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Learning Objectives

1. Review the data supporting the benefits of early rhythm control in atrial 
fibrillation.

2. Discuss the benefits of lifestyle modification on outcomes in atrial 
fibrillation.

3. Understand the role of Left atrial appendage occlusion.

4. Decide what to do with Atrial Fibrillation detected by wearable devices.



Provider Specialty and Atrial 
Fibrillation Treatment Strategies in 
United States Community Practice: 
Findings From the ORBIT‐AF Registry

Fosbol, E. L. et al. Provider Specialty and Atrial Fibrillation Treatment Strategies in United States Community Practice: 
Findings From the ORBIT‐AF Registry. J. Am. Hear. Assoc. 2, e000110 (2013). 

• A total of 10,097 patients were included;
• (15.3%) were cared for by an EP
• (65.2%) by a cardiology provider
• (19.5%) by an internal 

medicine/primary care provider.

https://www.ahajournals.org/doi/10.1161/JAHA.113.000110
https://www.ahajournals.org/doi/10.1161/JAHA.113.000110


Fosbol, E. L. et al. Provider Specialty and Atrial Fibrillation Treatment Strategies in United States Community Practice: 
Findings From the ORBIT‐AF Registry. J. Am. Hear. Assoc. 2, e000110 (2013). 

• After adjusting for case mix, patients 

seen by an EP provider were more 

likely to be on rhythm control when 

compared with patients seen by a 

cardiology provider (adjusted OR, 1.66; 

95% CI, 1.05 to 2.61; P=0.0301)

https://www.ahajournals.org/doi/10.1161/JAHA.113.000110
https://www.ahajournals.org/doi/10.1161/JAHA.113.000110


Significance of Atrial Fibrillation

• 33 million cases worldwide.

• In the USA, between 3-5 million people have 
AF.

• There is a 5-fold increase in the risk of stroke, 
and strokes are usually more severe.

• AF increased mortality and has been linked to 
sudden cardiac death.

• AF increases the risk of heart failure

• AF has been linked with the development of 
Dementia.

• AF affects Quality of life.



What is Atrial Fibrillation?



Haïssaguerre, M. et al. Spontaneous Initiation of Atrial Fibrillation by Ectopic Beats Originating in the Pulmonary 
Veins. New Engl J Medicine 339, 659–666 (1998). 

https://www.nejm.org/doi/full/10.1056/NEJM199809033391003
https://www.nejm.org/doi/full/10.1056/NEJM199809033391003


Narayan, S. M., Cain, M. E. & Smith, J. M. Atrial fibrillation. Lancet 350, 943–950 (1997). 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(97)06359-9/fulltext


Wijffels, M. C. E. F., Kirchhof, C. J. H. J., Dorland, R. & Allessie, M. A. Atrial Fibrillation Begets Atrial Fibrillation: A Study in 
Awake Chronically Instrumented Goats. Circulation 92, 1954–1968 (1995). 

‘Atrial Fibrillation Begets Atrial Fibrillation’

https://www.ahajournals.org/doi/10.1161/01.CIR.92.7.1954
https://www.ahajournals.org/doi/10.1161/01.CIR.92.7.1954


Heijman, J., Voigt, N., Nattel, S. & Dobrev, D. Cellular and Molecular Electrophysiology of Atrial Fibrillation Initiation, 
Maintenance, and Progression. Circ. Res. 114, 1483–1499 (2014). 

https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.114.302226
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.114.302226


Rhythm Control Goal is to significantly reduce the frequency and duration 

of AF episodes but not eliminate all future episodes of AF





AFFIRM Trial

Wyse, D. et al. A comparison of rate control and rhythm control in patients with atrial 
fibrillation. The New England journal of medicine 347, 1825–33 (2002).

https://www.nejm.org/doi/full/10.1056/NEJMoa021328
https://www.nejm.org/doi/full/10.1056/NEJMoa021328


Rhythm Control Preferred by Electrophysiologist

Electrophysiologists have 
always asserted the superiority 
of rhythm control over rate 
control.



Packer, D. L. et al. Effect of Catheter Ablation vs Antiarrhythmic Drug Therapy on Mortality, Stroke, Bleeding, and Cardiac 
Arrest Among Patients With Atrial Fibrillation. Jama 321, 1261–1274 (2019).

CABANA Trial

https://jamanetwork.com/journals/jama/fullarticle/2728676
https://jamanetwork.com/journals/jama/fullarticle/2728676


Packer, D. L. et al. Effect of Catheter Ablation vs Antiarrhythmic Drug Therapy on Mortality, Stroke, Bleeding, and Cardiac 
Arrest Among Patients With Atrial Fibrillation. Jama 321, 1261–1274 (2019).

CABANA Trial

https://jamanetwork.com/journals/jama/fullarticle/2728676
https://jamanetwork.com/journals/jama/fullarticle/2728676


Packer, D. L. et al. Effect of Catheter Ablation vs Antiarrhythmic Drug Therapy on Mortality, Stroke, Bleeding, and 
Cardiac Arrest Among Patients With Atrial Fibrillation. Jama 321, 1261–1274 (2019).

https://jamanetwork.com/journals/jama/fullarticle/2728676
https://jamanetwork.com/journals/jama/fullarticle/2728676


EAST-AFNET 4

Kirchhof, P. et al. Early Rhythm-Control Therapy in Patients with Atrial Fibrillation. New England Journal of Medicine 
383, (2020). 

• 2,789 patients with early AF (<1 yr)

• A first-primary-outcome event occurred in 249 of the patients 
assigned to early rhythm control (3.9 per 100 person-years) and in 316 
patients assigned to usual care (5.0 per 100 person-years)

• Primary Outcomes: Composite of death, 
Stroke,  Hospitalization from HF of ACS

• Trail stopped in 3rd interim analysis (median 5.1y)

• HR, 0.79; 96% (confidence interval, 0.66 to 0.94; P = 0.005).

https://www.nejm.org/doi/10.1056/NEJMoa2019422


EARLY - AF

Andrade, J. G. et al. Cryoablation or Drug Therapy for Initial Treatment of Atrial Fibrillation. New Engl J Med 
384, (2020). 

Serious adverse events occurred in 5 patients (3.2%) who 
underwent ablation and in 6 patients (4.0%) who received 
antiarrhythmic drug

https://www.nejm.org/doi/10.1056/NEJMoa2029980


STOP – AF First

Wazni, O. M. et al. Cryoballoon Ablation as Initial Therapy for Atrial Fibrillation. New Engl J Med 384, 316–324 
(2020). 

• 203 participants underwent randomization 

and received treatment, 104 underwent 

ablation, and 99 initially received drug 

therapy

• The percentage of patients with treatment 

success at 12 months was 74.6% in the 

ablation group and 45.0% in the drug-

therapy group 

• (P<0.001 by log-rank test)

https://www.nejm.org/doi/10.1056/NEJMoa2029554
https://www.nejm.org/doi/10.1056/NEJMoa2029554


1.Chew, D. S. et al. Diagnosis-to-Ablation Time and Recurrence of Atrial Fibrillation Following Catheter Ablation: 
A Systematic Review and Meta-analysis of Observational Studies. Circulation Arrhythmia Electrophysiol (2020) 
doi:10.1161/circep.119.008128. 

https://www.ahajournals.org/doi/10.1161/CIRCEP.119.008128
https://www.ahajournals.org/doi/10.1161/CIRCEP.119.008128
https://www.ahajournals.org/doi/10.1161/CIRCEP.119.008128


Andrade, J. G. et al. Progression of Atrial Fibrillation after Cryoablation or Drug Therapy. N. Engl. 
J. Med. 388, 105–116 (2022). 

https://www.nejm.org/doi/10.1056/NEJMoa2212540
https://www.nejm.org/doi/10.1056/NEJMoa2212540


Kuck, K.-H. et al. Catheter ablation or medical therapy to delay progression of atrial fibrillation: the randomized controlled 
atrial fibrillation progression trial (ATTEST). EP Eur. 23, 362–369 (2020). 

• Ablation seemed to delay 
the progression of AF 
disease

• Fewer patients receiving 
Ablation progressed to 
persistent AF

• 2.4% vs 17.5%

https://academic.oup.com/europace/article/23/3/362/6039546
https://academic.oup.com/europace/article/23/3/362/6039546


Benali, K. et al. Procedure-Related Complications of Catheter Ablation for Atrial Fibrillation. J. Am. 
Coll. Cardiol. 81, 2089–2099 (2023). 

https://www.sciencedirect.com/science/article/pii/S0735109723052312?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109723052312?via%3Dihub


Early Rhythm control for Atrial Fibrillation

• In a contemporary study comparing rate and rhythm control,  rhythm control 
was associated with reduced composite end point including; death, stroke, 
and hospitalization for HF or ACS.

– EAST AFNET4 utilized ablation (20%) and more Class I AAD therapy 
than in the AFFIRM trial

• Subsequent studies comparing contemporary ablation to AAD therapy for 
rhythm control show the superiority of catheter ablation in maintaining 
rhythm control. 

• In all these studies, patients were randomized early (within one year of 
diagnosis)

– In about 30% after the first episode (EAST AFNET4)



Early Rhythm control for Atrial Fibrillation

• Reduced Burden and Symptoms with 
ablation compared to usual therapy or 
AAD

• Mortality Benefits to rhythm control

• Slower progression – Disease 
Modification

• Reduced Heart Failure

• Likely reduced risk of stroke

• Less subsequent Healthcare utilization

• Increased upfront Cost 
& Risk

• Less risk over the long 
term





Interaction between Atrial Fibrillation and Heart 
Failure

• AF and HF frequently coexist, and either can predispose to the development of the other.

– In patients with newly diagnosed AF, 37% concurrently will have HF.

– Conversely, 57% of newly diagnosed HF patients will have AF.

• AF can either be the only reason for cardiomyopathy (AF-induced) or can exacerbate LV 
dysfunction and HF in a patient with concomitant structural heart disease.

• Mortality is higher among patients with HF and AF than HF alone.

• AF was associated with increased total mortality, irrespective of LV systolic dysfunction, 
with an OR of 1.40 (95% CI, 1.321.48) in randomized trials and an OR of 1.14 (95% CI, 
1.03-1.26) in observational studies.



Carlisle, M. A., Fudim, M., DeVore, A. D. & Piccini, J. P. Heart Failure and Atrial Fibrillation, 
Like Fire and Fury. JACC: Hear. Fail. 7, 447–456 (2019).

https://www.sciencedirect.com/science/article/pii/S2213177919301714?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2213177919301714?via%3Dihub


Roy, D. et al. Rhythm control versus rate control for atrial fibrillation and heart failure. The New England 
journal of medicine 358, 2667–77 (2008).

https://www.nejm.org/doi/full/10.1056/NEJMoa0708789
https://www.nejm.org/doi/full/10.1056/NEJMoa0708789


AATAC

Biase, L. et al. Ablation Versus Amiodarone for Treatment of Persistent Atrial Fibrillation in Patients 
With Congestive Heart Failure and an Implanted Device Results From the AATAC Multicenter 
Randomized Trial. Circulation 133, 1637–1644 (2016). 

https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.115.019406
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.115.019406
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.115.019406


CAMTAF Trial

Hunter, R. J. et al. A Randomized Controlled 
Trial of Catheter Ablation Versus Medical 
Treatment of Atrial Fibrillation in Heart 
Failure (The CAMTAF Trial). Circ.: Arrhythmia 
Electrophysiol. 7, 31–38 (2018). 

https://www.ahajournals.org/doi/10.1161/CIRCEP.113.000806
https://www.ahajournals.org/doi/10.1161/CIRCEP.113.000806
https://www.ahajournals.org/doi/10.1161/CIRCEP.113.000806
https://www.ahajournals.org/doi/10.1161/CIRCEP.113.000806


CASTLE - AF

Marrouche, N. F. et al. Catheter Ablation for Atrial Fibrillation with Heart Failure. The New England 
Journal of Medicine 378, 417–427 (2018). 

• Patients with left ventricular dysfunction 
and atrial fibrillation were randomized to 
catheter ablation (n = 179) vs. conventional 
treatment (n = 184)

• Death or hospitalization for heart failure: 
28.5% of the catheter ablation group vs. 
44.6% of the control group (p = 0.007)

• Among patients with left ventricular 
dysfunction and atrial fibrillation, catheter 
ablation was associated with a reduction in 
deaths or hospitalizations for heart failure

https://www.nejm.org/doi/10.1056/NEJMoa1707855
https://www.nejm.org/doi/10.1056/NEJMoa1707855


CASTLE - HTx

Sohns, C. et al. Catheter Ablation in End-Stage Heart Failure with Atrial Fibrillation. N. 
Engl. J. Med. 389, 1380–1389 (2023). 

•The trial aimed to determine the potential therapeutic effect of catheter ablation for symptomatic atrial fibrillation (AF) in patients 
with end-stage heart failure with reduced ejection fraction (HFrEF).

•Patients with symptomatic AF and end-stage HFrEF undergoing evaluation for left ventricular assist device (LVAD) implantation or 
heart transplantation (HT) were randomized to undergo catheter ablation of AF and guideline-directed medical therapy (n = 97) or 
medical therapy alone (n = 97).

•Antiarrhythmic drugs were discontinued after catheter ablation but could be resumed for AF recurrence. As appropriate, patients 
in the medical therapy arm could undergo rhythm or rate control.

•Total number of enrollees: 194

•Median duration of follow-up: 18 months

•Principal Findings:
oThe trial was terminated early due to evidence of overwhelming efficacy in the catheter ablation arm. 
oThe primary outcome, a composite of all-cause mortality, LVAD implantation, or urgent HT, at a median of 18 months for 
catheter ablation vs. medical therapy, was: 8% vs. 30% (p < 0.001).

https://www.nejm.org/doi/10.1056/NEJMoa2306037
https://www.nejm.org/doi/10.1056/NEJMoa2306037


Sakamoto, K. et al. Efficacy of Early Catheter Ablation for Atrial Fibrillation After 
Admission for Heart Failure. JACC: Clin. Electrophysiol. 9, 1948–1959 (2023). 

https://www.sciencedirect.com/science/article/pii/S2405500X23003523?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405500X23003523?via%3Dihub


Chieng, D. et al. Atrial Fibrillation Ablation for Heart Failure With Preserved 
Ejection Fraction A Randomized Controlled Trial. JACC: Hear. Fail. 11, 646–658 
(2023). 

https://www.jacc.org/doi/abs/10.1016/j.jchf.2023.01.008
https://www.jacc.org/doi/abs/10.1016/j.jchf.2023.01.008
https://www.jacc.org/doi/abs/10.1016/j.jchf.2023.01.008


Joglar, J. A. et al. 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. 
Circulation 149, e1–e1

https://www.ahajournals.org/doi/10.1161/CIR.0000000000001193
https://www.ahajournals.org/doi/10.1161/CIR.0000000000001193
https://www.ahajournals.org/doi/10.1161/CIR.0000000000001193


Atrial Fibrillation Ablation

• 360,000 ablations in US per year

– 2/3 are for Afib; 240,000 ablations per year

• In our lab Afib ablation is the most commonly performed procedure.

• The indications for afib are increasing

– 1st line for rhythm control (Early)

– 1st line for patients with heart failure

• We are recognizing it earlier due to better monitoring and smartwatches

• There will be continued growth in afib ablation over the next ten years.



• Cryoballoon improved on radiofrequency ablation by offering a ‘single 
shot’ technique to ablate the pulmonary veins; which are the source 
of most AF.

• Cryo lesions take minutes to apply.
• Despite this, the result was a maintenance of effectiveness while 

reducing procedure time.
• Can also be done without general anesthesia as stability is much 

improved due to cryo adhesion.
• Results are very consistent.
• Risk for collateral Damage.

• Radiofrequency (heat/cautery)is effective but 
requires point-by-point ablation and connecting the 
dots to ablate around the pulmonary veins.

• This requires a lot of time.
• The patient must be still and so general anesthesia is 

a must.
• Even so, stability becomes an issue and limits success.
• Highly variable results.
• High risk of collateral damage.

Currently ablation is performed using thermal ablation: Either hot (Radiofrequency) or Cold (Cryoablation)



Biophysics of RF Ablation
• Alternating Current at a Frequency of 300-750 Hz (grid 50Hz)

• Alternating current is delivered via the catheter electrode and passes through the tissue (and 
patient) before returning to the generator by the indifferent electrode.

• The patient represents an important part of the ablation circuit

• Resistance to AC produces heat

• Highest resistance (and current density) at the catheter tip

41



Biophysics of Cryo Ablation

• Cooling is created using the Joule–Thomson effect

• Rapidly expanding gas boils and absorbs energy from surrounding 
particles

• Cryorefrigerant absorbs heat from the surrounding tissue before returning 
to the console

• Convective cooling then occurs to the tissue

42



Biophysics of Cryo Ablation
This results in cold-induced cellular and tissue 
injury is due to a combination of: 

1. direct cellular damage due to the 
deleterious effects of ice crystal 
formation during hypothermia and 

2. ischemic cell death due to 
microcirculatory failure and 
subsequent vascular stasis during 
thawing 

These complex mechanisms occur in the 
sequence of: (1) freezing, (2) thawing, (3) 
hemorrhage and inflammation, and (4) 
replacement fibrosis

43



Pulsed 
Field 
Ablation

Non-Thermal method of tissue ablation that uses High-Amplitude 
electrical fields to cause irreversible electroporation (IRE) in tissues



Electroporation



Differential 
Tissue 
Effect



PulseSelect takes the success seen with ‘single shot’ cryo balloon ablation and further improves on it.
• Effective energy is delivered in milliseconds rather than minutes
• It only affects cardiac tissue, preserving the structures around the heart (less complications)
• Does not require contact with tissue so stability is not even a consideration









Benefits of PFA

In a recent metanalysis, the mean procedure time for PFA afib ablation was 
94.7 minutes

We are currently at 234 minutes with this procedure 

In the Medtronic Pulse AF trial, the Skin-to-skin time was 160 minutes

– Pilot study

This time will continue to improve with physician experience

For us this is a game changer.

The time improvement is meaningful and will give us at conservatively a 
50% increase in Afib ablation output.





Safety



Procedure 
times



Pulse 
Select 
Catheter





Patient Selection

Since PulseSelect is designed for PVI

o 1st time ablation

o Redo if high likelihood of PV reconnection (Phrenic or esophagus 

limitations)

Cannot be used in patient with metal in left atrium

o Prior Watchman

o Mechanical Valves

Patient with devices

o Program Asynchronous, Deactivate Tachydetection



Peri-operative Considerations

Pre Operative
Similar to RF ablation and Cryoablation

CT heart

• Early cases – abnormal PV anatomy

Mapping System? Ensite

Post op
Same day Discharge

Loop Recorder implant

• Initial Experience













• One case of QTc prolongation in PO group (after 
3rd dose) leading to TdP, requring 
discontinuation of Sotalol

• One patient in IV arm had NSVT leading to dose 
reduction (120mg -> 80mg)

• Two patients in PO group had NSVT resulting in 
dose reduction in 1, and drug discontinuation in 
the other

• One patient in PO group developed sinus arrest 
& severe high-grade AV block necessitation 
pacemaker

• None in IV group required PPM or experienced 
sinus bradycardia



• Average cost per IV Sotalol load: $5068

• CMS reimbursement for 3-day load: $9263

• Potential for cost savings per admission: $3500

• Potential for cost savings per 100,000 pts: $350,000

• NOTE: additional cost savings of improved patient 
satisfaction, wages, and bed availability not 
included in analysis





Obstructive Sleep Apnea



Fein, A. S. et al. Treatment of Obstructive Sleep Apnea 
Reduces the Risk of Atrial Fibrillation Recurrence After 
Catheter Ablation. J Am Coll Cardiol 62, 300–305 (2013). 

Naruse, Y. et al. Concomitant obstructive sleep apnea increases the recurrence of atrial fibrillation 
following radiofrequency catheter ablation of atrial fibrillation: Clinical impact of continuous positive 
airway pressure therapy. Heart Rhythm 10, 331

https://www.sciencedirect.com/science/article/pii/S0735109713015908?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109713015908?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109713015908?via%3Dihub
https://www.heartrhythmjournal.com/article/S1547-5271(12)01366-5/fulltext
https://www.heartrhythmjournal.com/article/S1547-5271(12)01366-5/fulltext
https://www.heartrhythmjournal.com/article/S1547-5271(12)01366-5/fulltext


HTN Management



LEGACY

Pathak, R. K. et al. Long-Term Effect of Goal-Directed Weight Management in an Atrial Fibrillation Cohort 
A Long-Term Follow-Up Study (LEGACY). J. Am. Coll. Cardiol. 65, 2159–2169 (2015). 
Singh, B. N. et al. Amiodarone versus Sotalol for Atrial Fibrillation. N. Engl. J. Med. 352, 1861–1872 
(2005). 

https://www.sciencedirect.com/science/article/pii/S0735109715007615?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109715007615?via%3Dihub
https://www.nejm.org/doi/full/10.1056/NEJMoa041705
https://www.nejm.org/doi/full/10.1056/NEJMoa041705


ARREST - AF

Pathak, R. K. et al. Aggressive Risk Factor Reduction Study for Atrial Fibrillation and Implications for the 
Outcome of Ablation The ARREST-AF Cohort Study. J Am Coll Cardiol 64, 2222–2231 (2014). 

https://www.sciencedirect.com/science/article/pii/S0735109714064675?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109714064675?via%3Dihub


1.Fitzgerald, J. L., Middeldorp, M. E., Gallagher, C. & Sanders, P. Lifestyle Modification and Atrial Fibrillation: Critical 
Care for Successful Ablation. J. Clin. Med. 11, 2660 (2022). 

https://www.mdpi.com/2077-0383/11/9/2660
https://www.mdpi.com/2077-0383/11/9/2660


Risk Factor Modification

• Risk Factor Modification necessary to slow age/disease-related atrial 
remodeling

– Can be Primary or Secondary

• There is a robust treatment effect to treating OSA and HTN

– Conversely, failure to treat HTN and OSA reduces the efficacy of ablation

• Mixed Data for Weight Loss

– Weight loss was hard to achieve and must be substantial (> 10%)

– Studies with Bariatric Surgery were also positive

– Studies of GLP-1 agonists on genetically modified mice with known 
susceptibility show feasibility

• Must be prescriptive with Risk factor Modification Recommendations



RFM prescription

• Optimal BP control

• Optimal glycemic control

• Tobacco Cessation

• Screen for OSA

• Weight loss is recommended, with an ideal target of at least 10% weight loss

• Moderate-to-vigorous exercise training to a target of 210 minutes per week

– caution should be considered in pursuing years of regular, high-volume (≥3 
h/day) high-intensity endurance training

• ≤3 standard alcoholic drink/week

• Tobacco cessation

• NO Benefit to Caffeine Cessation



Monitoring Atrial Fibrillation with a Wearable 
Mobile Device

Wasserlauf, J. et al. Accuracy of the Apple watch for detection of AF: A multicenter experience. J. Cardiovasc. 
Electrophysiol. 34, 1103–1107 (2023). 

• There were a total of 70 AF episodes on 
ICM/CIED, 35 of which occurred while 
the AW was being worn

• Five subjects had AF only when the AW 
was not worn

“by subject” 72% sensitivity, 100% specificity, 100% 
PPV, and 90% NPV

https://doi.org/10.1111/jce.15892
https://doi.org/10.1111/jce.15892


• Smartphone and smartwatch technologies can differentiate SR from AF 

but provide only a brief rhythm assessment without information on AF 

duration or burden.

• Are sensitivity to detect and accurately characterize Afib as a screening 

tool but not sensitive as a long-term continuous monitoring strategy.

• “The current IRN algorithm appears accurate for AF screening as 

currently indicated, but increased sensitivity and wear times may 

be necessary for disease management.”



Questions?
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