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Atrial Fibrillation Methaodist
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Mechanisms: Pulmonary veins




Treatment Goals

o #1: Symptom suppression
e #2: Improve outcomes:

— Prevent strokes

— Prevent tachycardia-induced cardiomyopathy
— Prevent dementia?

— Reduce mortality?

 Approaches:

— Rhythm control
— Rate control/anticoagulation
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Goal #1: Improve symptoms iethalist
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‘Rhythm Control: Drugs
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Atrial Fibrillation Metholist
Mechanisms: Beyond PV ectopy

VASCULAR CENTER




Atrial Fibrillation Ablation Strategies Methalist
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Calkins et al Heart Rhythm 2017



Symptom control Methalist

Symptomatic Atrial Arrhythmia

Atrial Arrhythmia
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Freedom From Symptomatic

HR, 0.24; 95% CI, 0.15-0.39;
Log-rank P <.001
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Wilber et al Thermocool AF: JAMA. 2010;303(4):333-340



PV 1solation: Methadist

More effective than drugs
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Any Atrial Arrhythmia ] b —e-e <BO% [
E 09 : 280%
1.00- E 08 -‘-"—.-- 81%
. osol} EE g-ﬁ? R ——_L
< g Ay Es ¥
£ S 060 -, - 0.5
E<,.0 ., 2g 03
B 040 T 2% 0
L =T R B
“  o0.z20- s T S o1l -
HR, 0.29; 95% CI, 0.18-0.45;  ~ = & o lyMenp00%0
. Log-ranlfpﬂlom B 3 4 5 6 7 8 9 10 1N 12
0 12 3 4 5 6 7 8 9 Time to Atrial Arrhythmia Recurrence (Months)
Follow-up, mo .
Wilber D et al JAMA. 2010;303(4):333-340 Natale et al J Am Coll Cardiol. 2014;64(7):647-656
Paroxysmal AF-Cryo-ablation R EmalisCas o alion
e Loa e o0 8802
0.8

Survival Probability
o o]
S o

o
N

=4
o

0 100 200 300

Time to Failure (Days)
Planned Treatment for Period 01 Control Arm - - - -Treatment Arm




Ablation as first-line?

Methaolist
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Wazni et al JAMA 2005;293:2634

Radiofrequency Ablation vs Antiarrhythmic
Drugs as First-line Treatment

of Symptomatic Atrial Fibrillation
A Randomized Trial

Oussama M. Wazni, MDY
Nassir F. Marrouche, MDY
Thasid (1, Magtin, MDY

At Verma, MY

Context Treatmert with anbarythke drugs and anticnagudation s considesed firt:
ine therapy in patients with sympdomatic afrial fiilation (AF). Pubmonary vein o=
Iation (PV) with radofroquency ablation may cure AF, olviating the nead for anfiar-
thythemi: drugs and anbicoagulation

Objective To detzrmine whether PV is feaubie as first-lne therapy for treating pa-

Wandeep Bhangara, M et withsymptomatic AF

Nielsen et al NEJM 2012:367:1587 Morillo et al JAMA 2014:311:692

Radiofrequency Ablation vs Antiarrhythmic Drugs as First-Line
Treatment of Paroxysmal Atrial Fibrillation (RAAFT-2)
A Randomized Trial

Carios A, Morllo, NI, FROPC At Veema, WD, FROPC Stuart | Conngly, MID, FROPC Karl W Kok, MO, FHRS, Ginsh M. N, MBES, FROPC
o Champagre. MO FRCPC: Laumnce 0. Sters, M, FRCPC: Hiasher Beresi, Mc: eflbey . Hiale WD, Mic. FRCPC:
Arcirea Katae UD; b the RAAFT ] Imvestigaters.
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documented atrial
tachyarrhythmia

Primary endpoint: AF burden



PV 1solation: | Metholist
Unsatisfactory for Persistent AF SRS e

1.0 4 Table 3 Recommendations regarding ablation technigue

® Ablation strategies that target the PVs and/or PV antrum are
the cornerstone for most AF ablation procedures.
08 | @ If the PVs are targeted, electrical isolation should be the
: Recurrence rate after a single procedure = 71.6% goaL. . . . . .
® Achievement of electrical isolation reguires, at a minimum,
assessment and demonstration of entrance block into the PV.
® Monitoring for PV reconduction for 20 minutes following
0.6 1 initial PV isolation should be considered.
® For surgical PV isolation, entrance and/or exit block should be
demonstrated.
® Careful identification of the PV ostia is mandatory to avoid
0.4 1 ablation within the PVs.
' @ If a focal trigger is identified outside a PV at the time of an
l-._‘-. AF ablation procedure, ablation of that focal trigger should be
%0t 2 40000 04— —¢ considered.
@ If additional linear lesions are applied, operators should
0.2 1 consider using mapping and pacing maneuwvers to assess for
line completeness.
@ Ablation of the cavotricuspid isthmus is recommended in
patients with a history of typical atrial flutter or inducible
0.0 . - - - - - cavotricuspid isthmus dependent atrial flutter.
@ If patients with longstanding persistent AF are approached,
0 12 24 36 48 60 2 operators should consider more extensive ablation based on

Recurrence free rate

linear lesions or complex fractionated electrograms.
FO"OW'UIJ' (monthS) @ It is recommended that RF power be reduced when creating

lesions along the posterior wall near the esophagus.
> Chao et al Circ Arrhythm Electrophysiol. 2012;5:514520 .
N PRy Calkins et al et al Heart Rhythm 2012




Strategies and targets

® Pulmonary vein isolation

® \Wide area circumferential
ablation

® Antral isolation

® Complex and fractionated
potential ablation

® (Ganglionic vagal ablation

® | eft atrial posterior linear
ablation

® \Mitral isthmus linear ablation

Methalist

Ectopic foci from the
pulmonary veins

Vagal innervation

Triggers from the vein of
Marshall

Rotors in the posterior left
atrium

Elimination of iatrogenic flutter

Rotor-anchoring and
wavebreak sites



Persistent AF:

Beyond the Pulmonary Veins?

Methaolist
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Pulmonary-vein isolation
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Persistent AF: Methalist
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Beyond the Pulmonary Veins?

A  Procedural Efficacy at 1 year B Overall Procedural Efficacy
After Single Ablation With 2 1 Ablation
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Persistent AF ablation
Additional lesions?

* Defragmentation -no impact. CHASE-AF
® JAm Coll Cardiol 2015: 66 (24): 2743-2752

Recurrence of Atrial Fibrillation (%)
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Persistent AF ablation Methalist
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Additional lesions? b il

* Substrate modification. Randomized Alster-
LOSt'AF Tr|a| Circ Arrhythm Electrophysiol. 2017;10:e005114.
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Extrapulmonary triggers Methalist
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Santangeli P, Marchlinski F. Heart Rhythm. 2017 Jul;14(7):1087-1096
!
RAA=right atrial appendage LAA=left atrial appendage
Tv=tricuspid valve MW=mitral valve
CT=crista terminalis CS=coronary sinus
ER=eustacian ridge LOM=ligament of Marshall
SVC=superior vena cava LLAP=left lateral accessory pathway
AVNRT=AV node reentrant tachycardia PW=posterior wall

2.0% 2.1% RIAS

0.65% 1.0% 0.71%
1 [

B raF (N=1531) 14% 2.2% 2.8%
B pers (N-496)

B LS PERS (N=141)

*2 patients with longstanding persistent AF



Longstanding Persistent AF:

Left atrial appendage?

CENTRAL ILLUSTRATION: Lesion Set With and Without Empirical LAA
Electrical Isolation

Group 1: LAA Empirical Electrical Isolation Group 2

Di Biase, L. et al. J Am Coll Cardiol. 2016;68(18):1929-40.

Arrhythmia Free

Arrhythmia-Free

Methaodist
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Methaodist

Emergent techniques and technologies
® More on PV isolation: ® Propagation Mapping
® Pulsed electrical fields ® Acutus®
® [ attice radiofrequency (Affera) ® |CAN
: ia«;lo:equencyballoon (Apama) e Technigues:
. Cy ;_r feart e AT ® | AAisolation
. ardiotocus neartLight ® VOM ethanol infusion

Viytronus® robotic ablation

® Ablative technology
® Diamondtip




. Pulsed-Field ablation

Methaolist
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CENTRAL ILLUSTRATION: Pulmonary Vein Isolation for Atrial Fibrillation
by Pulsed Field Ablation

Radiofrequency Ablation Cryoballoon Ablation Pulsed Field Ablation

Damaged
. Esophagus,

Damaged
Esophagus

Frequency of Patients With ALL PVs Durably Isolated

100% Balloons

Radiofrequency Energy
80%—
60%
40%

20%—

Reddy, V.Y. et al. J Am Coll Cardiol. 2019;74(3):315-26.




Affera® Lattice electrode ablation catheter Methalist
Ultra-rapid ablation SRORERE
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‘Radiofrequency balloons for PVI

® HelioStar® RF balloon. ® Apama® RF balloon

® |n IDE clinical trial in the US. ® |n IDE clinical trial in the US.



Methaodist

Temperature-controlled RF (EPIX®) IR

Diamond

Diamond tip dissipates
heat

Thermocouples Proximal ~_ L
. . roxima
effectively reflect tissue i, o> Cs 0 &« j§
omposite up
temperature
RF titrated to tissue 5 e
temperature e

50

Contact force sensing
not needed
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ULTRASOUND: 115,000 SIG/SEC

ANATOMY RECONSTRUCTION

Non-contact 3D electro-anatomic 48
Visualization System capable of mapping all Ultrasound
types of complex atrial arrhythmias % ucers

Ultrasound anatomy reconstruction in as little
as 2-3 minutes

Full-chamber mapping, clear view of cardiac 48 Ultra
activation High
Fidelity
Electrodes

Charge source mapping reveals conduction
patterns in the substrate

Rapid re-mapping to assess effect of ablation
CE Mark - April 2014

FDA clearance - October 16, 2017

Brief Summary: Please review the Instructions for Use prior to using these devices for a complete listing of
indications, contraindications, warnings, precautions, potential adverse events and directions for use. The
following presentation may contain information that is considered off-label in the U.S.”

ACUTUS 11 MILLION SIG/SEC
' CHARGE MAPPING 4

N



. _ Methadist
Current Procedural limitations in AF ablation #=

® Technical limitations of the PV isolation ~ ® What other targets besides PV isolation

procedure: should be ablated?
® |nability to achieve durable PV isolation ® Rotors?
: : i ?
® Procedure time and complexity ® Focal triggers:
: ® |nnervation?
® Procedure risks
® Scar?
® Mechanistic limitations of the PV ® LAA?

Sl procedt_Jre: _ ® \What ablation strategy should be used
® Are all mechanisms of AF ablated with in each individual patient?

. o .
PV isolation’ ® Paroxysmal vs persistent

Lone vs “accompanied’ AF
LA scar vs healthy
Young vs old.

® How much PV antrum/posterior wall
should be included in a PVI

i



o o _  Methadist
Current Clinical limitations in AF ablation =
® Patient selection
® Paroxysmal vs persistent vs longstanding persistent
® |mpact of structural heart disease

® Atrial scar
® \entricular dysfunction

® Timing of the procedure
® Guided by symptoms?

® Prognostic implications:
~® Do we prevent stroke, dementia, reduce mortality?




Methalist
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- DOE and functional decline

73 year-old woman

Paroxysmal AF since age 62. Sporadic AF episodes managed with pill-in-the-pocket
propafenone until age 65.

CHADS-Vasc: age, female, HTN, vascular
TIA at age 71: CHADS-Vasc: 6

Rivaroxaban led to GU bleeding: spontaneous ureteral bleeding, leading to urinary
obstruction and transient AKI, requiring transfusion

AF becomes persistent at age 71, rate control in the 100s at rest, with progressive



: Methaolist
Challenges and possible approac:hese o

® Needs stroke protection in the face of OAC-induced bleeding
® Needs rhythm control

® Ablation challenges:
® | ongstanding persistent AF

® Enlarged LA
® [ Adiameter6 cm
® [ Avolume 189 cc.

® A strategy of aggressive ablation — including LAA isolation- combined with LAA
occlusion was planned

~_® 2-stage procedure




First procedure
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. Methalist
One week post ablation EKG v
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One month later: bipolar voltage map

.. (1149, 0) Resp ~




One month later: propagation

5-LA__ (1149, 0) Resp ~ COHERENT 5-LA (1149, 0) Resp




One month later: propagation

COHERENT
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Ablation at septal site
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Reinforcing septal line
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Meth(dlst

Vein of I\/Iarshall ethanol
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Vein of Marshall ethanol

VENUS trial
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Treatment Goals

o #1: Symptom suppression
e #2. Improve outcomes:

— Prevent strokes

— Prevent tachycardia-induced cardiomyopathy
— Prevent dementia?

— Reduce mortality?
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Ablation and Stroke prevention Methodist

Cumulative Proportion Free from

Thromboembolic Events
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e QObservational studies:

P=0.69

— Patients with AF & =1 risk factor (m=411)
—_— Patients with AF & no risk factor (n=344)
Framingham cohort with no AF
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Oral et al Cirectilation 2008114750



HOUSTO B

Stroke prevention Methalist
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AF ablation ~ no AF
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Bunch TJ et al Heart Rhythm 2013;10:1272



Ablation and Mortality Methalist

Total Mortality

9

Cardiovascular Death
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*751 Leo Rank Test: P=0.005 975 1  Log Rank Test: P=0.002
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Lin et al Europace. 2013;15:676-684



Does AF ablation improve survival?

HOUSTOMN ] ] - )
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o AATAC: EF <40%. Lower death from all causes in ablation group (8% vs 18% in
amiodarone), 53% reduction. Di Biase et al Circulation. 2016;133:1637-1644.

o CASTLE AF: Heart failure population, EF <35%

A Death or Hospitalization for Worsening Heart Failure

1.0+
0.9+
8
I: g 0‘8_
s 48 0.79 Ablation
2 o6
wn <
& K 0.5
2a 041 Medical therapy
52 03
Q' 0.2 Hazard ratio, 0.62 (95% Cl, 0.43-0.87)
a | P=0.007 by Cox regression
0.19 P=0.006 by log-rank test
0'0 I I i 1
0 12 24 36 60
Months of Follow-up
No. at Risk
Ablation 179 141 114 76 22
Medical therapy 184 145 111 70 12

B Death from Any Cause

0.6
0.54
0.4+

0.3+

0.2 Hazard ratio, 0.53 (95% Cl, 0.32-0.86)
| P=0.01 by Cox regression

0.14 P=0.009 by log-rank test

0.0 T T T

Probability of Survival

1.0+
0.5 Ablation
0.8
0.74

0 12 24 36
Months of Follow-up
No. at Risk
Ablation 179 154 130 94
Medical therapy 184 168 138 97

C Hospitalization for Worsening Heart Failure

1.0
0.9+
g6 08 .
_§ a 074 Ablation
85
= 2 0.6+
9% 0.5+ Medical therapy
22
e 0.4+
8T 3
SE 02| Hazard ratio, 0.56 (95% C1, 0.37-0.83)
& | P=0.004 by Cox regression
0.14 P=0.004 by log-rank test
0.0 T T T T 1
0 12 24 36 43 60
Months of Follow-up
No. at Risk
Ablation 179 141 114 76 58 22
Medical therapy 184 145 111 70 48 12

Marrouche et al N Engl J Med 2018; 378:417-427
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2204 Randomized® )

1108 Randomized to catheter ablation 1096 Randomized to drug therapy

1006 Received catheter ablation 1092 Received drug therapy
102 Did not receive catheter 853 Received rhythm and
ablation rate control
84 Patient or family 123 Received rate control
refusal only
14 Physician discretion 116 Received rhythm
4 Insurance issues _ control only
215 Received repeat ablation(s)P 4 Did not receive drug
therapy

3 Withdrew consent
1 Physician decided not
to prescribe
301 Received catheter ablation

Y Y
1002 Completed the study 966 Completed the study
79 Withdrew consent <3y 112 Withdrew consent <3y
27 Lost to follow-up 18 Lost to follow-up
Y A

1108 Included in the primary analysis® 1096 Included in the primary analysis®

Packer et al JAMA. 2019;321(13):1261-1274



HOUSTOMN ] ] - )
DEBAKEY HEART &
WASCULAR CEMTER

CABANA analyses

2204 Randomized?

Primary analysis as “intention to treat”.
“Per-protocol” comparisons were performed in

1108 Randomized to catheter ablation

1006 Received catheter ablation
102 Did not receive catheter

1096 Randomized to drug therapy
1092 Received drug therapy
853 Received rhythm and

which : ablation rate control
— Drug group consisted of all patients randomized to 54 Pastent otamlly SHly e
drug. therapy, with the follow-up of patients who 14 Phiv=lcian discretion 116 Received rhythm
received drug therapy and crossed over to catheter 4 Insurance issues ~ control only
ablation censored at the time of ablation (n=301). 215 Received repeat ablation(s)® S ey e

— Catheter ablation group included patients
randomized to catheter ablation who received an
ablation within the 6-month time window following
randomization. (censored 102 patients)

"Treatment received”: all catheter-ablation
treated patients vs drug-treated patients

Y

1002 Completed the study
79 Withdrew consent <3y
27 Lost to follow-up

Y
1108 Included in the primary analysis®

3 Withdrew consent
1 Physician decided not
to prescribe
301 Received catheter ablation

Y
966 Completed the study
112 Withdrew consent <3y
18 Lost to follow-up
\i

1096 Included in the primary analysis®
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CABANA “Intention-to-Treat” Analysis

As Randomized (Intent-to-Treat) Analysis

Randomized Treatment Status Follow-up Attributed to Analysis
Ablation
Ablated (entire study)
/ 1006 (90.8%) 1006
Ablation Ablation
1108 1108
Never Ablated {erﬁ:,rlea':fun dy)
102 (9.2%
L 102
Remained in Drug
Drug Group (entire study)
795 (72.5%) 795
Drug Therapy Drug
1096 Crossed over 1096
to Ablation Drug
during (entire study)
follow-up 301
301 (27.5%)
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CABANA “Per-protocol” Analysis
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Per Protocol Analysis

Treatment Status

Ablated <1yr

1. Ablated within 6 mo
2. Ablated within 12 mo

987 (89.1%)
Ablation Ablated >1yr
1108 19 (1.7%)
Never Ablated
102 (9.2%)
Remained in
Drug Group
795 (72.5%)
Drug Therapy
1096

Crossed over
to Ablation
during
follow-up
301 (27.5%)

Follow-up Attributed to Analysis
Ablation
987
Ablation
987
Excluded
19
Analyzed as:
Excluded
102
Drug
795 Drug
795
. + 301 before
Drug until crossover
crossover
then censored
301



CABANA “Treatment Received” Analysis

Randomized
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Treatment Received Analysis

Ablation
1108

Drug
Therapy
1096

Treatment Status Follow-up Attributed to Analysis
Ablation Ablation
Ablated (entire study) 1006
1006 (90.8%) 1006
+ 301 after crossover
Drug
Never :
Ablated """t‘fogt“d”
102 (9.2%)
] Dru
Remained in Drug 795 + 10:?= 897
Drug group (entire study)
795 (72.5%) 795 - 301 " & e
Drug until
Crossed over crossover then Ablation
to ablation censored & after crossover
during follow- moved to 301
up ablation
301 (27.5%) 301



Outcomes by Intention-to-treat
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Table 2. Primary and Secondary Outcomes by Intention-to-Treat Analysis

Events, No. (%) Kaplan-Meier 4-Year Event Rate, %
Drug Therapy Drug Therapy
Catheter Ablation Group Catheter Ablation Group Hazard Ratio
Group (n = 1108) (n = 1096) Group (n = 1108) (n = 1096) Absolute Reduction  (95% CI)* P Value
Primary end point 89 (8.0) 101 (9.2) 7.2 8.9 1.7 0.86 .30
(death, disabling stroke, (0.65-1.15)¢
serious bleeding, or
cardiac arrest)”
Components of primary
end point
Death 58 (5.2) 67 (6.1) 4.7 5.3 0.6 0.85 .38
(0.60-1.21)
Disabling stroke 3(0.3) 7(0.6) 0.1 0.7 0.6 042 19
(0.11-1.62)
Serious bleeding 36(3.2) 36(3.3) 3.0 37 0.7 0.98 93
(0.62-1.56)
Cardiac arrest 7(0.6) 11(1.0) 0.7 1.1 0.4 0.62 33
(0.24-1.61)
Secondary end point
Death or cardiovascular 573 (51.7) 637 (58.1) 54.9 62.7 78 0.83 .001

hospitalization

(0.74-0.93)



Outcomes by Intention-to-treat

Event Rate, %
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Primary Endpoint:

death, disabling stroke, serious bleeding, or cardiac arrest

Hazard ratio, 0.86 (95% Cl, 0.65-1.15); Log-rank P=.30
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All-cause mortality
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Outcomes by Per-protocol analysis

Primary Endpoint:
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death, disabling stroke, serious bleeding, or cardiac arrest

AI At 6 mo

Event Rate, %

MNo. at risk
Drug therapy
Catheter ablation

15 -
Hazard ratio, 0.74 (952 Cl, 0.54-1.01); P=.056
12
1
I.JJJ
94 —a
"3
Drug therapy =
6 - ——
{_r-"‘f Catheter ablation
3 ———
e
25 il
A
(o] T v T v T v v T T J
o (<) 12 18 24 30 36 42 48 54 60
Time Since Randomization, mo
1096 954 860 778 680 566 464 396 330 275 204
a70 941 920 9501 835 721 G636 555 483 397 287

[B] At 12 mo

Event Rate, %

15-
Hazard ratio, 0.73 (95% Cl, 0.54-0.99); P=.046
12
9 -
ol
Drug therapy
6 -
_Ff--"/Catheter ablation
3 -
0 - T T T T T J
(o] L] 12 18 24 30 36 42 48 54 60
Time Since Randomization, mo
1096 954 860 778 680 566 464 396 330 275 204
987 958 937 918 849 735 648 566 494 404 291

Kaplan-Meier estimates of the cumulative risk of death, disabling stroke, serious
bleeding. or cardiac arrest (primary end point) by 6-month (A) and 12-month (B)
per-protocol analysis. Figure includes patients randomized to catheter ablation

who were ablated

also includes all patients randomized to drug therapy. with follow-up censored

within 6 months (A) or 12 months (B) after randomization. It

at crossover to ablation. A, The median (25th, 75th percentiles) length of
patient follow-up was 4.1 years (2.6, 5.2) in the catheter ablation group and 4.0
years (2.5, 5.2) in the drug therapy group. B, The median (25th, 75th
percentiles) length of patient follow-up was 4.2 years (2.6, 5.2) in the catheter
ablation group and 4.0 years (2.5, 5.2) in the drug therapy group.

Packer et al JAMA. 2019;321(13):1261-1274



Mortality by Per-protocol analysis

eFigure 1A. Kaplan-Meier Estimates of Mortality (6 Month Per-Protocol)
Kaplan-Meier estimates of all-cause mortality by Per-Protocol analysis.
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eFigure 1B. Kaplan-Meier Estimates of Mortality (12 Month Per-Protocol)
Kaplan-Meier estimates of all-cause mortality by Per-Protocol analysis.

157 Ablation : Drug  HazardRatio  95%Cl  P-value 154 Ablation : Drug  HazardRatio  95%Cl  P-value
5 0.69 047,1.01 0.055 & 0.66 0.47,0.99 0.047
12 - Ablation 24 = Ablation
g g
o 9 Py g4
& ]
4
2 6 2 6
: :
= =
3+ 34
0+ 04
Ll Ll T T L Ll Ll T T L Ll T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 0 6 12 18 24 30 36 42 48 54 60
Months since Randomization Months since Randomization
Number at Risk Number at Risk
Drug 1096 963 876 797 698 582 4584 417 351 205 218 Drug 1096 963 R76 7 [0 582 454 417 351 295 218
Ablation 970 950 931 915 850 739 657 571 501 417 307 Ablation 987 967 948 932 Bod 753 669 552 512 424 311

Packer et al JAMA. 2019;321(13):1261-1274




Conclusions Metholist

UUUUUUUUUUUUUU

AF ablation is a valuable tool in the management of AF:
— Greatest impact on symptoms and quality of life
— Can reduce death-hospitalization

Valuable as first-line treatment but drug therapy may be more
acceptable

Does not worsen outcomes
Most effective in paroxysmal AF
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* Novel technologies promise to continue improving the safety,
efficacy and speed of PV isolation

 The limitations of PV isolation largely remain unaltered by
technology

 Rotor mapping remains in search of a role

 Techniques like LAA isolation and VOM ethanol need to refine:
— Their indications
— Optimal timing and procedural logistics

o Combination of LAA isolation plus LAA occlusion is particularly
attractive from standpoint of rhythm control and stroke prevention
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