
Paul C. Zei, MD PhD, FHRS, FACC
Director, Clinical Atrial Fibrillation Program

Brigham and Women’s Hospital

Associate Professor of Medicine

Harvard Medical School

Atrial Fibrillation Management: 
Update for 2025 



• Stanford University School of Medicine (MD/PhD)

• Medicine Internship/Residency @ BWH

• Cardiovascular Medicine Fellowship @ BWH 

• Cardiac Electrophysiology Fellowship @ BWH

• Cardiac Electrophysiologist @ BWH

• Director - Atrial Fibrillation Program @BWH

• Associate Professor of Medicine @ BWH/HMS

• Clinical focus – Electrophysiology, Atrial Fibrillation

• Research focus – Atrial fibrillation, innovations in 
catheter ablation, non-invasive ablation

Paul C. Zei, MD PhD



• Biosense Webster, Inc.
• Research support
• Scientific Advisory Board

• St Jude Medical/Abbott
• Consulting

• Varian
• Research support
• Scientific Advisory Board

• Medtronic/Affera
• Consulting

• Volta Medical
• Consulting

• HRCRS
• Medical Consultant

Disclosures



• Understand the current indications, options, risks, and benefits of 
stroke prevention for atrial fibrillation

• Understand the current indications for medical therapy vs. catheter 
ablation for the control of rhythm in atrial fibrillation

• Understand the impact of risk factors and risk factor modification on 
atrial fibrillation clinical outcomes  

Learning Objectives



Atrial Fibrillation

• Rapid irregular electrical activation in the atria

• Irregular rapid (usually) ventricular response

Adapted from Lip et al Nature, 2016

Atrial Fibrillation



AF: Now the Most Prevalent Arrhythmia Worldwide

ESC Guidelines 2020

• Higher prevalence in developed countries
• More common with aging, male gender
• Unclear if this is due to diagnosis bias vs. 

biological underpinnings



Clinical Manifestations and 
Presentation Vary Significantly

• Reasons for patient-to-patient variation unclear

• Severity of symptoms and impact on quality of life 
are important factors in decision on rhythm control 
management

• Conundrum: the asymptomatic patient
– When is rhythm control indicated?

– Who should be screened? 

– Concerns for initial presentation as stroke (without other 
warning signs)

ESC Guidelines 2020



Atrial Fibrillation: Clinical Manifestations

Major CV Outcomes

ESC Guidelines 2020

Additional Manifestations



• Pulse measurements – irregular pulse

• ECG detection – in office vs. mobile

Atrial Fibrillation: Detection and Confirmation

ESC Guidelines 2020



CHARGE-AF Score System: 
Predicting incidental atrial fibrillation from the general population:

• Data from 3 large US cohorts (Atherosclerosis Risk 

in Communities [ARIC], the Cardiovascular Health 

Study [CHS], and the Framingham Heart Study 

[FHS]

• 18,556 pts 46-94 y.o. pooled to derive predictive 

models for AF using clinical variables

• Model validation was performed in 7,672 pts from 

the Age, Gene and Environment—Reykjavik study 

(AGES) and the Rotterdam Study (RS)

Alonso et al, J Am Heart Assoc. 2013



C2HEST Score System
Predicting incidental atrial fibrillation from the general population:

Li et al, CHEST 2019



• Choosing the optimal target population to screen
• Primarily thus far, age has been utilized 

– Easy to identify and target that population
– May have lower pretest probability than other population groups, but also results in a larger 

population screened

Atrial Fibrillation: Targeted Population Screening

ESC Guidelines 2020, AHA/ACC/HRS Guidelines 2024

Major Risk Factors: 
• Age
• Race (white)
• HTN
• Weight (obesity)
• Smoking
• Diabetes
• CHF
• MI
• COPD
• Thyroid disease



Perez et al, NEJM Nov 2019

Apple Watch Study

• In a general population (420k) with an Apple Watch:
– Irregular heartbeat detection rate is very low (0.52%)

– Detection rate is highest in those >= 65 years old

– Subsequent patch monitoring detected AF in ~35% 

• Utility as a screening tool undetermined

• What is the appropriate sub-group to focus on?

• Is there any impact on clinical outcomes? 



Does General Population Screening Impact Long-term Outcomes?

Svennberg et al, Lancet 2021

Major CV Events Ischemic Stroke



Guideline Recommendations for 
General Population Screening

AHA/ACC/HRS Guidelines Joglar et al 2024

ESC Guidelines 2020

• Specific recommendations are based on 
opportunity and age

Consolidating Data on AF Screening: Guidelines

• AF screening is cost-effective
• No specific guidance is provided on the specific device to use
• If the screening tool does not provide an interpretable ECG (eg pulse 

oximetry etc), then a confirmatory ECG showing AF should be 
obtained if possible

• As with all screening processes, a plan for those ultimately diagnosed 
with AF is needed

* ESC and US AF Guidelines 2020, 2024



Initial Evaluation of the Patient Diagnosed With AF 

AHA/ACC/HRS Guidelines 2023/2024

Initial evaluation:
• Exclude common treatable etiologies
• Evaluate for underlying cardiac structural pathology
• Evaluate medical comorbidities that will impact stroke 

risk and decisions for anticoagulation

Specific recommendations regarding coronary artery 
disease evaluation:
• Ischemic evaluation is appropriate if signs or symptoms 

suggesting CAD are present
• Routine ischemic evaluation is otherwise not indicated 



Beyond Initial Workup: AHA/ACC Guidelines 

Joglar J, et al. AHA/ACC/HRS 2024 guideline for the management of 
patients with atrial fibrillation. Circulation, 2024. 



Stroke Risk: ~90% of stroke in AF is caused by blood clots that form 
in the left atrial appendage (LAA)1

1 Blackshear JL. Odell JA., Annals of 
Thoracic Surgery. 1996

Loss of mechanical atrial 
contraction of the LAA leads to 

blood flow stasis

The stagnant blood may coagulate 
and form thrombus

Dislodgement of the thrombus, 
with distal embolization in the 

cerebral circulation

Occlusion of the cerebral 
circulation leads to stroke

Images on file at Boston Scientific Corporation

Thrombus in 
the LAA

2 Klein et al., NEJM 2001



AF and stroke

• Risk without anticoagulation 0-15% annually

• Impact of duration of AF episodes on stroke risk: 
uncertain, but probably yes

• Strokes from AF are more severe
• Greater long-term disability and mortality

• Therefore, all AF patients should be considered for 
long-term anticoagulation – but which ones? 



Stroke Risk and AF: CHA2DS2-VASc

Camm AJ, ESC Guidelines, Eur Heart J 2010

▪ Complicated
▪ Limited external validation
▪ Limited reclassification improvement



Bleeding Risk on Anticoagulation

These 
factors also 
affect risk of 

stroke

ESC Guidelines 2020 



When to anticoagulate: current guidelines

Risks Benefits

CHA2DS2-Vasc Score

0 men, 1 women “reasonable to omit anticoagulation”

1 men, 2 women “anticoagulation may be considered”

>= 2 “anticoagulation is recommended”

AHA/ACC/HRS AF Guidelines 2023

Anticoagulation decision is therefore based on CHA2DS2-Vasc Score 
Irrespective of AF burden
 



Options for Stroke Prevention in AF

• Anticoagulation considered for all regardless 
of whether a rhythm or rate control strategy 
is chosen

• AF pts with mitral stenosis or a mechanical 
valve should be treated with warfarin

•  CHA2DS2-Vasc Score 

– 0(M)/1(F) – no anticoagulation

– 1(M)/2(F) – anticoagulation may be 
considered

– >=2(M)/3(F) – anticoagulation is 
recommended

• Where does Left Atrial Appendage Occlusion 
(LAAO) fit into this scheme? 



Guideline Recommendations

Implant Face Distal 

to Ostium

Barbs Engage 

LAA Wall

Percutaneous LAAO

• FDA approved in patients with AF and a contraindication or intolerance for 
anticoagulation (IIa/b level of evidence) 

Surgical LAAO

• LAAO with continued AC is Class I indication

• LAAO with discontinuation of AC is IIb indication



Device-detected AF

Potential Implications for management: 
AF seen on pre-existing device 
(pacemaker, ICD, monitor)

CHADS-Vasc >=2

• >24h episodes: anticoagulate

• 5m-24h: may anticoagulate

• <5m: no benefit 

Emerging findings

• AF Burden is emerging as an 
important determinant of stroke 
risk

• Burden is yet to be incorporated 
into guideline recommenations

• AHA/ACC Guidelines 2023



Monitoring Anticoagulation

• AHA/ACC Guidelines 2023

• Basic monitoring interval: q 6 
months

• With increased hepatic or renal 
disease, increase monitoring 
frequency 

• With higher bleed risk, monitor 
more frequently



Options for stroke prevention in AF

• Anticoagulation considered for all regardless 
of whether a rhythm or rate control strategy 
is chosen

• AF pts with mitral stenosis or a mechanical 
valve should be treated with warfarin

•  CHA2DS2-Vasc Score 

– 0(M)/1(F) – no anticoagulation

– 1(M)/2(F) – anticoagulation may be 
considered

– >=2(M)/3(F) – anticoagulation is 
recommended

• Mechanical left atrial appendage exclusion in 
select patients



Rhythm vs. Rate Control?

• That Was Then: 

– The AFFIRM, RACE, and AF-CHF trials showed no mortality benefit to a rhythm control 
strategy compared to a rate control strategy. 

– But these studies are >20-30 years old, before current ablation strategies, anticoagulation 
recommendations (AC was typically stopped in patients in the rhythm control arm) 

• This is Now: 

– Newest studies demonstrate across the board benefit to early rhythm control/ablation 
strategy

– Benefit includes not only ability to maintain sinus rhythm, but reduced hospitalizations, 
improved morbidity, improved mortality

The Atrial Fibrillation Follow-Up Investigation of Rhythm Management (AFFIRM) Investigators. A comparison of rate control and 
rhythm control in patients with atrial fibrillation. N Engl J Med. 2002;347: 1825-1833. 



AF Progression Over Time

That Was Then

Chung et al, JAMA 2024

X

This is Now 



EARLY Rhythm vs. Rate Control? EAST-AF



Rhythm Control Indications

Joglar J, et al. AHA/ACC/HRS 2024 guideline for the management of 
patients with atrial fibrillation. Circulation, 2024. 



A two-slide primer on antiarrhythmic drugs

Vaughan Williams Class I  - Na channel blockade

• Flecainide PO: 50-150mg every 12 hrs 

• Propafenone PO: 150-300mg every 8 hrs, or sustained release 225-425mg every 12 

hrs 

Vaughan Williams Class III – K channel blockade

• Amiodarone PO: 200mg TID x 2 weeks, 200mg BID x 2wks, then 200mg daily. Take 

with meals. 

• Monitor for hepatic, thyroid, pulmonary, ophthalmologic, skin toxicity

• Dofetilide PO: 125-500mcg every 12 hrs, based on renal function and QTc;

• must be initiated in the hospital 

• Dronedarone PO: 400mg twice daily with meals

• Monitor for hepatotoxicity; contraindicated in permanent AF, low EF 

• Sotalol PO: 80mg BID, to a maximum of 240-320mg/day, based on renal function 

and QTc 

• In-hospital initiation favored

• Less commonly prescribed: disopyramide, quinidine



AAD considerations – slide 2

• Class IC agents 
• Contraindicated in patients with “structural heart disease”

• May be used as maintenance or “pill in the pocket”

• Should be given with concomitant rate control agent to 
prevent rapidly conducting atrial flutter

• Class III agents
• All agents can prolong QT interval (amiodarone less so)

• Dofetilide and sotalol should be initiated in the hospital

• Patients taking amiodarone should have periodic 
monitoring for organ toxicity



Haissaguerre et al. NEJM 1998

• Ablation of these PV triggers resulted in reduction/elimination of AF

• Arrhythmogenic triggers for AF in the pulmonary vein musculature demonstrated in 45 
patients with PAF



Why do we differentiate between paroxysmal vs. persistent AF 
when it comes to ablation?

Paroxysmal AF Persistent AF Long-standing persistent AF

Definition Episodes self terminate or via 
CV <7d

Episodes do not self 
terminate < 7d

Persistent AF >1 year

LA size Normal to mildly enlarged Mild to severely enlarged Severely enlarged

LA scar burden Low Moderate high

Efficacy of AAD Often effective Not as effective Usually refractory

When to offer 
ablation? 

First-line therapy First-line OK, but after AAD 
failure best

After AAD failure

Ablation technique PV isolation alone PV isolation only probably 
still best

PV isolation; additional 
ablation likely needed

Catheter ablation 
efficacy

Excellent Not quite excellent, but still 
good

?, but likely low with current 
approaches



AF Progression Over Time

That Was Then

Chung et al, JAMA 2024

X

This is Now 



What happens during catheter ablation for AF?

• Typically performed under general anesthesia 

• Vascular access (venous)

• Catheter advancement into the heart (RA)

• Transseptal puncture to access the left atrium (LA)

• Tools utilized – almost all cases performed using either radiofrequency 
energy (RF) or cryothermy (freezing), with a goal of creating permanent 
scar and resultant electrical conduction block

• Ablation delivered to circumferentially electrically isolate all pulmonary 
veins

• Additional ablation beyond PV isolation may be performed, particularly in 
patients with persistent or long-standing persistent AF



What happens during catheter ablation for AF?

Commonly used tools:

• Electroanatomic mapping

• RF energy: irrigated tip, contact force

• Cryoablation: balloon catheter

• Pulsed Field Ablation (PFA)

• ICE (intracardiac ultrasound)



What are the risks and benefits of AF ablation?

PAF Freedom from AA
REAL-AF (Heart Rhythm 
Journal, in press)

Persistent AF
PRECEPT, Mansour et al JACC-EP 2020 

81% at 1y

61.7% at 1y

Benefits of Rhythm Control (specifically 
ablation)

• Symptom improvement

• Reduction in hospitalization, heart failure

• Improved mortality in select patients

• Possible decreased long-term risks of 
dementia, cognitive decline



What to expect after AF ablation?

• Atrial tachyarrhythmias can occur in the first three months after 
ablation during the healing phase. These arrhythmias can be 
treated with medical therapy and often resolve. However, a 
repeat ablation procedure should be considered if atrial 
tachyarrhythmias persist.

• Patients should be anticoagulated for at least two months after 
ablation. Long-term oral anticoagulation should be considered 
in patients with a CHA2DS2-VASc score ≥2 regardless of the 
outcome after ablation.

– Data supporting discontinuation after ablation not available yet 

2017 HRS/EHRA/ECAS/APHRS/SOLAECE expert consensus statement on catheter and surgical ablation of atrial fibrillation. Calkins et al., Heart 
Rhythm Vol 14, No 10, October 2017



Current/Pipeline PFA Systems (USA and EU)

System Company Key Features Dedicated Mapping 
System? *

Farapulse Boston Scientific OTW Flower/Basket Yes (new) *

Pulse Select Medtronic OTW fixed circular loop No

Varipulse Biosense Variable loop Yes

Omnypulse Biosense Small spheroid Yes

STSF Dual Energy Biosense Point catheter (STSF) Yes

Affera Medtronic Large spheroid Yes

Others are under 
development/evaluation

Various Various Various



PFA Clinical Outcomes Data

PFA Data
• Short/intermediate term efficacy comparable to RF/Cryo
• Complication risks similar as well
• Theoretical risk of collateral injury, esp esophageal injury leading to AEF is reduced
• Procedure times significantly shorter

73% freedom from AA 66.2% freedom from AA 81.6% freedom from AA
- But only 66% pts >1 24h Holters



What are the risks and benefits of AF ablation?

Risks: between <1 to 10% reported depending on the 
experience of the center, operator

– “Generic” risks – vascular complications, thromboembolic 
complications, pericardial effusion and tamponade

– AF ablation specific risks

• Pulmonary vein (PV) stenosis – nearly unheard of today due to more 
antral ablation techniques

• Phrenic nerve injury – risk using cryo >>> RF, most recover within weeks 
to months

• Atrio-esophageal injury – unpredictable, but high mortality (nearly 100% 
without intervention, 50-60% with surgical repair; true event rate is 
unknown, but probably in the range of 1:500 to 1:1000 



First Line Catheter Ablation: 
Ready for Prime Time? 

• Accumulating data in the modern era 
of ablation supports early ablation

• Early ablation improves freedom 
from AF long-term

• Consensus supports outcomes 
regardless of ablation modality (cryo, 
RF, other)

• Newer data incorporated into the 
newest guidelines (2020, 2024)

NEJM Nov 2022
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AHA/ACC Guideline recommendations for ablation: 2025

Joglar J, et al. AHA/ACC/HRS 2024 guideline for the management of 
patients with atrial fibrillation. Circulation, 2024. 

Class IA Recommendation:

• In patients failed/intolerant of AAD

• First line in select (younger, 
healthier) patients

Class II Recommendation:

• 2A: persistent AF ablation as first 
line therapy in younger, healthier 
patients

• 2B: in select patients to prevent 
progression to permanent AF



Specific Population: AF in the Setting of CHF

• CASTLE-AF study (NEJM 2018)

• 179 patients with HFpEF randomized 
to AAD vs. catheter ablation

• All outcomes favor ablation: 
composite death, HF hospitalization, 
all-cause mortality

• F/U Study CASTLE-HTX (NEJM 2023) 
demonstrates mortality benefit in 
advanced HFrEF patients

Joglar J, et al. AHA/ACC/HRS 2024 guideline for the management of 
patients with atrial fibrillation. Circulation, 2024. 



2025 Current Best Practices for Rhythm Control

• Paroxysmal AF

– Ablation after failing medication is a Class IA 
indication

– Ablation first line is a Class IA indication in younger, 
healtier patients, or with HFrEF

• Persistent AF

– Ablation after failing medication is a Class IA 
indication

– Ablation first line is a Class IIA indication in younger, 
healthier patients

• Overall AF: early rhythm control is superior to a “wait 
and see” approach (not incorporated in guidelines yet)

• As we are improving outcomes with ablation for 
rhythm control, a signal for mortality benefit is 
emerging

Reduction in Major CV Outcomes

ESC Guidelines 2020



Proposed mechanism for AF promotion in at-risk populations

Treating the upstream inputs: Can we reduce AF incidence with 
reduction of these risk factors? 

AHA/ACC AF Guidelines 2024

The known modifiable MEDICAL 
risk factors in AF:

• Hypertension

• Obesity

• Diabetes

• Sleep apnea

• CAD 



Data supporting risk factor modification

• LEGACY – weight loss leads to reduced AF burden w/o ablation

• ARREST-AF – improved control of multiple risk factors reduces AF burden after AF 
ablation (HTN, DM, weight)

• CARDIO-FIT – improved CV fitness leads to decreased AF burden after AF ablation

Sanders et al, Circ 2017



Data supporting lifestyle modification

• Moderate to heavy alcohol drinkers with AF: 
abstinence significantly reduces AF recurrence

• On the other hand, no studies to date have 
demonstrated an association between 
caffeine intake and AF risk or burden

• We are often asked about stress level and AF 
burden/risk, but this has been very 
challenging to study

Voskoboinik et al, NEJM 2020



Exercise and AF burden

• Exercise quantity/burden demonstrates a ”U-
shaped” relationship with AF incidence in males

• In females, data suggests decreasing incidence of 
AF with increasing AF burden

• In males, data suggest that there is such a thing as 
“too much exercise” as far as AF risk goes

Exercise Burden

AF Incidence



The New AF Treatment Paradigm: 
BWH Comprehensive AF Program

Electrophysiology Program
• “Front Door” of the program
• Clinical management
• Ablation
• LAA management
• Device management
• Anticoagulation

CV Medicine
• Prevention
• Hypertension
• Other CV disease
• HCM
• Heart failure
• Genetics

CT Surgery
• Surgical ablation
• LAA management

BWH CV Innovation 
Program

Endocrinology

Weight management

Sleep Medicine

Psychiatry

GI Nutrition
Exercise 

consultation

Remote monitoring 
center

Virtual consultation

Mobile Health

Exercise: high-
performance 

athlete

Geriatrics

Anticoagulation 
Management

Wellness



Additional Challenges with AF Patient Management

Eberly et al. JAMA Network Open. 2021

RACE: Disparities persist in treatment for AF
- AAD and catheter ablation are relatively under-utilized among Blacks, Latinx



Additional Challenges with AF Patient Management

Sex Differences in AF

AF in Women:

• Lower incidence/prevalence compared to White men

• More likely to be symptomatic than men with AF

• More likely to receive rate control than rhythm control

• Less likely to receive stroke reduction therapies including:

• Oral Anticoagulation

• Left Atrial Appendage Occlusion

• Higher risk of stroke and heart failure

• Higher mortality compared to men
Nat Rev Cardiol. 2017 Feb; 14 (2):113-124

  Curr Cardiol Rev. 2019 May; 15(2): 136-144
                   JCE. 2020 Dec; 32(10): 2793-2807



Key Updates on the Management of Atrial Fibrillation in 
2025

Diagnosing AF, Clinical Manifestations

• AF clinical presentation is variable 

• Clinicians will be seeing more and more patients with personal ECG devices

• What to do about personal data remains unclear – for now it is reasonable to take data into account in the 
course of standard medical diagnosis and management

Cornerstones of therapy for AF:

• Stroke prevention

• CHA2DS2-Vasc should guide anticoagulation (with patient individualization)

• DOAC agents are recommended (except pts with mitral stenosis or mechanical heart valves)

• Rhythm Control – catheter ablation is superior to medication for maintaining sinus rhythm

• Early rhythm control strategy results in mortality benefit and improved ability to maintain sinus rhythm

• Current guidelines are moving gradually towards ablation as initial rhythm control in select patients

• Risk factor modification

• Evaluation and treatment of known modifiable risk factors is indicated

• Reduction of alcohol intake may improve AF outcomes

• Exercise vs. AF burden has a complex relationship



Joglar JA, Chung MK, Armbruster AL, Benjamin EJ, Chyou JY, Cronin EM, Deswal A, Eckhardt LL, Goldberger ZD, Gopinathannair R, 
Gorenek B, Hess PL, Hlatky M, Hogan G, Ibeh C, Indik JH, Kido K, Kusumoto F, Link MS, Linta KT, Marcus GM, McCarthy PM, Patel N, 
Patton KK, Perez MV, Piccini JP, Russo AM, Sanders P, Streur MM, Thomas KL, Times S, Tisdale JE, Valente AM, Van Wagoner DR; Peer 
Review Committee Members. 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. 2024 Jan 2;149(1):e1-e156. 
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