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Indicazioni alla CHIUSURA del PFO e gestione posprocedurale

- La prima segnalazione di una associazione
statistica tra pervieta del forame ovale e

manifestazioni cliniche ischemiche é stata fatta circa
40 anni or sono

Lechat P, et al. N Engl J Med 1988.; 318: 1148-52
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Ischemia cerebrale silente Malattia da decompressione
nei subacquei

IMA a coronarie integre

: . Sindrome ortodeoxia/platipnea
Embolia paradossa periferica

Emicrania non familiare Desaturazione idiopatica

Demenza Vascolare Morbo di Alzheimer

Altro ?2??



Indicazioni alla CHIUSURA del PFO e gestione posprocedurale

> E' presente nel 27% della popolazione normale (Kerut
et al, JACC 2001) ed ¢ di dimensioni “"significative”
(0,6-1 cm) nel 6% dei soggetti

» Nella maggior parte dei casi ¢ di riscontro incidentale
e «spettatore innocente» della vita del soggetto

» Solo in caso di potenziale relazione tra evento clinico
e FOP esiste indicazione alla profilassi
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Problemi da affrontare nella decisione terapeutica

» Valutare la probabilita che in un paziente con PFO ed
evento «index» il PFO sia patogeneticamente correlato
all'evento

> Sviluppare modelli predittivi del rischio di ricorrenza
in base alle caratteristiche cliniche del paziente,
anatomo-funzionali del PFO e di “imaging” della lesione
ischemica

> Miglior approccio in profilassi secondaria (terapia
medica vs interventistica)



Indicazioni alla CHIUSURA del PFO e gestione posprocedurale

Rapporto Patogenetico PFO ed evento clinico
» Caratteristiche anamnestiche dell’evento index
> Profilo di rischio (anatomia, fattori favorenti,
assenza di altre cause, ecc)
» Dati strumentali (DTC, Imaging)



Indicazioni alla CHIUSURA del PFO e gestione posprocedurale

Attuali principali indicazioni al trattamento
» Embolia paradossa
» Desaturazione sistemica idiopatica
» Attivita subacquea con auto-respiratore
» Emicrania invalildante (?2?7?)
» Altro (chirurgie a rischio, trapianto di organi, ecc)
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Embolia paradossa
> Profilassi farmacologica
» Chiusura percutanea
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Evento clinico o riscontro Screening aritmologico di primo livello:
casuale di embolia * ECG a 12 derivazioni FArilevata
all’imaging * Telemetria ospedaliera 53 @
‘ * Holter ECG delle 24 ore
: A 1 NOFA
Percorso diagnostico

di primo livello

per embolia Evidente ruolo
‘ causale del PFO 3]
Evidente
Causa plausibile —_— NO
1 Nessuna o
incerta
Eta <55 anni Eta 55-64 anni Et3 265 anni
Percorso diagnostico PFO NO | Embolia
PFO criptogenica 1
PROS l Valutare solo FDR

maggiori per FA

Embolia -
associata a PFO I
i

i

1
Probabilita di ruolo i
Valutazione / causale '

interdisciplinare . T T ;
del PFO SN~ * Fattori di rischio per FA:
- Maggiori A non controllataatriomegalia ipertrofia ventricolare

sinistra; DM non controllato; scompenso cardiaco
- Minori obesig aritmie atriali; malattie polmonare tiroidee
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Individual evaluation of
probability of causal link

and risk of recurrence

Low or uncertain
~ Evaluate Age 18-85
bleeding/recurrence risk years old
Shared decision Shared decision
making making
: PFO
Antiplatelet closure
LIKELIHOOD OF CAUSAL LINK 2 7 RISK OF RECURRENCE
- hirial septal aneurysm Nioh ™ Atrial septal aneurysm
High ~ Atrial septal hypermobility " _ Coagulation disorders
- Moderate/severe shunt
~ Simultaneous PE or DVT
OTHER FEATURES T0 BE CONSIDERED OTHER FEATURES T0 BE CONSIDERED
~Imaging features of embolism {cortical vs. deep) T0 ASSESS RISK
~PFO size and tunnel length - Older age
- Chiari network ~PFOsize
~Prominent Eustachian valve - Need for antiplateletsvs. GAC
~Chinical clues tlong travel, immobilisation, straining ~Strokevs, TIA as index event
activity, recent major surgery, previous DVT or PE, OSAS) ~ Stroke on Rx with antiplatelets or 0AC
‘ ~Age <55 years old
~ Risk factors for stroke

| RaPE score

Probabilita di ruolo CAUSALE
Acattori ad alto rischio 1. Aneurisma del SIA; 2. Shunt
moderatosevero; 3. Ipermobilita del setto; 4. Concomitante EP
o TVP.
Aaltri fattori da valutare-A Y 3Ay 3 RSt f QA Ol dza
probabile di profondo): dimensioni del PFO e del tunnergete
di Chiari e valvola di Eustachi@ quale talvolta si presenta
attaccata allo sbocco della VCI creando una sorta di tunnel che
spara nel forame

Probabilita di RECIDIVA
Acattori di rischio Maggiosi aneurisma SIA; alterazioni della
coagulazione
Acattori di rischio Minox eta avanzata; ampiezza PFO;
necessita di NOAC vs ASA,; ictus in corso di TAO o ASA
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Table I Categories of patent foramen ovale Septum LA .
Primum I Functional
PFO category Anatomical characteristics \ Tunnel Length
1. Simple Standard anatomy, i.e. none of the below <—-———'—
2. Complex Long tunnel length (=8 mm) A
Mul'tiple openings into left atrium Septum /
Atrial septal aneurysm RA d
Hybrid defect Secundum

Thick secondary septum (=10 mm)
Eustachian ridge
Eustachian valve or Chiari network

AMPIEZZA del tunnelseparazione esistente tra SP e SS che se
e > 4 mm fa considerare il forame ampio.

LUNGHEZZA del tunnethe se e >10mm puo ostacolare |l
corretto posizionamento di alcuni device per la chiusura
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No history of
Hypertension 1
Diabetes 1
Stroke or transient ischaemic attack 1 ROPE score
e N.2: H : )
Mol 2ok 1 0-3: PFO attr!butable r!sk 0%
s oo * 9-10: PFO attributable risk 88%
Cortical infarcts on imaging 1
Age, years i
18.29 . Easy to use, but not taking in
account anatomy of PFO and
30-39 4 ; .
hemodinamic of the shunt
40-49 3
50-59 2
60-69 1
=70 0

Score (sum of individual points)
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Classificazione PASCAL (PFO -Associated Stroke Causal Likelihood )

A A 1 n tl RGPE score con caratteristiche anatomiche del PFO per stimare la probabilita causaled e | | 6i ct us

A AcCaratteristiche anatomiche ad alto rischio:

A - Shunt ampio ( @0 microbolle in atrio sinistro)

A - Aneurisma del setto interatriale (escursione O10 mm)
A - Trombo associato al PFO

A - Evidenza di embolia venosa (TVP/EP)

A AClassi di probabilita:
A - Unlikely i Possible i Probable

A Almplicazioni cliniche:

A - Pazienti con categoria' p r o b a mdggor bereficio dalla chiusura percutanea
A - Riduzione del rischio di recidiva d i i ©Q % rei folow-up a lungo termine

A - Utile per selezionare candidati < 60 anni con PFO ad alto rischio.
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A RoPE score >/ RoPE score <7/

High-risk PFO feature (ASA and/or large shunt)

PFO-STROKE
RELATEDNESS » PROBABLE POSSIBLE UNLIKELY

B PASCAL Hazard ratio

categories Overall events/no. of patients CEAY))
Unlikely 11/293 11/254 1.14 (0.53-2.46)

Probable 3/700 25/683 0.10 (0.03-0.35)
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ESO 2024 guidelines? PFO-associated cryptogenic PASCAL classification possible or  18-60 years old
stroke probable
SCAI 2022 guidelines® PFO-associated stroke RoPE score =7 18-60 years old
AHA/ASA 2021 guideline®® Non-lacunar ESUS High-risk PFO anatomy <60 years old
AAN 2020 guideline® Embolic, appearing ESUS Ruling out other mechanisms of =~ <60 years old (if <30 years old,
stroke only in a single, small and deep

infarct without any risk factor fc
small vessel disease)

Canadian 2017 best practice Non-lacunar stroke/TIA with Expert stroke neurologist 18-60 years old
recommendation?? diagnostic imaging or cortical identifying PFO as most likely
symptoms cause
Expert consensus statements
= ESO 2024 guidelines? PFO-associated cryptogenic PASCAL classification possible or  >60 years old
stroke probable+clinical judgement
ESO 2024 guidelines? PFO-associated cryptogenic High-risk PFO anatomy <18 years old
. stroke
ESO 2024 guidelines? PFO-associated cryptogenic PASCAL classification unlikely 18-60 years old
L stroke with other high-risk factors for
clinical causality
EAPCI/ESO/ESC PFO-associated left High-risk PFO anatomy and 18-60 years old
2018 intersocietal position thromboembolism (stroke/TIA or  clinical evaluation >65 years old after careful
paper! systemic) assessment of the role of other
possible alternative comorbid
causes

AAN: American Academy of Neurology; AHA: American Heart Association; ASA: American Stroke Association; EAPCI: European Association of
Percutaneous Cardiovascular Interventions; ESC: European Society of Cardiology; ESO: European Stroke Organisation; ESUS: embolic stroke of
undetermined source; PASCAL: Patent Foramen Ovale-Associated Stroke CAusal Likelihood; PFO: patent (persistent) foramen ovale; RoPE: Risk of
Paradoxical Embolism; SCAI: Society for Cardiovascular Angiography & Interventions; TIA: transient ischaemic attack
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Attuali principali indicazioni al trattamento
» Embolia paradossa

Desaturazione sistemica idiopatica

» Attivita subacquea con auto-respiratore

» Emicrania invalildante (?2?7?)

» Altro (chirurgie a rischio, trapianto di organi, ecc)



Indicazioni alla CHIUSURA del PFO e gestione posprocedurale

Desaturazione sistemica idiopatica
» Trattamento farmacologico (??7?)

» Chiusura percutanea

European position paper on the
management of patients with patent
foramen ovale. Part Il -
Decompression sickness, migraine,
arterial deoxygenation syndromes
and select high-risk clinical conditions

@ E S C European Heart Journal (2021) 00, 1-9

European Society  doi:10.1093/eurheartj/ehaa1070
of Cardiology

PRACTICAL SUMMARY 3: ARTERIAL
DEOXYGENATION SYNDROMES

WHAT TO DO

® Individually assess and weigh the role of all factors involved in the de-
saturation syndrome

® Whenever possible obtain invasive evidence of the PFO role

® Where appropriate, propose PFO closure with shared decision mak-

ing underscoring the lack of evidence

WHAT NOT TO DO

® Routinely close PFO

® Close a PFO in the presence of severe chronic pulmonary
hypertension

® Close a PFO without clear evidence of a crucial role in desaturation
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Attuali principali indicazioni al trattamento
» Embolia paradossa
» Desaturazione sistemica idiopatica
Attivita subacquea con auto-respiratore
» Emicrania invalildante (?2?7?)
» Altro (chirurgie a rischio, trapianto di organi, ecc)
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Malattia da decompressione
» Trattamento farmacologico (??7?)

» Chiusura percutanea

European position paper on the
management of patients with patent
foramen ovale. Part |l -
Decompression sickness, migraine,
arterial deoxygenation syndromes
and select high-risk clinical conditions

E S C ) European Heart Journal (2021) 00, 1-9
European Society doi:10.1093/eurheartj/ehaa1070
of Cardiology

PRACTICAL SUMMARY 1: DECOMPRESSION
SICKNESS

WHAT TO DO

® PFO screening in DCS cases with no obvious risk factors or with high
but non-modifiable risk for DCS

® After a DCS, primarily prevent bubbles with behavioural and technical
(B&T) changes

® |f B&T changes are not possible or not effective, PFO closure can be

proposed with shared decision making underscoring the lack of

evidence

Resume unrestricted activity only after confirmed PFO sealing post

intervention

WHAT NOT TO DO
Primary PFO screening
Deny conventional flight or diving after incidental finding of PFO

High-risk recreational dives after incidental finding of PFO
Propose PFO closure if B&T changes can be made and are effective
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Attuali principali indicazioni al trattamento
» Embolia paradossa
» Desaturazione sistemica idiopatica
» Attivita subacquea con auto-respiratore
Emicrania invalildante (???)
» Altro (chirurgie a rischio, trapianto di organi, ecc)
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Emicranica invalidante
> Trattamento farmacologico (???)
» Chiusura percutanea
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Effect on migraine of closure of cardiac right-to-left shunts to
prevent recurrence of decompression iliness or stroke or for
haemodynamic reasons

P T Wilmshurst, S Nightingale, K P Walsh, W L Morrison

Lancet 2000; 356: 1648-51

Findings 37 of 40 consecutive patients who had had a
closure procedure (to permit resumption of diving after
decompression illness in 29, after stroke when paradoxical
thromboembolism was suspected in four, or to close a large
atrial septal defect in four) could be contacted. 21 (57%) had
a history of migraine before the procedure (with aura in 16,
without aura in five). 11 individuals had fortification spectra
in the period immediately after closure. During longterm
follow-up, no migraine symptoms were reported by seven
individuals who had previously had migraine with aura and
three who had previously had migraine without aura. Eight
others who had had migraine with aura before closure
reported improvement in frequency and severity of migraines.
Three (one migraine with aura, two migraine without aura)
reported no alteration in migraine episodes.

Interpretation These observations suggest a causal
association between righttoleft shunts and migraine with
aura. There may be a subgroup of patients who have severe
migraine associated with a large right-to-left shunt in whom
closure of the atrial defect may improve or abolish migraine.
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Observational studies of the prevalence of migraine in patients referred for PFO closure and the effect
of the procedure on migraine

Prevalence of Migraine

% Migraine Improved/

in Patients Referred for Cured Following PFO Length of

Study PFO Closure Closure Follow-up (mo)
Wilmshurst et al,*? 2000 21/37 (57%) 86 30
Morandi et al,?* 2003 17162 (27%) 88 6
Schwerzmann et al,* 48/215 (22%) 81 12

2004
Post et al,*> 2004 26/66 (39%) 65 6
Reisman et al,*® 2005 57/162 (35%) 70 12
Azarbal et al,>” 2005 37/89 (42%) 76 18
Donti et al,*® 2006 35/131 (27 %) 91 20
Anzola et al,* 2006 50/163 (31%) 88 12
Kimmelstiel et al,"° 2007  24/41 (59%) 83 3
Papa et al,”' 2009 28/76 (37%) 82 12
Khessali et al,” 2012 204/590 (35%) 76 12
Total 547/1632 (34%) 80.5 13475
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Incidenza di PFO in emicranici 14.6-66.5% (9-27.3% nella
popolazione generale)

Incidenza di emicrania in pazienti con PFO 9.1-51.7% (12-15%
nella popolazione generale)

Associazione epidemiologica tra infarto miocardico, ictus
criptogenetico e mortalita cardiovascolare con emicrania con
aura nella popolazione giovanile (specie sesso femminile)

Elevata incidenza di lesioni gliotiche cerebrali e cerebellari da

degenerazione neuronale/assonica

Lantz M. Brain 2017
Liu K, et al. Front Neurol 2020
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POTENZIALI MECCANISMI PATOGENETICI

Metaboliti vaso-attivi (PGE1, PGEZ2, serotonina, angiotensina I,
ecc) che by-passano il circolo polmonare (meccanismo vasomotorio)

Micro-aggregati piastrinici che embolizzano a livello cerebrale
(meccanismo micro-embolica)

Shunt Dx-Sx che attiva fattori pro-coagulativi (plasminogen-
activator 1 con inibizione della fibrinolisi)(meccanismo pro-
coagulativo locale)

Ipossia relativa cerebrale che innesca le onde di depressione
corticale dalla corteccia occipitale (meccanismo neuro-mediato)
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Pooled Analysis of PFO Occluder Device @
Trials in Patients With PFO and Migraine

Mohammad K. Mojadidi, MD,** Preetham Kumar, MD,”* Ahmed N. Mahmoud, MD," Islam Y. Elgendy, MD,"
Hilary Shapiro, MD,” Brian West, MD,* Andrew C. Charles, MD," Heinrich P. Mattle, MD,? Sherman Sorensen, MD,"
Bernhard Meier, MD,' Stephen D. Silberstein, MD,' Jonathan M. Tobis, MD"

JACC VOL. 77, NO. 6, 2021

CENTRAL ILLUSTRATION: Efficacy Endpoints of Patent Foramen Ovale
Closure for Treating Migraine Headache Versus Control Subjects at 12-Month
Follow-Up Using the Amplatzer PFO Occluder

EFFICACY ENDPOINT 2
MEAN REDUCTION OF MONTHLY MIGRAINE ATTACKS

EFFICACY ENDPOINT 1
MEAN REDUCTION OF MONTHLY MIGRAINE DAYS

Riduzione del numero di giorni di
emicrania per mese

= Pr0 Clure - Riduzione del numero di attacchi per mese
#1101 AGA AAGOAUEIT A AAII ¢
e

Mojadidi, M.K. et al. J Am Coll Cardiol. 2021;77(6):667-76.
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European position paper on the
management of patients with patent
foramen ovale. Part 1l -
Decompression sickness, migraine,
arterial deoxygenation syndromes
and select high-risk clinical conditions

@ E S C European Heart Journal (2021) 00, 1-9

European Society doi:10.1093/eurheartj/ehaa1070
of Cardiology

PRACTICAL SUMMARY 2: MIGRAINE

WHAT TO DO
® Treat migraine with conventional therapies
® Consider PFO closure only in clinical trials or for compassionate use

in migraine with aura

WHAT NOT TO DO
® Consider PFO closure as part of a routine treatment algorithm
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PFO evaluation
according to Part |

Migraine diagnosis

. Refractory or
Maximal highly unsatisfactory Cerebrovascular
medical Rx o disease

Verify the need for
Satisfactory compassionate Rx

or acceptable QoL
Search for a PFO

Continue with
medical Rx Shared decision
making for
compassionate use

*Particularly with a changing pattern over time
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Embolia paradossa
> Profilassi farmacologica
» Chiusura percutanea
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Ovarian Mass Causing Paradoxical MI and Leg Ischaemia

K. J. Griffin,! M. A. Bailey,' J. P. Greenwood,? L. Barker,’
T. Nicholson,* and D. J. A. Scott!

Case Reports in Vascular Medicine
Volume 2012, Article ID 702509, 3 pages



