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RCTs PFO closure

2000 2022

2013 2013 2017 2017 2017

Closure-1 PC Trial RESPECT RESPECT CLOSE REDUCE DEFENSE-PRO
909 patients 414 patients 980 patients 980 patients 663 patients 664 patients 120 patients
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Study design initial trials

Cryptogenic stroke with evidence of PFO

» Exclusion criteria

v

Randomization

/\

Percutaneous Closure Medical Treatment

Stroke/TIA and death (all cause mortality) +/- embolism
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Probability of Primary End Point

No. at Risk
Closure
Medical therapy

Closure-1

Closure not superior to medical therapy

1.0+ 0.08+
Medical therapy jm———-
0.06+ - NS
0.8 f—i
e Closure
0.04+
0.6+
0.024
0.4+
0.00 T T T T T T T 1
0 90 180 270 360 450 540 630 720
0.2
0.0 T T T T T T T 1
0 90 180 270 360 450 540 630 720
Days since Baseline
447 411 406 399 392 389 384 380 254
462 421 405 388 378 365 359 356 242
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PC trial

Closure not superior to medical therapy

— 100+ 8

& 90 Medical thera

= 6] Py

‘© 80

£ A NS

E 70- | r

. PFO closure

= 60 )

g 504

a 40 04 T T T T 1

=

£ o 0 1 2 3 4 5

n 204 Hazard ratio, 0.63 (95% Cl, 0.24-1.62)

S P=0.34

= 104 -

e

0 T T 1
0 1 2 3 4 5
Years since Randomization

No. at Risk
Medical therapy 210 185 170 159 131 90
PFO closure 204 186 181 163 142 110




RESPECT trial (FU 2.6y

Closure not superior to medical therapy

A Intention-to-Treat Cohort

1.0
0.9+
1.00

0.8+ 0.99-]
E o 008 Clos(t;\rl'e_g)roup
5 -] 0.97- -
S 064 0.96+
o 0.95- NS
o 05_ 094_
jgj 04 88%: Medical-therapy group
e 0.91 (N=16)
g 034 0.90 T T T T T T T
w 0.2 o 1 2 3 4 5 6 7

' Hazard ratio, 0.49 (95% Cl, 0.22-1.11)
0.19 p_0.08 by log-rank test
0.0 T T T T T T T
0 1 2 3 4 5 6 7

Years to Event
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RCTs PFO closure

2012 2013 2013

Closure-1 PC Trial RESPECT
909 patients 414 patients 980 patients

Negative Negative Negative
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Closure-1, PC and RESPECT

* High crossover between groups

* Failure to randomise those patients whose strokes were likely to
have been caused by PFO

* Inconsistent use of anticoagulants in the medical therapy group

* STARFlex occluder concerns (residual defects and left-sided
thrombus formation)
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RESPECT trial extended FU (5.9 y

Reduction in ischaemic stroke NNT = 45

A Primary End-Point Events

1.04
0.94 _‘_‘_|—|—L\_
8 1.00+
a 0.8+ 0.99-%
£ 0.984 ‘1\_\\11
F 0]
§ 0:95_ L PFO closure group
T 0.94- ;
] 0.934
§ 0.5 0.92 . .
& gg(l’- Medical-therapy group Slgnlflca nt
5 i .90
> 0.89
Z 0.83-]
s 034 0.87-  Hazard ratio, 0.55 (0.31-0.999)
[ 0.864, P=0.046 by log-rank test
a
0.2 0.00 T T T T T T T T 1
0 1 2 3 4 6 7 8 9 10
0.14
0.0 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Years to Event
No. at Risk
PFO closure group 499 476 464 447 421 352 262 197 128 77 41
Medical-therapy group 481 433 394 380 354 282 218 150 104 59 31
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RCTs PFO closure

2012 2013 2013 2017 2017 2017 2018

Closure-1 PC Trial RESPECT RESPECT CLOSE REDUCE DEFENSE-PRO
909 patients 414 patients 980 patients 980 patients 663 patients 664 patients 120 patients

Negative Negative Negative Positive
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Study design : recent trials

Cryptogenic stroke with evidence of PFO ASA, large PFO

» Exclusion criteria Lacunar stroke

v

Randomization

/\

Percutaneous Closure Medical Treatment

Stroke/TIA and dea e mortality) +/- embolism
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REDUCE trial

Reduction in ischaemic stroke NNT = 23

10—
0.9+
1.00~
) 0.8+
SS9 074 0.98 PFO closure group
¢ a .
& e 064 0967 Significant
[
‘i £ 0.5+ 0.94-
= Q 0.4 Antiplatelet-only group
E e 0.3 0929 WYazard ratio for recurrent stroke,
8§ 037 090,  0:23 (95% Cl, 0.09-0.62)
o« 0.2 ' P=0.002 by log-rank test
0.1 0.00 T T T T T 1
: 0 6 12 24 36 43 60
0.0 T T T T T 1
0 6 12 24 36 48 60

Follow-up (mo)

No. at Risk

PFO closure 441 422 417 398 278 182 102
group

Antiplatelet-only 223 202 194 173 116 78 30
group




CLOSE trial

Reduction in ischaemic stroke NNT =17

1.0
— s T
0.9
= 0.8+
S 1.00
S 074 0.99] PFO closure group
‘g 0.98
& 064 0.97+
t 0.96+ H HH
§ 05 oo Significant
o 227 Antiplatelet-only group
° 0.4 0.94+
>
£ 0.93
E 0.34 0.92
° 0.91 Hazard ratio, 0.03 (95% Cl, 0 to 0.26)
o 0.2+ ’ X -
0.904 P<0.001 by log-rank test
0.1 0.00 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
0.0 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Year
No. at Risk
PFO closure group 238 238 232 200 179 141 99 64 20 0 0
Antiplatelet-only group 235 229 223 198 160 130 96 55 19 0 0
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Defense Pro Trial

Reduction in stroke, vascular death and major bleeding NNT=8

v ‘_I_I—I—H—
80
- 100
3 98 - Patent foramen ovale (PFO) closure group
% %0 %7
2 94 Significant
=
*a 92 -
3 90
= 40 1 88 - 871%
c - -
g 86 Medication-only group
w 84 -
20~ 82 Log-rank P = 0.013
4 1 1 1 1
0 05 1.0 15 2.0
0 1 1 1 1
0 0.5 1.0 1.5 2.0
i Years Since Randomization
No. at Risk
PFO closure 60 52 46 42 40
Medication-only 60 52 45 38 37




RCTs PFO closure

2012 2013 2017 2017 2017 2018
Closure-1 PC Trial RESPECT CLOSE REDUCE DEFENSE-PRO
909 patients 414 patients 980 patients 663 patients 664 patients 120 patients
Negative Negative Positive Positive Positive Positive
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Pooled Individual Patient Data

10+
Log-rank P <.001
+— 8-
=
L
S a
2% 6
= E Medical therapy
g s
235
L9
E —
2_
Device
O_II T T T T T T 1
0 12 24 36 48 60 72 84
Months since randomization
No. at risk
Device 1889 1771 1338 1245 1155 854 365 262

Medical therapy 1851 1668 1194 1094 971 699 390 253
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RoPE score (Risk of Paradoxical Embolism)

[ Table 4 RoPE score calculator ]

Characteristic Points RoPE score
No history of hypertension
No history of diabetes

No history of stroke or TIA

Nonsmoker

B R R R R

Cortical infarct on imaging
Age, y

18-29

30-39

40-49

50-59

60-69

o P N W A~ O

=70

Total score (sum of individual points)
Maximum score (a patient <30 y with no 10
hypertension, no diabetes, no history of

stroke or TIA, nonsmoker, and cortical infarct)

Minimum score (a patient 270 y with 0
hypertension, diabetes, prior stroke, current

smoker, and no cortical infarct) \\\\\\ N
N\ 74

Kent, Neurology, 2013




Validation of RoPE score

0-3 4 5 & 7 & 910 RoPE score

100 % — .
I Prabability of stroke
AUC-ROC=0.75 ! caused by PFO
1
B0 % — |
]
I Observed
60 9% — : frequency of PFO
1
. 1
40 % | |
h
I PFO prevalance in
0% - B =T . ": "~ the general population
t
h
0% - —
1
]
1
1

| ) L |
T T

PFO likely PFO likely
incidental pathogenic of siroke

20 % , ’ 3%

Rate of new incident
atrial fibrillation at
10-year follow-up

Strambo, Stroke, 2021



PASCAL (PFO-Associated Stroke Causal Likelihood)

RoPE Score
Risk source Features Low® < 7 High® 2 7
Very high A PFO and a straddling thrombus Definite Definite
High (1) Concomitant pulmonary embolism or deep venous Probable Highly probable
thrombosis preceding an index infarct combined with
either (2a) a PFO and an atrial septal aneurysm or
(2b) a large-shunt PFO
Medium Either (1) a PFO and an atrial septal aneurysm or Possible Probable
(2) alarge-shunt PFO
Low A small-shunt PFO without an atrial septal aneurysm I Unlikely I Possible

Elgendy, JAMA Neurol 2020



Points still unclear

Transesophageal echocardiography ?

Neurologist
Brain 6 Neck Imaging
Echo TT
Holter
Blood tests

Cardioembolic
stroke associated
with patent
foramen ovale
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Transesophageal echocardiography

» Atrial septal defect

* Atrial myxoma, Fibroelastoma

* Aortic arch atheroma,

* Small aortic or mitral valvular
vegetations
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Points still unclear

Transesophageal echocardiography ?

Neurologist
Brain 6 Neck Imaging
Echo TT
Holter
Blood tests

Cardioembolic
stroke associated
with patent
foramen ovale

Long term cardiac monitoring ?

'
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From the Catholic Universiy of the Sa-
crad Hear, Insitute of Cardiology (TS)

Genter,and the Department

Hear, Largo A. Gemel 3, 00168 Rome,
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Afib detection

RYSTA — AF (6 M)

Cryptogenic Stroke
and Underlying Atrial Fibrillation

Tommaso Sanna, M.D,, Hans-Christoph Diener, M.D., Ph.D.
Rod'S. Passman, M.D., M.5.C.E., Vincenzo Di Lazzaro, M.D.
Richard A. Bernstein, M.D, Ph.D., Carlos A. Morillo, M.D.
Marilyn Mollman Rymer, M.D., Vincent Thils, M.D., Ph.D.
Tyson Rogers, M.S,, Frank Beckers, Ph.D., Kate Lindborg, Ph.D.
and Johannes Brachmann, M.D., for the CRYSTAL AF Investigato

Current guidelines recommend at least 24 hours of electrocardiographic (ECG)
‘monitoring after an Aschmmc stroke to rule out auial fibrillation. However, the most
effective d tygeof monitoring have not been established, and the cause

of ischer uncertain despite a complete diagnostic cvaluation in
2004 s (crypfillenic str Cbrillation after crypto-
genic st implicati

‘We conducted a randomized, controlleqfifudy of 441 patients to assess whether
long-term monitoring with an insertabe cardiac monitor (ICM) is more effective
than conventional follow-up (control) for detecting atrial fibrillation in patients
with cryprogenic seroke, Patients 40 years of age or older with no evidence of atrial
fibrillation during at least 24 hours of ECG monitoring underwent randomization
within 90 days after the index event. The primary end point was the time o first
derection of atrial fibrillaion (lasting >30 seconds) within 6 months. Among the
secondary end points was the time to first detection of atrial fibrillation within
12 months. Data were analyzed according to the intention-to-treat principle.

By 6 months, atrial fibrilation had been detected in & nm of patients in the ICM.
toup 19 pate) versus 1.4 of e i th control grup (3 pares) (razard

and Underling AF (CRYSTAL AF) trial

imstgtn s providedn e Sl
ry Appends, valabl t NEJW org

N gl Mod 2014370247856,

DO I8 LOSGNEMoRI313600

[t ———

ratio, rval [CI), 1910 21.7; vdmm] By 12 months, atrial
Soriaien had bon acected n 1364 of patients in the ICM group (29 patients)
versus 2.0% of patients in the control group (4 patients) (hazard ratio, 7.3; 95% Cl
2.6 10 20.8; P<0.001),

ECG morioring withan [CM wassuperor o conertional followap fr detec:
ke. (Funded by LAF
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Atrial Fibrillation in Patients with Cryptogenic Stroke

David). Gladstone, M.D. Ph.D. Melaic Sping, M.D. Pau Dorian, M.D, Val Pazox, M.D, Kevin E. Thorpe, M Math
Judith Hall, M.Sc., HarisVaid, B.Sc. Martin O'Donnell, M., Ph.D, Andreas Laupacis, M.D., Robert C
Mukul Sharma, M.D. John A. Blakely, M.D., Ashfag Shuaib, M.D.
Shelagh® Couts MB. Ch8, W.D. Demetis), Salas M. Pl Tes D, Samuei v
s Bk (LD, S Verus, M. L

anne K. Casaubon, M.D, Andrew
tJin, M.D,, David Howse, M.D, Manu Mehdiratta, M., Karl Boyle, M.5., B,
Mta K. Koprl, M.Dv and Moharamad Marmdat Poarm 5. NP1t o e B

nvestigators and Coordinat

ABSTRACT

Al ilaronis 3 eaing prevenabe use of ecurcatsoke ot which o e it o 04 0
d Hawever  aurial fbrilla
s olen asympromatic and ikl o o \mdnmwﬂ and ot i th rouine 1A% S o e
cm..rmmwh ischey & (TIA). Heth e e
vty of Toronto Stroke Program (D)),
Oision of Newrlogy. Deprimen of i
e, and Bran Seence

andonly asiged 72

monitoring with either a 30-day event-triggered recorder (inte
a2 conventional 24-hour monitor (control group). The primary.
detceted atrial ibrilation lasting 30 scconds or longer within 90 day
Gomirarion. Sccondary oncomes incuded epsodcs of il Fibrillaon asing
25 minutes or longer and anticoagulation status at 90 days.

Acrial fibrillation lasting 30 seconds or longer was detected in 45 of 280 patients.
1% in the intervention group, as compared with 9 of 277 (%) in the con-
trol . 129
€1,8010176; screen, 3). Atral fibrillation lasti
284

Sroup, 25 compared with 7 of 27 (25% in the comrl group @bsolute er
eace, 74 petcntage pois; 5% Cl .4 (o 13; 000D, By 50 day, oral antt
coagulant therapy had been prescribed for more patients in the intervention
i i the control goup (520280 patiens 15,641 v. 310279 [11.1%) i
absolute difference, 7.5 percentage points; 95% CI, 1.6 to 13.3; P=0.01). M4N 3M5, Canada, or at david. nnd;mnr@
CONCLUSIONS sumrybrook.ca
Among paients with a recnt ryprogenic troke or TIA who were 55 years of APl ot s v
25 o o, arexysmal vl Forilaion was common. Noninvasive bl S e i B e A
CG monkoring foratargetof 30 dayssgnifcandy improved (e detection

e ol ovde o e e

of arrial fibrillation by a factor of more than five and nearly doubled the rate of i
ClinicalTrials.gov number, NCT00846924) rren @ sl Sy,
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Conclusions: Benefit — risk of PFO closure

The Benefit

Medical thera 1.09%
Annualized incidence <: Py ° 1 - 60%
of stroke Device closure was 0.47%

The Risk

_ , Medical therapy 0.8%
Incidence of atrial I X3
fibrillation

FU 57 months Device closure was 2.4%
(> 45 days)
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LAA Closure




ESC guidelines

Recommendations for occlusion or exclusion of the LAA

LAA occlusion may be considered for stroke prevention in patients with AF and contraindications for long-term anticoagulant
treatment (e.g. intracranial bleeding without a reversible cause),*#844%481:482
Surgical occlusion or exclusion of the LAA may be considered for stroke prevention in patients with AF undergoing cardiac

surgery.*5%483

IIb

IIb
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Rational of LAA closure

* Studies have reported that the LAA is the source
of thrombus in about 90% of nonvalvular AF and
57% of valvular AF

— Blackshear JL, Odell JA. Appendage obliteration to reduce stroke
in cardiac surgical patients with atrial fibrillation. Ann Thorac Surg
1996;61:755-9.

— Manning WJ, Silverman DI, Keighley CS, Oettgen P, Douglas PS.
Transesophageal echocardiographically facilitated early
cardioversion from atrial fibrillation using short-term
anticoagulation: final results of a prospective 4.5-year study. ] Am
Coll Cardiol 1995;25:1354-61.




Atrial Fibrillation: OAC

CHA,DS,VAS, = 1(M) > 1(F)

T~

Calculate HAS-BLED score

v
HAS-BLED = 3

Modifiable bleeding risk factors

» Modify risk factors

Flag up
Regular review

DOAC
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Bleeding Score: HAS-BLED

Table 10 Clinical risk factors in the HAS-BLED score®?®

Risk factors and definitions Points awarded
H Uncontrolled hypertension 1

SBP >160 mmHg
A Abnormal renal and/or hepatic function 1 point for each

Dialysis, transplant, serum creatinine >200 pmol/L, cirrhosis, bilirubin > x 2 upper limit of normal,
AST/ALT/ALP >3 x upper limit of normal
S Stroke 1

Previous ischaemic or haemorrhagic® stroke

B Bleeding history or predisposition 1
Previous major haemorrhage or anaemia or severe thrombocytopenia

L Labile INR® 1
TTR <60% in patient receiving VKA

E Elderly 1

Aged >65 years or extreme frailty

©ESC 2020

D Drugs or excessive alcohol drinking 1 point for each

Concomitant use of antiplatelet or NSAID; and/or excessive® alcohol per week

Maximum score 9
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Bleeding risk

Table 9 Risk factors for bleeding with OAC and antiplatelet therapy

Non-modifiable Potentially modifiable Modifiable

Age >65 years Extreme frailty + excessive risk of Hypertension/elevated SBP
Previous major bleeding falls® Concomitant antiplatelet/NSAID
Severe renal impairment (on dialysis or renal Anaemia Excessive alcohol intake
transplant) Reduced platelet count or function ~ Non-adherence to OAC

Severe hepatic dysfunction (cirrhosis) Renal impairment with CrCl <60 Hazardous hobbies/occupations
Malignancy mL/min Bridging therapy with heparin
Genetic factors (e.g. CYP 2C9 polymor- VKA management strategy® INR control (target 2.0 - 3.0), target
phisms) TTR >70%¢

Previous stroke, small-vessel disease, etc. Appropriate choice of OAC and
Diabetes mellitus correct dosing®

Cognitive impairment/dementia

A high bleeding risk score should not lead to withholding

OAC, as the net clinical benefit of OAC is even greater
amongst such patients.

Biomarkers

GDF-15

Cystatin C/CKD-EPI
cTnT-hs

von Willebrand factor (+

other coagulation markers)

©ESC 2020



What is the indication for the left atrial appendage
(LAAC) closure ?
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Anticoagulation in Atrial Firbrillation
4 A

DOAC > >£ DAPT}>

Apixaban ssror ) Aspirine + clopidogrel acvewa
Edoxaban (ENGAGE AF TIMI 48)
Rivaroxaban rockeran

Da bigatran (RE-LY) W
MW

4



PROTECT AF + PREVAIL

_ PROTECT: CHADS2 = 1
1114 patients PREVAIL: CHADS2 = 1 + 1 risk factor
PREVAIL: CHADS2 = 2

/\ HAS-BLED: 60-70% 1-2

1 X Warfarin 2 X LAAC
L
0D Warfarin + Aspirine
!
45D Clopidogrel + Aspirine
!
6 M v Aspirine
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PROTECT AF and PREVAIL

5 years follow-up

HR p-value
Efficacy — 0.82 03
1
All stroke or SE —— 0.96 0.9
1
Ischemic stroke or SE 17 0.08
Hemorrhagic stroke @ | i 0.2 0.0022
1
Ischemic stroke or SE >7 days ——0— 14 03
1
Disabling/Fatal Stroke (MRS change of 22) |—o—|: 0.45 0.03
1
Non-Disabling Stroke -—E—O—- 1.37 0.35
1
CV/unexplained death —e— 0.59 0.03
i
All-cause death |—o—|I 0.73 0.04
1
Major bleed, all —ol— 0.91 06
1
Major bleeding, non procedure-related E i 048 0.0003
j g. nonp | —o—]
1
Favors WATCHMAN « : — Favors Warfarin
n L] T 1
0.01 01 1 10
Hazard Ratio (95% CI) M

J Am Coll Cardiol. 2017 Dec 19;70(24):2964-

O™



Net Clinical Benefit

Absolute risk difference over time

15.0%
12.59%
Outcomes
10.0%
% . » All death events irrespective of
z cause
5 LAAC
25% et L e T . « |schemic stroke
oowf———— )
/ .................. + Intracranial hemorrhage
- ~25% et
8 -so% » Major extracranial bleeding and
E -7.5% the
@ : * major procedural complication
-10.0%
~12.5% » Pericardial effusion
-15.0% .
3 mo‘mhs 1 yéar \Nyeaar rfa rl n 3 ylear 4 yéar 5 ylear

Follow-up duration
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Anticoagulation in Atrial Firbrillation
4 A

4 N\
> VitKant. >/ DAPT [> (e
\_ /
Apixaban ssror ) Aspirine + clopidogrel acvewa
Edoxaban (ENGAGE AF TIMI 48)
Rivaroxaban rockeran

Da bigatran (RE-LY) W
MW

4



PRAGUE - 17

415 patients

/\

1 X DOAC 1 X LAAC
L
0D Clopidogrel + Aspirine
!
3M Aspirine

4



PRAGUE-17 results

Primary Endpoint

Stroke, TIA, SE, CV Death, Bleeding, or Complications

s LAAC
e 40~ ——— DOAC
» 402 High-Risk AF Pts =»Randomized E
CHADS,-VASC = 4.7 + 1.5 g 30-
HAS-BLED =3.1+ 0.9 £
@
« Follow-up: 20.8 * 10.8 mo (695 pt-year) £ 20-
E
-
< 104

Non-inferiority: p = 0.004

0= T T T T 1
0 6 12 18 24 30

Time Since Randomization (Months)

Osmancik, P. et al. J Am Coll Cardiol. 2020;75(25):3122-35.




CHAMPION-AF Clinical Trial

3000 Patients

150 Sites

Randomization 1:1

-*&LM x"a‘: — .
WATCHMAN FLX NOAC

smmmnd 5 Year Follow-Up R

2025



Anticoagulation in Atrial Firbrillation

-

~

-

Maybe

\_

Vit K ant.

~

)

v

Should be considered

>[ DAPT}>
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Absolute contraindications to oral anticoagulants

« Severe thrombocytopenia <50 platelets/IL,
* Recent high-risk bleeding event
» Intracranial haemorrhage (ICH)
» Gl bleeding such angiodysplasia
* |terative DAPT
* Renal failure with contraindication to DOAC
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