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Patient CASE
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* “I am afraid of the stroke risk my GP talked about,
* can | still get that after this operation?”

* “Can | stop medical treatment after the operation?”
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Ischemic Stroke in AF
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AF and Thrombus Formation

Virchowis triad

e Atrial fibrillation
- Endocardial damage and dysfunction

e Atrial fibrillation
- Stasis in left atrium
- Reduced flow velocity in LAA

HYPERCOAGULABLE STATE

e Atrial fibrillation
- Increased thrombogenesis

- Inflammation S ® "
- - - -~ L 1 1’
- ~
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Other causes of Ischemic stroke in AF

« MJ{2 HE'> 2F1A0KSYI0 ali27Sa ty 1C 18 y20 [T iKI2Y 625Y 0213Y v
* 9Y' 0204 FIRY [H IKI2d3K tChk1{5 21 g140S0
e TiKSI2a0tSN2010 LIIjdzSa
o /SISOI20IA00UEHI RIASIAS) 2 Bogoussivsky st . Newrology 1050:40: 1046150,

a U=,
Blood clot lodges in !
cerebral artery, causing IJ
a stroke A

Blood clot breaks
off and travels

’ i
@ MAYD FOUNDATION FOR MEDICAL EDUCATION AMD AESEARTCH. ALL RAIGHTS RESERVED.
E' 9a.. HAHA

\R-1073
o,“\“ 75 e,

4?
SI7as AR“\\)

(&

BY)
&
/VSIS - 5-,@\4“



Risk Factors of Stroke and AF

Heart failure
Vascular disease
Hypertension

Diabetes

Obesity
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Risk Factors of Stroke and AF

S Year Outcomes after AF Ablation
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Modifying Stroke Risk Factors
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What can we expect?
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Incidence of 2%/y, RFA eliminate AF in 50 %,decrease incidence to 1,25%/y
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Observational Data — Propensity Matched
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Years to first stroke
No. atrsk
Ablation 12,122 9,372 5759 1508 2122
Cardiovesion 12,122 5.0%% 5.432 231 1,985
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Number at risk
Ablation
AADs

Thromboembolic event

99
98
971 b < 0.001

0 1 2 3
14,728 7.611 3,557 1,095
29,456 16,926 7,356 1,183
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Observational Data — Propensity Matched

10% A

8%

6%

4% -

2%

B Catheter ablation
M No catheter ablation

P=0.013
0 -l
0 1 2 3 4 5 6 7 8
At risk Years
Ablation 2496 2457 2126 1840 1434 1049 668 338
No ablation 2496 2396 2049 1782 1403 1059 681 366
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AF, No Ablation (n = 16,848)
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k4
o
i
2
-
%

A
S @ o

ITINp

=

0y
Ysys. 5-,0\~\°

N
K TAs ARV\\)‘.,



Observational Data — Propensity Matched

Stroke/thromboembolism

Unadjusted ‘

Non-CAF (reference) ’ 1617/131 500

CAF " 105/15554 0.59 <0.001
Fully adjusted i

Non-CAF (reference) ® 1617/131500 Reference

CAF [ : | 105/15554 1.07 [0.75-1.55 0.7
Propensity matched

Non-CAF (reference) . 104/13599

CAF : . » 75/11534 0.47

Incident heart failure*

Unadjusted

Non-CAF (reference) ’ 2458/105056 Reference

CAF p——— ! 158/12792 0.58 [0.49-0.68] <0.001
Fully adjusted

Non-CAF (reference) . 2458/105 056 Reference

CAF | . 1 15812792 0.76 [0.61-0.94] 0.011
Propensity matched

Non-CAF (reference) . 230/11510 Reference

CAF : o | 110/9525 0.69 [0.52-0.91] 0.009

I I T T 1
0.20 0.55 0.90 1.25 1.60

Hazard ratio (95% CI)
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Earlier RCT and observational studies

Ablation vs. ADD and Stroke Risk

OBSERVATIONAL STUDIES

Pappone et al 2003
Bunch et al 2011
Hunter et al 2011
Reynolds et al 2012
Blandino et al 2013
Lin et al 2013

Chang et al 2014
Noseworthy et al 2015
Friberg et al 2016
Saliba et al 2017

Stroke or TIA
Stroke or TIA
Stroke or TIA
Stroke or TIA
Stroke or TIA
Stroke or TIA
Stroke or TIA
Stroke or TIA
Stroke or TIA
Stroke or TIA

Risk Lower Upper

ratio limit

0.282 0.150
0.487 0404
0.563 0.352
0616 0455
0.703 0.138
0.267 0.090
0.254 0.158
0.807 0.646
0.696 0.524
0.725 0.585
0.540 0431

limit

0.531
0.588
0.901
0.835
3.581
0.787
0.408
1.008
0.925
0.899
0.676

Z-Value p-Value

-3.927
-7.495
-2.396
-3.126
-0.424
-2.393
-5.658
-1.886
-2.500
-2.935
-5.372

0.000
0.000
0.017
0.002
0.672
0.017
0.000
0.059
0.012
0.003
0.000

——
n
-
|
—
.

‘

0.01 0.1 1
Favours Ablation

asSil- 1y1-@aa - H- £ S 1o Lyl W /ZHIRI2E Hamy

10

100

Favours Medical
Treatment alone

S @ "o
& )
S 5
% 52‘7 @
g @
: 5

L &

N
K TAs ARV\\)‘O



CABANA and Stroke

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
Disabling stroke 3(0.3) 7 (0.6) 0.1 0.7 0.6 0.42 .19
(0.11-1.62)
gl Anystroke  Expected 4y risk - 2,7% vs. 4,2 % - power of 90% N= 6500 pt.
il el o i NNT — 67 pt. reduce 1 stroke over 4.

<30 days after ablation 0 4

>30 days after ablation 3 22 Actual sample size and effects - Power = 50%

Never ablated (n=102) 0 P

Total 3 (27) , v A A A » A A . ,
" (b2 RIFFSISYOS ty alli21S NI-GS wCY g 115¢
Drug Therapy Group (n=1096)

<30 days after initiating drug 1 3

>30 days after initiating drug 6 35

Never started drug therapy (n=4) 0 1 3 @ (o)

Total 7 ( 39) S 2

N = § A 2
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AF Ablation and Stroke Risk
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What do we do with OAC?
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o l—Score=0
l—Score=1
| — Score = 2 or above Time after RFA
0+ 1 T T | T T

1 year 2 years Jyears 4years 5years
Number of patients under observation

Score =0 1276 644 484 386 335 281
Score =1 1268 785 618 564 475 392
Score = 2 or above 1507 1047 944 846 744 655

Figure | Persistence in use of oral anticoagulation therapy after first-time radiofrequency ablation according to the CHA;DS,-VASc score: the
proportion of patients receiving oral anticoagulation therapy by years.

Karasoy D et al. EHJ 2015
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Percentage of Patients Remaining on OAC
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Noseworthy PA et al. JAHA 2015
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Stroke Risk after PVI tOAC

On-OAC Off-OAC
A B N IR(95%CI) N IR(95%CI)
] "y Thromboembolism 36 0.56 (040-0.78) 35 0.64 (0.46—-0.89)
8° g° CHA,DS,-VASc =0 8 0.50(025-1.00) 13 0.51(0.30-0.88)
“ °4 On-OAS CHA,DS,-VASc =1 3 0.14 (0.05-0.44) BSOS =3l
2 5 g CHA,DS,-VASc > 2 25 0.93 (0.63-1.38 0.97 (0.55-1.71)
§2- § ............................................................................
&) O
" Serious bleeding 63 0.99(0.77-1.27) 24 0.44(0.29-0.65)
0 . [ , T , HAS-BLED < 1 28 0.73 (051-107) 18 0.43(0.27-0.69)
' ' * Vears ‘ ’ HAS-BLED =2 23 1.31(087-198) 4 0.40(0.15-1.06)
Figure 3 The cumulative incidences ofthromboembolism and serious bleeding according to oral anticoagulation therapy. (A) Thromboembolism, HAS-BLED > 3 12 1.45(0.82-256) 2 0.60(0.15-242)

adjusted for the components of CHA;DS,-VASc score and (B) serious bleeding, adjusted for the components of HAS-BLED score.

number of events; IR, incid-years; HR, hazard ratio.

Nation wide danish register - 4050 patients from 3 mo. after 1% pv(*
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Stroke Risk after PVI tOAC

Table 2. Cardiovascular Events per Year of Follow-up After PVI

Events While Taking Warfarin Sodium, Events While Not Taking Warfarin Sodium,
No. (% per Year) No. (% per Year)
CHA,DS,-VASc Ischemic Intracranial Ischemic Intracranial
Score Stroke hemorrhage Death Stroke hemorrhage Death

<2 1(0.1) 1(0.1) 1(0.1) [,(.Q.]! 0 1(0.1)
22 4(0.3) 2(0.2) 6 (0.5) 5(1.6)? 0 3(0.9)

S

6551 AF ablation - 4361 1% PVI - 1551 registered OAC (Wafarine)

Sjglander { Si 0 ita ! /IMRI2{238 HamT

CHA2DS2- | Adjusted
VASc stroke
score rate %/
year
0 0
1 1.3
2 22
3 32
4 40
5 6.7
6 9.8
7 96
8 6.7
9 152
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Stroke Risk after PVI tOAC

1.00 {——— Of-OAT Group-
------------------------------------------------- On-OAT Groups
0.99
Incidence of Thromboembolic Events and Major Hemorrhage According to CHADS, Score in Off- and On-OAT Groups
0.98 -
CHADS, = 0 CHADS, = 1 /\ CHADS, =2
Off-OAT On-0AT Off-OAT On-0AT l Off-OAT\ On-0AT
- Patients, n 1,622 155 723 261 347 247
TE, n (%) 1(0.08) 0 1(0.14) 1(0.38) 0 2(0.81)
Major hemorrhage, n (%) 0 1(0.64) 1(0.14) 2(0.8) 0 10 (4)
0,96 -
OAT = oral anticoagulation; TE = thromboembolic events.
0.95 1 Log-rank p-value = 0.003 d b2 ! C NJSOdZNJNJSWS
A A I A4 |,| I.l{ A \\
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Stroke Risk after PVI tOAC

A o

0.8+

%)

0.6

0.4 4

Cumulative survival (

0.2 1

04

3149 3070 2311

No. at risk 1323 1006 777
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T
0

Months

L
30

T
40

T
50

Overall Overall
n IR (95% Cl) n IR (95% CI)

Thromboembolism*

Intermediate-risk 10 _036(0.19-067) 3 035 (0.11-1.08) Q€T %
High-risk 1.03) 19 141 (0.71-1.74) Q\S‘“I @ "%,
Major bleeding® g ~7 %_
Low-risk 4 0.13(0.05-036) 3 029 (0.09-091) = ﬁ % i
Intermediate-risk 4 0.17 (0.06-0.44) 5 0.46 (0.19-1.11) 'zz - §
N

High-risk 4 0.44(017-118) 1 021(0.03-1.48)




Stroke Risk after PVI OAC vs. CHA5,DS,-VASC

0.10 Stroke/TIA
Stroke/TIA Univariate analysis Multivariate analysis
o HR (95% Cl) Pvalue HR(95%Cl) P value
= 0.081 CHA;,DS,-VASc >3: 1.5%/year Age (+1 year) 1.06 (1.03-1.10) 0.003 1.03(0.99-1.07) 0.16
= CHA,DS,-VASc <3: 0.3%/year i s N vy Hings B
+1 1.00 (0.92-1.00) 0.92
€ 0.06- Log-rank p<0.001 AF type
: Paroxysmal Ref. Ref.
- 7 Persistent 1.07 (0.54-2.00) 0.64 0.91 (0.45-1.73) 0.76
-V =,
E 0.04- CHA,DS,-VASc =23 Long-standing persistent ~ 3.38 (1.55-6.76) 0.003 307 (1.31-6.63) 0.012
'5 Ablation sessions =2 1.54 (0.63-3.24) 0.32
E Comorbidities
0.02 CHA,DS,-VASc <3 Hypertension 2.01 (1.11-3.85)
< Diabetes 1.73 (0.89-3.16)
Heart failure 2.17 (1.15-3.90)
0.00 == ———————— Stroke/TIA 2.09 (0.91-4.22)
0 12 24 36 48 Vascular disease 2.46 (1.20-4.64) :
CHAzDSz-VASc 1.44 (1.24-1.68) 1.31 (1.06-1.60)
No. atrisk Fouow-“p mo Echocardiography variables
>3: 1165 000 544 256 143 LVEF (+1%) 0.99 (0.96-1.02) 0.
<3: 2286 1874 922 493 249 LAd (+1 r_'nm) 1.06 (1.02-1.10) 0.006 1.04(0.99-1.08) 0.12
;v A A ~ ’ A Post-ablation therapy
[ W n -
° | Warfarin (vs. DOAC) 1.40 (0.76-2.51)
adZtu}\OSyljSN‘] - C WSH}\aUSN\] Antiplatelet therapy 1.15 (0.40-2.63)
, AAD use 1.25 (0.69-2.19)
¥ Hb (mg/dL) 0.85 (0.71-1.01)
[ ]
O p rl M L‘]uq) CrCl (mL/min) 0.99 (0.98-1.00)
v AF recurrence 1.34 (0.76-2.34)

Okumure Y Sii I /W0dzE1-Gi2y W HAMG

Eoood o ° pG:"',‘, élsz\]L\]éR h | / OAC discontinuation 0.44 (0.24-0.78) 0MQ4 0.74(0.39-1.35)
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Stroke Risk after PVI tOAC
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CHADS2 | Adjusted | CHA2DS2- | Adjusted
score stroke VASc stroke
rate %/ score rate %/
year year
— re
—— 0 1.9 — >0 0
— 1 1.
1 28 = 3
2 22
2 40 3 32
5 6.7
4 y
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5 125 7 9.6
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Effect of Ablation on AF Burden

Atrial Fibrillation Burden (%)

100+
Hazard ratio, 0.52 (95% Cl, 0.45-0.60); P<.001
® 80
@ .
= Catheter ablation
£ 60+
1
QD
o
5 40
(v
& Drug therapy
L 204
0 T T T T T
0 6 12 18 24 30
Time Since End of Blanking, mo
No. at risk
Drug 629 304 252 212 181 157
therapy
Catheter 611 432 381 328 291 241
ablation

No AF on 7-Day Holter (N)

Freedom from recurrence of atrial fibrillation following the blanking period in
1240 patients who used the study electrocardiogram event recorders
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Maintenance of Sinus Rhythm

Patients [%]

Patients at Risk

Ablation

Pharmacological

70—

60 —|

50 —

40 —
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10 —|

0.0—

129

P<0.001 P=0.003 P=0.002 P<0.001

36 48 60
Months
Pharrr
89 64 48
91 60 36
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Mean rank:
P (M-W):

RFA AAD
Baseline
149 146
0.72

RFA  AAD
2 years
138 157
0.007

RFA AAD
5 years
137 158
0.003
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Continuous monitoring

ATA burden before and after PVI in all patients (n=105)

% of time spent in ATA before PVI (65
[61, 78] monitoring days)

25 20 15 10 5 0

5

n

z ATA burden = 2.68

S [0.04, 14.80] %

[-%

z

: N =105

‘g‘ ATA burden = 2.68
g [0.09, 15.02] %

ATA burden = 4 83
[1.87, 38.06] %

5 10 15 20 25  30%
ATA burden =0 P <0.001
[0, D] %
N =105
ATA burden =0 [0, 0] % P <0001
AF burden reduction = 100
[100, 100]%
ATA burden = 0.27 e
e a i - .
[0.003 -1.77] % P=0004 | = |
=2
P
Dk oo
=
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% of time spent in ATA during 3-12 months
after PVI (270 [270, 270] monitoring days)

% of time spent in ATA before PVI
(65 [61, 78] monitoring days)
25 20 15 10

. nn 30

~~~~~

= 92)

Without ATA after PVI (N

| ATAburden = 2.56

[0.07,14.96] %

N =105
ATA burden = 2.68
[0.09, 15.02] %

ATA burden = 4.25
[0.53, 23.40] %

% of time spent in ATA during 12-24 monthe
after PVI (360 [360, 360] monitoring days)

0
T

5 10 15 20

25

N =105
ATA burden =0[0,0] %

AF burden reduction = 100
[100, 100]%
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Stroke Risk - AF Recurrence

A

OAC discontinuation t g { 1.42 (0.86 - 2.35); P=0.16
Aspirin use 144 (087 -238);P=0.16

Recurrent AF 142 (1.04 - 1.94), P=0.027
Age: 65-74 1.09 (062 - 1.94); P=0.76
Age: 75 or above b o { 1.14 (027 - 4.78), P=0.86
Female sex L > i 1.24 (0.74 - 2.08); P=0.41
Hypertension } . { 0.93 (0.56 - 1.54); P=0.78
Heart failure } s 2 - 1.65(0.78 = 3.50); #P=0.19
Diabetes mellitus F g i 1.05(0.37 - 2.97), P=0.92

Previous stroke ; L 2 { 2.78(1.32-5.86), P=0.007
Vascular disease } 2 2 4 1.73(0.82-3.66), P=0.15

0.2 0.5 1 2 5 10
Hazard ratio (95% Cls)
$ @ o
Figure 4 Individual predictors associated with thromboembolism and serious bleeding after first-time radiofrequency ablation. (A) Thrombo- 3 :
bolism, HR (95% Cls) and (B) serious bleeding, HR (95% Cls) 3 ﬁ f
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Stroke Risk - AF Recurrence

sinus rhythm maintenance group Table 3. Distribution of ischerence and SR maintenance groups.
1-0*“WWWMMW CHA,DS,-VASc AF recurrence SR maintenance
- - (n=619) (n =929)
% AFIAT recurrence group Patients Events Patients Events
B o8 0 228 2(09) 439 1(0.2)
& log-rank test p < 0.001 I 205 4(1.9) 287 0
@
£ 2 113 0 115 0
» 067
E 3 45 0 65 0
2 i 18 0 18 1(5.5)
£
S o4 5 9 1(11.1) 4 1(25.0)
g 6 1 0 1 0
a >7 0 0 0 0
o Total 619 7(11) < — > 3(03)
00 T T T T \QM%N PR,
0 36 72 108 144 Al A N 1 “,
YIY 51 Si [ t[h{2yS Hnmy S %
follow-up (months) [ 5 ~7 2
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Continuous monitoring

100%
[Lbv IC aldRe
90%“77777777777777777777777,2“v,\_,\,\ Az " A
SOKaStoSIESI { Su 1 9dzi2LI1-0S Hamy
80%
195
(B B B BE BN BN BN BN BE BN BE BE NS NS B BN B BE BN BN BN BN BE BE B
200
312 242 222
318 298 284 258 238
60% - Z . 221 544 192 575 163 51
140 128 106 90 54 38 o,
50% Patients without AF
40% - .
Patients with AF, but
no AF in prev. months
309—-6—224 20
a 5 Patients with AF
8 1 5
11 S 2 =7
20%+— ) — —3*~»2902— — — — — —0 — -
1 o 4 o
100 o 9 o
20 77 74 7O
10% - gg 90 85 79 4 57 52 40 44 38 12
25 22 17 16 11 6 a
9a_ 0040 T T T T T T T T T T T T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Month of follow-up
410 410 410 418 306 374 355 336 324 313 207 270 266 244 223 203 175 150 124 106 B84 63 44 24 amount of patients




Continuous monitoring to guide OAC

Ablation of AF or possible AF triggers
No evidence of AF after 3-month blanking period

@

Postimplantation ICM adjustment of monitor ECG
without myopotentials, sufficient QRS detection

@

AF not

' | Discontinutation of anticoagulation l

-

confirmed

<1 hour

by the patient

Daily AF burden ‘ Daily manual ICM interrogation

G

Daily AF burden
=1 hour

—

optional

Continued
anticoagulation

‘ 65 pt - no strokes

AF confirmed

*

Timely presentation
at the cardiologist
for interrogation of
ICM and
confirmation of
AF diagnosis

*

Immediate initiation of
anticoagulation

Figure 1. Flow-chart of patient selection and follow-up. AF = atrial fibrillation; ECG =
electrocardiogram; ICM = implantable cardiac monitor.
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Risk of TE with Device detected AF

E' 9a. HAHN

e Cli2Y won[.I Twl{¢h¢[9I 9bD D9 IC ¢Lalny
« [A0KSY10 &ili21S

nOGTMIH" 2 kel o> LIE-0SO2(

4 - A A A AN CHA,DS,-VASc Patients (n=7329) Adjusted stroke
o LyUNI-ONIYAI{ OfSSRY3  noomntg” kel e e
0 | 0%
| 422 1.3%
Duration TE %/yr (95% Cl) TE %/yr 2 1230 22%
3 1730 32%
0 0.69 0.69 4 1718 40%
5 159 6.7%
<0.86 h 1.23 (0.15 to 4.46) . - -
7 294 9.6%
0.87t03.63h  0(0t02.08) 0.62 . - o
9 14 152%
3.64to017.72 1.18 (0.14 to 4.28) 0.80
?E‘T\T ”Vp'?
N @ %
>17.72 h 4.89 (1.96 to 10.07) § ﬁl? %
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Start Stop Strategy

100 —
95 —
9
-
- ——
w
]
& 86
€
2
L - Control = Intervention
80 —
b P=0.777
e
0 T T T T |
0 1 2 3 4 5
. Bvie Time (years)
Control 1361,0 928, 27 543, 43 228, 57 75, 60 2,61
Intervention 1357, 0 906, 28 538, 49 214,59 66, 62 3,63

Figure 3 Primary events (first stroke, systemic embolism, or
major bleeding event) in the two treatment groups (intention-to-

treat analysis).

Martin D et al. European Heart Journal 2015
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Timing of Stroke and AF

CHADS; Antithrombotic

Patient #
- | Score Therapy
o | 4 1 2 None
1
u-l. b 4 3 ASA
i
| ' sl
?0 | ; | 3 . v 3 B MNone
P
2
4 5 ASA
o i I.LJ.-_._ . _— 1 OAC
24
D-l T T T T - I T T T T 1 B 4 ASA
24 1 |
—~ L ' 4 5 ABA
W 24 1 LII.
Q o - L . 8 1 OAC/ASA
g 29 ()
= 2 I — J - = g 1 OAC
O 24|
I o _ , ; _ ” 5 ASA
24 I
e et oLl o
@ o 11 4 OAC/ASA
T 24
— | 1
= “rj + 1 T T T T T 12 5 ASA
o
w ?d- T Y 13 2 None
< ol
-}_-.. ol 14 2 None
< “] I .
: r T 15 3 ASA
24 4
o] TR W I
16 3 None
27 |
?: _ 17 3 OAC/IASA
|
0 ! I.I.I;l 1 Lial v H
I 18 4 OACIASA
24 -|
04 A ] - i = . T 19 ] ASA
|
iy
| L
o 1 20 2 N
-80 24 1B -12 5 [ 6 12 18 24 30 e DaOUd et al. HR 2011
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Future studies OCEAN
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m : months
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Incidence rates per 100 person-years
)

IIIF!!

o

0-2w 2-4w 1-3m 3-6m 6-12m 1-2y 2-5y
Time intervals after first-time RFA

Incidence rates 129 2.30 1.25 0.43 0.60 0.65 0.60

! p'?o

95% lower Cl 8.35 0.86 063 016  0.34 0.42 0.43 <,
95% upperCl 200 611 250 115 110 100 083 = %
< @&
Number of events 20 4 8 4 1 20 36 >\7 e
sl Person- years 154 174 639 926 1809 3002 5995 \<§
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Take Home Messages

« b2 GSit LI2GSISR w/¢ KIS 1SAUSR 1F 1C I-6f1-U02y NSRdz0SE UKS 1A 2F aili21SH
We can not conclude that it does or doesn’t
o TTISHWCE 1265 ai21S Mal SMK aY eI a] a021S4 5 h1/H
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