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Discussion Outline 

• Review current treatment of atrial fibrillation 

• Pathophysiology 

• Risk assessment and treatment to reduce thromboembolic events 

• Rhythm control strategies 

• Review of evidence for catheter based ablation of AF 

• New concepts 

• Alternative treatment options for persistent AF 

• Role of autonomic innervation in AF 

• Focal impulse and rotor modulation 

• Hybrid surgical/endovascular approach  
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Classification of AF 

   New Onset: First episode of atrial fibrillation of at least 30sec or is 
present through out the ECG. 
 
Paroxysmal: > 1 Episode, Duration is < 7 days if self-limited, or <48 
hours if cardioverted 
 
Persistent: > 1 Episode which is sustained beyond 7 days, or requires 
cardioversion after >48 hours 
 
Long standing persistent: Continuous AF despite efforts to restore 
sinus rhythm for more than 12 months.  Note the term “permanent AF” 
is reserved for patient in whom the decision has been made to not 
attempt restoration of sinus rhythm. 

   Lone: Any type in a patient with structurally normal heart and younger 
than 60 yrs – term is no longer used in literature 

 

Definitions from HRS consensus document on Catheter Ablation of Atrial Fibrillation. 
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AF Treatment goals 

Rate Control Rhythm Control Stroke Prevention 
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AF Treatment goals 

Rate Control 

Pharmacologic            
(goal resting HR < 110) 

• BBlockers 

• CCB 

• Amiodarone 

Nonpharmacologic 

• AV node ablation and 
implantation of PPM, BiV 
if EF < 50% (Block-HF) 

Rhythm Control 

Pharmacologic 

• First line for many patients with 
paroxysmal AF and most with 
persistent AF 

Non-pharmacologic 

• Catheter Ablation (PVI) 

• Surgery (MAZE) 

• Hybrid Procedures (Atricure, 
Convergent) 

Stroke Prevention 

Pharmacologic 

• Warfarin 

• NOAC (dabigatran, 
rivaroxiban, apixiban, 
endoxaban) 

Non-Pharmacologic 

• Surgical: LAA Ligation 

• Interventional: LAA occlusion 
device (i.e. Watchman) 
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OAC: Scoring Calculators 

Risk of Stroke 

CHADS2 

  CHF (1) 

  Hypertension (1) 

  Age ≥ 75 years (1) 

  Diabetes Mellitus (1) 

  Prior stroke or TIA (2) 

CHA2DS2-VASc 

  CHF (1) 

  Hypertension (1) 

  Age ≥ 75 (2) 

  Diabetes Mellitus (1) 

  Prior Stroke or TIA (2) 

  Vascular disease (1) 

  Age 65-75 years (1) 

  Female (1) 

Risk of Bleeding 

HAS-BLED 

  Hypertension (1) 

  Abnormal renal function (1) 

  Abnormal liver function (1) 

  Stroke (1) 

  Bleeding (1) 

  Labile INRs (1) 

  Elderly (age > 65) (1) 

  Drugs (1) 

  Alcohol (1) 
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Board Question 

A 48 year old man presents to the emergency department with palpitations and 

shortness of breath that had suddenly began 3 hours earlier.  Following 

adminstration of IV metoprolol, the patient’s rhythm converts to normal sinus 

rhythm and his symptoms resolve. 

 

An echo demonstrates asymmetric septal hypertrophy (interventricular septal 

thickness 1.7cm, posterior wall thickness 0.9cm), mid systolic anterior motion 

of the mitral valve, mild left atrial enlargement and a 10mm Hg across the LV 

outflow tract at ret.  LV systolic function is normal.  A presumptive diagnosis 

of hypertrophic cardiomyopathy (HCM) is made.  

 

Which of the following would be the next best step in management? 

 A. Warfarin for a goal INR 2-3 

 B. Aspirin 325mg daily 

 C. Holter monitor to decide AF burden 

 D. AV node ablation and DDD pacemaker 
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thickness 1.7cm, posterior wall thickness 0.9cm), mid systolic anterior motion 
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Answer 

A. Warfarin for a goal INR 2-3 

 

Patients with HCM and AF are at an increased risk of stroke 

and systemic thromboembolism and anticoagulation is 

recommended regardless of the CHADS-VASc score.  In 

some series the risk of emobolic stroke is as high as 50% 

in HCM patients with AF. 

9 
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Stroke Risk: Additional Considerations 

• Hypertrophic cardiomyopathy 

• Systemic embolization 

• Thyrotoxicosis until euthyroid 

• Rheumatic Disease 

High 

• Female 

• CAD/Vascular Disease 

• Age (>65-75) 

• Renal Dysfunction 

Moderate 

•Severe Mitral Valve 
Regurgitation 

 

 

Minimal to No risk 
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New Oral AntiCoagulants (NOACs) 

11 
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NOAC Trial Comparison 

Trial Patients (n) CHADS2 

(mean) 

1° endpoint* 

(% / year) 

Major Bleeding** 

(% / year) 

Mortality        

(% / year) 

RE-LY n=18,113 2.1 

     Dabigatran       

     Warfarin 

ROCKET AF n=14,264 3.5 

     Rivaroxiban     

     Warfarin 

ARISTOTLE n=18,201 2.1 

     Apixaban       

     Warfarin       
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NOAC Trial Comparison 

Trial Patients (n) CHADS2 

(mean) 

1° endpoint* 

(% / year) 

Major Bleeding** 

(% / year) 

Mortality        

(% / year) 

RE-LY n=18,113 2.1 

     Dabigatran       1.11 (p<0.001) 

     Warfarin 1.69 

ROCKET AF n=14,264 3.5 

     Rivaroxiban     2.12 (p<0.001) 

     Warfarin 2.42 

ARISTOTLE n=18,201 2.1 

     Apixaban       1.27 (p=0.011) 

     Warfarin       1.60 
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• 1° endpoint: Stroke or systemic embolism 
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NOAC Trial Comparison 

Trial Patients (n) CHADS2 

(mean) 

1° endpoint* 

(% / year) 

Major Bleeding** 

(% / year) 

Mortality        

(% / year) 

RE-LY n=18,113 2.1 

     Dabigatran       1.11 (p<0.001) 3.11 (p=0.36) 

     Warfarin 1.69 3.36 

ROCKET AF n=14,264 3.5 

     Rivaroxiban     2.12 (p<0.001) 3.6 

     Warfarin 2.42 3.4 (p=0.58) 

ARISTOTLE n=18,201 2.1 

     Apixaban       1.27 (p=0.011) 2.13 (p<0.001) 

     Warfarin       1.60 3.09 
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• 1° endpoint: Stroke or systemic embolism 

• Major Bleeding: Reduction in hemoglobin of 2gm/dl, transfusion of at least 2 units 

    of PRBCs, symptomatic bleeding in critical area, or death  
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NOAC Trial Comparison 

Trial Patients (n) CHADS2 

(mean) 

1° endpoint* 

(% / year) 

Major Bleeding** 

(% / year) 

Mortality        

(% / year) 

RE-LY n=18,113 2.1 

     Dabigatran       1.11 (p<0.001) 3.11 (p=0.36) 3.64 (p=0.013) 

     Warfarin 1.69 3.36 4.13 

ROCKET AF n=14,264 3.5 

     Rivaroxiban     2.12 (p<0.001) 3.6 1.9 (p=0.07) 

     Warfarin 2.42 3.4 (p=0.58) 2.2 

ARISTOTLE n=18,201 2.1 

     Apixaban       1.27 (p=0.011) 2.13 (p<0.001) 3.52 (p=0.047) 

     Warfarin       1.60 3.09 3.94  

15 

• 1° endpoint: Stroke or systemic embolism 

• Major Bleeding: Reduction in hemoglobin of 2gm/dl, transfusion of at least 2 units 

    of PRBCs, symptomatic bleeding in critical area, or death 

• GI bleeding: Trend toward less only in apixiban  
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PVI Anticogulation protocol 

• Conflicting data on peri-procedural use of NOACs 

• May have higher incidence of bleeding with dabigatran 

 

• Summa protocol: 

• Patient takes last dose of NOAC 24 hours prior to ablation then 

receives dose within 2 hours after sheath pull following PVI 

• Continue coumadin, uninterrupted with INR 2-3 

• All patients continue anticoagulation for minimum of three months 

following PVI 

• Decisions regarding anticoagulation > 3mos post ablation are 

based on stroke risk independent of rhythm control strategy (ie 

CHADS2VASC score) 
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Alternative option? 

What if patient can’t take anticoagulation? 

 

Emerging technology to occlude the left atrial appendage 

1. Surgical ligation (good evidence, longest track record) 

2. Watchman (FDA advisory panel approved, again…) 

3. Amplatzer device 

4. Lariet suture delivery device 

17 
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Watchman Trial 

FDA approval for alternative in patients with indication for 

anticoagulation for prevention of thromboembolic events 

18 
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Rhythm Control 

19 
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Strategies for rhythm control in patients with 

paroxysmal* and persistent AF.† 

20 
2014 AHA/ACC/HRS Guideline for the Management of Patients With Atrial Fibrillation: Executive Summary 
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Evidence for rhythm control with RFA 

Solid evidence for PVI in paroxysmal atrial fibrillation: 

 

Following failed antriarrhythmic medication: 

• APAF Trial J Am Coll Cardiol 2006;48:2340-7 

• Thermocool AF Study JAMA. 2010;303(4):333-340 

• STOP-AF Trial J Am Coll Cardiol 2013;61:1713-1723 

 

  As first line treatment: 

• MANTRA-PAF NEJM  10/2012;Vol367,No17 

• RAAFT -2 JAMA. 2014;311(7):692-700 
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The APAF Trial 

22 
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APAF Trial: Study Design 

 Primary Endpoint: Freedom from recurrent atrial arrhythmias 

Circumferential pulmonary vein 

ablation (CPVA) 

n=99 

Antiarrhythmic medical therapy 

n=99 
 

with flecainide (n=33) 

with sotalol (n=33) 

with amiodarone (n=33) 

198 patients age 18-70 presenting with paroxysmal atrial fibrillation >6 months 

and qualifying atrial fibrillation burden >2 episodes per month despite AAD 
Randomized. 

33% female, mean age 56 years, mean follow-up 12 months 

Following a 1-month run-in phase to uptitrate antiarrhythmic medical therapy in both arms, ablation was performed in patients 

randomized to CPVA to encircle all 4 PVs with 3 additional lines to prevent atrial tachycardias (ATs) using either a 8mm or a 

3.5mm irrigated tip catheter and with the guide of CARTO or NavX system. Medical therapy was discontinued in the CPVA 

group. Crossovers were allowed after 3 months. 
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APAF Trial: Primary Endpoint at 9 months 

Freedom from recurrent  AF and AT at 9 months (%) 
p<0.001 

87%

29%

0%

25%

50%

75%

100%

CPVA group Control group

• At 9 months, a 

greater number of 

patients in the CPVA 

group were free from 

recurrent AF and AT 

(all CPVA patients in 

the absence of 

antiarrhythmic drug 

therapy) (87% vs 

29%; p<0.001) 

 



Summa Card iovascu la r  Ins t i tu te  

Cryoablation of AF: STOP AF Trial 

25 



Summa Card iovascu la r  Ins t i tu te  

Cryoablation PVI: STOP AF Trial 
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Adverse events in STOP AF 

27 
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MANTRA-PAF Trial 

28 
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MANTRA-PAF 
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MANTRA-PAF: Response according to Rx 

30 
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RAAFT-2 Trial 

31 
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From: Radiofrequency Ablation vs Antiarrhythmic Drugs as First-Line Treatment of Paroxysmal Atrial 

Fibrillation (RAAFT-2):  A Randomized Trial 

JAMA. 2014;311(7):692-700. doi:10.1001/jama.2014.467 
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From: Radiofrequency Ablation vs Antiarrhythmic Drugs as First-Line Treatment of Paroxysmal Atrial 

Fibrillation (RAAFT-2):  A Randomized Trial 

JAMA. 2014;311(7):692-700. doi:10.1001/jama.2014.467 

Kaplan-Meier Curves of Time to First Recurrence of Any Atrial Tachyarrhythmias (A) and Time to First Recurrence of Symptomatic 

Atrial Tachyarrhythmias (B)Tachyarrhythmias include atrial fibrillation, tachycardia, and flutter. HR indicates hazard ratio. 

 

Figure Legend: 
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PVI: Technique in APAF, Thermocool AF 
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PVI: ESI-NAVX (paroxysmal lesion set) 

35 



Summa Card iovascu la r  Ins t i tu te  

Key to define: Pulmonary vein isolation 

Endpoint is to achieve electric isolation of all PVs. 
• Entrance Block: confirmed with absence of electrograms at the os 

of veins (along plane of ablation).  Adenosine infusion- 
hyperpolarize membrane which results in conduction when line of 
block is incomplete. May confirm with distal pacing (ie from 
appendage, coronary sinus or right atrium) 

• Exit Block: Less critical to define, but involves pacing from lasso 
catheter and monitoring for capture outside of vein 

• Drug testing and programmed stimulation: 

• Adenosine: 6-18 mg IV push with lasso at os of each vein (hence 
administer four times) 

• Isuprel: 10-20 mcg/min with lasso in place to look re-induction of AF 
and non-pulmonary vein triggers 

• Search for dual AV node physiology, AP, or inducible arrhythmia 

• In total 30 minute monitoring period following final ablation 

 

36 
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Pre-Isolation 
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Post-Ablation 
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PV reconnection with Adenosine 

39 
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Adenosine wears off – but need to treat 

40 
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Post RF ablation – no reconnection 

41 
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PVI vs antiarrhythmic medical therapy? 

 Paroxysmal AF after failed AADs 

• APAF Trial 

• Thermocool-AF Study 

• STOP-AF Trial 

 

Paroxysmal AF as initial therapy 

• Mantra-PAF 

• RAAFT-2 

• CABANA should be definitive trial 

 

 Ablation is best suited when relatively low risk of stroke (CHADS2 
score) and recurrent, self-limited symptomatic episodes of atrial 
fibrillation in particular when occur on medical therapy i.e. 
Paroxysmal AF refractory to an antiarrhythmic drug (AAD) 

 
 

When to consider a patient with AF for PVI ablation? 
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PVI vs antiarrhythmic medical therapy? 

Solid evidence for Paroxysmal AF 
• APAF Trial 

• Thermocool-AF Study 

• STOP-AF Trial 

• MANTRA-PAF 

• RAAFT-2 

 

 Ablation is best suited for patient with relatively low risk of stroke 
(CHADS2 score) and recurrent, self-limited symptomatic 
episodes of atrial fibrillation  

 The time to consider AF ablation is soon after symptomatic 
recurrences.  Risk of waiting is progression to more persistent 
nature of AF with more LA scarring and decrease opportunity for 
long-term rhythm control 

 
 

When to refer a patient with AF for ablation? 
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2012 Guidelines for AF ablation 
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2015: Ablation Candidates 

• Symptomatic Paroxysmal AF refractory to ≥ 1 AAD: 

• Freedom from AF for 1 year is ~75%-85% (APAF, ThermoCool) 

 

• Symptomatic Paroxysmal AF as first line treatment 

(MANTRA-PAF, RAAFT1/2): 

• Freedom from any recurrence over 2 years is ~55% 

 

• Symptomatic Persistent AF refractory to ≥ 1 AAD 

• Freedom from AF for 1 years is ~50% (Oral et al, NEJM 2006) 

•? Efficacy of ablation in Long standing atrial fibrillation, in particular 

when left atrium is severely dilated and/or scarred 
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94% 

Classic Paper defining AF Triggers 

Haissaguerre New Engl J Med 1998 

25% 45% 

9% 16% 
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Possible mechanism of Atrial Fibrillation 

47 
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Mechanism of AF  

• Haissaguerre et al. demonstrated that ectopic beats from 

PV may trigger AF, however underlying mechanisms 

which supports and sustains AF are not well understood 

• 2 prevailing hypotheses: 

1. Multiwavelet hypothesis: continuously meandering, random 

electrical wavelets create an unorganized atrial rhythm (AF) 

2. Localized source hypothesis: organized reentrant circuits are 

stable and self-sustained to cause high frequency activation 

which results in complex patterns of activation that characterize 

AF – so called rotors 

48 
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Rotors 

49 

Hurricane Atrial Fibrillation 
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Sustained arrhythmia requires substrate 

50 
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 CONFIRM Trial 

51 
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Does PVI knock off AF Rotors? 

52 Follow-up from CONFIRM, Narayan et al. JACC. 2013 epub. 
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Characteristics of AF 

1. Triggers and substrate appear to originate from the same 

type of tissue 

2. AF requires a combination of focal firing and reentry 

3. “AF begets AF” 

 AF ► Inflammation ► AF ► Fibrosis ► AF 

Perhaps 

 AF ► ↑ Autonomic Tone ► AF 

53 
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What causes this PV PAC? 

54 
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Ganglionic Plexi relative to PVI ablation 
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Role for therapy directed toward 

modulation of ANS? 

• Evidence that modulation of autonomic nervous system 

during PVI improves outcomes 

• Technology development geared toward easier 

localization of GPs 

• Renal denervation as adjunctive therapy for patients with 

refractory hypertension and AF 

• JACC paper (Pokushalov et al. April, 2012) demonstrating 

improved freedom from AF vs PVI alone 

56 
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Current Understanding of MOA 

57 
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Overview 

58 

• Pulmonary vein isolation is effective in treatment of 

paroxysmal Afib, although plenty of room for improvement 

• The pathophysiology underlying AF is complex, involving 

not only pulmonary vein triggers  

• Rotors, spiral waves, and atrial substrate changes  

• Autonomic innervation 

• Fibrosis and stretch  

• Even with respect to paroxysmal AF, as much as 20% of electical 

impulses arising from the PVs might propagate through pathways 

other than venoatrial continuity at the PV ostium (primarily via 

epicardial connections) 
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ESI – Ablation of Persistent AF 
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Surgical Approach 

Dr. Espinal 

 

MAZE 

Atticure 

Combined valve and Atticure etc 

60 
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Summa AF ablation experience 

61 

 Posterior wall and/or extra linear lesion sets in patients with persistent AF 

 Very few “Long-standing Persistent” cases to date  

 

 How might we expand treatment options to patients with more difficult to  

     control persistent AF or patients with recurrence despite medications and PVI? 
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Alternative Approach 

Convergent Procedure 

 1. Epicardial ablation performed through 

transdiaghragmatic access 

 2. Endovascular ablation performed via transseptal 

access with pulmonary vein isolation and confirmatory 

testing 
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Dr. Espinal 
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Initial Data from Single Center Trials 

Author & Institution Society 
Meeting 

N % Persistent or 

Longstanding 
Persistent 

Mean 

AF 
Duration 

Mean Sinus 

Rhythm at 
Follow-Up 

Monitoring 

  
  

Dr. Nick Child 
Guy’s & St. Thomas’, UK 

Heart Rhythm Congress 

UK 
19 100% 7.8 yrs 90% at  

1 year 
Holter 

Dr. Dmitri Pajitnev 
Kerckhoff Klinik, Germany 

European Society of 

Cardiology 

Barcelona, Spain 

28 100% 4.6 yrs 80% at  

1 year 
Reveal 

24/7 

Dr. Michael Zembala 

Sileasian Center for Heart 
Diseases, Poland 

American Association for 

Thoracic Surgery, 

Toronto, Canada 

54 100% 4.4 yrs 85% at  

1 year 
Holter 

7-day 

Dr. Borut Gersak 

University Medical Center 
Ljubljana, Slovenia 

International AF 

Symposium 

Orlando, Florida 

60 100% 6.2 yrs 83% at  

1 year 
Reveal 

24/7 

64 



Summa Card iovascu la r  Ins t i tu te  
65 



Summa Card iovascu la r  Ins t i tu te  

Gersak et al: Baseline Characteristics 

66 

Methods: 

Prospective, nonrandomized 

 

Enrollment: 

1/2009-7/2011 

 

50 patients underwent procedure 

at the University of Ljubljana Medical  

Center in Solvenia  
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Gersak et al: Major Adverse Events 

67 

 Initially esophageal temperature was not measured 
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Gersak et al: Results 

68 

 Amiodarone was initiated for all patients post-procedure then  

 AAD therapy was directed by referring physician 

 Rhythm followed by Implantable Loop Recorders 
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Gersak et al: Results Continued 
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Civello et al: Baseline Characteristics 

71 

Methods: Between May 2010 and December 2011, the first 104 AF patients  

Underwent hybrid epicardial and endocardial ablation. Patients were excluded 

If they had prior open heart surgery or major abdominal procedure. 
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Civello et al : Major Adverse Events 
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 One CVA in patient with longstanding persistent AF and EF = 30% 

 One pericardial effusion >30 days after procedure 

 Two pleural effusions, one PV stenosis 
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Civello et al: Results 

73 

Antiarrhythmic drug (AAD): 

 

Dofetilide 65% 

Flecanide or propafenone 13% 

Amiodarone 8% 

Dronedarone 3% 

Sotalol 1% 

No AAD 6% 

 AAD for minimum of 8 weeks 
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Convergent Lesion Sets 
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Converge Clinical Trial 
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Inclusion/Exclusion for Converge 
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Study protocol 
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