2 AlZUStnl SOo2 e

5/ Keimyung University Dongsan Medical Center

i End point of
' AF ablation

;ﬁumt:w bl

"

—

i

iV
|

b

Bd
- |
-
=
S &: '
-
i
»
-
A
!

;E
=
p=

Seongwook Han, mo.pnp.
Professor of Medicine, Keimyung University School of Medicine
Arrhythmia Service, Cardiology, Dongsan Medical Center



Global Atrial Fibrillation/Flutter Burden

Prevalence of atrial fibrilation and flutter (per 100,000) by region, 2010
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Asia vs. North America
Incidence of AF per 100,000 Person-years

Men 8X

10 x

North America

Keimyung University Dongsan Medical Center Chugh SS, et al. Circulation 2014;129:837
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Statistics from Korean Health Insurance
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AFL: atrial flutter, AF: atrial fibrillation

Keimyung University Dongsan Medical Center
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Current Status of Radiofrequency
Catheter Ablation for AF in Korea
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2014 AHA/ACC/HRS Guideline for the Management M
of Patients With Atrial Fibrillation

| lla "]b Il | AF catheter ablation is useful for symptomatic

paroxysmal AF refractory or intolerant to at least 1
class | or Il antiarrhythmic medication when a
rhythm-control strategy is desired

-:' "a:-"b Il |Before consideration of AF catheter ablation,

assessment of the procedural risks and outcomes
relevant to the individual patient is recommended

Keimyung University Dongsan Medical Center
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2014 AHA/ACC/HRS Guideline for the Management
of Patients With Atrial Fibrillation

|_lla b Il | AF catheter ablation is reasonable for some patients

.I:- with symptomatic persistent AF refractory or intolerant
to at least 1 class | or Il antiarrhythmic medication

|_lla b I, patients with recurrent symptomatic paroxysmal AF,
.E:- catheter ablation is a reasonable initial rhythm-control
strategy before therapeutic trials of antiarrhythmic drug
therapy, after weighing the risks and outcomes of drug

and ablation therapy

Keimyung University Dongsan Medical Center




2014 AHA/ACC/HRS Guideline for the Management M
of Patients With Atrial Fibrillation

| lla IBIb]I" AF catheter ablation may be considered for symptomatic

longstanding (>12 months) persistent AF refractory or
intolerant to at least 1 class | or Il antiarrhythmic
medication when a rhythm control strategy is desired

-:' lla :-2'; Il | AF catheter ablation may be considered before initiation

of antiarrhythmic drug therapy with a class | or Il
antiarrhythmic medication for symptomatic persistent AF
when a rhythm-control strategy is desired

Keimyung University Dongsan Medical Center
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Radiofrequency Catheter Ablation
First phase of AF ablation

Poor success

Complications

Multiple wavelet theory Surgical maze procedure Catheter-based maze

l Left Atrial Appendage Lesion ’

.........

" | Septal Lesion

Left Atrial
“Isthmus™ Lesion

Pulmonary Vein
Isolation Lesion

‘ Cryolesion on Coronary Sinus |

Keimyung University Dongsan Medical Center



SPONTANEOUS INITIATION OF ATRIAL FIBRILLATION BY ECTOPIC BEATS
ORIGINATING IN THE PULMONARY VEINS

» 45 patients with paroxysmal AF refractory to AAA
» 69 ectopic foci were found: 94% in PVs, 6% in RA & LA posterior wall
» Focal ablation: no recurrence in 62% @ 8=+6 months FU

| /\,___,—x____,_\/\__—\/—\ Right Atrium Left Atrium
I .
) Septum *eg .
Il Superior / w F .
vena cava %00
v, v | |} AN
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msec Inferior Coronary
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Keimyung University Dongsan Medical Center Haissaguerre M, et al. N Engl J Med 1998;339:659
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Electrophysiological End Point for Catheter Ablation of

Atrial Fibrillation Initiated From Multiple
Pulmonary Venous Foci

* 90 patients with 197 arrhythmogenic PV foci (97%) & 6 atrial foci
« Segmental ostial PV ablation, electrophysiologically guided
« Elimination of PV muscle conduction is associated with clinical success

Keimyung University Dongsan Medical Center Haissaguerre M, et al. Circulation 2000;101:1409
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Small or Large Isolation Areas Around the Pulmonary
Veins for the Treatment of Atrial Fibrillation?

Results From a Prospective Randomized Study

« 110 patients: 67 PAF & 43 PeAF
 Group [: ostial segmental ablation of each PV - entrance block
 Group ll: Isolation of large area around 2 veins with 3D — entrance block

1.0
; small
0.8 -
g 0
E s - 67%
»
o
= 49%
S 04 -
£
=
=
*
< 02 o
p=0.036
0.0 -
Months g 5 10 15 20 25
No. at risk
large 55 46 38 17 5
small 55 34 28 19 7

Arentz T et al. Circulation 2007;115:3057

Keimyung University Dongsan Medical Center



2012 HRS/EHRA/ECAS Expert Consensus
Statement on Catheter Ablation

Keimyung University Dongsan Medical Center Calkins H, et al. Heart Rhythm 2012;9:632
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Catheter ablation of AF

s Targeting the PVs and/or PV antrum is the cornerstone of
ablation

“*Benefits of ancillary strategies including linear ablation,
CAFE ablation, GP ablation, & FIRM have not been

established

*»Goal
ablate least amount of tissue necessary to make the patient
free of AF

**Requirements
Optimal end point: non-inducibility & termination of AF

Keimyung University Dongsan Medical Center
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Rationale for non-inducibility

» Non-inducibility by rapid atrial pacing (RAP)
Normal heart will not fibrillate longer than a certain period

of time
v" Will not be vulnerable to fibrillation with a given pacing protocol
v" AF will be unstable, will not sustain longer than several minutes

» Non-inducibility with isoproterenol (ISO)
Potential triggers of AF have been eliminated

v" Longer AF has more remodeling

Keimyung University Dongsan Medical Center
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Noninducibility of Atrial Fibrillation as an End Point of Left J\/\/\ |
Atrial Circumferential Ablation for Paroxysmal

Atrial Fibrillation
A Randomized Study

> 100 patients with PAF:55+10 years old; 6 months FU
> Index procedure: LA circumferential ablation + LA posterior line + Ml
» Inducibility: AF > 60 sec by burst pacing with 20mA until shortest 1:1 capture >15 sec
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Keimyung University Dongsan Medical Center Oral H, et al. Circulation 2004;110:2797



Long-term evaluation of atrial fibrillation ablation guided A/\h
by noninducibility

» T4 patients with PAF: 53£8 years old; 18+4 months FU
» Inducibility: AF/AFL = 10 min by 20mA until refractory from CSos, LAA, RAA

A @@ v’ 69 patients were non-inducible (93%)
Armwm afer step 17 v' 67 patients were free from arrhythmia (91%)

Nostcp

Yes,

Noninducibility can be used as an
- ._. ® endpoint for determining the subset of
m_ puising patients with paroxysmal AF who

require additional linear lesions after
Yoo, "”“" PV isolation

~ Wl

/

Keimyung University Dongsan Medical Center Jais P, et al. Heart Rhythm 2004,3:140
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Inducibility of Atrial Fibrillation and Flutter Following
Pulmonary Vein Ablation

» 144 patients with AF (PAF:PeAF= 54:46%)
» Index procedure: antral PVI + focal ablation of non-PV trigger
on ISO

» Burst pacing from CS, RA with 20 mA @ 250 ms for 15 beats
v" 10 ms decremental 15 beats burst pacing until atrial 2:1 capture or

minimum cycle length of 180 ms
» Sustained arrhythmia = 2 min
v" Organized AT/AFL: beat to beat variability in cycle length < 30ms

Keimyung University Dongsan Medical Center Leong-sit P, et al. JCE 2013;24:617
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Inducibility of Atrial Fibrillation and Flutter Following
Pulmonary Vein Ablation

Characterization of

20 Induced AT/AFL
Non- \ % v" inducibility did not predict
Inducible, ' clinical recurrence in 1 year
o I — follow-up
$ @

AT/AFL
Induced,

CEE v’ Hypertension and age
predict inducibility of

O No recurrence B AT/AFL recurrence B AF recurrence

i arrhythmias
80%
- — v' LA size & PeAF predicted
- | N atrial arrhythmia
recurrence
20%
0%
Non-inducible AT/AFL Induced AF Induced

Keimyung University Dongsan Medical Center Leong-sit P, et al. JCE 2013;24:617
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Is inducibility of atrial fibrillation after radio frequency
ablation really a relevant prognostic factor?

» 234 patients with PAF (165) & PeAF (69) @ 6 months FU
» Segmental PVI (83) & Carto guided WACA (151)
» Inducibility: AF > 1 min, 2 attempts from CS

(A)

1.0

0.8

0.6

AF-free survival

0.0~

= Paroxysmal AF non-inducible ( B) Lasso non-inducible
--------- Persistent AF non-inducible CARTO non-inducible
Paroxysmal AF inducible 1.0 Lasso inducible
- Persistent AF inducible CARTO inducible
0.8
E |l 1l e
: . 5 0.61
L
| 2
oy
< 0.4
| [RS— o
115 84 76 38 23 60 42 42 33 23
41 24 19 7 4 civeniins | 96 66 53 12 D R R
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Keimyung University Dongsan Medical Center Richter B, et al. Eur Heart J. 2006;27:25563
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Is inducibility of atrial fibrillation after radio frequency
ablation really a relevant prognostic factor?

» Inducibility is a significant predictor of AF recurrence
» Non-inducibility does not qualify as reliable procedural
endpoint, due to low diagnostic accuracy

0/, 100 -

75

69.2

53.8

50 46.7

25

sensitivity specificity  positive PV  negative PV

Keimyung University Dongsan Medical Center Richter B, et al. Eur Heart J. 2006;27:25563
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Inducibility of atrial fibrillation in the absence of atrial
fibrillation: what does it mean to be normal?

» 86 patients with SVT: burst pacing vs decremental pacing
» Inducible AF = 1 min, sustained AF = 5 min

Protocol 1A 34 pts Burst Atrial Pacing Protocol 1B S2pts Burst Atrial Pacing |
(Repeated 3X) (Repeated 8X)
(All AF 0/34; Sustained AF 0/34) (All AF 3/34; Sustained AF 1/34)
, _ ] 3.5% 4
Protocol 2 Decremental Atrial Pacing (Repeated 3X) 5
Decremental Pacing
>| Loss of 1:1 Capture | |
(All AF 22/86: Sustained AF 16/86)

25.6% 18.6%

Keimyung University Dongsan Medical Center Huang W, et al. Heart Rhythm 2011,8:489



A KUDMC

N\~
Inducibility of Paroxysmal Atrial Fibrillation by Isoproterenol
and its Relation to the Mode of Onset of Atrial Fibrillation

» PAF vs control = 80:20

» AF inducibility = PAF vs control = 84% (67/80) vs 5% (1/20)
» Sensitivity 88%, Specificity 95%

» Must be assessed before & after ablation

9 100 - 0 100 Z - .
3 w0 Clcontrol %o AF induction 88
£ 80 -
2 70- WAF 80 -
3 60 -
E 50 + 60 ] 51
s 40 -
2 30 - -
e 10 28
gl 20 1
0 5 10 15 20 -
2 min 2 min 2 min 2 min + 10 min was;out 0 T T T ]
Dose of Isoproterenol (ug/min) 5 ug 10 ug 15 ug 20 ug

Keimyung University Dongsan Medical Center Oral H, et al. JCE 2008;19:466
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Clinical Value of Noninducibility by High-Dose Isoproterenol
Versus Rapid Atrial Pacing After Catheter Ablation
of Paroxysmal Atrial Fibrillation

» 112 patients with PAF: 125 months FU
» AF was inducible in 87% (97/112) with up to 20 ug/min of ISO before ablation
» Index procedure during AF: antral PVI + CAFE ablation

Post-Index procedure

o1 o, 60 - Induction by RAP
80 - 75 50 -
i 40 -
» 61 patients 33
40 - Noninducible with ISO 30
| 10
0 - , | ) |
AF sustained AF terminated AFL AF

Keimyung University Dongsan Medical Center Crawford T, et al. JCE 2010:21:13
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Clinical Value of Noninducibility by High-Dose Isoproterenol
Versus Rapid Atrial Pacing After Catheter Ablation
of Paroxysmal Atrial Fibrillation

Isoproterenol Induced Pacing Induced

O AF noninduchle AF After AF After

P<0.01 W AF rE:'"dUC'HE Catheter Ablation  Catheter Ablation P
B—-g 100 B AF still present after ablation Sensitivity 3% 1% 073
= . P<0.01 Spef:i.ﬁcit}f o 07% 12% 0.0002
qu- I P=0.21 Positive Predictive 75% 40% 0.21
- 80 4 0 Vall:m o
E 84 /0 | Negative Predictive 84% T6% 0.27

- 0 Vol
g e 76/0 Diagnostic Accuracy 83% 64% 0.03
() 60 4
gl 60%
= :
: il The response to isoproterenol after
30 A9 :
£ catheter ablation of PAF more
? 4. accurately predicts clinical outcome
ol el than the response to RAP
Isoproterenol Rapid Atrial Pacing

Keimyung University Dongsan Medical Center Crawford T, et al. JCE 2010:21:13
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Recommendations regarding
ablation technique

<> Targeting the PVs and/or PV antrum is the cornerstone

<> If the PVs are targeted, electrical isolation should be the
goal (entrance block at a minimum)

<> Monitoring for PV reconduction for 20 minutes following
initial PV isolation should be considered

<> If a focal trigger is identified outside a PV at the time of
an AF ablation procedure, ablation of that focal trigger
should be considered

Keimyung University Dongsan Medical Center Calkins H, et al. Heart Rhythm 2012;9:632
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Paroxysmal AF

Main target: focal triggers

Keimyung University Dongsan Medical Center Calkins H, et al. Heart Rhythm 2012;9:632
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Sinus rhythm
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1 200 ms

Spontaneous AT/AF from LS (71 msec early)
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Keimyung University Dongsan Medical Center 2013-12-19 JE



Sinus rhythm
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Spontaneous AT/AF with SVC signals
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SVC trigger: Double Lasso (SVC, RSPY) Ry

I - i)
V, '
Rs-1 — wL l |
- AL . !

- S E———

~ N\ A e —\r .

F l( Ar A\ A A, “:"

I‘\ " A ¥ X v - a v "
RS-10 ’ » "

SVC-1
T r ¥~ Ll ¥ Yy

G:36:43 M

Keimyung University Dongsan Medical Center 2013-10-10 JJ




After isolation, No ERAF with isoproterenol
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Baseline PV potentials

PV-10
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CS-d

Keimyung University Dongsan Medical Center




Entrance block by ablation
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Conduction from PV to LA
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Exit block from PV
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Inducibility as an end point

» AF induction by pacing or isoproterenol may be a predictor of
AF recurrence

» Diagnostic accuracy is low

v" Rapid atrial pacing (RAP): lower specificity

v" Isoproterenol (ISO): lower sensitivity

ISO: trigger, RAP: sustainability

Non-inducibility may be a marker of less structural

remodeling rather than an endpoint for ablation

» Limited data for persistent AF

» Cause of recurrence: PV reconnection

VYV VYV

Keimyung University Dongsan Medical Center
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Rationale for termination of AF

» Termination of AF during ablation may result from elimination
of a focal driver or adequate modification of the atrial
substrate required to sustain AF

» Indicator of adequate modification of driver

» Could be used as an end point of ablation in Persistent AF

» Can be used as predictor of outcome of ablation

Keimyung University Dongsan Medical Center
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Is Pursuit of Termination of Atrial Fibrillation During Catheter
Ablation of Great Value in Patients with Longstanding Persistent
Atrial Fibrillation?

» 140 patients with longstanding persistent AF (LSPeAF)
> Index procedure: ,
Biantral ablation > CAFE ablation in LA& CS - CTI

140 Patients underwent RFCA for drug refractory
long-standing persistent AF

L

Y
SR AT No AF termination ||
33 patients (23.6%) 82 patients (58.6%) 25 patients (17.9%) ||
SR No AT termination

62 patients (44.3%) ' 20 patients (14.3%)

I

SR No AF/AT termination
95 patients (67.9%) 45 patients (32.1%)

Keimyung University Dongsan Medical Center Park YM, et al. JCE 2012:23:1051
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Is Pursuit of Termination of Atrial Fibrillation During Catheter
Ablation of Great Value in Patients with Longstanding Persistent
Atrial Fibrillation?

» Recurrence of termination vs non-termination group
45.3% vs 68.9% @ 18.7x7.6 Months FU

Termination of AF has a
P = 0.005* | better clinical outcome
in patients with LSPeAF

"0

Termination group

Non- termination group

Freedom from recurrence

Follow up period (months)

Keimyung University Dongsan Medical Center Park YM, et al. JCE 2012:23:1051
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Five-Year Outcome of Catheter Ablation
of Persistent Atrial Fibrillation Using Termination
of Atrial Fibrillation as a Procedural Endpoint

» 130 patients with PeAF; mean 2.1+1.0 procedures

» Index procedure

Biantral ablation = CAFE ablation in LA - inside CS = roof
- Ml - CAFE ablation in RA - CTI

150 Persistent AF Patients (100%)

_"/-—K

120 (80%) AF Termination
(62% LA, 18% RA)

30 (20%) No Termination||

|

30 (20%) SR| | 90 (60%) AT (@1.1+1.1)

75 (50%) SR| |15 (10%) AT
I

Cardioversion

SR

Keimyung University Dongsan Medical Center

Scherr D, et al.Circ AE 2015;8:18
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Five-Year Outcome of Catheter Ablation
of Persistent Atrial Fibrillation Using Termination
of Atrial Fibrillation as a Procedural Endpoint

AF termination is associated with freedom from arrhythmia recurrence in PeAF

Single procedure outcome

. Logrank p=0.017
oo 100 :
<
S
'S 80
=
=
w
g 601
= =IAF termination
© ~no AF termination
E 407
=
s
t 20
<
A ]
0 T T T T T T T T T T T T T T 1

0 B 12 18 24 30 36 42 48 54 60 66 72 78 B4 80 G8
Number at nsk

120 45 38 30 25 15 1 5
30 1 4 3 1 1 1 0
Follow-up (months)
35.3% 16.8%
28.0%

Arrhythmia-free Survival (%) 0

100~ Logrank p<0.0001

multiple procedure outcome

80 Ll

40

~FVAF termination to sinus rmythm
207 IIAF termination to atrial tachycardia
~Ino AF termination

rr-rT—T T T T T T T T T T T T
0 6 12 18 24 30 356 42 48 54 60 66 72

Number at nsk

30 26 25 23 21 14 3 3 1
90 78 59 57 44 28 18 B 1
30 23 15 1 E 4 2 0
Follow=-up (monthsd
89.7% 2.9%
79.8%

Keimyung University Dongsan Medical Center

Scherr D, et al.Circ AE 2015;8:18
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Atrial fibrillation termination as a procedural endpoint during
ablation in long-standing persistent atrial fibrillation

» 306 patients with PeAF; 2516.9 Months FU

» Index procedure

PV antral isolation with posterior wall & SVC isolation > CAFE

ablation in LA& CS

AF lermination
178 patients

6 SR 172 AT

Success:
30/44
(68%)

AF no termmation
128 patients

134 DCC

(68%)

Success:
91/134

Success:
90/128
(70%)

S

Keimyung University Dongsan Medical Center

Elayi CS, et al. Heart Rhythm 2010,7:1216
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Atrial fibrillation termination as a procedural endpoint during
ablation in long-standing persistent atrial fibrillation

[ |
6 SR 172 AT Success:
90/128
(70%)
l/\ ?
Success: Success:
30/44 44 SR 134 DCC 91/134
(68%) (68%)
v §
57 recurrences 38 recurrences
46 patients: 2" ablation 28 paticnts: 2" ablation
Success: 26/46 (57%) Success: 15/28 (54%)
AF term: success after 2 procedures AF no term: success after 2 procedures
-off drugs: 147/178 (83 %) -off drugs: 105/128 (82%)
-with AADs: 161/178 (90%) -with AADs: 114/128 (89%) !

» AF termination during ablation (conversion to AT or SR) could predict the
mode of arrhythmia recurrence (AT vs. AF)
» Did not impact the long-term SR maintenance after one or two procedure

Keimyung University Dongsan Medical Center Elayi CS, et al. Heart Rhythm 2010;7:1216
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Recommendations reagarding
ablation technique

<>If additional linear lesions are applied, operators should
consider using mapping and pacing maneuvers to assess
for line completeness

< CTI ablation is recommended in patients with a history of
typical AFL or inducible typical AFL

<> If patients with longstanding persistent AF are approached,
operators should consider more extensive ablation based
on linear lesions or complex fractionated electrograms

Keimyung University Dongsan Medical Center Calkins H, et al. Heart Rhythm 2012;9:632
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Termination of AF as an end point

Indicator of adequate modification of driver

Could be used as an end point of ablation in Persistent AF

Can be used as predictor of outcome of ablation

Issues are

v" Hard to discriminate from the degree of structural
remodeling & electrical remodeling

v Remodeling process is dynamic

v" Reverse electrical remodeling needs certain time of
sinus rhythm

» Recurrent AT/FL: Lesion incompleteness, reconnections

Keimyung University Dongsan Medical Center

VYV VYV V
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Summary

» Inducibility by Isoproterenol for triggers seems to be working
for paroxysmal AF

» Evidence for non-inducibility by rapid atrial pacing or
termination is mixed

» Those may be markers of less structural remodeling rather
than true end-point

» Ablation strategy may be helped if we have good tool to
evaluate the degree of structural remodeling

Keimyung University Dongsan Medical Center
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Professor of Medicine, Keimyung University School of Medicine
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