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Challenges and limitations of VKAs 

Anticoagulation 
reversal may not 
improve outcomes 

Narrow therapeutic 
window, requiring 
frequent monitoring 

Subject to 
multiple food 
and drug 
interactions 

Variability in dose 
response between 
individuals 

Slow onset and 
offset of action 

VKAs have 
many well-

documented 
limitations 

Risk of haemorrhage 
(particularly ICH) is high, 
and outcomes are poor 

Adapted from Connolly SJ et al. Circulation 2007;116:449–55 
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  Group 1: Ablation with an 8-mm catheter off warfarin 
  Group 2: Ablation with an open irrigated catheter off warfarin  
  Group 3: Ablation with an open irrigated catheter on warfarin 
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Periprocedural Stroke and Management of Major Bleeding 
Complications in Patients Undergoing AF Catheter Ablation  

The Impact of Periprocedural Therapeutic INR 

Di Biase et al. Circulation 2010; 121: 2550-6  
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Pericardial Effusion Management  



Santangeli P et al. Circ Arrhythm Electrophysiol. 2012;5:302-311  
 

Periprocedural ischemic stroke/TIA in AF ablation on 
&off warfarin 



Major bleeding / cardiac tamponade in AF ablation on 
& off warfarin 

The results of the present study provide consistent evi-
dence that CW is superior to DW in terms of periprocedural
thromboembolic protection. The findings were robust be-
cause they were not affected by all the prespecified sensitivity
analyses. Overall, a total of 4 strokes in the CW group were
reported in 2 studies.7,14 Three of these events occurred in the
study by Hussein et al,7 which considered acceptable an
international normalized ratio of !1.8 (1 patient with stroke
had an international normalized ratio of !1.8), and 1 was
reported by Schmidt et al,14 who allowed patients to begin
therapy with warfarin only 3 days before the scheduled
procedure. Although all other studies required long-term
therapy with warfarin in the CW group, it is important to
emphasize that the antithrombotic effect of warfarin is not
present until approximately the fifth day of therapy because
of the long half-life of prothrombin ("50 hours). Moreover,
in the first few days of therapy, warfarin may also paradox-

ically increase the risk of thrombosis because of the rapid
decline in the concentration of protein C.20

The present results may even underestimate the real benefit
of CW in preventing periprocedural thromboembolism if a
standardized anticoagulation protocol with long-term thera-
peutic warfarin were adopted in all studies. Notably, the
baseline thromboembolic risk of patients undergoing AF
ablation with CW was consistently higher than that of
patients in the DW group (Table 2), which further supports
the benefit of CW versus DW. The impact of CW on top of
other strategies capable of reducing the risk of periprocedural
thromboembolism, such as withdrawal of the transseptal
sheaths in the right atrium, merits further investigation.

With regard to bleeding events, the primary analysis did
not show a significant difference in the rates of major
bleeding complications between CW and DW. Most of these
events were cardiac tamponades, and a separate analysis for

Figure 3. Plots showing individual and
pooled event rates and OR (95% CI) for
major bleeding complications and sepa-
rately for cardiac tamponade, comparing
CW with DW plus heparin bridging. In the
case of studies with a 0 cell count, the
OR statistic used a continuity correction
adjustment for normal approximation of
the binomial distribution (continuity cor-
rection factor, 0.5). OR indicates odds
ratio.

Figure 4. Plot showing individual and pooled event
rates and OR (95% CI) for minor bleeding compli-
cations, comparing CW with DW plus heparin
bridging. OR indicates odds ratio.
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Minor bleeding in  pts with & without periprocedural 
bridging with LMWH 

this outcome provided similar results. A careful appraisal of
event rates within included studies, however, showed signif-
icant heterogeneity. The pooled CI of the risk of major
bleeding was wide (0.31–1.56), and the upper CI limit did not
allow safe exclusion of an increased bleeding risk with CW
across all patients in the included studies.

Subgroup analyses showed that intraprocedural monitoring
with ICE was an important modulator of the bleeding risk
associated with CW. Pooled analysis of studies adopting ICE
showed a statistically significant reduction of major bleeding
complications driven by a reduction of cardiac tamponade in
the CW group. On the other hand, CW tended to increase the
risk of major bleeding events when ICE monitoring was not
adopted. Although the results of these subgroup analyses
should be interpreted with caution, the findings support that
major bleeding complications due to cardiac tamponade are
not increased by CW when ICE is used (upper CI limit, 0.81;
range of upper CI limits excluding each study in turn,
0.55–1.10). In this regard, the use of ICE may be of
significant value in less-experienced centers, especially when
a CW strategy is implemented, although it necessitates
additional expertise and increases the cost of the procedure.

With regard to the management of major bleeding compli-
cations, most studies adopted therapeutic warfarin reversal
with either fresh frozen plasma or infusion of prothrombin
complex concentrate on top of heparin reversal with prota-
mine. The need for fresh frozen plasma and prothrombin

complex concentrate, although a potential disadvantage, is
greatly mitigated by the reduced risk of stroke/TIA.

Minor bleeding complications were also reduced by CW.
However, in this case the benefit was driven by a consider-
able increase of minor bleeding events in the DW arm of
studies adopting preoperative bridging with low-molecular-
weight heparin. On the other hand, the latter finding further
argues against the convenience of DW versus CW.

Strength of the Evidence
The main issue that arises from the present analysis is
whether it provides sufficient evidence to change the current
practice.1–3 A key objection is that the findings are based on
nonrandomized studies. To the best of our knowledge, how-
ever, no randomized study has demonstrated the effectiveness
of DW with heparin bridging in the setting of catheter
ablation of AF, yet this strategy is recommended and widely
accepted.

Another point is whether a randomized trial to demonstrate
thromboembolic protection with CW compared with DW is
feasible. When the risks of events are small, as is the case for
periprocedural thromboembolism, large observational studies
may provide relevant findings difficult to replicate in ran-
domized trials. The pooled event rate in the DW group was
0.94%, and a randomized trial with an adequate power (90%,
!!0.05) to demonstrate a thromboembolic protection of CW
would need to enroll 3130 patients. In our view, such a trial

Figure 5. Subgroup analyses. A, Forest plot showing the individual and pooled OR (95% CI) of major bleeding events, comparing CW
with DW plus heparin bridging according to the use of ICE. CW may reduce the risk of major bleeding due to cardiac tamponade when
ICE is used. B, Evidence that preprocedural bridging with low-molecular-weight heparin increases the risk of minor bleeding. CW indi-
cates continuous warfarin; DW, warfarin discontinuation; ICE, intracardiac echography; LMWH, low-molecular-weight heparin; OR, odds
ratio.
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on a computed tomography or magnetic resonance imaging, it was 
defined as a stroke. Stroke and TIA diagnoses were performed by a 
neurologist who was blinded to the patient’s group assignment. The 
diagnoses of peripheral embolic events or deep venous thrombosis 
were performed by other physicians blinded to the group assignment.

Major bleeding was defined as the occurrence of cardiac tampon-
ade or hemopericardium requiring intervention, causing symptoms, 
or requiring transfusion; hematoma requiring intervention; massive 
hemoptysis; hemothorax; and retroperitoneal bleeding.

Minor bleeding complications were defined as the occurrence of 
hematoma or any bleeding that did not require any intervention or did 
not cause any symptoms.

Our definitions are in accordance with the recently published 
Bleeding Academic Research Consortium ones.9,10

Statistical Analysis
The incidence of thromboembolic events during 48 hours after abla-
tion was the primary end point of the study.

An earlier prospective study from our group reported a 0.9% 
thromboembolic event rate in patients who discontinued warfarin and 
none in patients on continuous warfarin.5

Considering a 5% type I error rate and 80% power, 1560 patients 
were required to capture a 1% difference in the thromboembolic inci-
dence. The present study enrolled 1584 patients: 790 assigned to dis-
continued warfarin (group 1) and 794 to continuous warfarin (group 2).

Continuous data are described as mean±SD; categorical data, as 
counts and percents. The Student t test and χ2 test (Fisher exact for 
cell value <10) were used to compare differences across groups. A 
multivariable logistic model was used to identify significant predic-
tors of periprocedural thromboembolic events. Potential confounders 
were entered into the model on the basis of known clinical relevance 
or significant association observed in univariate analysis. Controlling 
variables used in the model were age, left atrial diameter, left ven-
tricular ejection fraction, cardioversion, history of coronary artery 
disease, and CHADS2 score.

The CHADS2 score was entered into the logistic model as a con-
tinuous variable. Tests were run to examine the presence of multicol-
linearity of the covariates. The discriminative ability of the models 
in predicting periprocedural thromboembolism was assessed by C 
statistics and receiver-operating characteristic curve. The odds ratio 
(OR) and 95% confidence interval (CI) were computed for periproce-
dural thromboembolism. All tests were 2 sided, and a value of P<0.05 
was considered statistically significant. Analyses were performed 
with SAS 9.2 (SAS Institute Inc, Cary, NC).

Results
Patient Characteristics
A total of 1584 patients presenting with AF at the participating 
centers between December 2009 and December 2012 were 
enrolled in the study. Patients were randomly assigned to the 
anticoagulation strategy of warfarin discontinuation before 
the procedure (group 1, n=790) or to undergo the procedure 
with continuous warfarin (group 2, n=794; Figure 1).

The baseline characteristics and risk factors were well bal-
anced between the 2 groups. In group 1, the average age was 
61±10 years; 76% were male; 29% had paroxysmal AF; 22% 
had persistent AF; 49% had long-standing persistent (LSP) 
AF; the left atrial size was 44.8±7 mm; and the left ventricular 
ejection fraction was 53±12%.

Patients in group 2 were 62±12 years of age; 74% were 
male; 25% had paroxysmal AF; 24% had persistent AF; 51% 
had LSP AF; the left atrial size was 45.1±7 mm; and the left 
ventricular ejection fraction was 52±13%.

In group 1, 561 patients (71%) had a CHADS2 score ≥2 
compared with 588 (74%) in group 2 (P=0.17). Fifty-five 

patients (7%) had a history of previous stroke or TIA in group 
1 compared with 64 patients (8%) in group 2 (P=0.41). The 
baseline parameters are presented in Table 1.

Transesophageal echography was performed on the day 
before or on the day of the procedure for all patients in 
group 1 and only in 20% of patients in group 2 because of a 

Figure 1. Study design showing the enrollment and follow-up of 
study patients. TE indicates thromboembolic; and TIA, transient 
ischemic attack.

Table 1. Baseline Characteristics

Group 1  
(Off Warfarin; n=790)

Group 2  
(On Warfarin; n=794) P Value

Male, n (%) 602 (76) 590 (74) 0.40

Age, y 61±10 62±12 0.07

AF type, n (%)

  Paroxysmal 229 (29) 200 (25) 0.23

  Persistent 174 (22) 189 (24)

  LSP 387 (49) 405 (51)

CAD, n (%) 182 (23) 206 (26) 0.18

Hypertension, n (%) 640 (81) 660 (83) 0.27

CHF, n (%) 118 (15) 136 (17) 0.23

Diabetes mellitus, n (%) 302 (38) 318 (40) 0.46

Prior stroke/TIA, n (%) 55 (7) 64 (8) 0.41

CHADS2 score, n (%)

  1 229 (29) 206 (26) 0.19

  2 268 (34) 284 (36)

  3 170 (22) 152 (19)

  4 94 (12) 101 (13)

  ≥5 32 (4.1) 48 (6.0)

LVEF, % 53±12 52±13 0.11

LA diameter, mm 44.8±7 45.1±7 0.43

Fluoroscopy time, min 68±29 70±32 0.19

Radiofrequency time, min 76±44 77±36 0.60

Procedure time, min 170±82 168±71 0.62

There were no significant differences (P<0.05) between the 2 groups. AF 
indicates atrial fibrillation; CAD, coronary artery disease; CHF, congestive heart 
failure; LA, left atrial; LSP, long-standing persistent; LVEF, left ventricular 
ejection fraction; and TIA, transient ischemic attack. 

Di Biase et al. Circulation. 2014;129:2638-44 
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Compare Trial 
Periprocedural TE and bleeding complications: 



Compare Trial 
Relative risk for different categories: 

Di Biase et al. Circulation. 2014;129:2638-44 



  At present, for patients on OAC with VKA, we recommend undertaking catheter 
ablation of AF on continuous anticoagulation. Anticoagulant therapy should be 
kept at low therapeutic levels (such as an INR of 2 to 2.5) throughout ablation. 
Such a regimen may help to reduce periprocedural strokes, possibly including 
silent cerebral infarcts 

There are currently no controlled data on the risk-benefit profile of catheter 
ablation on uninterrupted NOACs.  



AF Catheter ablation  
Periprocedural Anticoagulation protocols using NOACs 

Summary:  

Discontinuation of NOAC without peri-operative bridging with 
LMWH 

 
Pre-operative discontinuation of NOAC, bridging with LMWH, and 
subsequent resumption of NOACs without bridging; 

 
Ablation performed without NOAC discontinuation;  

 
Discontinuation of NOAC and bridging with VKA.  



Recommendations for stopping and starting NOACs after AF 
ablation procedures 

•  Limited available data. 

•  Recommend strategy of bridging and restarting of NOACs. 

•  A too aggressively shortened periprocedural cessation of NOACs and/or 
no bridging may be less safe when compared to continued VKA 
administration and ablation under an INR between 2.0 and 3.0, both 
concerning bleeding and cardioembolic complications. 

Europace 2013; 15: 625–651  



in all of the remaining patients. Dabigatran 110 mg bid was used in 22
patients before and 17 patients after the procedure. The 150 mg bid
dosage was used in all of the remaining patients.

In a small percentage of patients, the NOACs were suspended
earlier (4–5 days before the procedure) than described in Figure 1
(12 patients treated with dabigatran and 17 patients treated with

rivaroxaban). This occurred due to physician’s preference in the
first months of utilization, in procedures that were anticipated to
havehighercomplexity, and inpatientswith compromised renal func-
tion. Despite the small number of patients in this situation, a similar
efficacy and safety profile was found in this subset.

Some differences were found atbaseline among the three different
treatment groups (Table 1). Patients treated with VKA and rivaroxa-
ban only differed in terms of age (a 3-year difference, with VKA
patients being older). Patients treated with rivaroxaban were
similar at baseline when compared with those treated with dabiga-
tran, except for a lower bleeding risk (HAS-BLED) in the dabigatran
group. Differences at baseline were more pronounced in the VKAvs.
dabigatran comparison: higher prevalence of persistent AF, older
patients, higher body mass index, higher thrombo-embolic and
bleeding risk, more hypertensive patients, and lower baseline
haemoglobin in the VKA group.

No differences were found concerning the use of antiplatelet
agents before and after the procedure (Table 2). All patients
treated with VKA before the ablation performed bridging therapy
with subcutaneous heparin (mainly calcium heparin). However, in
patients suspending rivaroxaban (n ¼ 27) and dabigatran (n ¼ 46)
24 h or less before the procedure, no subcutaneous heparin bridging
was performed. The differences found in the concomitant use of sub-
cutaneous heparin in the different groups are explained by the differ-
ent half-life of the three agents and consequently the timing of
interruption before the procedure.
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Figure 2 Evolution of the type of anticoagulants used at the
arrival of our centre from October 2012 to September 2013 in
patients admitted for AF ablation. VKA, vitamin K antagonists.
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Table 1 Baseline overall sample and characterization of each treatment group

Overall
(n 5 556)

VKA
(n 5 192)

Rivaroxaban
(n 5 188)

Dabigatran
(n 5 176)

Overall
P

Subgroup comparisons

Paroxysmal AF 61.2% (340) 52.6% (101) 63.3% (119) 68.2% (120) 0.007 VKA vs. dabigatran

Age 61.0+9.5 62.9+8.3 60.1+9.9 59.8+9.8 0.002 VKA vs. dabigatran, VKA vs.
rivaroxaban

Female gender 25.4% (141) 26.0% (50) 26.1% (49) 23.9% (42) 0.859

Body mass index 27.6+4.4 28.3+4.6 27.3+4.2 27.2+4.5 0.031 VKA vs. dabigatran

CHADS2 0.8+0.9 0.9+1.0 0.8+1.0 0.5+0.8 0.001 VKA vs. dabigatran

CHA2DS2-VASc 1.5+1.3 1.8+1.4 1.5+1.3 1.2+1.2 0.001 VKA vs. dabigatran

HAS-BLED 1.0+0.9 1.1+0.9 1.0+0.9 0.7+0.8 0.001 VKA vs. dabigatran,
rivaroxaban vs. dabigatran

Hypertension 39.6% (220) 49.0% (94) 39.4% (74) 30.1% (53) 0.001 VKA vs. dabigatran

Diabetes mellitus 8.8% (49) 10.9% (21) 9.0% (17) 6.3% (11) 0.282

Previous stroke of TIA 9.4% (52) 10.4% (20) 11.2% (21) 6.3% (11) 0.225

Glomerular filtration rate
(Cockroft–Gault)

74.3+23.7 73.6+27.3 74.1+20.9 75.3+22.3 0.783

Baseline C-reactive protein
(mg/L)

3.7+5.2 3.6+4.7 4.0+5.8 3.4+5.1 0.637

Baseline haemoglobin (g/dL) 14.7+1.3 14.6+1.3 14.7+1.2 15.0+1.2 0.029 VKA vs. dabigatran

Indexed left atrial volume
(mL/m2)

45.7+16.5 47.6+17.1 45.3+18.1 44.1+13.9 0.172

Left ventricular ejection
fraction (%)

62.4+8.7 61.6+10.2 61.9+8.3 63.9+7.0 0.125

VKA, vitamin K antagonists; AF, atrial fibrillation; TIA, transient ischaemic attack.
Reference values for haemoglobin: 13.5–17.5 g/dL; C-reactive protein: ,3.00 mg/L.
The observed differences were significant for the following subgroup comparisons: VKA vs. dabigatran; VKA vs. rivaroxaban; Rivaroxaban vs. dabigatran.
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During a 12-month time interval, the use of the NOACs 
in this population rose from <10 to 70%. 



Safety and efficacy of dabigatran etexilate during catheter 
ablation of atrial fibrillation:  
A meta-analysis of the literature  

Hohnloser et al.  Europace 2013; 15: 1407–1411  

Thrombo-embolic events:  
Study or Subgroup
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Figure 3 Minor bleeding.
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Figure 2 Major bleeding.
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Figure 1 Thrombo-embolic events.

S.H. Hohnloser and A.J. Camm1410

A total of 3648 patients were included: 2241 were receiving warfarin and 1407 dabigatran 



Safety and efficacy of dabigatran etexilate during catheter 
ablation of atrial fibrillation:  
A meta-analysis of the literature  
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Figure 3 Minor bleeding.
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Figure 1 Thrombo-embolic events.
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Hohnloser et al.  Europace 2013; 15: 1407–1411  



  There is limited experience with dabigatran and other NOACs for peri-procedural 
management of anticoagulation in patients undergoing ablation for AF. 

  Although meta-analysis of 10, mainly observational, studies found no statistically 
significant difference in the rates of thromboembolic events and major and minor 
bleeding between patients managed on dabigatran compared with warfarin, this 
meta-analysis has not enough power to firmly establish the efficacy and safety 
of dabigatran in the setting of catheter ablation of AF.  

  This implies the need for a well-designed large-scale clinical trial to firmly establish 
the safety (and possibly the efficacy) of dabigatran (and other NOACs) in the setting 
of AF ablation.  

Safety and efficacy of dabigatran etexilate during catheter 
ablation of atrial fibrillation:  

a meta-analysis of the literature  

Hohnloser et al.  Europace 2013; 15: 1407–1411  

Conclusions:  



 Risk of Thrombo-embolic events 

daily dose is also approved and commonly prescribed. So a
sensitivity analysis was performed with only United States
studies. The results for stroke or TIA and major bleeding
were consistent with our primary analysis. A significantly
higher risk of stroke or TIA was observed with dabigatran
compared with warfarin (POR 3.58, 95% CI 1 .32 to 9.70) in
the United States population. A consistent high risk for
stroke or TIA with dabigatran was observed in most of our
important sensitivity analysis: studies published as full-text
reports, studies with low or intermediate risk of bias,
observational studies only, studies with follow-up of at least
30 days, studies with interrupted dabigatran therapy, and
studies with bridging low-molecular-weight heparin (Sup-
plementary Table 2, online only). Sensitivity analyses for
major bleeding showed a comparable bleeding risk with
dabigatran and warfarin in all subgroup analyses (data not
shown). Sensitivity analyses by sequentially dropping each
individual study and evaluating the overall outcomes failed

to identify any of the individual studies as having influenced
the outcomes to a significant extent, and the results were
concordant with the overall analyses (Supplementary
Figure 6, online only).

There was no evidence of small-study effects (publica-
tion bias) by visual inspection of funnel plots (Supplemen-
tary Figure 7, online only) and by Egger’s test.

Discussion

Ourmeta-analysis revealed important but sparse data on the
efficacy and safety of using periprocedural dabigatran during
catheter ablation for AF. Our analysis of 5,513 patients un-
dergoing catheter ablation, from 18 mainly observational
studies, the largest series so far, showed a significantly higher
risk of stroke or TIA and also of all thromboembolic compli-
cations with dabigatran compared with warfarin. These results
did not show any statistical heterogeneity, and a consistently

Figure 3. Risk of thromboembolic complications with periprocedural dabigatran compared with warfarin in patients with AF. Squares represent the Peto odds
ratios, and lines represent the 95% confidence intervals for individual studies. The diamond represents the pooled Peto odds ratio and 95% confidence interval.

Figure 2. Risk of stroke or TIA with periprocedural dabigatran compared with warfarin in patients with AF. Squares represent the Peto odds ratios, and lines
represent the 95% confidence intervals for individual studies. The diamond represents the pooled Peto odds ratio and 95% confidence interval.
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 Limitations:  

•  Observational studies  

•  Differences in the study protocol, definitions for safety and 
efficacy outcomes, and baseline characteristics of the patients. 

•  Reported incidence of a few of our outcomes was very low, and 
some of our results showed wide CI 

 
•  The higher incidence of stroke or TIA with dabigatran might be 

observed by chance in our analysis indicated also by study 
sequential analyses for a 150% POR increase.  

 



Mean intraprocedural activated clotting time (ACT) 
measurements throughout the pulmonary vein isolation 

procedure.  

Bassiouny M et al. Circ Arrhythm Electrophysiol 2013;6:460-466 



Feasibility & Safety of Uninterrupted Rivaroxaban for Periprocedural 
Anticoagulation in Patients Undergoing Radiofrequency Ablation for 
Atrial Fibrillation: Results from a Multicenter Prospective Registry 

Lakkireddy D et al. J Am Coll Cardiol 2014, doi: 10.1016/j.jacc.2013.11.039  



Comparision of rivaroxaban versus warfarin 
in patients undergoing AF catheter ablation 

Thromboembolic events: 

Aryal et al. Am J Cardiol 2014;114:577-582  
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Aryal et al. Am J Cardiol 2014;114:577-582  



Comparision of rivaroxaban versus dabigatran 
in patients undergoing AF catheter ablation 

Major bleeding 
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window gap in which patients are at a higher risk of stroke/TIA while
continued warfarin therapy avoids that gap.

On the contrarian side, it was suggested in a retrospective study that
use of open irrigated tip radiofrequency catheters together with
interrupted OAC and bridging with heparin had equal thrombo-embolic
events as uninterrupted OAC and that the interrupted approach for
anticoagulation provides better outcomes of major bleeding episodes es-
pecially in the case of neworal anticoagulantswith no established revers-
ing agent [18].

Cardioversion trials included in this analysis had patients on uninter-
rupted anticoagulation strategy and trans-esophageal echocardiograms
were sometimes done in certain occasions prior to the procedure. Of the
few studies that compared the use of rivaroxaban to VKA in cardioversion
and in ablation, only two were randomized trials while the rest were ob-
servational. The recently published randomized trial (X-VERT) showed
equal thrombo-embolic and bleeding events between rivaroxaban and
warfarin in cardioversion. It also showed that rivaroxabanwas associated
with a significantly shorter time to cardioversion compared to warfarin

suggesting an equally safe and more rapidly efficacious anticoagulant ef-
fect [5].

The aim of anticoagulant therapy in the peri-procedural period is to
achieve optimal anticoagulation to decrease thrombo-embolic events
without significantly increased bleeding events. The necessity of
anticoagulation periablation arises from an increased risk of thrombo-
embolism due to a perceived prothrombotic state which is mediated
through activation of clotting cascade and atrial stunning early after
AF ablation [34]. This is of grave importance especially with NOACs
which don't have a known antidote that is FDA approved yet. Most of
the included trials managed bleeding with rivaroxaban conservatively.
However it is important to note that surgical management of large peri-
cardial effusion is sometimes needed. There are reports that suggest
that prothrombin complex concentrates and activated prothrombin com-
plex concentrates can reverse the anticoagulant effects of rivaroxaban [35,
36].

Given the low incidence of thrombo-embolic complications in abla-
tion and cardioversion procedures, a randomized trial to compare

Fig. 2. Primary outcomes of interest; stroke and major bleeding.

349R. Nairooz et al. / International Journal of Cardiology 187 (2015) 345–353

Meta-analysis of risk of stroke and thrombo-embolism with 
rivaroxaban vs VKA in ablation and cardioversion of AF  

Nairooz et al. Int J Cardiol 2015;187: 345–53  
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Meta-analysis of risk of stroke and thrombo-embolism with 
rivaroxaban vs VKA in ablation and cardioversion of AF  
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Feasibility and safety of uninterrupted peri-procedural 
apixaban administration in pts undergoing AF ablation  

 
Complication n (%)  Apixaban 

(N=200)  
Warfarin 
(N=200)  

p-
value  

Major Bleeding Complications  2 (1.0)  1 (0.5)  1.0  
Early Pericardial effusion  1 (0.5)  1 (0.5)  1.0  
Delayed Pericardial effusion  1 (0.5)  0 (0)  1.0  
Minor Bleeding Complications  7 (3.5)  5 (2.5)  0.56  
Pericardial Effusion w/out Tamponade and no clinical relevance  3 (1.5)  2 (1.0)  1.0  
Groin Hematoma  3 (1.5)  2 (1.0)  1.0  
Other  1 (0.5)  

(GI bleeding)  
1 (0.5) 

(Hematuria)  1.0  
Total Bleeding Complications  9 (4.5)  6 (3.0)  0.43  
Thromboembolic complications (TIA/Stroke)  0  0  __  
Composite of bleeding and embolic complications  9 (4.5)  6 (3.0)  0.43  

Di Biase et al. H. Rhythm Published online: Feb 26, 2015  



Feasibility and safety of uninterrupted peri-procedural 
apixaban administration in pts undergoing AF ablation  

 

Di Biase et al. H. Rhythm Published online: Feb 26, 2015  
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Novel oral anticoagulants in a real-world cohort
of patients undergoing catheter ablation of atrial
fibrillation
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Andreas Bollmann, Arash Arya, Christopher Piorkowski, and Gerhard Hindricks
Department of Electrophysiology, University of Leipzig, Heart Center, Strümpellstrasse 39, 04289 Leipzig, Germany
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Aims Experiences with novel oral anticoagulants (NOACs) early after atrial fibrillation (AF) catheter ablation are limited and
show controversial results. We aimed to assess the longer-term safety, efficacy, and acceptance of NOACs in a large real-
world cohort of patients presenting for AF catheter ablation.

Methods
and results

From July 2010 until June 2012, 259 patients undergoing AF catheter ablation were prospectively included. Novel oral
anticoagulants were given for at least 3 months post-ablation. Clinical outcome (stroke, thromboembolic events,
major bleeding), adverse effects, and drug adherence were assessed at discharge and follow-up. On admission patients
were presented with a variety of anticoagulants including 54 patients (21%) already on NOACs prior ablation. After ab-
lation 38% of patients received dabigatran 110 mg, 56% 150 mg, and 6% received rivaroxaban 20 mg. There were four
periprocedural thromboembolic and major bleeding complications (1.5%), all in patients without NOACs prior ablation
(twoonwarfarin and twoonheparin).During long-term follow-up [311 (199; 418)days]no stroke, systemicembolism, or
major haemorrhage could be observed. Uneventful electrical cardioversions and reablation procedures were performed
in 27 and 12 patients on dabigatran, respectively. Novel oral anticoagulants were prematurely stopped or switched to
another anticoagulant due to side effects or at the preference of the treating general practitioner in 9 and 10 patients,
respectively.

Conclusion In this prospective observational study, anticoagulation with NOACs following AF catheter ablation was safe and effective
at long-term follow-up. Fast onset of action makes NOACs especially attractive in patients without effective anticoagula-
tion on admission and in patients following periprocedural complications.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Anticoagulation † Atrial fibrillation † Catheter ablation † Novel anticoagulants † Dabigatran † Rivaroxaban

Introduction
Patients undergoing catheter ablation for atrial fibrillation (AF) face
an increased stroke hazard during and early after catheter ablation,
irrespectiveof the underlying individual thromboembolic risk.There-
fore, meticulous care should be paid to intra- and post-procedural
anticoagulation. Several non-randomized studies suggest that cath-
eter ablation should be performed under continuation of oral antic-
oagulation (OAC) with vitamin K antagonists (VKAs) due to fewer
thromboembolic and bleeding complications as compared with a
bridging regimen with low-molecular-weight heparin (LMWH).1 –3

However, a significant numberof patients are not adequately anticoa-
gulated when presenting for catheter ablation.

Recently, novel oral anticoagulants (NOACs) have been approved
for stroke risk reduction in patients with non-valvular AF. In
Germany, dabigatran has been approved as the first NOAC in
August 2011 and rivaroxaban in December 2011. Potential advan-
tages of NOACs arise from their fast onset of action making bridging
with LMWH unnecessary. However, lack of an antidote raises con-
cerns about potentially increased bleeding rates in case of complica-
tions or invasive procedures. Post hoc analyses of the RELY trial
indicate similar rates of perioperative bleeding and thrombotic

* Corresponding author. Tel: +49 341 8651413; fax: +49 341 8651460, Email: charlotteeitel@gmx.de

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2013. For permissions please email: journals.permissions@oup.com.
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  Prospective study enrolling 259 patients undergoing AF catheter ablation. 
  Patients treated with warfarin and stable INR values before the procedure were excluded from 

the study  
  Patients already on NOACs or LMWH received their last dose the day before the ablation 

procedure. 
–   The last dose of dabigatran was given the evening before the procedure.  
–  The last rivaroxaban dose was given the day before the procedure in the morning.  

  After the ablation procedure, NOACs were started the same evening depending on the status 
of femoral puncture sites, otherwise LMWH was given (enoxaparin 0.5 mg/kg) and NOACs 
were started the day after the intervention.  

  Novel oral anticoagulants were given for at least 3 months post-ablation.  
  After ablation 38% of patients received dabigatran 110 mg, 56% 150 mg, and 6% received 

rivaroxaban 20 mg.  

Europace 2013; 15: 1587-1593 



Novel oral anticoagulants in a real-world cohort of patients 
undergoing catheter ablation of atrial fibrillation 

Results:  

Eitel C et al. Europace 2013; 15: 1587-1593 

During a mean follow-up of 311 days no stroke, systemic 
embolism, or major haemorrhage were reported. 

 
 
  No differences were observed in patients on dabigatran 150, 110 
mg, and on rivaroxaban with respect to premature discontinuation 
due to adverse effects. 





Different treatment regimens 
and timing of drug interruption 
and restart, as well as bridging 
heparin therapy. 

Providencia et al. Europace  Feb 2014  



Europace. 2014 Feb 18 



  The presence of controversial retrospective data with different anticoagulation protocols 
and the lack of randomized studies conducted on large patient populations suggest that, 
at this stage, a certain amount of caution should be exercised with regard to the use of 
dabigatran as a periprocedural antithrombotic therapy.  

 
Ablation of AF using uninterrupted warfarin seems to be the most appropriate strategy. 
Alternatively, discontinuation of NOACs 24 h before the procedure and their resumption 
a few hours after ablation to avoid the bridge with LMWH seems prudent.  

Further data from prospective randomized studies will be necessary to obtain a clearer 
picture on the periprocedural management of NOACs in patients undergoing AF ablation 
and, if appropriate, to propose these new drugs as alternatives to warfarin in 
electrophysiology laboratories.  

Europace 2013; 15: 1535–1537  



Dabigatran for Peri Procedural Anticoagulation during 
Radiofrequency Ablation of Atrial Fibrillation 

(DAPPARAF)  

•  Dabigatran 150 mg BID initiated at least one month prior to the ablation 
procedure until the day before ablation. On the day prior to ablation, 
patients will not take any Dabigatran, nor will any be taken on the day 
of ablation, until after sheath removal. 

 
•  Dabigatran will be started at same dose as before the ablation procedure 8 

hours post sheath removal and continued twice daily until 3rd month 
follow-up  

Estimated Enrollment: 200 
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randomized patients who took at least 1 dose of study drug (safety popu-
lation) and underwent CA. The safety population was used for the
primary safety analysis. The treatment-emergent period spanned the
time fromadministrationof thefirstdose until the lastdoseof studymedi-
cation plus 2 days. Statistical analyses were descriptive. All continuous
variables were expressed in terms of mean or median and standard devia-
tions. Categorical datawere expressedas numbers and percentages. Cat-
egorical group comparisons were made using the x2-test without
continuity correction. Two-sided probability values of ,0.05 were con-
sidered to be statistically significant. The SAS FREQ procedure was used
for confidence interval calculation. All analyses were performed using
SAS 9.2 (SAS Institute, Inc., Cary, NC, USA).

Results

Patient characteristics
A total of 291 adult patients with paroxysmal, persistent, or long-
standing persistent NVAF scheduled for elective CA at 46 sites
opened for enrollment in five countries (Belgium, France, Germany,
the UK, and the USA) were screened between February 2013 and
September 2014. Of them, 248 were randomized at 37 sites (ITT
population; mean of 6 patients per site), 244 received at least one
dose of the assigned study drug (safety population), 221 also under-
went CA (per-protocol population), 213 patients completed the
study, and no patient was lost to follow-up (Figure 1).

Baseline characteristics were not significantly different between
the two treatment groups (Table 1). The mean age was 59.6+10.2
(SD) years. The majority of patients were male, Caucasian and non-

Hispanic/Latino, and had paroxysmal AF (73.4%). The mean
CHA2DS2-VASc score was 1.6+ 1.3 and 40.7% of patients had a
history of having had at least 1 prior electrical cardioversion proced-
ure and 8.9% had a history of at least 1 prior CA procedure. Approxi-
mately 50% of patients were already taking rivaroxaban (21.0%) or
a VKA (29.4%) prior to randomization.

Anticoagulation management
The mean estimated compliance rate with rivaroxaban was 99.9+
7.1% (SD; n ¼ 123; minimum ¼ 57%). Only one patient had a
mean estimated compliance rate of ,60%, none were 60–79%,
and values for the remaining patients were .80%. The mean rivarox-
aban plasma concentration was 151+115 mg/L (n ¼ 103 patients in
the rivaroxaban arm of the study). After CA (i.e. during the primary
endpoint period), the majority of patients (79.8%) in the VKA treat-
ment group achieved therapeutic anticoagulation as defined by an
average INR value of 2.0 to 3.0 (the guideline-recommended and
protocol-preferred range). Most patients in the VKA treatment
group (87.2%) had an average after-ablation INR value within a
range that is likely more reflective of real-world clinical practice
(i.e. 1.8 to 3.2). On the day of ablation, the majority of patients
had average INR values of 2.0 to 3.0 or 1.8 to 3.2 (52.6 and 64.9%,
respectively).

All patients (100%) received heparin on the day of CA (Table 2). The
mean total unitsofheparin administered toachieve the targetACTrange
was 26% higher for patients in the rivaroxaban treatment group com-
pared with those in the VKA arm (13 871+6516 and 10 964+5912,
respectively; P , 0.001). The mean ACT level achieved was 9% lower

Figure 1 Patient disposition during the study.
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Uninterrupted rivaroxaban vs. uninterrupted
vitamin K antagonists for catheter ablation
in non-valvular atrial fibrillation
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Aims VENTURE-AF is the first prospective randomized trial of uninterrupted rivaroxaban and vitamin K antagonists (VKAs)
in patients with non-valvular atrial fibrillation (NVAF) undergoing catheter ablation (CA).

Methods
and results

Trial size was administratively set at 250, the protocol-specified target. Events were independently and blindly adjudi-
cated.Werandomlyassigned248NVAFpatients touninterrupted rivaroxaban (20 mgonce-daily) or to anuninterrupted
VKA prior to CA and for 4 weeks afterwards. The primary endpoint was major bleeding events after CA. Secondary end-
points included thromboembolic events (composite of stroke, systemic embolism, myocardial infarction, and vascular
death) and other bleeding or procedure-attributable events. Patients were 59.5+10 years of age, 71% male, 74% par-
oxysmal AF, and had a CHA2DS2-VASc score of 1.6. The average total heparin dose used to manage activated clotting
time (ACT) was slightly higher (13 871 vs. 10 964 units; P , 0.001) and the mean ACT level attained slightly lower (302 vs.
332 s; P , 0.001) in rivaroxaban and VKA arms, respectively. The incidence of major bleeding was low (0.4%; 1 major
bleeding event). Similarly, thromboembolic events were low (0.8%; 1 ischemic stroke and 1 vascular death). All events
occurred in the VKA arm and all after CA. The number of any adjudicated events (26 vs. 25), any bleeding events (21
vs. 18), and any other procedure-attributable events (5 vs. 5) were similar.

Conclusion In patients undergoing CA for AF, the use of uninterrupted oral rivaroxaban was feasible and event rates were similar
to those for uninterrupted VKA therapy.

Name of the
Trial Registry

Clinicaltrials.gov trial registration number is NCT01729871.
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Anticoagulation using the direct factor 
Xa inhibitor apixaban during Atrial 

Fibrillation catheter Ablation:  
Comparison to vitamin K antagonist therapy  

 
An Investigator-driven, Prospective, Parallel-group, 
Randomized, Open-label, Blinded Outcome 
Assessment (PROBE), Multi-centre Trial to 
determine the optimal anticoagulation therapy for 
patients undergoing catheter ablation of atrial 
fibrillation  
 



AXAFA Study Design 

12.09.2014 17 

• 630 patients, 50 centers (Europe and US) 

• primary outcome:  “net  clinical  benefit”  
composite of bleeding and ischemic events 

• brain MRI substudy in interested centers 

Vitamin K antagonist  
INR 2-3  
(INR controlled) 

Patients scheduled for 
catheter ablation of atrial 
fibrillation 
 
Patients receiving four weeks of 
anticoagulation prior to ablation  
or  
 
Patients undergoing 
transesophageal 
echocardiography without 
evidence for left atrial thrombi 
prior to ablation 

Apixaban  
5 mg bd (fix dose) 
2.5 mg bd as in label 
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Randomised Evaluation of dabigatran etexilate Compared to 
warfarIn in pulmonaRy vein ablation: assessment of an 
uninterrupted periproCedUral antIcoagulation sTrategy  

(The RE-CIRCUIT Trial)  
 

•  Primary objective of this trial is to assess the safety of an 
uninterrupted dabigatran etexilate periprocedural anticoagulant 
regimen compared to an uninterrupted periprocedural warfarin 
regimen in NVAF patients undergoing AF ablation in a PROBE 
(Prospective, randomized, open label, blinded end point) 
active controlled study.  

•  Secondary objectives are to assess a composite of safety and 
efficacy in this clinical setting. 
 

ClinicalTrials.gov: NCT02348723 
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3. DESCRIPTION OF DESIGN AND TRIAL POPULATION 

 OVERALL TRIAL DESIGN AND PLAN 3.1

This study is a PROBE, multicentre, active controlled trial and the primary clinical endpoint 
is being adjudicated by an IAC in a blinded fashion. 
 
Randomisation will be based on local laboratory results taken at the screening visit; however 
central laboratory samples must be taken at randomisation prior to first intake of study drug. 
 
Patients will be randomly assigned to 150 mg dabigatran etexilate b.i.d. or warfarin in a 1:1 
ratio and remain on this treatment for the duration of the trial. 
 
For details of drug administration see Section 4.1.4. 
 
The study plan is detailed in Figure 3.1: 1. 
 

 

Figure 3.1: 1 Treatment periods and treatment groups in the trial design 

The screening period will consist of one visit (Visit 1). The patients will be randomised at 
Visit 2. Screening and randomisation can be conducted on the same day. 
 
Pre-ablation period 
There will be a pre-ablation period of 4 to 8 weeks.  
 

724 pts planned in US, Europe and Japan   



While awaiting data from prospective trials, we recommend an 
institutional protocol for NOAC patients undergoing AF ablation. This 
may consist of: 
 

•  Changing patients to uninterrupted VKA,  
•  Uninterrupted NOAC therapy, 
•  Well-planned cessation of NOAC.  

Europace Aug 2015 



A number of factors should be considered for the timing of 
last intake, such as  

•  renal function,  
•  CHA2DS2-VASc risk of the patient,  
•  experience of the operator,  
•  type and extent of additional ablation beyond PVI, 
•  presence of peri-procedural imaging to guide 

transseptal puncture 
Europace Aug 2015 



•  Meta-analysis data indicate that a last intake of NOAC 24 h before the 
procedure is a viable strategy.  

•  Continued intake until the evening before the procedure or even the 
morning of the procedure seems to be equally safe, especially in 
experienced centres but more data are needed to make firm 
statements on the best strategy.  

•  When NOAC is last taken ≥36 h before the intervention, a TOE should 
be considered before ablation. 

Europace  Aug 2015 



•  During the ablation, IV heparin should be administered to achieve an 
ACT of 300 – 350 s. It seems reasonable to use the same target ACT 
levels for heparin titration in NOAC-treated patients as in patients on 
(uninterrupted) VKA. 

•  NOAC intake can be resumed a 3 -4 h after sheath removal if 
adequate haemostasis and the absence of pericardial effusion have 
been confirmed.  

Europace  Aug 2015 



During the ablation, IV heparin should be administered to achieve an ACT 
of 300 – 350 s. It seems reasonable to use the same target ACT levels 
for heparine titration in NOAC-treated patients as in patients on 
(uninterrupted) VKA, as has been done by many investigators. 
 It has been noted that even in patients in whom the last NOAC dose was 
given in the morning of the procedure, the total need for heparin was 
higher and the time to target ACT lasted longer than in uninterrupted VKA 
patients. This likely reflects a difference in whole blood coagulability 
rather than a direct interaction between NOACs and the ACT test.  
NOAC intake can be resumed a 3 – 4 h after sheath removal if adequate 
haemostasis and the absence of pericardial effusion have been 
confirmed  Europace  Aug 2015 


