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Understanding Atrial
Fibrillation and Its
Clinical Significance



AF IS A CHRONIC PROGRESSIVE DISEASE
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7% Progression per year

Increased Age

Structural cardiac pathology (left atrial dilatation)
Concomitant cardiac conditions (HF, HTN)
Cardiovascular and Cerebrovascular disease
Non-cardiac comorbidities (DM, COPD, CKD, OSA)

Heart Rhythm 2019;16:502-510



Persistent AF is Associated with Worse OQutcomes

B All-cause mortality (adjusted) & Stroke or Systemic Embolism (adjusted)
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European Heart Journal 2016 37, 1591-1602; European Heart Journal 2015 36, 281-287; Circ Arrhythm Electrophysiol. 2017;10:e004267.
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Management Options
Anti Arrhythmic drugs

or
Ablation- RF/Cryo/PFA
or

Rate Control



RATE VS RHYTHM
AFFIRM TRIAL

30
P=0.08
3 Rate VS Rhythm control
< 25- _
z 4 2002
£ 4 2ol 4000 patients
Rhyth trol .7
% 15+ L mcin,r,o’ Rate control AAD vs rate control
. it Amiodarone/Sotalol
2 2== 14 patients underwent ablation
3 ]
02 : 2 3 H : Primary endpoint - all cause mortality
Years FU 42 months
No. oF DeATH number (percent) Maintenance of Sinus rhythm WAS NOT the OBJECTIVE
Rhythm control 0 80 (4) 175 {9) 257 {13) 314 (18) 352 (24)
Rate control 0 78 (4) 148 ({7) 210{(11) 275 (18} 306 (21)

N EnglJ Med 2002;347:1825-1833



Anti Arrhythmic Drugs
AFFIRM TRIAL

All-cause Mortality

. HR (95% Cl)
Antiarrhythmic Drug Use - } + I 1.49 (1.11, 2.01)
Sinus Rhythm - —o— 0.53 (0.39-0.72)
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Circulation 2004;109(12):1509-13. Lower Mortality Higher Mortality



Rhythm vs Rate Control Strategy for Atrial Fibrillation:
A Meta-Analysis of Randomized Controlled Trials
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EDITORIAL

“In conclusion, contemporary trials comparing the effect of
early rhythm control by modern antiarrhythmic drugs and
catheter-based AF ablation procedures compared with rate
control are driving the conceptual paradigm shift that
moves rhythm control from a symptom-improving “lifestyle
therapy” to a treatment to reduce CV death, stroke, and
heart failure hospitalization. ”

J Am Coll Cardiol EP 2024; 10:1395-1405



Progression - Drugs don’t change anything

General Schema of AF Pathophysiology
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Andrade et al. Circ Res. 2014 Apr 25;114(9):1453-68.
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Anti Arrhythmic Drugs

AF recurrence vs. Placebo 32.2% 1-year freedom from AF
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Anti Arrhythmic Drugs

AAD withdrawal due to Adverse Events

Dronedarone - 4 studies

Propafenone - 7 studies

Amiodarone - 6 studies

Sotalol - 12 studies

Flecainide - 4 studies

—-
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All-cause Mortality
. HR (95% Cl)
Antiarrhythmic Drug Use - } + I 1.49 (1.11, 2.01)

Sinus Rhythm - o 0.53 (0.39-0.72)

Circulation 2004;109(12):1509-13. Lower Mortality Higher Mortality
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Ablation is more effective than AADs
— after drugs have failed
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Ablation is more effective than AADs
— at improving quality of life

PIAF Study — Intention-to treat analysis
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PIAF Study — Intention-to treat analysis
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Ablation is more effective than AADs
— at improving quality of life
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Trial Data

Early Ablation: Early in course of disease?

Early ablation after diagnosis??

Early ablation in specific subgroups,
like CHF???HCM??7?



Early Rhythm-Control Therapy in Patients
with Atrial Fibrillation

P. Kirchhof, A.J. Camm, A. Goette, A. Brandes, L. Eckardt, A. Elvan, T. Fetsch,
I.C. van Gelder, D. Haase, L.M. Haegeli, F. Hamann, H. Heidbuchel,

G. Hindricks, J. Kautzner, K.-H. Kuck, L. Mont, G.A. Ng, J. Rekosz, N. Schoen,
U. Schotten, A. Suling, J. Taggeselle, S. Themistoclakis, E. Vettorazzi, P. Vardas,
K. Wegscheider, S. Willems, H.J.G.M. Crijns, and G. Breithardt,
for the EAST-AFNET 4 Trial Investigators™

Rhythm 1Control UsuaIlCare

1395 Were included in primary analysis 1394 Were included in primary analysis

Rhythm Control Chosen by Site

Initial 2Yr Initial 2Yr
100— 72 (s‘z%) 100- 100- 100—
106 (7.6%)
i 80| 48749%) 80 80- —
45
L (3.2%) Other antiarrhyth
2 60 ) £ 60 601 1101 (85.4%) drug
3 o 1335 (95.8%) .
B 5 W Propafenone
= A0 & 404 40- M Flecainide
40 :
o~ 204 504 (29%) W Amiodarone
39 I Dronedarone
270 (19.4%) 28 (2.8%) :
0 112 (8.0%) 0 o mm—20%) 97 (7.0%) AF ablation

P Kirchhof et al. N Engl J Med 2020. DOI: 10.1056/NEJMo0a2019422

N=2,789
Age 70+8 yrs
46% Female

26% persistent
36% Asx

CHADS 2 VASC-3.4



EAST-AFENET 4 OQutcome

HR, 0.79; 96% Cl, 0.66 to 0.94; P = 0.005

100 :
o Primary outcome = CV death,
80 stroke, or hospitalization with
- .
s ] worsening CHF or ACS.
E - No diff in hospital nights/yr.
g _22.1% (5.84+21.9 vs. 5.1+15.5 days/yr;
S Ll P =0.23).
10- Early rhythm control
0 17.8%
0 2 4 6 g Limitation
Years since Randomization Median time in AF- 36 days
No. at Risk No data on success of strategy
E:ﬁ;'rﬁjfﬁm i i i 5 o o Probably most symptomatic patients were not included




EARLY AF Trial
Ablation as First Line without AAD failure

100 Hazard ratio, 0.48 (95% Cl, 0.35-0.66)
o P<0.001
£ - 80- : Mean age - 60
@ g " | CHADS 2 VASC - 2
58 60- Ablation BMI - 30
= = W
S g A PAF - 95%
s “E‘ 40+ SRy Female - 30%
3 ;.g Antiarrh thmic;rLT _thera Use of AAD - 30%
g 20- Y & PY Median time in AF - 1 year
.

0 | | | | | |
0 2 4 6 3 10 12

Follow-up (Months)

N EnglJ Med 2021;384:305-315



Cumulative Incidence of Persistent

Atrial Fibrillation (%)
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STOP AF Trial

Ablation as First Line without AAD failure
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Mean Age - 60

CHADS 2 VASC - 2

BMI - 25-30

Median time in AF - 1.3 years
PAF - 60%

Female - 40%



Catheter ablation or medical therapy to delay progression of atrial fibrillation:
The randomized controlled atrial fibrillation progression trial (ATTEST)

CATHETER ABLATION DELAYS PROGRESSION OF ATRIAL FIBRILLATION

ATTEST: MULTICENTRE, RANDOMISED CONTROLLED TRIAL

255 RADIOFREQUENCY ANTIARRHYTHMIC

® CATHETER ABLATION DRUG
CO O PATIENTS =60 YRS WITH

DRUG-REFRACTORY,
SYMPTOMATIC PAROXYSMAL //\ =

ATRIAL FIBRILLATION
N4 )
- W &

doooh 29

ot S

<l e HOSPITALS

N 1 3 (N=128) (N=127)

&4/ COUNTRIES
Rate of progression to persistent
Atrial Fibrillation/Atrial Tachycardia 2.4 17.5%
at 3 years (P=0.0009) (95% CI: 0.6-9.4%) (95% ClI: 10.7-27.9%)

Patients with RF ablation were 10X less likely to develop persistent AF/AT (HR: 0.107; 95% CI: 0.024-0.47; P=0.0031)

Patients 265 years were nearly 4X more likely to develop persistent AF/AT (HR: 3.87; 95% CI: 0.88-17.00; P=0.0727)

EP Europace, Volume 23, Issue 3, March 2021



Cryo Global Registry

Impact of atrial fibrillation diagnosis-to-ablation time on 24-month

efficacy and safety outcomes in the Cryo Global Registry

Background:
Diagnosis-to-ablation time
>
Optimal timing?
unknown
Methods:

Cryo Global registry (NCT02752737)
“Early ablation” patients (N = 1573; 46%)

<12 3&:

AF Months (9127

“Late ablation” patients (N = 1874; 54%)

@ ___>2 %

AF Months CBA

Follow-up: 12 or 24 months (standard-of-care*)

Patient characteristics: Early ablation group:
Median time to ablation: * Less hypertensive

0.3 (0.1-0.6) 3.4 (1.9-6.7) : fmalle; :\_4'? diameters
years years ower
* Less AF symptoms

Freedom from atrial arrhythmia recurrence:

At 12-months
At 24-months

Adjusted hazard ratio: 0.67, P < 0.01

Serious procedure-related adverse events:

Freedom from healthcare utilization:

< : . Timing did not impact repeat
o,
41%loweririskiol cardioversion EENININNNTCY hospitalization

AF: atrial fibrillation; CBA: cryoballoon ablation; LA: left atnum, CV: cardiovascular
*All 3447 subjects followed through 12 months. 1220/3447 through 24-months

Conclusion: CBA within 12 months from AF diagnosis resulted

in higher freedom from atrial arrhythmia recurrence and was
associated with fewer adverse events in a real-world evaluation

EP Europace, Volume 27, Issue 2, February 2025, euaf008




Ablation Reduced Health Care Utilization

A Health Care Utilization

Cryoablation AAD Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cryo-FIRST 25 107 39 M 30.2% 0.66 (0.43-1.02) =
EARLY-AF 30 154 36 149 29.8% 0.81(0.53-1.24) _—
STOP-AF First 31 104 43 99 39.9% 0.69 (0.47-0.99) 2
Total (95% CI) 365 359 100.0% 0.71(0.56-0.90) <D
Total events 86 18
Heterogeneity: Tau? = 0.00; chi-square = 0.46, df = 2 (P = 0.79); I = 0% 0.2 0.5 1 5 5
Test for overall effect: Z = 2.83 (P = 0.005) Favors Cryoablation Fiviors AAD

B Hospitalization

Cryoablation AAD Risk Ratio Risk Ratio

Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
EARLY-AF 5 154 13 149 251% 0.37 (0.14-1.02) = )
STOP-AF First 13 104 32 99 74.9% 0.39 (0.22-0.69) B
Total (95% CI) 258 248 100.0% 0.38(0.23-0.63) =l
Total events 18 45
Heterogeneity: Tau® = 0.00; chi-square = 0.00, df =1 (P = 0.95); I’ = 0% 0t2 OTS 1 5 ;
Test for overall effect: Z = 3.73 (P = 0.0002) Favors Cryoablation Favors AAD

Andrade et al. J Am Coll Cardiol 2021;78:914-930



ALL THESE TRIALS in PAF ARE NOT POWERED
TO DETECT MORTALITY/CV mortality/CHF or STROKE benefit

WE CAN show reduction in symptoms and
progression to persistent AF

CLASS I/IIA indication in 2023 ACC/HRS Guidelines



Catheter Ablation for Atrial Fibrillation
with Heart Failure-CASTLE HF

398 Patients

. Symptomatic paroxysmal or Ag e - 64
persistent AF
« EF <35%,NYHA =1l BMl— 29
- ICD/CRT-D with atrial sensing and )
Home Monitoring capabilities CHF B C[aSS 2_60/0
Randomization N | CM - 60%
1:1 .
Persistent AF - 70%
0
Radiofrequency Optimal LVEF - 32%’
Abla.tio.n of Atrial Pharmacological Amlo fal lU re - 45%
Fibrillation Treatment

ICD/CRTD - 100%

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

N Engl J Med 2018;378:417-427



N Engl J Med 2018;378:417-427

A Death or Hospitalization for Worsening Heart Failure
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EE o _
2 s 0.2 Hazard ratio, 0.62 (952 C1, 0.43 0.87)

P=0.007 by Cox regression
0.14 P=0.006 by log-rank test

00 ™ T T T ol
o 12 24 36 43 60
Months of Follow-up
No. at Risk
Ablation 175 141 114 76 58 22
Medical therapy 184 145 111 70 43 12
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0.0 T e T . 1
o £2 Z4 36 43 &0
Months of Follow-up
No. at Risk
Ablation 172 154 130 S4 71 27
Medical therapy 184 163 138 97 63 15
C Hospitalization for Worsening Heart Failure
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0.9
S 0.8
-3 'g 0.7 Ablation
E
o 2 0.6
BE o054 Medical therapy
£ oa-
= o -
T 03
E 0.2 Hazard ratio, 0.56 (95% CI, 0.37-0.83)
X P=0.004 by Cox regression
0.14 P~0.004 by log-rank test
0.0 T u T T 1
o 2 z4 36 48 60
Months of Follow-up
No. at Risk
Abilation 179 141 114 76 s3 22
Medical therapy 184 145 111 70 43 12




Table S9. AF Burden Derived from the Memory of Implanted Devices*

AF Burden per Patient (in % of Time) at Different Follow-Ups

Baseline 3IM 6M 12 M 24 M 36 M 48 M

Mean = SD
Ablation 51 +47 27 + 39 23+ 37 20+ 38 23+ 39 25140 27 + 41 27 +42
Pharmacological 51+ 46 51 +47 51+ 46 52 + 46 48 + 47 50 +47 54 + 47 64 + 45

Table S10. Patients with Consistent Levels of AF Burden

AF Burden at All Follow-Ups*

210% 225% 250%
Patients
Ablation group — no. (% of 163T) 31 (19) 30 (18) 30 (18) 20 (12) 15 (9)
Pharmacological group — no. (% of 178T) 85 (48) 80 (45) 0 (45) 69 (39) 56 (32) D

N EnglJ Med 2018;378:417-427



Death/LVAD/HT

N Engl J Med 2023;389:1380-1389
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Age - 62
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Patients with end stage CHF
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Persistent AF - 56%
Duration of AF - 4 years



CAMERA-MRI Study

CENTRAL ILLUSTRATION: Impact of CA Versus Medical Therapy on LVEF in
AF-HFrEF

LV Ejection Fraction: Catheter ablation Versus Medical Rate Control

at4.020.9 Years
50 4
ALVEF +8.6% in MRC vs +16.4% in CA
P=0.008
45 4 f
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P =0.001 P<0.000
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Medical Therapy Catheter Ablation

(Medical Rate Control) (Treatment-received Analysis)

® Left Ventricular Ejection Fraction Baseline
o Left Ventricular Ejection Fraction Follow-Up

Sugumar, H. et al. J Am Coll Cardiol EP. 2020;6(13):1721-31.

66 Patients
Ablation vs rate control

CHF - Class 2/3
On GDMT - 98%

Persistent AF median duration - 2.3 years
LVEF - 32%

/> rate control group crossed over to ablation



AF ablation may show mortality/morbidity benefit in CHF
Class I/Il A indication in guidelines

| Evaluate if appropriate for rhythm control with catheter ablation |

v v

Likely to benefit from Less likely to benefit from
catheter ablation catheter ablation
« AF-mediated CMP suspected + Advanced HF
« Earlier stage of HF + Significant ventricular scar
« No significant ventricular scar on CMR
on CMR + Severe atrial myopathy HFrEF (LVEF <50%)
« No or mild atrial fibrosis (dilation/fibrosis) Uncontrolled rate + rhythm
+ Paroxysmal and early « Long-standing persistent AF — control failed or not appropriate:
persistent AF « Prior failed ablations AV nodal ablation + pacing
« Younger patients + Advanced age or multiple (2a)
without significant other comorbidities
comorbidities

l
! 1 v

Decision for
HFrEF HFpEF » pharmacological rhythm-
vs. rate-control strategy
l ‘ Uncontrolled rate with
Pharmacological biventricular pacemaker in place
AF catheter cardioversion and L»  without effective pacing %:
ablation maintenance of sinus AV Nodal ablation
(2a) rhythm after cardioversion (2a)
| (See sections 8.2.3
¢ ¢ and 8.3.1)
No clinical AF Recurrent AF Repe.at
ablation

v

Long-term surveillance for
recurrent AF
in AF-induced CMP and
recovered LVEF
(2a)

2023 ACC/AHA/ACCP/HRS Guideline for the Diagnosis and Management of Atrial Fibrillation



Pulsed-Field vs Thermal Catheter Ablation of Atrial Fibrillation in Patients with

Hypertrophic Cardiomyopathy

Samy Gribissa, MD', Thomas Kueffer, Pth, Sven Knecht, PhD?, Xavier Waintraub, MD';
Nicolas Badenco, MD', Philippe Charron, MD, PhD'#, Pauline Pinon, MD', Raphael King,
MSc?, Estelle Gandjbakhch, MD, PhD'*, Guillaume Duthoit, MD', Christian Sticherling,

MD?, Tobias Reichlin, MD, PhD?, Mikael Laredo, MD, PhD'
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Efficacy and Risk of Atrial Fibrillation Ablation Before

45 Years of Age

Peter Leong-Sit, MD; Erica Zado, PA-C; David J. Callans, MD; Fermin Garcia, MD; David Lin, MD;

Sanjay Dixit, MD; Rupa Bala, MD; Michael P. Riley, MD, PhD; Mathew D. Hutchinson, MD;

Joshua Cooper, MD; Edward P. Gerstenfeld, MD; Francis E. Marchlinski, MD
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Figure 1. Control of AF after AF ablation on the basis of age

Circ Arrhythm Electrophysiol. 2010 Oct;3(5):452-7.
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Figure 2. Rate of major complications after AF ablation




Ablations are getting safer



Contemporary ablation is safe

be NEW ENGLAND JOURNAL of MEDICINE he NEW ENGLAND JOURNAL of MEDICINE
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Cryoablation or Drug Therapy for Initial Progression of Atrial Fibrillation after
Treatment of Atrial Fibrillation Cryoablation or Drug Therapy

J.G. Andrade, M.W. Deyell, L. Macle, G.A. Wells, M. Bennett, V. Essebag,

Jason G. Andrade, M.D., George A. Wells, Ph.D., Marc W. Deyell, M.D., , - b ¥ i
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Ablation Antiarrhythmic Ablation Antiarrhythmic

Outcome
at 36 months

Outcome
at 12 months

Group Group RR (95% Cl)
n=154 n=149

Group Group RR (95% Cl)
n=154 n=149

Any safety endpoint 14 (9.1%) 24 (16.1%) 0.59 (0.29-1.21) Any safety endpoint 17 (11.0%) 35(23.5%) 0.47 (0.28, 0.79)

Serious adverse events 5(3.2%) 6 (4.0%) 0.81 (0.25-2.59) Serious adverse events 7 (4.5%) 15 (10.1%) 0.45 (0.19, 1.05)

Andrade et al. N Engl J Med 2021; 384:305-315 Andrade et al. N Engl J Med 2023; 388:105-116




Safety of pulsed field ablation in more than 17,000 patients
with atrial fibrillation in the MANIFEST-17K study

a MANIFEST-17K (full cohort)
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https://www.nature.com/nm

Atrial Fibrillation Ablation:
Lessons learned

1. Treatment of AF results in improved outcomes

2. Ablation as a first line-treatment is better than AAD for preventing
recurrence

3. Ablation as a first line-treatment is better than AAD for preventing
progression
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