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Challenges and limitations of VKAS =

-
Slow onset and Variability in dose
offset of action response between
individuals

Subject to : :
: Anticoagulation
multiple food
reversal may not
and drug

. : Improve outcomes
Interactions

Narrow therapeutic Risk of haemorrhage
window, requiring (particularly ICH) is high,
frequent monitoring and outcomes are poor

Adapted from Connolly SJ et al. Circulation 2007;116:449-55
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Periprocedural Stroke and Management of Major Bleeding
Complications in Patients Undergoing Catheter Ablation of
Atrial Fibrillation

The Impact of Periprocedural Therapeutic International Normalized Ratio
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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

Circulation 2010; 121: 2550-6



Periprocedural Stroke and Management of Major Bleeding
Complications in Patients Undergoing Catheter Ablation of
Atrial Fibrillation

The Impact of Periprocedural Therapeutic International Normalized Ratio
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Group 1 (n=2488), Group 2 (n=1348), Group 3 (n=2618), ™\P, Multiple Comparison Between
Complication n (%, 95% Cl) n (%, 95% Cl) n (%, 95% Cl) Group 3 and Groups 1 and 2

Stroke/TIA 27 (1.1, 0.72-1.58) 12 (0.9, 0.46-1.56) AL <0.05
Minor bleeding 498 (20, 18.3-21.9) 256 (19, 16.7-21.5) 105 (4, 3.3-4.9) <0.05
Major bleeding 10 (0.4, 0.19-0.74) 11 (0.8, 0.41%~1.46%) 10 (0.4, 0.18-0.70) =>0.05
Pericardial effusion 11 (0.4, 0.22-0.79) 11(0.8, 0.41-1.46) 12 (0.5, 0.24-0.80) >0.05

Circulation 2010; 121: 2550-6




Periprocedural Stroke and Management of Major Bleeding

Complications in Patients Undergoing AF Catheter Ablation
The Impact of Periprocedural Therapeutic INR

Group 1 (n=2488), Group 2 (n=1348), Group 3 (n=2618), P, Multiple Comparison Between
Complication n (%, 95% Cl) n (%, 95% Cl) n (%, 95% Cl) Group 3 and Groups 1 and 2

Stroke/TIA 27 (1.1, 0.72-1.58) 12 (0.9, 0.46-1.56) 0(0) <0.05

Minor bleeding 498 (20, 18.3-21.9) 256 (19, 16.7-21.5) 105 (4, 3.3-4.9) <0.05
Major bleeding 10 (0.4, 0.19-0.74) 11 (0.8, 0.41%~1.46%) 10 (0.4, 0.18-0.70) >0.05
Pericardial effusion 11 (0.4, 0.22-0.79) 11 (0.8, 0.41-1.46) 12 (0.5, 0.24-0.80) >0.05

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



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

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



Major bleeding / cardiac tamponade in AF ablation on
& off warfarin
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Santangeli P et al. Circ Arrhythm Electrophysiol. 2012;5:302-311



Minor bleeding in pts with & without periprocedural
bridging with LMWH |

Santangeli P et al. Circ Arrhythm Electrophysiol. 2012;5:302-311
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AF; the left atrial size was 44.
ejection fraction was 53+12%.

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

In group 1, 561 patients (71%) had a CHAD!
compared with 588 (74%) in group 2 (P=0.17)
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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 NOAC:s.



AF Catheter ablation

Periprocedural Anticoagulation protocols using NOACs

- 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.



Introduction

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



During a 12-month time interval, the use of the NOACs
in this population rose from <10 to 70%.

Baseline haemoglobin (g/dL)  14.7 + 1.3

Indexed left atrial volume 457 + 16.5
(mL/m?)

Left ventricular ejection 624 + 8.7

fraction (%)

VKA, vitamin K antagonists; AF, atrial fibrillation; TIA, transien
Reference values for haemoglobin: 13.5-17.5 g/dL; C-reactivs
The observed differences were significant for the following s

Providencia et al. Europace Feb 2014



Safety and efficacy of dabigatran etexilate during catheter

ablation of atrial fibrillation:
A meta-analysis of the literature

Lakkireddy 19 1.55[0.61, 3.90]
Maddox Not estimable

Nin .8% 2.92 [1.14, 7.48]
Snipielsky . 1.19[0.43, 3.25]
Yamaji . 0.67 [0.15, 3.09]

Total (95% CI) 1195 100.0% 0.95 [0.67, 1.35]

Total events 63
Heterogeneity: x> = 12.99, df =8 (P =0.11); I* = 38% 0.01 0.1 1
Test for overall effect: Z=0.28 (P =0.78) Favours Dabigatran Favo

Figure 3 Minor bleeding.

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

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



Safety and efficacy of dabigatran etexilate during catheter

ablation of atrial fibrillation:
A meta-analysis of the literature

Lakkireddy 12 145 . 1.55[0.61, 3.90]
Maddox 0 0 Not estimable

Nin 19 45 . 2.92[1.14, 7.48]
Snipielsky 6 31 . 1.19 [0.43, 3.25]
Yamaiji 2 106 . 0.67 [0.15, 3.09]

Total (95% CI) 1195 100.0% 0.95 [0.67, 1.35]

Total events 63
Heterogeneity: x* = 12.99, df =8 (P =0.11); I? = 38% 0.01 0.1 ]
Test for overall effect: Z=0.28 (P = 0.78) Favours Dabigatran Favo

Figure 3 Minor bleeding.

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



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

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 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.

Hohnloser et al. Europace 2013; 15: 1407—1411
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in patients with AF undergoing catheter ablauon

Methods

We searched the published literature from January 1,
2001 through July 30, 2013 using the following key words:
dabigatran, oral thrombin inhibitors, atrial fibrillation, and
ablation. PubMed, The Cochrane Library (Cochrane Data-
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in patients with AF undergoing catheter ablauon

Methods

We searched the published literature from January 1,
2001 through July 30, 2013 using the following key words:
dabigatran, oral thrombin inhibitors, atrial fibrillation, and
ablation. PubMed, The Cochrane Library (Cochrane Data-

studies that did not report clinic
contact the individual correspondi
details. -
Two reviewers (RN and PS) i
data from the eligible studies usi
lished protocol at PROSPERO,

racnluvad hia  Adiconcoian  unth  athar

Risk of stroke or TIA:

30 days, studies with interrupted dabigatran therapy, and
studies with bridging low-molecular-weight heparin (

, 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

tary Figu

efficacy :
catheter :
dergoing
studies, t
risk of st
cations w
did not s
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in p tients with \l undunmw ullulu nhl iion. excluded studies without a comparator group, and
studies that did not report clinical outcomes, we tried

Methods contact the individual corresponding authors for furt
details.

We searched the published literature from January 1,
2001 through July 30, 2013 using the following key words:
dabigatran, oral thrombin inhibitors, atrial fibrillation, and
ablation. PubMed, The Cochrane Library (Cochrane Data-

Two reviewers (RN and PS) independently extracted
data from the eligible studies using the standardized p
h\h(.d protocol at PR()SPI RO, and disagreements w

dvad o A 1Aan rth nthar muvact aatare

protocol, definitions for safety and
efficacy outcomes, and baseline characteristics of the patients.

Reported of a few of our outcomes was , and
some of our results showed wide CI

The higher incidence of stroke or TIA with dabigatran might be
In our analysis indicated also by study

. " .
sequential analyses for a 150% POR increase. A Cardiol 2014



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 1n Patients Undergoing Radiofrequency Ablation for
Atrial Fibrillation: Results from a Multicenter Prospective Registry

\
V

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



Comparision of rivaroxaban versus warfarin
in patients undergoing AF catheter ablation

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



Comparision of rivaroxaban versus wartarin
in patients undergoing AF catheter ablation

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



Comparision of rivaroxaban versus dabigatran
in patients undergoing AF catheter ablation

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



Meta-analysis of risk of stroke and thrombo-embol
rivaroxaban vs VKA in ablation and cardioversiol

Stroke: e *

few studies that compared the use of rivaroxaban to VKA in cardioversion cardial effusion is sometimes needed.
and in ablation, only two were randomized trials while the rest were ob- that prothrombin complex concentrates
servational. The recently published randomized trial (X-VERT) showed plex concentrates can reverse the antico:
equal thrombo-embolic and bleeding events between rivaroxaban and 36].

warfarin in cardioversion. It also showed that rivaroxaban was associated Given the low incidence of thrombc
with a significantly shorter time to cardioversion compared to warfarin tion and cardioversion procedures, ¢




Meta-analysis of risk of stroke and thrombo-embol
rivaroxaban vs VKA in ablation and cardioversiol

Major Bleeding:
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few studies that compared the use of rivaroxaban to VKA in cardioversion cardial effusion is sometimes needed. T
and in ablation, only two were randomized trials while the rest were ob- that prothrombin complex concentrates ai
servational. The recently published randomized trial (X-VERT) showed plex concentrates can reverse the anticoag
equal thrombo-embolic and bleeding events between rivaroxaban and 36].

warfarin in cardioversion. It also showed that rivaroxaban was associated Given the low incidence of thrombo-¢
with a significantly shorter time to cardioversion compared to warfarin tion and cardioversion procedures, a 1




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

Complication n (%) Apixaban | Warfarin p-
(N=200) (N=200) | 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
St (Gl lbggii)ing) (Hin(l(a)lil)ria) 10
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

Comparison Comgications between Patients on Apivaban

\pisaban Warfarin

INe 20 N 2Ol

Di Biase et al. H. Rhythm Published online: Feb 26, 2015
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oagulation (OAC) with vitamin K antagonists (VKAs) due to fewer cerns about potentially increased bleeding rates in cas
thromboembolic and bleeding complications as compared with a tions or invasive procedures. Post hoc analyses of
bridging regimen with low-molecular-weight heparin (LMWH)." 3 indicate similar rates of perioperative bleeding a

* 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.

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
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, 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

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

Eitel C et al. Europace 2013; 15: 1587-1593
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Different treatment regimens
and timing of drug interruption
and restart, as well as bridging
heparin therapy.

Providencia et al. Europace Feb 2014



|ntr0ducti0n the wide availability of these NOACs in preventive anticoag

treatment of patients that are currently being referred to cathets

Atrial fibrillation (AF) is the most frequent sustained arrhythmia in clin- lation of AF is currently unknown,
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In the last 10 years, catheter ablation has become an effective
therapeutic option for treatment of symptomatic and drug-
refractory AF. Nevertheless, this therapy may be associated with
complications, mainly thromboembolic events, cardiac tamponade,
and vascular complications. '3 Over the years, various antithrombo-
tic treatments for use either during or after the procedure have been
proposed to maximize protection against thromboembolic events
and to reduce the risk of bleeding. However, the lack of prospective,

for replacement of coagulation factors reduced by warfarin in add
ition to protamine for reversal of heparin.**

The availability of NOACs has opened up newanticoagulation pro
tocols during AF ablation. Given the rapid onset of action, these drug
have the potential advantage of not requiring any bridging witl
heparin in the immediate post-operative period. At the same time
however, the lack of an antidote makes it difficult to manage an

maijor bleeding. In the last 2 years, several retrospective analyse

The presence of controversial retrospective data with different anticoagulation protocols
and the lack of randomized studies conducted on large patient populations suggest that,

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.

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 Per1 Procedural Anticoagulation during
Radiofrequency Ablation of Atrial Fibrillatien
(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



VENTURE-AF

Rivaroxaban 20 mg OD Rivaroxaban 20 mg OD

g
S >
N=250 ks
2
c 30+ 5d
Study population: patients S _S £ i
with paroxysmal or persistent R 2 4 weeks ® follow up
NVAF scheduled to undergo 2
first ever catheter ablation for 5
their AF L
VKA (INR 2-3) “ VKA (INR 2-3)
Day 1 2 4 weeks > 8 weeks

Clinicaltrials.gov NCT01729871 Cappato et al. Eur Hart J May 2015
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Figure | Patient disposition during the study.

Cappato et al. Eur Hart J May 2015



VENTURE-AF

Cappato et al. Eur Hart J May 2015



VENTURE-AF: outcames
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Uninterrupted rivaroxaban vs. uninterrupted vitamin
K antagonists for catheter ablation in non-valvailar
atrial fibrillation

Name of the Clinicaltrials.gov trial registration number is NCT01729871.
Trial Registry

Keywords Atrial fibrillation e Catheter ablation e Oral anticoagulant e Uninterrupted e Thromboembolism

Cappato et al. Eur Hart J May 2015



nticoagulation using the direct factor
a inhibitor apixaban during Atrial

ibrillation 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



nticoagulation using the direct factor

apixaban during Atrial

Comparison to vitamin K antagonist therapy

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

630 patients, 50 centers (Europe and US)

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

brain MRI substudy in interested centers

12.09.2014

Randomisation

a inhibitor

Ibrillation catheter Ablation

ApiXxaban
5 mg bd (fix dose)
2.5 mg bd as in label

Vitamin K antagonist
INR 2-3
INR controlled
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Randomised Evaluation of dabigatran etexilate Compared to
warfarIn in pulmonaRy vein ablation: assessment of an

uninterrupted periproCedUral antlcoagulation sTrategy
(The RE-CIRCUIT Trial)

. 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.

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

ClinicalTrials.gov: NCT02348723



Randomised Evaluation of dabigatran etexilate Compared to
warfarln in pulmonaRy vein ablation: assessment of an*

uninterrupted periproCedUral antlcoagulation sTrategy
(The RE-CIRCUIT Trial)

724 pts planned in US, Europe and Japan



Laurent Fauchier, (France), Deirdre Lane, (UK), Alvaro Avezum, (Brazil),
Torben Bjerregaard Larsen, (Denmark), Guiseppe Boriani, (Italy),

Vanessa Roldan-Schilling, (Spain), Bulent Gorenek, (Turkey), and Irene Saw
(UK, on behalf of EP-Europace)

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



Laurent Fauchier, (France), Deirdre Lane, (UK), Alvaro Avezum, (Brazil),
Torben Bjerregaard Larsen, (Denmark), Guiseppe Boriani, (Italy),

Vanessa Roldan-Schilling, (Spain), Bulent Gorenek, (Turkey), and Irene Saw
(UK, on behalf of EP-Europace)

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

* renal function,

« CHA,DS,-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



Laurent Fauchier, (France), Deirdre Lane, (UK), Alvaro Avezum, (Brazil),
Torben Bjerregaard Larsen, (Denmark), Guiseppe Boriani, (Italy),

Vanessa Roldan-Schilling, (Spain), Bulent Gorenek, (Turkey), and Irene Saw
(UK, on behalf of EP-Europace)

« Meta-analysis data indicate that a last intake of NOAC the
procedure is a viable strategy.

« Continued intake the procedure
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 h before the intervention, a TOE should

be considered before ablation.
Europace Aug 2015



Laurent Fauchier, (France), Deirdre Lane, (UK), Alvaro Avezum, (Brazil),
Torben Bjerregaard Larsen, (Denmark), Guiseppe Boriani, (Italy),

Vanessa Roldan-Schilling, (Spain), Bulent Gorenek, (Turkey), and Irene Saw
(UK, on behalf of EP-Europace)

* 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



Laurent Fauchier, (France), Deirdre Lane, (UK), Alvaro Avezum, (Brazil),
Torben Bjerregaard Larsen, (Denmark), Guiseppe Boriani, (Italy),

Vanessa Roldan-Schilling, (Spain), Bulent Gorenek, (Turkey), and Irene Saw
(UK, on behalf of EP-Europace)

During the a!ulon, |! !eparln s!ou|! !e a!mlnls\ere! \o 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



