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Purpose—Dabigatran is approved for prevention of stroke or systemic embolism in patients with
nonvalvular atrial fibrillation (AF). The safety and effectiveness of periprocedural dabigatran in
left atrial ablation for AF are unknown.

Methods—We performed a meta-analysis of all studies comparing periprocedural dabigatran
with warfarin for anticoagulation in AF ablation. Studies of >100 patients with post-procedure
follow-up were included. Outcomes were compared by calculating maximum likelihood estimates
with confidence intervals. The co-primary endpoints were neurological events and major bleeding.

Results—Ten cohort studies were included, including a total of 1,501 patients receiving
dabigatran and 2,356 receiving warfarin. The mean age was 59–64 years and inclusion of women
varied (10–33 %). Intra-procedural unfractionated heparin and irrigated ablation catheters were
used routinely. Adverse events were low overall; however, the dabigatran group demonstrated a
numerical excess of neurological events (10/1,501 [0.7 %] versus 4/2,356 [0.2 %]), but equivalent
major bleeding outcomes (24/1,501 [1.6 %] versus 40/2,356 [1.7 %]). In the meta-analysis, there
was a nonsignificant trend towards higher rates of the composite primary endpoints (any
neurological event or major bleeding) in the dabigatran group. Dabigatran demonstrated a
significantly higher rate of neurological events (estimated absolute risk difference 0.0047, 95 %
confidence interval 0.0007 to 0.0099).

Conclusions—Compared with warfarin, dabigatran may be associated with a higher frequency
of periprocedural neurological events following radiofrequency ablation of AF. Randomized
clinical trials are needed to definitively assess the safety and efficacy of novel oral anticoagulant
use for periprocedural anticoagulation for ablation of AF.
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1 Introduction
Pulmonary vein isolation (PVI) by endocardial radiofrequency ablation is an effective
therapy for drug-refractory, symptomatic atrial fibrillation (AF) [1, 2]. In appropriately
selected patients, catheter ablation provides significantly longer duration of freedom from
AF than medical therapy at 1 year [2]. However, catheter ablation carries short-term risks
including stroke and bleeding complications. International survey data suggest that AF
ablation procedures are complicated by stroke in approximately 0.5–1.0 % of cases and
death in less than 0.2 % of cases [3]. The overall incidence of vascular and bleeding
complications ranges from 1 to 13 % [2]. The desire to minimize bleeding events is carefully
balanced against the overriding need to prevent stroke and other thromboembolic
complications of performing left atrial ablation. Irrespective of pre-ablation stroke risk,
current guidelines recommend periprocedural anticoagulation with intravenous
unfractionated heparin and systemic oral anticoagulation for a minimum of 2 months post-
procedure (independent of rhythm) [2, 4]. Currently, the majority of patients receive
warfarin as the anticoagulant of choice before, during, and after PVI [3].

In 2009, the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial
demonstrated that dabigatran at 150 mg twice daily was superior to warfarin for the
prevention of stroke or systemic embolism in patients with nonvalvular AF, with equivalent
rates of bleeding [5]. Dabigatran was subsequently approved for this indication [6].
However, the safety and efficacy of dabigatran for periprocedural anticoagulation in the
setting of PVI are not well studied and no randomized data are available assessing the use of
dabigatran in this setting. Currently, several small, observational cohorts have been
published describing outcomes in patients receiving dabigatran during and after PVI. The
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objective of this meta-analysis is to estimate the safety and effectiveness of periprocedural
dabigatran versus warfarin for thromboembolic prophylaxis in patients with AF undergoing
PVI.

2 Methods
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was
used for the current study to search for and identify appropriate publications [7, 8]. PubMed
was searched for the terms “dabigatran AND ablation” (MeSH terms), and no filters were
used in the query. A preliminary search on July 16, 2012 yielded 24 abstracts. The same
query was conducted in EMBASE and the abstract supplements of major cardiology
scientific sessions since dabigatran approval (October 19, 2010). These included the
American Heart Association Scientific Sessions (2010, 2011), the Heart Rhythm Society
Scientific Sessions (2011, 2012), the European Society of Cardiology World Congress
(2011), and the American College of Cardiology Scientific Sessions (2011, 2012).
Additional studies were identified in the course of peer review.

Inclusion criteria for the studies were: (1) use of dabigatran periprocedure, in patients
undergoing radiofrequency ablation in the left atrium, (2) report of a vitamin K antagonist
comparator group, (3) report of thromboembolic and major bleeding outcomes, (4) at least
100 total patients studied (including both treatment and comparator groups), and (5) post-
procedure follow-up. Major exclusion criteria were: (1) inclusion of patients with only right
atrial ablation (e.g., atrial flutter) or (2) inclusion of patients without an active comparator.

For the purpose of this analysis, the co-primary endpoints were the incidence of (1) any
neurological event (stroke or transient ischemic attack) and (2) any major bleeding within 30
days following the procedure. Secondary endpoints focused on the safety of dabigatran
periprocedurally and included: (1) all-cause mortality, (2) pericardial effusion with and
without tamponade (components of the major bleeding endpoint), and (3) a composite of the
primary safety and effectiveness outcomes (any neurological event or any major bleeding
event).

2.1 Data abstraction
Full-text abstracts and manuscripts (where applicable) were obtained for those citations
which were deemed appropriate for inclusion in the study. After review of the full text, the
data elements and endpoints were recorded by the investigators (BS and JP). Disagreements
were resolved by review and consensus.

2.2 Statistical methods
Baseline study and patient demographics were described as reported by the original source
data, where available. Summary event rates were tabulated and summed across all studies.
We subsequently computed a meta-analysis of the complication rates using the methods
described by Hasselblad et al. [9]. Because the usual normal approximation to the likelihood
function will not work for very small event counts or rare events, it was necessary to
compute the exact likelihood function for the difference. These likelihood functions can be
combined numerically to give maximum likelihood estimates. Outcome measures were
reported as absolute risk differences with 95 % confidence intervals. These metrics also
allow estimation of numbers needed to treat (or harm). A sensitivity analysis was performed
excluding studies where low-molecular weight heparin bridging was used.

All statistical analyses of the aggregate, de-identified data were performed by the authors
using FAST*PRO Software. The analysis was granted a common rule exemption by the
Duke University Institutional Review Board. The authors take full responsibility for the
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initiation of the analysis and the data presented herein, as well as the drafting of the
manuscript.

3 Results
3.1 Search results

After excluding duplicates, 125 unique studies were identified by online database search and
other sources (Fig. 1). These were screened and 109 were subsequently excluded based upon
the inclusion and exclusion criteria. Subsequently, 16 full-text manuscripts or abstracts were
retrieved and 6 were excluded: 3 were excluded for lack of a comparator group [10–12], 1
did not have thromboembolic endpoints [13], 1 had fewer than 100 total patients [14], and 1
had no comparator and was under 100 patients [15]. Ten studies that met inclusion criteria
without any exclusions were subsequently identified [16–25]. Of the 10 studies identified,
six were available as full-length manuscripts [19–23, 25] and three were available only in
abstract form [16–18]. The full manuscript from one abstract is subsequently in press, and
the endpoint data were verified with the authors by personal communication [24]. Despite
attempts, data from the remaining abstracts could not be further verified [16–18]. Overall,
the studies included single- and multicenter cohorts within the previous 2 years.

3.2 Trial characteristics and study quality
All 10 studies consisted of comparisons between two observational cohorts. No randomized
groups were available. Numbers of patients receiving dabigatran and warfarin were balanced
in all studies except three, where warfarin patients outnumbered dabigatran patients (Table
1). The warfarin groups consistently had an INR goal of 2–3, and three cohorts included
patients who received low-molecular weight heparin as a bridge. Cohorts from the USA
consistently used the 150-mg twice-daily dosing in the dabigatran group [16, 19, 21–23, 25],
while the single international trial used 110 mg twice daily [20]. The majority stopped
dabigatran 12–24 h prior to the procedure. Unfractionated heparin titrated to activated
clotting time was used during PVI consistently across all studies. Timing of restarting
dabigatran post-procedure commonly occurred within 12 h of the procedure.

3.3 Patient and procedure characteristics
A total of 3,857 patients are included in our analysis, 1,501 who received dabigatran and
2,356 treated with warfarin. Patient characteristics across studies, stratified by
anticoagulation strategy, are show in Table 2. The mean age was approximately 60 years
with a predominance of male patients. The majority had CHADS2 scores of 1 or 2, whereas
mean HAS-BLED bleeding risk scores varied among studies, but were similar between
treatment groups.

3.4 Outcomes
Adverse outcomes in the setting of PVI were uncommon in the selected cohorts (Table 3).
No deaths following PVI were reported in any of the cohorts. Unadjusted rates of thrombo-
embolic and bleeding outcomes are shown in Fig. 2. The majority of major bleeding
complications consisted of cardiac tamponade (n=17/24 for dabigatran and n=21/40 for
warfarin). There were 10 neurological events in the dabigatran group (10/1,501, 0.7 %)
versus 4 in the warfarin group (4/2,356, 0.2 %).

Absolute differences in event rates from the 10 studies were combined using maximum
likelihood methods. The results of this meta-analysis are shown in Fig. 2. There was a
nonsignificant trend towards higher rates of the composite endpoint of neurological event or
major bleeding in the dabigatran group (34/1,501 [2.3 %] versus 44/2,356 [1.9 %], estimated
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difference in rate 0.0039, 95 % confidence interval [CI] −0.0051 to 0.0137). This was
largely attributable to a significant increased risk of neurological event in the dabigatran
group (10/1,501 [0.7 %] versus 4/2,356 [0.2 %], estimated difference in rate 0.0047, 95 %
CI 0.0007–0.0099). Major bleeding events (24/1,501 [1.6 %] versus 40/2,356 [1.7 %],
estimated difference in rates −0.0010, 95 % CI −0.0090 to 0.0076), including cardiac
tamponade (17/1,501 [1.1 %] versus 21/2,356 [0.9 %], and estimated difference in rate
0.0024, 95 % CI −0.0039 to 0.0094) were similar between the two groups.

In sensitivity analysis, three studies were excluded for use of a bridging strategy [17, 18,
24]. The results are shown in the Appendix (Table 4) and demonstrated a numerical excess
of events in the dabigatran group without statistical significance.

4 Discussion
In this meta-analysis of nearly 4,000 patients with AF undergoing PVI, dabigatran appears
to be associated with a higher risk of neurological events compared to uninterrupted
warfarin. Overall rates of complications were numerically higher, with equivalent rates of
major bleeding.

There are several potential explanations for these findings. One of the major distinctions of
dabigatran is its pharmaco-dynamic profile [26]. While warfarin’s anticoagulant effect will
fluctuate gradually over a period of days (due to its effect on synthesis of clotting factors),
direct thrombin inhibition by dabigatran is maximal within 1–2 h of oral dosing. Similarly,
the half-life of dabigatran is 12–17 h, and its anticoagulant effect is no longer detectable
within 24–36 h of the last dose (prescribing information recommends longer pre-procedure
discontinuation periods in patients with renal dysfunction) [26]. Differences in timing of
dabigatran dosing, before and after PVI, could have a significant impact on outcomes, an
effect which would be exaggerated by impaired renal function.

Additionally, patients receiving dabigatran may have had more fluctuation in
anticoagulation effect through the periprocedural period (with the potential for significant
interruption during a high-risk period), and this may have contributed to rates of
thromboembolic events. Studies of parenteral anticoagulants in patients with acute coronary
syndromes have demonstrated varying outcomes of bleeding and ischemic events, when
compared with a consistent approach [27, 28]. There are currently limited data available
regarding the risk of bleeding or ischemic events with transitions to and from novel oral
anticoagulants.

Several other factors are important to consider in the setting of dabigatran use. First,
significant renal dysfunction can dramatically alter the in vivo drug effect (potentially
increasing the risk of bleeding). Second, compared with warfarin, compliance with
dabigatran cannot be as readily assessed, and missed doses may convey an added risk of
thromboembolic events. Lastly, the impact of drug–drug interactions on the anticoagulant
effect of dabigatran could also account for observed differences—such interactions with
dabigatran (including dronedarone and amiodarone) may well be present but are not
identified for a variety of reasons, including lack of an easily accessible assay. The
frequency of use for these concomitant medications, or others (e.g., antiplatelet drugs), is not
known in the study population.

While each of the studies included cohorts of similar patients undergoing PVI, differences in
the underlying populations could have contributed to the difference in outcomes. Many
potential factors inform the clinical decision to use dabigatran versus warfarin, and these
may have varying influences on the endpoints. Preliminary prescribing patterns for
dabigatran suggest that patients (a) with difficulty complying with warfarin, (b) able to pay
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for dabigatran, and/or (c) who are treated by a cardiologist are more likely to receive
dabigatran [29]. Alternatively, it is certainly possible that pre-scribers are selecting
dabigatran as an alternative in patients who have had prior bleeding and/or thromboembolic
events under another prophylaxis strategy (either warfarin or antiplatelet therapy).
Nonetheless, the data available from the present analysis suggest largely similar
distributions of age, gender, thromboembolic risk (by CHADS2 and CHA2DS2-VASc
scores), and bleeding risk (by HAS-BLED score) between the two treatment groups.

Dosing of dabigatran was consistent across studies (150 mg bid), with the exception of a
lower dose in one international study [20]. The 110-mg dosing used in Kaseno et al. is not
approved in the USA, though it was tested in RE-LY and was non-inferior to warfarin for
the prevention of thromboembolism, with a lower risk of bleeding [5, 30]. In the Kaseno et
al. study, the outcomes were identical between the dabigatran and warfarin groups. Inclusion
of the Kaseno et al. study may have biased our treatment estimates to lower the risk of
bleeding. Using a lower dose of dabigatran at 110 mg bid could reduce bleeding
complications after PVI (potentially at the expense of thromboembolic events); however,
this hypothesis remains untested.

Our data are distinct from the subgroup analysis of the RE-LY trial that looked at
periprocedural bleeding in patients on dabigatran [31]. In that study, the vast majority of
patients were undergoing non-cardiac procedures (~90 %) and none had a catheter ablation.
Furthermore, all anticoagulants were interrupted—dabigatran was stopped at a mean of 49 h
prior to procedure, and warfarin was stopped at a mean of 114 h prior. There were
equivalent rates of bleeding and thromboembolic events between the two different doses of
dabigatran and warfarin in the RE-LY subgroup analysis. While the RE-LY data support the
safety and efficacy of interrupting dabigatran for invasive procedures (in comparison with
interrupted warfarin), our data support a dedicated study of dabigatran for periprocedural
anticoagulation in catheter ablation of AF.

The use of dabigatran as a periprocedural anticoagulant certainly has appeal for both patient
and provider. It has a predictable half-life in patients with normal renal function and thus
can be stopped shortly prior to the procedure. Similarly, it is quick in onset and therefore can
provide therapeutic anticoagulation effect within hours. Among patients on long-term
dabigatran for nonvalvular AF, continuing dabigatran rather than transitioning to warfarin
periprocedurally may avoid significant logistical challenges. Our data suggest that the “ease
of use” of dabigatran must be weighed against a potential for more adverse events.
Ultimately, this choice requires consideration of the circumstances unique to each ablation
center and each patient being taken to the lab. The data support careful attention to the
implementation of dabigatran before and after PVI, and some clinicians may choose to avoid
this agent in patients undergoing PVI who are at high risk of thromboembolic events, in
favor of warfarin.

Lastly, dabigatran represents the first of several novel oral anticoagulants emerging as
alternatives to warfarin for the prevention of stroke or systemic embolism in patients with
non-valvular AF [32]. Both rivaroxaban and apixaban are approved for this indication in the
USA; however, there remain no data comparing either agent to warfarin following PVI. Due
to differences in pharmacodynamics, mechanism of action, metabolism, and dosing, the
results of the present analysis cannot be extrapolated to other novel anticoagulants.
However, given the risks associated with suboptimal anticoagulation following PVI,
prospective, randomized clinical trials are needed to address the safety and efficacy of all
novel oral agents relative to uninterrupted warfarin. We would advocate for multicenter,
broadly applicable trials, with meaningful clinical endpoints, performed using contemporary
AF ablation techniques.
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5 Limitations
This meta-analysis has several limitations. First, the treatment groups were not randomized.
While attempts were made at matching similar patients in most studies, patient-level data are
not available and it is likely that residual confounding is present. Second, three of the
included studies have only been published in abstract form. While they each met the
inclusion and exclusion criteria, complete data were not available despite attempts to contact
the authors. Lastly, the present analysis included a relatively small number of studies.
However, this represents the entirety of comparative data available with regard to the
periprocedural use of dabigatran in PVI. Therefore, some caution should be exercised when
generalizing these data.

6 Conclusions
Periprocedural anticoagulation with either warfarin or dabigatran is associated with a low
risk of major adverse events in AF ablation. The use of dabigatran for periprocedural
anticoagulation may be associated with a slightly higher risk of neurological events
compared with uninterrupted warfarin. Additional, randomized data are needed to
definitively assess the safety and efficacy of dabigatran, and other novel oral anticoagulants,
for thromboem-bolism prevention during and after PVI.
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Appendix
Table 4

Sensitivity meta-analysis after excluding studies where low-molecular weight heparin
bridging was used

Estimated differences
in rates (Dabigatran–
warfarin)

95 % confidence
interval

Any neurological event 0.0022 −0.0010, 0.0071

Major bleeding 0.0016 −0.0079, 0.0120

Cardiac tamponade 0.0032 −0.0045, 0.0119

Composite 0.0040 −0.0061, 0.0152
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Fig. 1.
PRISMA diagram of meta-analysis to identify studies [8]. PRISMA Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
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Fig. 2.
Combined rates of raw outcomes across studies, with estimated absolute risk differences and
forest plot of outcomes. Composite outcome includes any major bleeding or neurological
event. Reported as total numbers of events (percent) for raw outcomes
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