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WHICH PROCEDURES?

LAA occlusion
PFO, ASD closure

Valvular
TAVI, Mitraclip®, Triclip®

Paravalvular leaks, VSD, ...
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TOE

Table 6 List of absolute and relative contraindications o transesophageal echocardiography

Absolste contraindications Relatrve comtrandcations
o Porforated viscus o Hstory of radiation to neck and mediastinum
o Esophageal stricture o Hstory of Gl surgery
o Esophageal tumor e Recent upper Gl bleed
o Esophageal perforation, laceration o Barmrett's escphagus
o Esophageal dwerticulum o Hstory of dysphagia
o Active upper Gl bieed o Restriction of neck mobdlity (severe cervical arthetis, atlantoadal joint disease)
o Symptomatic hiatal hemnia
o Esophageal vances
o Coagulopathy, thrombocytopenia
o Active esophagitis
e Actve peptic uicer disease

GJ, Gastrointestinal,
Modfied from Miberath et ai ™



TOE

Table 7 wawwmmwmumammmmwmm

intraoperative TEE’

Complcation Dagnostic TEE Intracperatve TEE
Overal complication rate 0.18-2.8% (refs 24.25) 0.29% jret 7)
Mortadity <0.01-0.02% (refs 24,25 .27) 0% {ref 7)
Major morbicity 0.2% (ref 27) 0-1.2% {refs 7,28 29)
Major biseding <0.01% (ref 24) 0.03-0.8% (refs 7,28)
Esophageal perforation <0.01 (ref 24) 0-0.3% {refs 7,28 .29)
Heart falure 0.05% (ref 28)
Anhythma 0.06-0.3% (refs 7,.28,30)
Tracheal intubation 0.02% (ref 30)
Endotracheal tube malposition 0.03% {ref 7)
Laryngospasm 0.14% (ref 27)
Bronchospasm 0.06-0.07% (refs 24 30)
Dysphaga 1.8 % (ref 31)
Minor pharyngeal bleedng 0.01-0.2% (refs 24.25.27) 0.01% {ref 7)
Severe odynophagia 0.1% {ref 7)
Hoarseness 129% (ref 31)
Lip injury 13% (ref 31)
Dental injury 0.1% (ref 31) 0.03% {ref 7)
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LEFT ATRIAL APPENDAGE CLOSURE - LAAC



\ Contractiity §
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Glikson et al., Eurolntervention 2020



Parekh, Circulation, 2006
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Figure 2. Commercially available, CE-mark approved devices.

Al) WATCHMAN (Boston Scientific). A2) WaveCrest (Biosense
Webster). B1) Amulet (Abbott Vascular). B2) AMPLATZER Cardiac
Plug (Abbott Vascular). B3) Ultraseal LAA Occluder (Cardia).

B4) LAmbre (Lifetech). C1) LARIAT (Sentre HEART).

Glikson et al., Eurolntervention 2020
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LEFT ATRIAL APPENDAGE CLOSURE - LAAC

100%
0%
B
70%
80%
50%
%
0%
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10%
o%
CHAZDS2VAS® coinzps2.vASe CHA2DS2-VASe CHA2DS2-VASe erycomon]
> 2 but 2 anaas  Embdicovents :2andend  22andiiple  CHA2DS2-VAS m":o
conirsindiost Ly dospite OAC  s2age renal ascoagdant 2 2and PV
=3 Incroasod risk
10 OAC o therapy for bised

Figure | Indications for LAA closure in the 33 responding centres. OAC, oral anticoagulant; PVL, pulmonary vein isolation.

Pison et al., Europace, 2015
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Patients with an indication for stroke prevention due to atrial fibrillation

Suitable for OAC  Elevated bleeding risk Patient unwilling or  Contraindication to oral
m m ; Patients with indevidual and specific unable to take OAC anticoagulation
. 2 . sk constellation for stroke
R BED S ok w1 Inefficient OAC: “stroke on warfarin® l
thrombacybpeenia _ 2. Electrically isolated LAA post ablation
e nged et (ndication for LAA occlusion Advise NOAC
&2, severe CAD and steating controversial)
4 Resal fadore (sewece) 18
cont pndicaton to NOAC /
| £
Individual risk-benefit analysis of OAC vs LAA occlusion
9 X  J
OAC < — |AA occlusion*
(NOACS/Vit-K- {may require antiplatelet
antagonests) therapy)

*Note: In case of stnct contraindication to antipéatelet theragy, patient may not be elipible for LAA occhuder implantation but fer epicardial LAA occhusion
.otthamwcLMdpm
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ROLE OF TRANSOESOPHAGEAL ECHO
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SHAPING

hy»®

Windsock 19%

Chicken-wing 48%

14



Cactus 30%

Cauliflower 3%
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SIZING
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SIZING

Left Atnia

Apprendage (LAA)

AMPLATZER™ Amulet™
Left Atrial Appendage
Occluder
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SIZING

Lobe 7
PLATZER T SIZING CHA e
AMPLATZER AMULET SIZING CHARY Longih IL (m

110~ 430 16 75 10 2

130150 18 75 210 24 12 F
150170 20 15 210 2 ::
170~ 190 2 7S e o (A addagion)
190-220 P 10 e x

220~250 m 10 212 %

250-280 n 10 212 . “r
2820-00 M 10 212 41



Table 8. Scientific rationale of recommendations for LAA closure

Consensus

Recommendations statement
instruction

Preprocedural imaging should be

performed with either CCTA or TOE to

rule out pre-existing LAA thrombus “Should do this"
and anatomic suitability for LAA

closure

Symbol

performed with either TOE or ICE “Should do this”

Procedural imaging should be
guidance

Post-procedural imaging should be
performed at 6-24 weeks post “Should do this"
' implantation to assess for DRT

Post-procedural imaging may be
repeated after 12 months post “May do this"
implantation to assess for DRT

Presence of DRT on the atrial side of

the device should be treated with

intensified anticoagulation to resolve
' thrombus

“Should do this”

CCTA: cardiac computed tomography angiography; DRT: device-related
thrombus; ICE: intracardiac echocardiography; TOE: transoesophageal

echocardiography
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Lanaing 2one  Fixation of delivery cable and
sheath retracton to the “ball”
configuraton

Fixation of sheath and
advancement of delivery cable to
the “triangle” configuration

Landing 2008

Foation of sheath and
advancement of delivery cable
until lobe unfolded

Landing 20ne

Fixation of delvery cable and
sheath retracton until
disc unfolded

Landing 20ne

Figure 21. Step-by-step illustration of Amulet deployment.
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HANDS ON
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PATENT FORAMEN OVAL CLOSURE
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PATENT FORAMEN OVAL CLOSURE

Ouverture persistante au niveau de la fosse ovale

FOP |
EMBRYOGENESE Taille moyenne 5mm

# Pathologie

38



EPIDEMIOLOGIE

Autopsie
0 27% sur coeur normal
o Diminution de la prévalence avec I'age

ETT
0 1100 patients > 39 ans
0 15% FOP
o ASIA 2.5% des sujet le plus souvent associé a un FOP

ETO
0 585 sujets sains > 45 ans
o ASIA chez 1.9%
o ASIA + PFO 4.6%

Hagen PT, et al. Mayo Clinic Proceedings. 1984;59:17-20. ‘

’ Di Tullio et al. JACC. 2007; 49:797-802 ‘

’ Meissner et al. JACC . 2006; 46: 440-445 ‘
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Event-fkoe

FOP
UNE MALADIE?

Population générale:
o Pas d’association FOP et AIC

2 = EC— = 100 T Nessess Sewaees Sesssssasieh TS
— i, s o °\° RN essnennrassannnnnen -
E— -
@ | Logrank test p = 0.92 g 80 W
° >
o
—
© = 60 1
il =
i 2
& s 401
x| >
o PFO- (n=936 at t=0) o PFO
PFO+ (n=164 at t=0) L8 204 — No
o g ........ Y”
-]
PFO- 894 826 760 708 845 5§72 (&)
PFO+ 155 142 127 17 109 92 0 T T T T
s 0 1 2 3 4 5
) 2 4 6 8 10 12 Time, y
Di Tullio, M. R. et al. J Am Coll Cardiol. 62,35-41 (2013) Meissner, |. et al. J Am Coll Cardiol. 47, 440-445 (2006)
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ANEVRYSME DU SEPTUM  excursion du SiA > 10mm p/r 4 a ligne médiane
INTER ATRIAL (AS|A) Ou excursion combinée D/G > 15mm

x>

early systole late systole
and diastole

Lee PH, et al. The DEFENSE-PFO Trial. J Am Coll Cardiol. 2018;71:2335-2342

Krasuski et al. Rev in Cardiovasc Med. 2005. 6:11-22

41



DIAGNOSTIC
l’ECHOGRAPHIE
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PRECISION DIAGNOSTIQUE

Sensibilité Specificité

(%)
TTE! 46
TTE? 91
Imagerie harmonique
TCD? 97
TEE? 89

99 20.85 0.57

93 13.52 0.13
93 13.51 0.04
91 593 0.22

1.Mojadidi MK. Echocardiography 2014;31:1036-48.

2. Mojadidi MK. Int J Cardiovasc Imaging 2014;30:011-23.
3. Mojadidi MK. JACC Cardiovasc Imaging 2014,7:236-50.
4. Mojadidi MK. Echocardiography 2014;31:752-8.
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DIAGNOSTIC:
'EPREUVE DE CONTRASTE

ETT ou ETO

“m e

0 0

1 1-5 Minime
2 6-20 Modéré
3 >20 Sévere

Chauvet-droit. M, Soulat Dufour. L, Cohen. A. DIU echocardiographie 2020-2021. CHU St Antoine APHP. Paris
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DOPPLER TRANS CRANIEN

Simple, bonne Sb et VPN

Morphologie du shunt non accessible

mw"’

VDmx (cmys)

fov (WMxy lemis)

85

0.9 9.5 0.9 L e 32,9 M.

Gain [T t H  Profondeur: 48 mm Porte 1 9.0 mm Pulssance : n: . Angle : 0°




PROBLEMATIQUE :
’EMBOLIE
PARADOXALE

Le FOP est une maladie veineuse...
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QUID IMPUTABILITE DU FOP?

FOP

o Rare cause d’événement isch sauf si EP et POD

Facteur favorisant en I'labsence d’'une POD 1
o Contexte (Relation temporelle avec TVP / <55ans)

o Morphologie (ASIA)

o Sévérité du shuntD > G

Pepi M. Eur J Echocardiograph 2010; 11: 461-76
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FAUT IL FERMER LE FOP?
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FAUT IL FERMER UN FOP?

Table 2: Randomssed Controlled Trials Comparing Patent Foramen Qvale Closure to Medical Therapy

CLOSURE r STARFlex Soptal Closre 909 Composte of death ©-30 Non-sgnicant recuction In prmary  Poor offective dlosure ot
2003-2010 System cays). nouroio@cal 0oath £:31  encpont R O.7R. 95% O 0451358 2 years, with avidence of it
Clys), SOk OF TIA 88 2-yoir p=037) &rigl thrombus formation n
Sollow-up ke o
PC-Tral* AMPLATZER PFO 4 Composte of casth, sroke, NONSRNBCANt reduction In oricmdry Underpowered tnal wieh
Occhuoer TIA Of pRrpheral mDORSM 8t enCPONt (MR 04X 95% O [0 24-1 428  SUbSIAnSl Cross-Over durng

2000-2009

mean 4.5 you's D=0 38 folow-up
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FAUT IL FERMER UN FOP?

héart.; Medscape

ACTUALITES & OPINIONS  FORMATION MEDICALE CONTINUE

Aty % £ Oprilons » Actuan

En cas d'AVC cryptogémque, fermer un FOP est
inutile et dangereux

Dr Joan-Luc Breda
15 novembre 2010
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FAUT IL FERMER UN FOP?

Table 2: Randomssed Controlled Trials Comparing Patent Foramen Ovale Closure to Medical Therapy

CLOSURE r STARFlex Soptal Clomre 909 Composite of dexth O-30 Non-sgnicant recuction In prmary  Poor effective closure ot
System Gays), NOUroiopcal doach 231 oncpont DR OTR. 95X O 0 A5-1350 2 yoars, waith avidence of it
2003-2010 days), seoke of TR 8 2yel  pe037) aerisl thrombus formation n
Sollow-up e o
PC-Tral AMPLATZER PFO 4 Composte of Gasth, sroke, NONSRNBCANt recUCtIon In Orisnary  Underpowered trial with
2000-2009 Occoer TWA of panpheval omDOESM 1 enCpont (MR 04T 95% O 0 24-1 428 SUDSIANtQ Cross-Oover Ourrg
- mean 4.5 yours D0 38 follow-up
RESPECT AMPLATTER PFO 980 Composite of earty Oeah, NON-SENBCANE reduction N primary Bereft for Closure n parly
Octiuder stroke or TIA ECpore 3 medan folowp of 2.1 35-1re0ted aralyss
2003-2011 yours (MR 0.49, 95% €1 D.22-1.11)
D=0 08
Subsequent 1ong-term oliow
2003-2016 wp (median 5.9 years) showed
SENFCANE reduChion with Closure OR

Q55 95% O 10 31-0.99] p=0084)




O

RESPECT

CLINICAL TRIAL

Effect of Having a PFO Occlusion Device in Place in
the RESPECT PFO Closure Trial

DAVID E. THALER, MD, PHD, JEFFREY L. SAVER, MD
RICHARD W. SMALLING, MD, PHD,
JOHN D. CARROLL, MD, SCOTT BERRY, PHD, LEE A. MACDONALD, MD,
DAVID S. MARKS, MD, MBA, DAVID L. TIRSCHWELL, MD,
DIANE BOOK, MD, LARRY B. GOLDSTEIN, MD and THE RESPECT INVESTIGATORS

Trial Sites R
Top 5 enrollers noted

980 patients recrutés

45 ans d’age moyen

FOP documenté

AVC cryptogenique dans les 270jrs
Follow-up median de 5 ans

45% de femmes
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o)

Subject Distribution V%

RESPECT

Enrolled

N=980

Randomization stratified by site and
presence/absence of atrial septal aneurysm

Randomized to device group Randomized to medical group
N =499 N =481

Study device implant attempted

Medical treatment specified

N = 464 pre-randomization by site neurologist
Aspirin only 46.5%
Post Implant: clopidogre! _
1 month and aspirin 6 months. Warfarin only 25.2%
After 6 months, antiplatelet therapy 2 Lond 2.0%
at discretion of site investigator opldogrel only M.
Aspirin + dipyridamole 8.1%
TEE with bubble study at 6 months Aspirin + clopidogrel‘ 6.2%

1 ASpinn + ClogRaogrel wins 1emOved Pom The Srtocol in 2006 based 0n Changes 10 e AMAASA Teatment gusdelnes

Primary Composite Endpoint
Recurrence of a nonfatal ischemic stroke or
Fatal ischemic stroke or
Early post-randomization death defined as all-cause mortality

Device group — within 30 days after implant or 45 days after randomization,
whichever occurs latest

Medical group — within 45 days after randomization

Analytic Populations
Pre-specified
Intention to Treat (ITT) - Primary
Per Protocol (PP) - Secondary
As Treated (AT) - Secondary
Exploratory
Device in Place (DIP)
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Event-free Probability

Primary Endpoint Analyses — ITT Cohort
50.8% risk reduction of stroke in favor of device

1.00 —~
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o
¥

0.98 —
0.97 —
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0.95 —
0.94 —
0.93—
092 HR:0492

0.91 -

Event-free Probabili

Device Group
n=9

Medical Group
n=16

Log-rank P.value: 0.0825

(95% Confidgence interval = 0.217 - 1.114)

0.90 = i

0 1

Primary Endpoint Analyses ~ PP Cohort
63.4% risk reduction of stroke in favor of device

1.00 -
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0.98 —

0.97 — L—
- Device Growp

0.96 -

0.95 — ?
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0.93 ~ wn 03s Medical Geoup
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| | I | |
2 3 4 5 6 7
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Primary Endpoint Analyses — AT Cohort
72.7% risk reduction of stroke in favor of device

1.00 ~
£ 099
5 098~ i
2097~ Device Group
E 0.96 — n=8
> 0.95—
® 094
= 093~ Hh o273
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A Primary End-Point Events

0.9+

Probability of Freedom from Cvents
o

w e
03~ Maraed 3o, 055 P 5109
a0 .086 by logeank sewt
03- w L4 - ¥ - L] . L4 L L L4 L)
0 ) 2 1« 3 “ 7 3 $ 10
01
M B - B L . LA - s L i
° ] ? ) 4 3 [ ? [ 3 9 10
Years %0 Event
No. at Rsk
PFO dosure group 459 2454 “r 41 m 2 57 3 n Ll
Medical therapy group 48] b E1 ) 154 m 218 150 104 b2 )




PFO Medical

Closure Therapy PValue by P Value for
Subgroup Group Group Hazard Ratio (95% C1) Log-Rank Test Interaction
mo. of paticats with event totel no. (%)
Overall 18/499 (3.6) 28481 (5.8) = 0.55 {0.30-1.009 0046
Age 073
1845 yr 6/230 (26) 10210 (4.5) —a— 045 {0.18-1.3%) 016
4660 yr 12/262 (4.6)  18/266 (6.5) —e— 0.59 {0.28-1.23) 0.16
Sex 100
Male 10/268 (3.7)  16/268 (6.0) ——e 0.56 {0.25-1.23) 0.4
Female 8231 (3.5) 12)213 (5.6) ——y 055 (022-134) 0l
Shant size oo
None, trace or moderate 137247 (5.3)  12j244 (4.9) ! 0.96 (0.44-2.11) 093
Substantial S/247 (10)  16/231 (6.9) —a—y - 0.26 0.10-0.71) 0.005
Presemt NN BANEE) —— ’ 0.20 {0.06-0.70) 0.005
Abyent 15/320(4.7) 15/311 (4.8) b 0.85 (0.42-1.76) 053
Index infarct topography 021
Superficial 9/280 (3.2) 18)269 (6.7) P—— 0.43 (0.19-0.96) 003
Small deep 4)57 (7.0) 2/70 (2.9) —_———i 2.25 (041-12132) 034
Other S/157(3.2) 8180 (5.7) —— 048 {0.16-1.48) 0.15
Manned medical regimen oo?
Anticoagulamt /152 (61)  §/121 (4.1) ——— 1.32 (0.43-4.03) 06
Antiplatelet 10/367 (27)  23/360 (6.4) —— 0.3 (0.13-0.79) 0.007
001 0.10 1.00

10.00
PFO Closure Medical Therapy
Better Better



FAUT IL FERMER UN FOP?

Table 2: Randomssed Controlled Trials Comparing Patent Foramen Qvale Closure to Medical Therapy

CLOSURE r STARFIex Soptal Closre 909 Composite of deaeh 0-30 Non-sgniicant recuction In prmary  Pooe effective closure ot
System Cays), NOUroo@Cal 0oaeh 231 encpont PR OTR. 95N O 0451358 2 yoars, wath avidence of it
days) stroke Of TR R 2y pe037) aerigl thrombus formation n
Sollow-up ke o
PC-Tral* AMPLATZER PFO an Composte of Gesth, sroke, NONSRNBCANG recuUCion In orimary  Undefpowerned trial wieh
2003-2010 w000 TIA Of panpheral @MDOESM 31 enCPONt (MR 043 95% O 0 24-162F SubSIANtl Cross-Ower urng
mean 4.5 yours D0 38 follow-up
RESPECT AMPLATTZER PFO 950 Composite of earty death, NON-SENIBCANt reduction I primary  Benefit for Closure In early
2000-2008 stroke or TIA E0pONE 3 medan folowp of 21 as-treated analysis
: yours (MR 0 47, 95% C1 022111
D008
Subsequent ong-term foliow
2003-2011 W (medan 59 years) showed
SENICANt reduCHION with Closure BR
B Q55 95% O )0 31-0 991 pe0 084
GORE REDUCE™ ~ Melex Septal Occiuder 664 CO-primary endponts of SEHCANt fOUCKON In CRICH SY0RE 2.1 FNCOMESAtion to PFO
of Cargioform Sepey chnicyl stroke and nodence &t median follow-up of 22 yeirs (MR clasure
Occiuder of new Dran infarcton 023 95% C1 0.09-0 631 p=0 002
Sgrfican reducson N new bran
2008-2015 rfarction (nelasve tisk 051, 55% O
D290 911 p=-0D8)
cLose* MUTDR Ceiles 663 Stroke Signficant reduction in stroke with 1.1 randomasation PO
OCChSIoN companed t0 antiplatolet Coswe versus antiplatolets
therigy ondy 4R 003, 95% Versus anticoaguiation
2007-2016 © 10.00-0 261 p<D.001)
DEFENSE PFO™ AMPLATZER PFO 7] Stroke, vasoulr ceath o Spficant reduction i prmary
Occiuder Thrombolysss in Myccardial SCpOFE With PEO Cosune. No everss
nfarcon-cefined mar N PFO Closure arm versus 3 12.9%
Bloeding at 2.yedr Sollowup 2400 event rate In medication-only
&m -0013

RO = pitens orarmen vt TIA « Tansent BCNeemc sttack
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FAUT IL FERMER UN FOP?

Study Closure  Anbithrombotic HR (85% Cl)

PFO closure vs. Antithrombotic therapy

CLOSURE 1 (2012)' 12447 13462 H— 0.90 (0.41, 1.98)
PC Trial (2013)" 1204 7210 - T 014 (0.02, 1.17)
RESPECT (2017)" 18499 280481 | 055 {0.31, 1.00)

Subtotal (-squared = 34 8%, p = 0.216) o 0.5 (0.31,1.12)
PFO closure vs. Antiplatelet therapy
Gore REDUCE (2017)" 6441 12223 0.23(0.09, 0.62)
CLOSE (2017)" o238 14235 0.03 (0.00, 0.25)

Subtotal (1-squared = 11.8%, p = 0.287) T e 0.18 (0.05, 063)

N

Overall (ksquared = 53 6%, p = 0.071) 040(0.20,082) P=001

1 I L] || 1 1 T
001 005 01 02 0s 1 2 3
« Favours PFO Closure Favowrs Antithrombotic therapy —»

Turc G., et al Anticoagulation, or Antiplatelet Therapy for Cryptogenic Stroke with Patent Foramen Ovale : Systematic Review of Randomized Trials, Sequential
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FAUT IL FERMER UN FOP?

Medscape

ACTUALITES & OPINIONS FORMATION MEDICALE CONTINUE

Actuaigs & Opinions > Actualilés Medscape

AVC cryptogénique : la fermeture des FOP a haut

risque est validée

Aude Lecrubies
AUTEURS ET DECLARATIONS | 25 septembre 2017

59




TRAITEMENT

FOP = maladie veineuse
* Antiplaquettaires
* Anticoagulants? Vs risque hémorragique

* Fermer un FOP est un geste interventionel de prévention et non de
traitement.
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EXEMPLES DE
DISPOSITIFS

PATENT FORAMEN OVALE CLOSURE WITH THE

AMPLATZER™ PFO OCCLUDER

a 61

Abbott




Adapté de: Montalescot, G., 11éme

colloque de l'institurt de Cardiologie. Paris
11e EDITION - Loreillette gauche (sans la mitrale )

2019 28 mars 2019

f'meon 1200400

4 outils




COMPLICATIONS POST FERMETURE

Device-related complications: 2-3%

Atrial fibrillation after device implantation: 6%
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RECOMMANDATIONS
PRISE EN CHARGE THERAPEUTIQUE

Table 7. Summary of statements on the management after percutaneous closure of PFO.

Strength of

Position statements the eL\:::Lz:
statement
Drug therapy and follow up after percutaneous closure
It is reasonable to propose dual antiplatelet therapy for 1 to 6 months after PFO closure ‘ Conditional A
i We suggest a single antiplatelet therapy be continued for at least 5 years | Conditional c
" fhe éxtérisidri of thé t'hera-pjbﬁith singié anﬁplafelét beyond 5 years sﬁduld be based on ‘ Strong ‘ Cc

| the balance between patient’s overall risk of stroke for other causes and haemorrhagic risk
' The choice of the type of antiplatelet drug in the follow-up is currently empiric Strong A
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HANDS ON
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