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Current Definition for AF Recurrence Following Ablation:
From 2017 HRS Consensus Documents

Why 30 Seconds?

Does it translate to symptoms 
or increased stroke risk, 
morbidity, mortality?



Paroxysmal AF Ablation 10-year Outcome 
is Suboptimal

Cheng WH, Lo LW and Chen SA. Heart Rhythm 2019;16:1327-1333

Single Procedure Long-Term Efficacy 58%.
Multiple Procedure Long-Term Efficacy: 88 % (1.23±0.61 procedures)



Non-Paroxysmal AF Ablation 10-Year Outcome 
is Even Worse

Time to Recurrence Time to Recurrence

Single Procedure

Multiple Procedures

Tsai CY, Lo LW and Chen SA. Circulation J, 2022;89:84-91

Single Procedure Long-Term Efficacy 19%.
Multiple Procedure Long-Term Efficacy: 55 % (2.0±1.6 procedures)
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AF Recurrence: Symptoms are Unreliable

Poole JE, CABANA Investigators and ECG Rhythm Core Lab. J Am Coll Cardiol 2020;75:3105-18

1. Symptoms driven TTM,

24hour loop, 96 hours

monitor.

2. Ablation was associated 

with ~50% reduction in 

symptomatic or any AF. 

3. Only 18.4% in ablation 

arm and 23.1% of drug 

arm reported symptoms 

at first recurrence



AF Recurrence: Success Rates Vary with Definition of AF

CIRCA-DOSE trial:
346 low burden PAF patients, 
median 60y/o, 33.3% Female, 
12 months f/u.

Andrade JG et al. Eur Heart J 2022;44:765-76.
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Initial AF Duration

1. Prospective registry of 615 

patients (72 y/o) with PPM 

detected AF. (Medtronic)

2. Median AF burden over 3.7 

year range (0.08 to 25%).

3. AF duration → AF burden

3.8 hours → 9.5%

30s -3.8 hrs → 0.2%

Initial shorter AF episodes = 

less likely to have longer 

future episodes.

Steinberg JS, et al. Circ Arrhythm Electrophysiol 2018:11:e006274.

Does Short AF Episodes Matter?



Relative reduction:

Abl arm: 69 to 88%

AAD arm: 48 to 73%

Absolute reduction:

Abl arm: 33 to 42%

AAD arm: 23 to 35%

AF Burden: A Better Measure?

Poole JE, CABANA Investigators and ECG Rhythm Core Lab. J Am Coll Cardiol 2020;75:3105-18

In CABANA follow-up study, 

catheter ablation was effectively        

reducing the recurrence of AF burden 

compared with drug therapy over 5    

years f/u.



Relative reduction:

Abl arm: 69 to 88%

AAD arm: 48 to 73%

Absolute reduction:

Abl arm: 33 to 42%

AAD arm: 23 to 35%

AF Burden: A Better Measure?

Andrade JG and CIRCA-DOSE Study Investigators. Circ 2019;140:1779-88

Medium burden in 

CIRCA-DOSE Trial:

>98% burden reduction by            

continuous monitoring.     

(LINQ ILR)



AF Burden and Healthcare Utilization

Andrade JG et al. Eur Heart J 2022;44:765-76.

CIRCA-DOSE subanalysis

346 low-burden PAF pts,

median 60 y/o

female 33.3%

1 year f/u.



Associations of AF Burden and HRQoL

Sub-study of CIRCA-DOSE Trial:

1. Dose dependent relationship: 1 point improvement in AFEQT QoL score for every:

a. 15.8 min reduction in absolute daily AF burden

b. 0.63% reduction in relative daily AF daily burden

Samuel M et al. JAMA Cardiol 2021;6:1324-8.



Monitoring After AF Ablation: LINQ AF Study

• 419 patients (53% PAF), with 

continuous rhythm monitoring for 15 

months.

• Patients with exclusive short arrhythmia 

episodes (<6 min) were extremely rare 

(<10%). 

• AF detection duration > 6 min and AF 

burden >0.1% (10min/week) as a 

standardized outcome definition for AF 

studies.

• Post ablation NOAC therapy is based on 

CHA2DS2-VASc score, but the stroke 

risk assessment scores are developed 

from persistent/permanent AF cohorts.

• Redefine recurrence still CANNOT 

correlate with hard clinical AF outcome.

Wechselberger S and Piorkowski C. Europace 2018;20:f312-f20
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AF Burden and Stroke Risk

1. 21768 CIED patients, mean age 68.6 y/o, and 63% male.
2. Increasing AF duration (p<0.001) and increasing CHA2DS2-VASc score (p<0.001) were significantly            

associated with annualized risk of SSE.
3. SSE rates: Low in score 0-1, regardless of AF duration, >1% if score 2 with > 23.5 hour or if score 3 with 

> 6 min AF, and ≥ 5 even without AF.

Kaplan RM, et al. Circulation 2019:140:1639-46.

Non-anticoagulated patients



Association of AF Burden and All-cause Mortality

Risk of all-cause mortality at 1 year

Risk of all-cause hospitalization at 1 year.

CIED data from the Merlin.net remote 

monitoring database (Abbott) to          

Medicare claims from 2010 to 2016.    

39,710 pts with new CIED implants.   

Mean age 77 y/o, 61% Male, med      C

HA2DS2-VASc 4.9.

1. Increasing AF burden or longest AF 

episodes both associated with incre

asing risk of all cause mortality.

(AF burden 0% → 8.54% 1-yr mor.

0-5% → 8.9%, 5-98% → 10.9%)

2. As continuous variable: HR1.061 fo

r every 10% increase in AF burden. 

Chew DS. Et al. Circ Arrhythm Electrophysiol 2022;15:e010304.
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Post-Ablation AF Monitoring

2020 ESC Guideline for Diagnosis and Management of AF



Post-Ablation AF Monitoring

2020 ESC Guideline for Diagnosis and Management of AF



Intermittent vs. CIED Monitoring for AF

1. 1-year data from 568 patients with PPM and AF.

2. Simulated: 24 hours (x2 per year), 7-day (x1 per year), and 30-day Holter (x1 per year).

3. Sensitivity for detecting 5 min AF: 44.4%, 50.4%, 65.1%; 24-hour AF: 19.9%, 21.8% 36.0%.

4. Lower risk of stroke: AF free with CHADS2 ≤ 2 or AF-5 min with CHADS2 ≤1 or AF-24 hours with     

CHADS2 =0.
Botto GL et al. J Cardiovasc Electrophysiol 2009;20:241-8.

The more you look, the more you see!



Intermittent vs. Symptom-based Monitoring

1. 574 PPM patients for over 1 

year.

2. Simulated 24 hours, 7 days, 

and 30 days Holter.

3. Underestimation of AF with  

sensitivity of 31-71% and     

NPV 21-39%.

4. Symptom-based monitoring: 

Sensitivity: 67.1%,

NPV 36.4%

5. Intermittent and symptom-

based monitoring is highly     

inaccurate for identifying         

patients with any or long-

duration AT/AF and for         

assessing AT/AF burden.
Ziegler PD et al. Heart Rhythm 2006;3:1445-52.



Intermittent vs. ICM in AF Post-Ablation

CIRCA-DOSE Sub-study:

1. 346 patients with ICM and computer 

simulation of non-invasive monitor.

2. Most noninvasive monitoring            

strategies had poor sensitivity for     

detecting arrhythmia recurrence.

3. Slight gain (5-10%) with addition of  

symptomatic TTM.

4. AF detection improves with               

increasing duration and intensity of 

monitoring.

5. Serial long-term (7-14 day)                

intermittent monitors accumulating  

at least 28 days annually estimates 

of AF burden comparable with ICM.

Angular M et al. Circulation 2022;145:21-30.



Continuous Rhythm Monitoring

Gold Standard is continuous monitoring with CIEDs (ICM or existing PPM, ICD).
1. Patient acceptance, costs/lace of reimbursement, invasive.
2. False positive/alerts.

O’Shea CJ and Sanders P. Circ Arrhythm Electrophysiol 2021;14:e009635



Rhythm Monitoring Using Wearables

• Advantages
– May increase AF detection

– Higher availability

– May guide AF management.

• Disadvantages
– Patient compliance

– Not validated in post-abl AF.

– Lack of physician reimbursement.

– Lack of infrastructure/integration.

– Data overload.

– Variable signal quality, false +ve. 

Hillmann HAK et al. J Clin Med 2022;11:2428.





1. More than 80% of physicians perform 

routine monitoring after AF ablation.

2. 51% of them preferring a long-term  

monitoring strategy.

3. Cost was reported to have an impact 

on the choice of monitoring strategy.

4. Self-screening was recommended by 

most (71%) of the physician.

5. For most physician, the combination 

of the absence of symptoms and       

ECG endpoints defines a successful    

result after AF ablation.  

EHRS 2022 Surveys

Schwab AC et al. Europace 2023;25:676-81.



Take Home Messages: 

Relevant Measures of AF Ablation Success
• AF detection improves with increasing duration and intensity of 

monitoring.

• Serial long-term (7-14 day) intermittent monitors accumulating  at least 28 

days annually estimates of AF burden comparable with ICM.

• AF burden (Duration > 5 min, burden >0.1%) a better indicator for the 

definition of recurrence, initial shorter AF episodes = less likely to have 

longer future episodes. 

• Increasing AF burden and increasing CHA2DS2-VASc score: significantly 

associated with annualized risk of SSE.

• For most physician, the combination of the absence of symptoms and 

ECG endpoints (AF burden) defines a successful result after AF ablation. 



Thank You For Your Attention !


