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Boston AF Symposium 2012

In a patient undergoing AF ablation with long-standing
persistent AF, which of the following reflects your first
procedure ablation strategy?

* PV isolation only

* PV isolation + more line

« PV isolation + more line + CFAEs
+ PV isolation + CFAEs

« CFAEs only
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Boston AF Symposium 2012

In a patient undergoing AF ablation with long-standing
persistent AF, which of the following reflects your first
procedure ablation strategy?

9% PV isolation only

34% PV isolation + more line

34% PV isolation + more line + CFAEs
19% PV isolation + CFAEs

3% CFAEs only
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The Stepwise Ablation Approach

for Chronic AF

Simultaneous measurement of AFCL in LAA and RAA

SR: confirm PVI

A

Y

STEP 1 : Lasso-guided pulmonary vein AT : Mapping and ablation

isolation v
Ongoing AF
AFCL in LAA and RAA ¢
SR: verify PVl & roof line < STEP 2 : Roof line ablation
Ongoing AF

AFCL in LAA and RAA ¢

SR: verify PV1 & roof line | STEP 3 : Ablation of CS region and
complex LA activities

/

Ongoing AF / perimitral macroreentry
AFCL in LAA and RAA ‘l‘

AT : Mapping and ablation

SR: verify PV1, roof, mitral |« STEP 4 : Mitral isthmus ablation

Ongoing AF
AFCL in LAA and RAA ¢

OPTIONAL:  Right atrial / SVC ablation
¥

Ongoing AF : Electrical/Chemical cardioversion and verification of conduction block at roof, mitral isthmus and PVI

Michel Haissaguerre, J Interv Card Electrophysiol (2006)
16:153-167

Fig. 1 Alogarithm for stepwise ablation in chronic AF
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1. PVI ablation in persistent AF

* N=40 persistent AF (for 7d-1y)

 Complete PV isolation with double Lasso
- AF termination to SR in 12, conversion to
macroreentrant AT/AFL in 10 (55%)

* Repeat ablation in 14
- recovered PV conduction in 13

. only re-PVI in 10, macro-AT ablation in 4

= AF free : 38 (95%) after 8+2m F/U

F. Ouyang et al. Circulation (2005) 112:3038




PVI ablation in L-S persistent AF

» 340 procedures in 205 pts with L-S persistent AF
— CPVI alone in 165 procedure in 124 pts (60.5%)
— Additional CFAE ablation in 45 pts
— Left linear lesions in 44 pts
— SVC isolation in 15 pts

« After 1.7£0.8 procedure, F/U of 1911
months, 135/199 pts (67.8%) in SR

« 86 pts (43.2%) in SR following CPV/ alone

R.R. Tilz et al. J Cardiov Electrophysiol (2010) 21:1085




PVI ablation in L-S persistent AF

First procedure (N=205)
Second procedure (n=101)

Third procedure (n=26)

Result
First ablation
procedure

AT
(n=5)

!

Mapping and ablation
CT flutter "=3.' LAMRT n=2

SR (n=5)

AT

(n=10)"__________| Ablation of CFAEs n=29 1

AF (n=205)

|

|

DC cardioversion n=197

l

Ongoing AF (n=29)
(DC cardioversion failed)

|

!

AF (n=10)

!

Mapping and ablation n=10

DC cardioversion n=10

!

SR (n=10)
PVI Only Until
This Proc. (n) CFAE
168 (82%) 29 (14%)
53 (52%) 13 (13%)
3 (12%) 12 (26%)

|

SR (n=10)
CT LA
Isthmus (n) Line (n)
16 (8%) 12 (6%)
14 (14%) 17 (17%)
3 (12%) 12 (46%)

PV Isolation n=205 [— SR

(n=3)

SR
(n=168)

SR
(n=9)

LAA
SVC (n) AES (n) Isolation (n)

6 (3%) 105% 0 \
8% 5% [ 4@w|

Fourth procedure (n=7)

1 (14%)

3 (42%) 5 (71%)

NI -

0



PVI ablation in L-S persistent AF

-5 year outcome, Sequential Ablation Strategy -

B Ablation protocol Recurrent AF

Repeat procedure —
s

R.R. Tilz et al
Ablation Study Protocol J Am Coll Cardiol 2012;60:1921-9



PVI ablation in L-S persistent AF

-5 year outcome, Sequential Ablation Strategy -

* Long-term F/U of 56 months in 202 pts

« Initial ablation strategy of CPVI and additional
ablation only in acute PVI non-responder, it DC
cardioversion failed after PVI

« Only CPVI therapy in 105 pts 2 49 (46.7%) of
those pts remained in SR during F/U

* Acute PVI responders had a reduced risk of relapse
(HR: 0.57, p<0.001) after the first ablation

R.R. Tilz et al. J Am Coll Cardiol 2012;60:1921-9




2. Beneficial effects of CFAE/Line?

- STAR AF Il -

Sx Persistent AF (7d-3years)

1.0+

\ PVI
g —— PVI + CFAE
0.8 - PVI + Lines
0.7 -
0.6 -

0.5 1
0.4 -

59%
48%

0.3 -
0 P value = 0.15 44%

0.1 -

0.0 -

0 2 4 6 8 10 12 14 16 18 20
Number of months since first ablation

Freedom from AF(%)

No. at risk

PVI 61 50 36 23
PVI+CFAE 244 161 124 72
PVi+Lines 244 152 115 57

N Engl J Med 2015;372:1812-22



Conclusions of STAR AF I

No benefit in AF reduction when additional
substrate ablation (CFAE or Lines) was
performed in addition to PVI in persistent AF

PVI alone achieved freedom from recurrence in
about 50% of patients

No longer need to use additional strategies
- Empiric lines, CFAE, etc

Other strategies should be further investigated if

we can improve outcomes
— Rotors, non-PV foci, ablation of scar regions, etc

) MO N Engl J Med 2015;372:1812-22

MEDICINE Wi Asan Medical Cent



Beneficial effects of CFAE?
- Michigan random study in L-S PeAF -

A Randomized Assessment of the Incremental

Role of Ablation of Complex Fractionated Atrial
Electrograms After Antral Pulmonary Vein Isolation
for Long-Lasting Persistent Atrial Fibrillation

 In persistent AF group after PVI, no further ablation and CV
(N=50) or CFAEs ablation up to 2 additional hours (N=50)

« 36% Vs 34% in SR without antiarrhythmic drugs (p=0.84)
after 103 months

 Additional CFAEs ablation does not improve clinical
outcomes Iin patients with long-lasting persistent AF

B ey o o () MEOIMBH J Am Coll Cardiol 2009;53:782-9



Beneficial effects of CFAE?

- RASTA study in persistent AF -

 N=156 PeAF /long lasting PeAF
(AF duration : 47+50 m)

« Gr 1: PVI + identified non-PV trigger ablation
(standard approach)

« Gr 2: standard + empirical common non-PV ablation
« Gr 3: standard + LA CFAE ablation

 Atrial arrhythmia free at 1y after single ablation
: Gr1-49%, Gr2-58%, Gr 3 -29% (p<0.05)

Circ Arrhythm Electrophysiol. 2012;5:287-294




Beneficial effects of CFAE?

- meta-analysis of additional CFAE -

 Qverall, CFAE ablation showed no additional

benefit in PeAF/L-S PeAF
(OR, 0.64; 95% ClI, 0.35-1.18; £ =0.15)

Mela analysis of the impact of additional CFAE ablation on single procedure efficacy

Study name  Procedures Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Value p-Value o\
Verma, 2007  Single 0.559 0.192 1.632 -1.064 0.287 —.—— 7140
Lin, 2009 Single 0.289 0.100 0.837 -2.288 0.022 _._ 10/ 30
Oral, 2009 Single 0.916 0.103 2.084 -0.210 0.834 17 / 50
Oral, 2008 Single 0.737  0.247 2.196 -0.548 0.584 1 23/33
Verma, 2010  Single 0.167 0.024 1.145 -1.822 0.068 B 2/12
Elayi, 2008 Single 0.415 0.184 0.938 -2.114 0.034 —.— 19/49
Dixit, 2012 Single PARCH 1.038 5.158 2.052 0.040 —.— 36/ 51

0.640 0.347 1.182 -1.426 0.154 q

0.01 0.1 1 10 100

Ted, SOOStm oS A2
R UNIVERSITY OF ULSAN
COLLEGE OF MEDICINE "-\_7_7 “,"‘

Asan Medical Center

Control
11/40
19/ 30
18/50
25/33
6/11

29/48
28 /55

) M{S0[AES Circ Arrhythm Electrophysiol. 2014,7:841



Beneficial effects of CFAE?

- Benefit of Complex Ablation Study -

Freedom from AF/AT after first ablation procedure

8 100 — — CFAE + PVI + Line
R — PVI + Line (Roof + MI)
> !

Q60 — —
E 9= p=0.20
. N=130
< (median AF duration 2y)
| | | | | | |
0 3 6 9 12

No. at risk Months after procedure

CFAE 65 X 42 33 30

Control 65 59 45 37 37

« Additional CFAE ablation did not improve procedural success at
12 months in symptomatic persistent or long-lasting persistent AF

R MOt Circ Arrhythm Electrophysiol. 2015;8:1316-1324

-~ =
NE ‘Wauag/ Asan Medical Center




Beneficial effects of Line?

-Meta analysis of Linear ablation following PVI-

Forest plot comparing PVI plus additional LL with PVI alone in PeAF patients

PVI + LL PVI alone Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

Fassini 2005 8 32 19 29 17.6% 0.38[0.20, 0.74] —i—

Willems 2006 10 32 24 30 19.5% 0.39[0.32, 0.67] —a—

Gaita 2008 29 58 19 26 22.7% 0.75[0.53, 1.05] . 1

Verma 2015 132 244 25 61 22.9% 1.32[0.96, 1.82] -

Wynn 2015 14 39 10 36 17.3% 1.29 [0.66, 2.53] ——

Total (95% Cl) 400 182  100.0% 0.73[0.44, 1.21] ‘

Total events 193 97

Heterogeneity: Tau? = 0.26; Chi? = 22.76, df = 4 (P =0.0001); 12 = 82% ! | | |

Test for overall effect: Z =1.22 (P =0.22) 0.01 0.1 1 10 100
Favours PVI+LL Favours PVI alone

« Pooled analysis of 5 persistent AF trials : addition of LL (linear lesion)
following PVI does not lead to a significant reduction in recurrent atrial
tachyarrhythmias compared with PVI alone

« No additional benefit of LL following PVI to sinus rhythm maintenance in
patients with PeAF

Pacing Clin Electrophysiol. 2016 March



3. Increased Complications with additional

Linear /CFAE ablation in STAR AF I

Procedural Adverse Events

Isolation Isolation Isolation
Adverse Event Alone plus Electrograms  plus Lines Total
(N=64) (N=254) (N=250) (N=568)
Number of events
Hematoma at access site
Atriovenous fistula or pseudo-
aneurysm at access site
Pericarditis 0 1 2 3
Fluid overload 0 1 3 4
Sedation-related complication 0 3 ) 8
Skin burn 1 0 0 1
Cardiac tamponade 1 0 2 3
Transient ischemic attack or stroke 0 2 1 K
Death due to atrioesophageal fistula 0 1 0 1

! G Mo N Engl J Med 2015;372:1812-22



Increased Incidence of Left Atrial

Flutter with Additional Linear Ablation

« Segmental PVI vs Circumferential PVI+additional Linear lesion

in PAF (N=66)
Kaplan Meier curve showing the possibility of developing LAFL between the 2 groups

1.00—
I3
S
c 0.75—
©
°
e 0.50—
2 — CPVA + LALA
= P=0.002 Segmental PVI
3 0.25—
()
o
LL

0.00 | | | | | |

0 5 10 15 20 25

Months after procedure
Circ Arrhythm Electrophysiol. 2010;3:243



Increased organised AT/AFL with additional

CFAE ablation in Complex Ablation Study

A. Patients with AT/AF recurrence at first redo-procedure B. Patients presenting with organized AT/flutter
50
= AF 30 3 ATonly
2 40 = AT *‘é’ 3 Macro only
s — = AF&AT 2 - mm AT & Macro
S 30 20
5 2
o 20 o
£ P =0.006 £ 10 —
§ 10 2
(0] (0]

CFAE (n=34) Control (n=31) CFAE (n=25) Control (n=11)

C. Numbe4rO of AT/macroreentrant flutter "'Ec))' Patients with gap-related macroreentrant flutter
5 = AT &
5 20 = Roof 5 CFAE ; CFAE + PVI + Line
§ 10 — %O Control ; PVI + Line
° CFAE (n=37)  Control (n=14) o CFAE (n=8)  Control (n=1)
« There was a significantly higher incidence of gap-related AFL in the
CFAE group

v Inability to obtain bidirectional block in LA linear lesion greatly
increased the incidence of left atrial flutter

Circ Arrhythm Electrophysiol. 2015;8:1316-1324 Eur Heart J. 2008;29(19):2359-66



Increased stroke and thrombi

with LAA electrical isolation

* In a cohort of 40 patients with
electrical isolation of the LAA

 Thromboembolic complications
documented in 8%

 Thrombus formation demonstrated in
LAA in another 5% despite
anticoagulation

Clin Res Cardiol 2013 102(Suppl 1): V16734



Complications in worldwide surveys

Previous Survey Current Survey

Period Investigated 1995-2002 2003-2006
Proportion of centers (%) performing
ablation of

Paroxysmal AF 100 100

Persistent AF 53.4 85.9

Long-lasting AF 20 47.1
Overall complication rate, % 4.0 4.5
latrogenic flutter 3.9 8.6
Periprocedural death (%) 0.05 0.15
Tamponade 1.22 1.31
Pneumothorax 0.02 0.09
Femoral pseudoaneurysm 0.53 0.93
A-V fistulae 0.42 0.54
Valve damage 0.01 0.07

R. Cappato et al. Circulation. 2005;111:1100-1105, Circ Arrhythm Electrophysiol. 2010;3:32-38



Procedural Characteristics

* Benefit of complex ablation study

CFAE (n=65) Non-CFAE (n=65) P value

Total procedure time, min 201+35 152145 <0.0001
Total ablation time, min 70+£20 55+17 0.0003
Total fluroscopy time, min 47122 39113 0.03

Circ Arrhythm Electrophysiol. 2015;8:1316-1324

* Meta-analysis of linear ablation after PVI

Continuous Study (n) MD [95% CI] (min) p value 12(%)
RF time 7 18.63 [8.86,28.40] 0.0002 95
Fluroscopy time 7 6.97 [4.18, 9.75] <0.00001 51
Procedure time 7 23.61[12.56, 34.67] <0.0001 84

Pacing Clin Electrophysiol. 2016 Mar(E-Pub)



STAR AF |l

Procedural Characteristics

PVI PVI+CFAE PVI+LINES p value
Procedure time (min)  167.0 + 54.8 229.2 + 83.2 222.6 +89.4 <0.0001
Mapping time (min) 13.9+6.6 188+140 144+77 <0.0001

Fluoroscopy time(min) 294 +16.2 42.1+21.7 409+25.0 0.0003
@ Radiation

Deterministic effects: Stochastic effects:

Skin burns Leukemia

Ulceration Cancers

Desquamation




Radiation hazard :Brain/Neck tumors in
interventional physicians

Patient characteristics

Country Year Age at  Gender  Radiation Tumor Type Side Involved
Diagnosed Diagnosis Exposure
(yrs) (Latency
Period) (yrs)
1 Toronto, Canada 1997 62 M 20 GBM Left side
2 Toronto, Canada 1997 53 M 20 GBM Left side
3 Haifa, Israel 1998 48 M 12 Meningioma Left temporal
4 Paris, France 2001 56 M 25 GBM Left temporal
5  Paris, France 2005 49 M 22 GBM Left temporo-occipital
6  Haifa, Israel 2009 62 M 32 GBM Left frontal
i [ | NI A AL () A rH H oma -
NA
NA
n Left
otal: 31
Left
Left
N/A: 5 =
- Midline
Left occipital lobe
Left frontal
Left: 22 / 26(85%
[ ] o Right
ade I1T) Left
Left frontal lobe
Left
Left temporal
Right
NA
26 Belgium 1990s NA M NA GBM NA
27 Ireland 2011 55 M 31 Neck lymphoma Left
28 Israel 2012 62 M 32 Parotids Right
29  Germany 2003 49 M 19 Meningioma Left
30 Middle East 2009 62 M 30 Meningioma Left
31 Middle East 2009 52 M 19 Tonsillar tumor Left

EP = electrophysiologist; F = female; GBM = glioblastoma multiforme; IC = invasive cardiologist; IR = invasive radiologist; M = male; NA = not available.

Am J Cardiol 2013;111:1368-1372




Take Home Messages

* |n some patients with persistent /long standing
PeAF, circumferential PVI is enough.

« Additional CFAEs ablation does not improve
clinical outcomes.

* Line lesions (esp. roof and perimitral line) can
be beneficial, but complete bidirectional block
should be made.

 Radiation hazard should be considered.







PVI ablation data in LSP AF

— PVI =2 4(2005 Circulation)

— PVI in persistent AF(2005 Circulation)

— LSP AF with PVI(2010, JCE)

— LSP AF with CPVI(JACC, 2012)

No benefit of CAFE/Line

— STAR AF II

— CAFE(2015 Circulation AE)

— Linear ablation, meta analysis(2016-03 PACE)
Complication with additional ablation

Radiation hazard



Meta analysis of the impact of linear ablation lesions

Study name Outcome Statistics for each study Odds ratio and 95% €I

Odds Lower Upper Linear
ratio  limit limit 2Z-Value p-Value lesions Control

Willems. 2006 Singe  0.112 0.035 0361 -3673 0.000 10/32 24130
Fassini, 2005 Single 0.198 0.066 0591 -2902 0.004 B/32 19/29
Gaita, 2008 Single 0445 0.180 1236 -1553 20/53 19/28
0223 0.101 0491 -3728 0.000
0.01 0.1 1 10

100

Favours LL Favours control

Meta analysis of the impact of less more extensive linear ablation

Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Fewer More
ratio  limit limit Z.Value p-<Value lines lines

Mikhaylov, 2010 1.270 0.327 4930 0345 0.730 8/17 TI117

Tamborero, 2009 0993 0320 3.085 -0012 0.990 11723 12735

Lim, 2012 0531 0219 1.284 -1405 0.160 23/44 28741
0.768 0413 1428 -0835 0404

0.01 0.1 10 100

Favours fewer Favours more

Circ Arrhythm Electrophysiol. 2014;7:841



Meta analysis

Table 5. Ablation Strategy

Ablation % Pooled Complication
Strategy Description No. of Studies Rate (95% ClI) PValue [? Statistic

PVl alone 23 2.8 (2.05-3.70) 74.2
PVA ablation/PVAI 34 2.7 (1.89-3.70) 0.874 86.7
Linear substrate 25 2.5 (1.81-3.22) 0.545 75.1
CFAE alone 3 4.2 (2.86-5.86) 0.091 12.2
2.0 ( )
3.2 ( )
3.0 (

CFAE as adjunct 10 1.51-2.57 0.098 53.6
Tailored 49 2.62-3.74 0.509 84.5
Stepwise 8 2.06-4.04) 0.800 47.7

CFAE indicates complex fractionated atrial electrogram; Cl, confidence interval; PVA, pulmonary vein antral; PVAI,
pulmonary vein antrum isolation; and PVI, pulmonary vein isolation.
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n=202
ATa
n = 161/202 (79.7%) SR
n = 41/202
pers. AF AT PAF {20.3%:)
n = 103 (64.0%) n =31 (19.2%) n =27 (16.8%)
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2n? procedure
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5th procedure
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: 105/202 PVI only—>
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Catheter Ablation of Long-Standing Persistent Atrial
Fibrillation: A Lesson from Circumferential
Pulmonary Vein Isolation

ROLAND RICHARD TILZ, M.D., K.R. JULIAN CHUN, M.D., BORIS SCHMIDT, M.D.,
ALEXANDER FUERNKRANZ, M.D., ERIK WISSNER, M.D., ILKA KOESTER, M.D.,
DIETMAR BAENSCH, M.D., SIGRID BOCZOR, BUELENT KOEKTUERK, M.D.,
ANDREAS METZNER, M.D., THOMAS ZERM, M.D., SABINE ERNST, M.D.,
MATTHIAS ANTZ, M.D., KARL-HEINZ KUCK, M.D., and FEIFAN OUYANG, M.D.

From the II. Medizinische Abteilung, Asklepios Klinik 5t. Georg, Hamburg, Germany

Catheter Ablation of Long-Standing Persistent AF. Iniroduction: Circumferential pulmonary
vein isolation (CPVI) is associated with a high success rate in patients with paroxysmal and persistent
atrial fibrillation (AF). However, in patients with long-standing persistent AF, the ideal ablation strategy
still remains a matter of debate.

Methods and Results: Two-hundred and five patients underwent catheter ablation for long-standing per-
sistent AF defined as continuous AF of more than I-year duration. In a first step, all patients underwent
CPVL If direct-current cardioversion failed following CPVIL, ablation of complex fractionated atrial elec-
trograms (CFAEs) was performed. The goal was conversion into sinus rhythm (SR) or, alternatively, atrial
tachycardia (AT) with subsequent ablation.

A total of 340 procedures were performed. CPVI alone was performed during 165 procedures in 124 of
205 (60.5% ) patients. In the remaining 81 patients, additional CFAE ablation was performed in 45, left
linear lesions for recurrent ATs in 44 and SVC isolation in 15 patients, respectively, resulting in inadvertent
left atrial appendage isolation in 9 (4.4%) patients. After the initial ablation procedure, 67 of 199 patients
remained in SR during a mean follow-up of 19 + 11 months. Six patients were lost to follow-up. After a
mean of 1.7 &+ 0.8 procedures, 135 of 199 patients (67.8% ) remained in SR. Eighty-six patients (43.2%)
remained in SR following CPVI performed as the sole ablative strategy.

Conclusions: CPVI alone is sufficient to restore SR in 43.2% of patients with long-standing persis-
tent AF. Multiple procedures and additional ablation strategies with a significant risk of inadvertent left
atrial appendage isolation are often required to maintain stable SR. (J Cardiovasc Electrophysiol, Vol. 21,
pp. 1085-1093, October 2010)




