupted Rivaroxaban versus Usual Care in Subjects Undergoing Catheter Ablation Therapy for Atrial Fibrillation; VKA, vitamin K antagonist; X-VeRT, Explore the Efficacy
and Safety of Once Daily Oral Rivaroxaban for the Prevention of Cardiovascular Events in Patients With Nonvalvular Atrial Fibrillation Scheduled for Cardioversion.

*Thirty-day event rate.
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immediate cardioversion in patients without a detectable thrombus,
avoiding 3 weeks of precardioversion anticoagulation. Evidence
suggests comparable risks of thromboembolic events between the
TEE-guided strategy and conventional anticoagulation for 3 weeks,
with significantly less bleeding risk in the precardioversion period.*
A TEE-guided strategy requires periprocedural anticoagulation, tra-
ditionally involving the parenteral anticoagulants, unfractionated
heparin (UFH), or low molecular—weight heparin, followed by oral
anticoagulation for 21 month postcardioversion if no thrombus is
detected.

THE ROLE OF DOACS IN CARDIOVERSION

Evidence supporting the use of DOACs during cardiover-
sion procedures has been generated by both retrospective and ran-
domized trials. Each pivotal phase 3 DOAC trial in AF included
a posthoc subanalysis of patients undergoing cardioversion®?®
(Table 1, Figure 1A). Thrombotic event rates ranged from 0.0%
in the ARISTOTLE (Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation) trial, to 0.9% in
the ROCKET AF (Rivaroxaban Once Daily Oral Direct Factor Xa
Inhibition Compared with Vitamin K Antagonism for Prevention
of Stroke and Embolism Trial in Atrial Fibrillation) trial (due to
different patient risk profiles).**** Since most patients had per-
sistent or permanent AF (68%—-84%), proportions undergoing
cardioversion were low (Randomized Evaluation of Long-Term
Anticoagulation Therapy [RE-LY], 7%; ROCKET AF, 2%; ARIS-
TOTLE, 3%).3¢38

In the posthoc analysis of the RE-LY trial, there were 1983
cardioversions in 1270 patients (dabigatran 110mg, n = 647;
dabigatran 150 mg, n = 672; and warfarin n = 664).°> Continuous
treatment with study drug for >3 weeks before cardioversion was
lower in patients receiving dabigatran 110mg (76.4%) or dabiga-
tran 150mg (79.2%) when compared with patients receiving war-
farin (85.5%; P < 0.01 for both).’ No significant differences were
reported in the rates of stroke and systemic embolism at 30 days
(0.8% for dabigatran 110mg, P = 0.7087 vs warfarin; 0.3% for
dabigatran 150, P = 0.4048 vs warfarin; and 0.6% for warfarin),
with or without TEE.

Data from the other posthoc analyses suggest the effi-
cacy and safety of the direct Xa inhibitors in cardioversion
are similar to those demonstrated with dabigatran. While the
outcomes in patients receiving cardioversion or catheter abla-
tion procedures were only provided at the end of the 2.1 years
of follow-up and not at 30 days in the ROCKET-AF trial, the
incidence of all efficacy outcomes were low and not signifi-
cantly different between patients receiving rivaroxaban com-
pared with warfarin, including stroke, systemic embolism, and
cardiovascular death (3.1% vs 4.4%).° No stroke events were
noted in either group (apixaban versus warfarin) in the ARIS-
TOTLE trial at 30 days.” There was 1 death and 2 myocardial
infarctions in each group. There were also no stroke events
with the use of edoxaban at 30 days in the ENGAGE-TIMI 48
(Effective Anticoagulation with Factor Xa Next Generation in
Atrial Fibrillation-Thrombolysis in Myocardial Infarction 48),
with 1 death in the edoxaban group compared to warfarin at 30
days.® None of the posthoc analyses of the DOAC trials demon-
strated a difference in bleeding events compared with warfarin
in patients undergoing cardioversion.’®

The first prospective trial to evaluate a DOAC for cardio-
version was the Explore the Efficacy and Safety of Once Daily
Oral Rivaroxaban for the Prevention of Cardiovascular Events
in Patients With Nonvalvular Atrial Fibrillation Scheduled for
Cardioversion trial (X-VeRT).” Patients with hemodynamically
stable AF 248 hours (n = 1504) were randomized 2:1 to open-label
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rivaroxaban (20 mg or 15 mg daily based on renal function) or VKA
with a goal INR of 2-3. The early cardioversion protocol included
TEE, and rivaroxaban or a VKA (+injectable anticoagulant) 1-5
days precardioversion, through 6 weeks postcardioversion. For
delayed cardioversions, patients received rivaroxaban or a VKA
for 3-8 weeks prior, and continued for 6 weeks postcardioversion.
The primary efficacy endpoint was the composite of stroke, sys-
temic embolism, myocardial infarction, or cardiovascular death.’
The primary safety analysis was major bleeding by ISTH (Interna-
tional Society of Thrombosis and Haemostasis) criteria.*’

Of 1167 patients cardioverted, 87% achieved normal sinus
rhythm.” With the early approach, the median time from randomiza-
tion to cardioversion was 1 day for both groups (P = 0.628). With
the delayed approach, the median time was significantly shorter with
rivaroxaban versus VKA [22 days (21-26) vs 30 days (23-42); P
< 0.001). At 3 weeks, more patients on rivaroxaban in the delayed
group cardioverted successfully versus those on VKA (77% vs 36%;
P <0.001), most likely due to the fact that more patients in the VKA-
treated group were unable to achieve adequate anticoagulation before
cardioversion by this time point (95 patients compared with 1 patient
in the rivaroxaban group).’

At 6 weeks postcardioversion, no significant differences
were reported between rivaroxaban and VKA for the primary end-
point (early or delayed cardioversion), nor were there significant
differences in major, critical site, intracranial, or fatal bleeding
rates.’

Edoxaban was evaluated in the prospective, open-label
Edoxaban versus Enoxaparin-Warfarin in Patients Undergoing
Cardioversion of Atrial Fibrillation (ENSURE-AF) trial.!® Patients
(n = 2199) with nonvalvular AF >48 hours with planned electri-
cal cardioversion were randomized 1:1 to edoxaban 60 mg daily or
enoxaparin bridged to warfarin. Patients underwent TEE-guided
early cardioversion, or delayed cardioversion, both followed by 28
days of postcardioversion anticoagulation. The primary efficacy
endpoint was the composite of stroke, systemic embolism, myo-
cardial infarction, or cardiovascular death 4 weeks after cardiover-
sion. The primary safety endpoint was the combination of major
and clinically relevant nonmajor bleeding by International Society
on Thrombosis and Haemostasis criteria.*

Normal sinus rhythm was achieved by 89% of patients.'” The
primary efficacy endpoint incidence 4 weeks after cardioversion was
not significantly different between edoxaban and warfarin [0.46% vs
1.0%; odds ratio, 0.46; 95% confidence interval, 0.12—1.43]. There
were no significant differences in event rates in the TEE-guided stra-
tum (0.34% vs 0.84%) or the non-TEE-guided stratum (0.59% vs
1.12%; edoxaban vs warfarin, respectively). The primary safety end-
point occurred in 1% of both groups at 4 weeks postcardioversion,
and there were no significant differences in rates of major, or any,
bleeding events.'

Finally, patient satisfaction may be greater with DOAC-
associated cardioversion. In the X-VeRT (X-VeRT) trial, patients
undergoing delayed cardioversion on rivaroxaban reported greater
convenience (80.3% vs 66.7%), better effectiveness (38.8% vs
34.4%), and higher global satisfaction (81.7% vs 67.5%; all P val-
ues <0.0001) compared with patients receiving VKA. No signifi-
cant differences were noted in rates of side effects. Similar results
were reported with the early approach.*

Advantages associated with DOAC use during cardiover-
sion include faster therapeutic anticoagulation, reduced time to
cardioversion, avoidance of periprocedural parenteral bridging,
and improved patient satisfaction versus VKAs.!*! Shorter times
to cardioversion have been reported in studies with dabigatran*
and with rivaroxaban,’ that can reduce delays in care, potentially
reducing costs.*
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Piccini
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:} (2013)

Early C:
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I
& Warf Pre=1-5 days / post = 6 weeks —
1 T

Rivaroxaban Pre = 3 - 8weeks / post = 8 weeks

Cappato,
(2014)

Cardioversion { —

Warfarin Pre = 3 - 8 weeks / post = 8 weeks

—

T T
Apixaban uninterrupted

Flaker

Warfarin uninterrupted at investigator discretion

— } (2014)%

Edoxoban uninterrupted

Plitt

Warfarin uninterrupted

D} (2016)°
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Edox Pre=3 days/post=28 days
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Goette,
(2016)0
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Warfarin Pre = 3 weeks / post = 8 weeks

T

T
WEEKS 3

T T T
2 1 1

WEEKS

Pre-procedure

Procedure

Dabigatran interrupted
morning of procedure / 3 hrs post-hemostasis

Post-procedure

Lakkireddy

Warfarin uninterrupted

(2012)

Dabigatran interrupted
1-2 doses prior / immediately post-sheath removal

Warfarin uninterrupted

(2013)2

)]» Bassiouny

| |
Dabigatran interrupted
24 - 30 hrs/ 4 hrs post-hemostasis

Warfarin uninterrupted

Kim
Sl

| |
Dabigatran interrupted
24 hrs pre-procedure / resumed post-hemostasis

Warfarin interrupted

24 hrs pre-procedure / resumed post-hemostasis
AR

Nin
1
———— (2013)

Dabigatran interrupted
12 - 24 hrs pre-procedure / 3 hrs post-procedure

Imamura
—— (2013
_—
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pre 12 hrs / post-24 hrs

]» Kosiuk (2014)25

Warfarin uninterrupted

} Kosiuk (2014)28

Dabigatran uninterrupted

-

Warfarin uninterrupted

]» Jennings (2013)27

I I
36 24
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I I
12 12
HOURS

I
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FIGURE 1. A, Anticoagulation during cardioversion for AF: ovals represent periods of anticoagulation; those that extend beyond
the marked timeframes on the x axis indicate ongoing treatment. Where applicable, dosing timeframes are listed within individ-
ual ovals. B, Anticoagulation during cardiac ablation of AF (protocols with at least 1 interrupted treatment arm. Ovals represent
periods of anticoagulation; those that extend beyond the marked timeframes on the x axis indicate ongoing treatment. Protocols
with interrupted anticoagulation dosing are noted by dashed line boundaries. Where applicable, dosing interruption timeframes
are listed within individual ovals. C, Anticoagulation during CIED procedures. Ovals represent periods of anticoagulation. Those
that extend beyond the marked timeframes on the x axis indicate ongoing treatment. Protocols with interrupted anticoagulation
dosing are noted by dashed line boundaries. Where applicable, dosing interruption timeframes are listed within individual ovals.
AF indicates atrial fibrillation; CIED, cardiac implantable electric devices; TEE, transesophageal echocardiography.
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ANTICOAGULATION PROTOCOLS
FOR ABLATION OF AF

Catheter ablation has emerged as a viable option for the con-
trol of AF and atrial flutter.** However, this procedure increases the
risk of thromboembolism via several mechanisms, including cardio-
version, thrombus formation after transseptal puncture, thrombus
formation on the ablation catheter, endothelial damage, and “stun-
ning” of the atrial myocardium.*

Periprocedural OAC protocols involve balancing the risks of
bleeding, mainly due to cardiac perforation, versus systemic throm-
bosis. Historical management of periprocedural anticoagulation
involved warfarin discontinuation 3—5 days before ablation, with
heparin or enoxaparin bridging, followed by re-establishing warfarin
(INR 2-3) for at least 8 weeks. However, the failure to maintain a
therapeutic INR over the preceding 3 weeks or to maintain an acti-
vated clotting time (ACT) of >300 seconds during ablation were asso-
ciated with elevated thrombosis risk in the periprocedural window.*
Current guidelines recommend 3 weeks of anticoagulation before
catheter ablation in patients with AF >48 hours to mitigate thrombo-
sis risk.!? Alternatively, TEE may allow ablation to proceed without
delay.'? Results from the COMPARE (Role of Coumadin in Prevent-
ing Thromboembolism in Atrial Fibrillation Patients Undergoing
Catheter Ablation), a randomized prospective trial, demonstrated that
uninterrupted periprocedural warfarin lowers bleeding complications
and reduces clinical and silent thromboembolic events versus inter-
rupted warfarin in this setting.***¢ Therefore, current guidelines allow
patients on warfarin to continue therapy (INR 2-3) throughout the
procedure.>**

As experience with DOACs has become more widespread in
AF, both minimally interrupted therapy (withholding 1-2 DOAC
doses prior, then resuming 4-6 hours postprocedure pending
hemostasis), or uninterrupted DOAC therapy have been proposed
for ablation.'*! Studies have evaluated DOACs versus VKAs in
this setting, most utilizing both minimally interrupted, or uninter-
rupted approaches, and no adverse safety signal has been identified
(Table 1).4748

Most reports regarding dabigatran for ablation are non-
randomized studies (almost all with interrupted dabigatran). Two
meta-analyses comparing outcomes between dabigatran ver-
sus warfarin in the setting of catheter ablation reported no differ-
ences in bleeding or thromboembolic events.** Both analyses
highlighted the limitations of nonrandomized observational
study designs and variable therapeutic protocols. Within that con-
text, the Randomized Evaluation of Dabigatran Etexilate Com-
pared to Warfarin in Pulmonary Vein Ablation: Assessment of an
Uninterupted Periprocedural Anticoagulation Strategy (RE-CIR-
CUIT) trial, a randomized, controlled open-label trial examined
the safety of uninterrupted dabigatran (n = 317) versus warfarin
(n = 318) in patients undergoing AF ablation.” Regimen adherence
to dabigatran was high (mean = 97.6%), and INR-adjusted war-
farin patients were in the target INR range of 2.0-3.0 for 66% of
the time.” Uninterrupted anticoagulation began 4-8 weeks before
ablation, and continued for 8 weeks postprocedure in 635 patients.
UFH was used intraprocedurally to achieve an ACT of >300 sec-
onds in both arms. The primary endpoint was major bleeding,
with minor bleeding and thrombotic events as secondary end-
points from initial femoral puncture, through 8 weeks postproce-
dure. Dabigatran-treated patients had a lower incidence of major
bleeding [n =5 (1.6%)] compared to those receiving warfarin
[n=22(6.9%)], an absolute risk difference of —5.3% [95% confidence
interval, —8.4% to —2.2%; P < 0.001). Dabigatran-treated patients
experienced fewer pericardial tamponades than patients treated
with warfarin (n = 1 vs n = 6, respectively), and groin hematomas
(n =0 vs n = 8), although minor bleeding event rates were similar.
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No differences were noted in thromboembolic event [stroke, sys-
temic embolism, or transient ischemic attack (TIA)] rates between
groups (none with dabigatran, 1 TIA with warfarin).® Patients on
INR-adjusted warfarin were within the guideline-defined target INR
range (2.0-3.0) 66% of the time. However, their incidence rates for
major bleeding events were independent of the mean INR at the time
of ablation, which was similar in both patients who experienced a
major bleed, and those who did not (2.4 and 2.3, respectively).?

Similar to dabigatran, trials with rivaroxaban suggest com-
parable safety to uninterrupted warfarin. Two meta-analyses, each
incorporating 8 studies, showed equivalent periprocedural effi-
cacy, bleeding risks, and thromboembolic risks between VKA and
rivaroxaban.*!*

A VENTURE-AF (Randomized, Open-label, Active-con-
trolled Multicenter Study to Assess Safety of Uninterrupted Rivar-
oxaban versus Usual Care in Subjects Undergoing Catheter Ablation
Therapy for Atrial Fibrillation) trial, a prospective randomized study
in patients undergoing catheter ablation for AF, compared safety
and efficacy in 124 patients receiving uninterrupted rivaroxaban
20mg once daily to 124 patients titrated to an INR of 2.0-3.0 on
uninterrupted warfarin, beginning before, and extending 4 weeks
postprocedure.” This target INR range was achieved by 79.8% of
patients on warfarin during the primary endpoint period. UFH was
used intraprocedurally to achieve an ACT of 300400 seconds in
both arms. There was no significant difference between groups in the
primary endpoint, the incidence of major bleeding in the first 30+5
days postprocedure (0.4%, 1 event for VKA; 0.0% for rivaroxaban).
Thromboembolic events were also low (0.8%; 1 ischemic stroke and
1 vascular death, both with VKA; 0.0% with rivaroxaban). In addi-
tion, the number of any adjudicated events (26 vs 25), any bleeding
events (21 vs 18), or any other procedure-attributable events (5 vs 5),
rivaroxaban versus VKA, respectively, were low and not statistically
different between groups.?

Apixaban also demonstrated safety and efficacy comparable
to VKA in a prospective, open-label, randomized, multicenter study
monitoring complications after catheter ablation for AF in Japanese
patients. Patients were randomized to uninterrupted apixaban (5
or 2.5mg twice daily; n = 100) or warfarin (INR, 2-3; n = 100) >1
month before AF ablation. More heparin was administered to maintain
an ACT >300 seconds with apixaban (14,000+4000 units) than with
warfarin (90003000 units; P < 0.0001).> Primary outcomes were
stroke, TIA, silent cerebral infarction, or major bleeding that required
intervention. Three primary outcome events were reported in each
group (P = 1.00). In addition, 3 secondary outcome events occurred
with apixaban and 4 with warfarin (P = 0.70).5 It is anticipated that
the ongoing AXAFA AFNET 5 (Apixaban During Atrial Fibrillation
Catheter Ablation: Comparison to Vitamin K Antagonist Therapy)
study will provide additional insights regarding the relative safety and
efficacy of periprocedural anticoagulation with either apixaban or a
VKA in patients undergoing catheter ablation of AF.>*

Intraprocedural UFH is utilized during cardiac ablation
regardless of therapy interruption strategy. Most algorithms to
determine specific dosing of UFH and subsequent ACT monitoring
for use during the procedure have been extrapolated from patients
receiving VKA (with INR data). Although failure to achieve
and maintain an ACT = 300 seconds intraprocedurally is associ-
ated with thrombotic events, an optimal ACT threshold for when
patients receive DOACs has yet to be defined. In the VENTURE-
AF trial, slightly higher doses of heparin were required with rivar-
oxaban (13,871 vs 10,964 units for warfarin; P < 0.001); however,
this did not equate to an increased number of bleeding events.?
Likewise, observational experience suggests that higher doses of
UFH are required with minimally interrupted DOAC therapy (in
comparison to protocols utilizing uninterrupted VKA).
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FIGURE 2. The intrinsic and extrinsic clotting pathways, including the sites of action (clotting inhibition by VKAs, heparins, and
DOACs). Reproduced with permission from Clin Ther 2012;34:2051-2060.

The 2017 HRS/EHRA/ECAS/APHRS/SOLAECE consensus
statement on catheter and surgical ablation of AF recommends perform-
ing ablation for AF with uninterrupted dabigatran or rivaroxaban (level
of evidence A, or B-R recommendations, respectively), or the other
factor Xa inhibitors (apixaban, edoxaban; each with level of evidence
2A recommendations).>* In addition, new and ongoing trials with larger
sample sizes are expected to provide further information regarding best
practices for AF ablation—related anticoagulation. These experimen-
tal protocols include uninterrupted or minimally interrupted DOAC
regimens, whether intraprocedural anticoagulation should include dos-
ing and monitoring of UFH, when is the appropriate time to resume
interrupted DOAC therapy postprocedure, and the management of any
bleeding complications, especially in patient subgroups with different
risk factors. Ongoing and recently completed clinical trials to assess
the safety and efficacy of periprocedural DOACs during ablation are
summarized in Supplementary Table 1; http://links.lww.com/CIR/A14.

ANTICOAGULATION PROTOCOLS FOR CARDIAC
IMPLANTABLE ELECTRIC DEVICES

The management of anticoagulation during a cardiac implant-
able electric devices (CIED) procedure can present challenges for
electrophysiologists. Bleeding complications can significantly
increase the risk for pocket hematomas, extended hospital stays, and
elevated overall costs.!26%

The traditional approach has been interrupted OAC for the
procedure, and UFH or enoxaparin as a bridge until therapeutic
OAC is reestablished, which has been associated with significant
hematoma formation and infection.® The current standard-of-care
is to perform pulse generator replacements on fully anticoagulated
patients. For CIED, uninterrupted warfarin therapy is superior to
interrupted warfarin with heparin bridging with regard to bleeding
complications.*® At present, reports of DOAC safety and efficacy for
CIED are limited to case—control and cohort studies; therefore, ran-
domized and controlled studies are needed in this area. DOAC use
during CIED procedures is expected to expand as data from random-
ized studies emerge.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

BEST PRACTICES APPROACH TO USE DOAC AGENTS

Pharmacokinetic Considerations

Unlike warfarins indirect mechanism-of-action (inhibition
of clotting factor synthesis), DOACs rapidly and directly inhibit key
components of the coagulation cascade (Figure 2). After oral admin-
istration, all DOACs achieve peak concentrations within 1-3 hours,
providing quick, predictable, and concentration-dependent anticoagula-
tion.%” This is advantageous particularly at the time of therapy initiation,
as bridging with UFH or low molecular—weight heparin can be avoided.
Key considerations for withholding periprocedural DOACs include the
dosing interval, primary route of elimination, concomitant use of anti-
platelet agents or other drugs influencing plasma concentrations, and
baseline bleeding risk of the surgical/procedural intervention. Renal
function is important because all DOACs are eliminated at least in part
via the kidney (Table 2).>* ¢! Creatinine clearance should be determined
to assess baseline risk for drug accumulation. With half-lives of 7-14
hours, DOACs typically reach subtherapeutic concentrations 2448
hours after the last dose, allowing patients to be unprotected for shorter
periods than with warfarin.’” Dabigatran, which is most dependent on
renal function (80% renal clearance) may need to be withheld for lon-
ger periods, depending on baseline creatinine clearance and bleeding
risk associated with the upcoming procedure. Like other drugs that are
metabolized at least in part by the liver, the DOACs should not be coad-
ministered with P-glycoprotein inducers like rifampin (which reduces
exposure to DOACS**%) and prescribed with caution or avoided in
patients with renal insufficiency who are comedicated with P-glycopro-
tein inhibitors (dabigatran®®). Similar precautions are noted for come-
dication with strong inducers of the P-glycoprotein and 3A4 pathways,
where dosing with apixaban,” and rivaroxaban®' should be avoided.
Apixaban doses should be lowered or avoided,*® and rivaroxaban should
be avoided®! when coadministered with strong dual inhibitors of P-gly-
coprotein and 3A4 (Table 2).

Therapy Interruption Considerations
The American College of Cardiology classifies AF ablation
and CIED as low risk for bleeding with possible intermediate risk
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TABLE 2. Basic Pharmacological Properties of Approved DOACs

Protein

Onset T1/2 Binding Renal Metabolic
DOAC (hours) (hours) (%) Excretion (%) Pathways
Apixaban® 34 ~12 ~87 ~27 3A4 + P-gp
Dabigatran® 2 12-17 ~35 ~80 P-gp
Edoxaban®’ 1-2 10-14 ~55 ~50 P-gp
Rivaroxaban®' 3 11-13 92-95% ~36 3A4 + P-gp

3A4 indicates cytochrome P450 3A4; DOAC, direct oral anticoagulant; P-gp, P-glycoprotein.

under extreme circumstances, supporting continuous periprocedural CONCLUSIONS

OAC.®* There is early evidence supporting uninterrupted therapy
during cardiac procedures such as cardioversion, AF ablation, and
device implantation with minimal bleeding. Yet, interruptions in ther-
apy may be considered for patients at highest risk for bleeding based
on factors including renal and hepatic function, potential drug—drug
interactions, and the availability of anticoagulation reversal agents.

When anticoagulant interruption is desired, the timing of
such is important. Both European*' and US® guidelines suggest per-
forming surgeries with minimal to no bleeding risk at trough OAC
plasma concentrations (12 or 24 hours after the last dose depending
on dosing interval), with resumption 6-8 hours later.*! Peak OAC
plasma concentrations should be avoided. Most studies addressing
AF ablation, where therapy was interrupted, held the morning dose
of the DOAC, thereby providing the requisite 12- to 24-hour pause.
For interventions with risk of increased or major bleeding events,
DOACs should be discontinued 24 or 48 hours preoperatively,
respectively, in patients with normal renal function, and longer with
renal insufficiency.*!

For procedures where complete hemostasis is expected, the
DOAC can safely be resumed 6-8 hours after the intervention.*' Pro-
tocols for electrophysiological procedures include resumption of anti-
coagulation 3—4 hours after vascular hemostasis has been achieved
after sheath removal. For higher risk procedures, resumption may be
delayed up to 48 hours, while acknowledging that the risk for car-
dioembolism increases with time. To date, no safety or efficacy data
support a reduced periprocedural DOAC dose in patients with AF.

Reversal of DOACs

Although major or cerebrovascular bleeds are less likely to
occur with DOACs than with warfarin, rapid reversal of DOAC-
induced anticoagulation may be needed in rare instances such
as severe bleeding situations, or when emergency surgeries are
required. With non-life-threatening periprocedural bleeding,
interruption of DOAC therapy for 12-24 hours may restore hemo-
stasis in patients with normal renal function.*' For patients on
dabigatran, in cases of life-threatening bleeding or when an emer-
gency surgical procedure is required, idarucizumab can rapidly
and specifically reverse dabigatran-associated anticoagulation,
with normalization of ecarin clotting and dilute thrombin times
within minutes, an effect that is sustained to 24 hours.®® These ini-
tial findings were confirmed in the subsequent full cohort analysis
(N = 503 patients), where idarucizumab rapidly and effectively
reversed the anticoagulation effect of dabigatran, while demon-
strating rates of thrombosis that were lower than those reported in
studies of prothrombin complex concentrates for the reversal of
VKASs.* For other anticoagulants, clinical trials with andexanet
alfa (for the reversal of Factor Xa inhibitors) and ciraparantag, a
broad spectrum agent to reverse the effects of factor Xa inhibitors
such as rivaroxaban, apixaban, and edoxaban, the direct thrombin
inhibitor dabigatran, and low molecular weight and UFH, are cur-
rently underway.®>6¢
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Emerging data suggest that DOACs have similar safety and
efficacy outcomes as VKAs when administered in the setting of elec-
trophysiological procedures such as cardioversion, AF ablation, and
CIED. Advantages with the DOACs for these procedures include
convenience, rapid, and predictable onset of action, elimination of
periprocedural parenteral anticoagulation, and patient satisfaction.
Therapeutic anticoagulation with DOACs during cardioversion does
not increase risk for major thromboembolic or bleeding events as
compared with VKAs. Shorter times to cardioversion have been
reported with the use of DOAC:sS, rather than traditional VKA which
typically requires a 3-week delay and verification of therapeutic INR,
unless bridging with heparin is utilized when no existing throm-
boembolism is found on TEE. Existing studies of DOAC therapy
during cardiac ablation for AF have employed protocols with unin-
terrupted,'®> and minimally interrupted DOAC therapies,''"'* which
reported outcomes similar to those with protocols relying on VKA.
The recent Heart Rhythm Society guidelines recommend that hepa-
rin should be administered before, or immediately after transseptal
puncture during AF catheter ablation, with ongoing monitoring to
achieve and maintain an ACT of at least 300 seconds.’* Consensus
guidelines suggest that most cardiac procedures carry a low risk for
bleeding and therefore ongoing anticoagulation can be continuous
throughout most procedures. However, minimal interruption may
still be prudent for patients at highest risk for bleeding, including
those with renal impairment and/or having significant drug—drug
interactions that are likely to lead to anticoagulant accumulation. In
most situations when therapy is interrupted, reinitiation of the DOAC
after AF ablation can occur within hours after vascular hemostasis is
achieved, limiting the time frame when a patient is unprotected from
thromboembolic events. At present, the use of DOACs during CIED
procedures is the area with the greatest need for additional data from
randomized and controlled trials.
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