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Nothing to Disclose



O B J E C T I V E S

• Epidemiology and Mechanisms of AF

• Role of Lifestyle and Risk Factor Modification

• Stroke Prevention

• Pharmacotherapy

• Ablative therapy



• It is a common sustained arrhythmia

• Important cause of stroke- 20% attributable risk in elderly

• Significant morbidity from symptoms- palpitations, malaise, loss of exercise 
tolerance , reduced QOL

• Tachy-myopathy from rapid ventricular response may result in congestive heart 
failure

• Can be associated with increased mortality (1.2- 2 x)



A T R I A L  F I B R I L L A T I O N  P R E V A L E N C E  
B Y  A G E
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US Population with AF: ~6 Million
Predicted to double over 20 years
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A T R I A L  F I B R I L L A T I O N  P R E V A L E N C E  B Y  
A G E



1 2 0 1 9  F A C I L I T Y- S P E C I F I C  C L A I M S  
D A TA  

F O R  A F I B  A N D  A F L  P A T I E N T S  A T  
T H E  Q U E E N S  H O S P I TA L  

7

1From IQUVIA. Source file available.

Total number of AFib Patients: 4910

Total number of AFib Claims: 8107

Total number of AFl Patients:843

Total number of AFl Claims: 1163
Total number of Cardioversions: 169
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Non-modifiable
• Age
• Gender
• Family History
• Race (racial paradox)
• Tall Stature
• CV and Valvular Heart 

Disease

Modifiable
• Hypertension
• Obesity 
• Diabetes
• Sleep Apnea
• Thyroid disease
• Alcohol Consumption
• Smoking
• Endurance Exercise

Arch Intern Med, 2006.166(21): p. 2322-8.
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Abed et al. JAMA 2013
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Abed et al. JAMA 2013

Number of AF episodes Duration of AF
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Europace (2018) 20, 1929–1935



13 2 0 2 3  A C C / A H A / A C C P / H R S  G U I D E L I N E  F O R  
T H E  D I A G N O S I S  A N D  M A N A G E M E N T  O F  
A T R I A L  F I B R I L L A T I O N



T R E A T M E N T  O F  O B S T R U C T I V E  S L E E P  
A P N E A  R E D U C E S  R I S K  O F  A - F I B  
R E C U R R E N C E  A F T E R  C A T H E T E R  A B L A T I O N

14

•In OSA patients, CPAP resulted 
in higher freedom from AF
• 71.9% vs 36.7% (p 0.01)

•AF recurrence in CPAP users 
was similar to patients without 
OSA

•AF recurrence in CPAP non-
users was similar to OSA 
patients managed medically 
without ablation

JACC Vol. 62, No. 4, 2013
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N Engl J Med 2020;382:20-8
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N Engl J Med 2020;382:20-8
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281 consecutive patients undergoing AF ablation in Australia

165 had BMI > 27 AND one additional risk factor (HTN, OSA, Dyslipidemia, 
DM/glucose intolerance, smoking or EtOH excess)

   61 – Risk Factor Management

• Amb BP monitoring with goal <130/80 (<200/100 exercise)
• Sleep studies and CPAP titration
• Diet/Nutrition counseling, support groups, goal >10% loss
• RFM, then statins for goal LDL < 100 mg/dl
• HBA1c goal < 6.5%, DM clinic referral if > 7
   
                                                  88 – Control Group

JACC Vol. 64, No. 21, 2014
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JACC Vol. 64, No. 21, 2014



A F  P R E V E N T I O N

• Cardiac Risk Factor Reduction

- Treat hypertension, diabetes, dyslipidemia

- Smoking cessation

• Weight loss- diet and exercise

• Moderate/elimination of alcohol

• Identify and treat hyperthyroidism (1%)

• Identify and treat sleep apnea

19
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P O L L  Q U E S T I O N  1

Which of the following has not been shown to reduce symptom burden, 
severity and duration of AF episodes, as well as improve outcomes of AF 
catheter ablation?

1. Alcohol cessation

2. Weight loss program in obese patients

3. Caffeine cessation
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Avoid terms: 
“Chronic AF” and 

“Lone AF”

Non-valvular vs. 
Valvular AF



M E C H A N I S M S  O F  A F
28

Allessie MA. Cardiac Electrophysiology and Arrhythmias 1985:265

Multiple wavelet 
hypothesis

“Chaotic” atrial 
activation

Role of triggers
– Esp. PV ectopy



M E C H A N I S M S  O F  A F
29

Allessie MA. Cardiac Electrophysiology and Arrhythmias 1985:265
Haissaguerre M. N Engl J Med 1998; 339:659-666

Multiple wavelet 
hypothesis

“Chaotic” atrial 
activation

Role of triggers
– Esp. PV ectopy



A T R I A L  F I B R I L L A T I O N  B E G E T S  A F

30

Circulation. 1995 Oct 1;92(7):1954-68



Cardiovasc Res, Volume 54, Issue 2, May 2002, Pages 230–246, https://doi.org/10.1016/S0008-6363(02)00258-4

R E V E R S E  R E M O D E L I N G  O F  T H E  
A T R I A L  E F F E C T I V E  R E F R A C T O R Y  
P E R I O D  ( A E R P )  A F T E R  
C O N V E R S I O N

https://doi.org/10.1016/S0008-6363(02)00258-4


Cardiovasc Res, Volume 54, Issue 2, May 2002, Pages 230–246, https://doi.org/10.1016/S0008-6363(02)00258-4

S T R U C T U R A L  R E M O D E L I N G  O F  
A T R I A L  M Y O C Y T E S  A F T E R  4  
M O N T H S  O F  A F  I N  T H E  G O A T .  

https://doi.org/10.1016/S0008-6363(02)00258-4


A T R I A L  F I B R O S I S  I N C R E A S E S  W I T H  D U R A T I O N  O F  
A F

33

146 pts undergoing CTS
RAA excised and analyzed

Gramley F et al. J 
Cardiovasc Electrophysiol 

2007;18:1076

Paroxysmal Persistent Permanent

Trigger
APDs/AT from pulmonary veins
Non-PV triggers
PSVT
Atrial flutter

Substrate

Atrial fibrosis
 Atrial dilation

Electrical remodeling
 Neurohormonal changes



G O A L S  O F  C L I N I C A L  M A N A G E M E N T
34

JACC VOL . 64, NO . 21, 2014
Heart Rhythm, online May 2017
Circulation. 2019;140:e125–e151

2019 AHA/ACC/HRS Focused Update of the 2014 
AHA/ACC/HRS Guideline for the Management of 
Patients With Atrial Fibrillation
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JACC VOL . 64, NO . 21, 2014
Heart Rhythm, online May 2017
Circulation. 2019;140:e125–e151

• Reduce Risk of Thromboembolism

• Preserve Ventricular Function

• Minimize Symptoms

• Maximize Quality of Life

G O A L S  O F  C L I N I C A L  M A N A G E M E N T



P R E V E N T I O N  O F  T H R O M B O E M B O L I S M

36

• LA Thrombus (most in LAA); stasis, endothelial dysfunction, 
hypercoagulability

• Embolize to brain (CVA) ; also to intestine, extremities, coronary 
artery

• 2-5% / year 



A N T I C O A G U L A T I O N  F O R  A F :
A C C / A H A / G U I D E L I N E S

37

Eur Heart J 2010; 31:2369

CHA2DS2-VASc score
0: No anti-thrombotic therapy
1: May be considered, Class II
>/= 2: Oral anticoagulation

Considerations:
• Bleeding risk
• Anti-coagulate HCM, 
     rheumatic MS



Gillis and Skanes. Can J Cardiol 2011; 27:7

• Provide greater stratification in lower risk groups that CHADS2
• Endorsed by ESC, AHA/ACC/HRS, CCS





L I M I T A T I O N S  O F  W A R F A R I N
40

• Difficulty maintaining target INR: TTR 60-70% even in optimal 
circumstances

• Cost and inconvenience
• Risk of hemorrhage
• Breakthrough thromboembolism
• 50-60% of appropriate OAC candidates receive warfarin
• Actual/perceived bleeding risk leading cause of  withholding 

OAC



T A R G E T  S P E C I F I C  O R A L  A N T I C O A G U L A N T S
41

Direct-acting thrombin 
inhibitors
- Dabigatran (Pradaxa)

Factor Xa inhibitors
-  Rivaroxaban (Xarelto)
- Apixaban (Eliquis)
- Edoxaban (Savaysa)

January CT, et al. JACC 2014;65:e1-76



C O M P A R I S O N S  O F  N O A C S

42

Avoid anti-platelet agents (ASA) unless strongly indicated
Do not use with mechanical heart valves



S P E C I F I C  O A C  I S S U E S :  R E N A L  D Y S F U N C T I O N
43

Apixaban 2.5 mg BID if 2/3 present: Age >/= 80 yrs, BW </= 
60 kg, Cr >/= 1.5 mg/dl
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Warfarin: Vitamin K, FFP, PCC

Dabigatran: Dialysis, PCCs
- Idarucizumab (Praxbind, anti-dabigatran Fab fragment, approved (Pollack 

CV, et al. NEJM 2015; 373:511

Rivaroxaban/Apixaban/Edoxaban
Andexanet (Andexxa)- specific reversal agent approved May 2018
Connolly SJ, et al. NEJM 2016; 375:1131
Not dialyzable, PCCs reverse anticoagulant effect in animals

Prior to surgery/interventions: Hold NOAC 1-5 days depending on agent, type 
of surgery, renal function
- Special care with spinal/epidural procedures
- No benefit to routine heparin bridging for warfarin in BRIDGE trial
      Douketis JD, et al. NEJM 2015; 373:823

S P E C I F I C  O A C  I S S U E S :  R E V E R S A L



A F  G U I D E L I N E  U P D A T E :  K E Y  C H A N G E S

45

1. Female sex downgraded as CVA risk factor

        CHA2DS2-VASc 2 men/ 3 women -> OAC

        CHA2DS2- VASC 1 men/2 women-> OAC or no anti-thrombotic     

        therapy

2. No recommendation for ASA

3. DOACs preferred agents over warfarin unless moderate-severe MS or a mechanical heart valve



B L E E D I N G  R I S K  A S S E S S M E N T ;  H A S - B L E D  S C O R E

46

Generally, do not withhold AC for minor 
bleeding or perceived fall risk



L A A  E XC L U S I O N



In non-valvular AF, > 90% of stroke-causing clots 
that come from the left atrium are formed in 
the LAA3

1Stoddard et al. Am Heart J. 2003; 145(4): 676-682. 2Goldman et al. J Am Soc Echocardiography. 1999: 12(12):1080-.1087. 3Blackshear JL., Odell JA. Annals of Thoracic Surg. 1996; 61: 755-759



WATCHMAN FLX  

1. Using a standard percutaneous technique, a 
guidewire and vessel dilator are inserted into the 

femoral vein.

2. The implant procedure is performed with 
fluoroscopy and transesophageal echocardiography 
(TEE). The interatrial septum is crossed using a 
standard transseptal access system. 

3. The access sheath is advanced over the guidewire 
into the left atrium and then navigated into the distal 
portion of the LAA over a pigtail catheter.

4. WATCHMAN FLX is then deployed and released 
in the LAA.

5. Heart tissue grows over the WATCHMAN FLX Implant, and 
the LAA is permanently sealed. Patients remain on OAC for at 

least 45 days post-procedure. TEE is used to confirm seal. 



WATCHMAN included in AF Guidelines
2019 ACC/AHA/HRS Focused Update on Atrial Fibrillation

“Oral anticoagulation remains the preferred therapy for stroke prevention for most patients with AF and 
elevated stroke risk. However, for patients who are poor candidates for long-term oral anticoagulation 
(because of the propensity for bleeding or poor drug tolerance or adherence), the Watchman device 

provides an alternative.”

January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management of Patients With Atrial Fibrillation: A Report of the American 
College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. Journal of the American College of Cardiology 2019; 74(1): 104-132.



P H A R M A C O L O G I C  T H E R A P Y

RATE CONTROL

51



• Defined lenient as resting HR < 110 bpm

• Strict control <80 bpm at rest and <110 with moderate exercise

• Primary outcome: composite of death from CV causes, CHF hospitalization, 
stroke, systemic embolism, bleeding, and life-threatening arrhythmic events. 

• Follow-up was at least 2-3 years

NEJM. 2010;362:1363–73



R E S U LT S

NEJM. 2010;362:1363–73





R H Y T H M  C O N T R O L

ANTIARRHYTHMIC THERAPY 

55



N E W  A N T I A R R H Y T H M I C  D R U G S  
F O R  A F



Anti-arrhythmic drugs:

Class IA  Quinidine, Procainamide, Disopyramide

Class IC Flecainide, Propafenone *always with nodal blocker therapy*

Class III Sotalol, Dofetilide, Dronedarone, Amiodarone, Ibutilide (IV, acute use 
only)

57



R AT E  C O N T R O L  V S .  R H Y T H M  
C O N T R O L
A F F I R M  T R I A L *Note that AFFIRM compared 

AADs with rate control
• Ablation was not in the Rhythm Control 

Arm

• Most strokes occurred in those 
who stopped OAC

NEJM 2002. Vol. 347, No. 23



NEJM 2002. Vol. 347, No. 23



A N T I A R R H Y T H M I C  D R U G  T H E R A P Y

60

• The goal of antiarrhythmic therapy for AF is to improve symptoms and QoL

• No AA drug is expected to have 100% efficacy. The goal is to reduce AF burden 
and frequency

• AF recurrence on an AAD therapy should not be considered a “failure”. For 
infrequent recurrences, cardioversion can be performed without dose adjustment

•  Anticoagulation should be continued, if indicated, regardless of perceived 
maintenance of sinus rhythm 



A B L AT I V E  T H E R A P Y



C A B A N A  –  C AT H E T E R  A B L AT I O N  V S .  
A N T I A R R H Y T H M I C  D R U G  F O R  AT R I A L  
F I B R I L L AT I O N

• Randomized study of RF ablation to medical management 

• Primary Endpoint: Total mortality, stroke, bleeding or cardiac 
arrest

JAMA April 2, 2019 Vol 321, Number 13



C A B A N A  T R I A L  D E S I G N

63

Enroll patients with new onset or under-treated 
paroxysmal, persistent or longstanding persistent 

AF who warrant therapy

Key Inclusion Criteria
>/= 65 yrs

< 65 yrs with >/= 1 CVA/CV risk factor
Eligible for ablation and >/= 2 rhythm or rate 

control drugs

No Exclusion Criteria Identified

R
1:1

Ablation Therapy (1108)
Primary Ablation:

• PVI/WACA
Ancillary ablation: 
• Linear lesions

• CFAE
Anticoagulation

Drug Therapy (1096)
• Rate control or
• Rhythm control
• Anticoagulation









Europace, 2015. 17(3): p. 370-8.



COR LOE Recommendations
1 A 1. In patients with symptomatic AF in whom antiarrhythmic drugs have been 

ineffective, contra-indicated, not tolerated or not preferred, and continued rhythm 
control is desired, catheter ablation is useful to improve symptoms

1 A In selected patients (generally younger with few comorbidities) with symptomatic 
paroxysmal AF in whom rhythm control is desired, catheter ablation is useful as 
first-line therapy to improve symptoms and reduce progression to persistent AF



R H Y T H M  C O N T R O L  I N  A F

RACE- no mortality benefit to rhythm control

STAR – no mortality benefit to rhythm control

AFFIRM – no mortality benefit to rhythm control

CABANA – no ITT mortality benefit to rhythm control 

69





C A S T L E  A F

71

Primary endpoint: All-cause death or unplanned hospitalization due to worsening of heart failure 



72

Overall Mortality





H R S / E H R A / E C A S  2 0 1 7  A F  
G U I D E L I N E S





A B L AT I O N  S T R AT E G Y



77

 PV Triggers
 Left atrial autonomic 

ganglionic plexi
 Coronary Sinus
 Vein of Marshall
 Multiple wavelets 

and rotors
 Non-PV Triggers 

(green)

Heart Rhythm, Vol 8, No 1, January 2011



NEJM 2015;372:1812-22



A B L AT I O N  T E C H N O LO G Y

• Cryo-balloon ablation

• Radiofrequency ablation

• Pulse Field Ablation



C RYO - B A L LO O N  A B L AT I O N



R A D I O - F R E Q U E N C Y  A B L AT I O N



R A D I O F R E Q U E N C Y  A B L AT I O N  
L E S I O N  S E T



VO LTAG E  M A P  A F T E R  A B L AT I O N



C O M I N G  D O W N  T H E  P I K E …



P U L S E  F I E L D  A B L AT I O N

T. Kotnik et al, IEEE Electrical Insulation Magazine, Vol. 28, No. 5 p. 14-23, 2012



A B L AT I O N  S T R AT E G I E S  I N  P E R S I S T E N T  
AT R I A L  F I B R I L L AT I O N ;  A D D I T I O N A L  
TA R G E T S  B E YO N D  P V I

Non-PV triggers:

• Other thoracic veins (SVC, CS)

• Left atrial appendage isolation

Substrate modification:

• Linear Ablation (LA roof, mitral isthmus)

• Posterior LA wall isolation

• Complex Fractionated Atrial Electrograms

• EtOH ablation of VOM

• Signal processing guided approaches to target rotors/drivers

86



P O S T E R I O R  B OX  L E S I O N  S E T  



A B L A T I O N  O F  P E R S I S T E N T  A N D  L O N G -
S TA N D I N G  P E R S I S T E N T  A F

Concept credited to Fred Morady, MD



O U TC O M E S  O F  A F  A B L AT I O N  B Y  
D U R AT I O N  O F  A F

JACC 2012
JACC EP 2019

Paroxysmal

Longstanding Persistent

Persistent

JACC EP 2018



EPICARDIAL ABLATION ENDOCARDIAL ABLATION

H Y B R I D / C O N V E R G E N T  A F  A B L A T I O N





C O M P L I C AT I O N S

92

• Pericardial effusion/tamponade

• Stroke/embolic events

• Pulmonary vein stenosis

• LA-esophageal fistula

• Vascular complications



Circ Arrhythm Electrophysiol. 2010;3:32-38



JCEP Vol. 25, No. 2, February 2014



F I N A L  P O L L  Q U E S T I O N

A 76 year old man with HTN and paroxysmal atrial fibrillation has pulmonary vein isolation by cryo-
ablation. At his six month follow-up, he is free of any arrhythmia related symptoms. Given his successful 
ablation, it is now reasonable to discontinue anticoagulation in exchange for ASA 325mg daily.

1. True

2. False
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S U M M A RY

97

• AF is triggered by PV firing and maintained by focal firing (sympathetic) and reentry 
(parasympathetic) mechanisms

• AF tends to promote more AF through structural (fibrosis) and electrical (shortening APD) 
remodeling 

• Lifestyle modifications reduce burden of AF and improve symptoms

• Use NOAC for CHA2DS2 VASc > 0 (or 1 in selected cases)



S U M M A RY  ( . . . C O N T D. )

98

• Use rhythm control approach to minimize symptoms and maximize QoL

• Cornerstone of AF ablation is PV isolation

• AAD risks/benefit should be carefully considered and used to improve symptoms and 
minimize adverse effects

• While no mortality benefit to SR maintenance, several studies have documented lower 
mortality with ablation in AF + CHF



José A. Joglar. Circulation. 2023 ACC/AHA/ACCP/HRS Guideline for 
the Diagnosis and Management of Atrial Fibrillation: A Report of the 
American College of Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines, Volume: 149, Issue: 1, 
Pages: e1-e156, DOI: (10.1161/CIR.0000000000001193) 

© 2023 by the American College of Cardiology Foundation and the 
American Heart Association, Inc.
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