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Conflitti di interessi

► Nessun conflitto di interessi 
da dichiarare



PFO 

Il Forame Ovale Pervio è una soluzione di 
continuo del setto interatriale che consente un 
libero shunt pre-tricuspidalico, la cui entità e 
direzione dipendono da caratteristiche 
anatomiche locali e dall’istantaneo rapporto 
pressorio e di “compliance” tra circolo 
sistemico e polmonare
► Valvola unidirezionale che permette il 

passaggio di sangue dall’atrio destro 
all’atrio sinistro.

► Causato dalla non fusione, nel postparto, 
del septum secundum al septum primum.



Il PFO è una scoperta recente?

Leonardo da Vinci ha 
descritto per primo il PFO 
nel 1513.

«Ho trovato un canale 
perforante dall’auricola 
sinistra all’auricola 
destra»



Le domande «amletiche» sul PFO

► Mi è utile sapere se il mio paziente ha il PFO?

► Come si effettua la diagnosi di PFO?

► Il PFO è responsabile dell’ictus del mio paziente?

► Il PFO del mio paziente va chiuso?



PFO Sì, PFO No…

PFO

PFO



► Mi è utile sapere se il mio paziente 
ha il PFO?

DIPENDE
…



Mi è utile sapere se il mio paziente 
ha il PFO? Ed è utile al paziente?
► 25-30% di prevalenza in riscontri autoptici.

► Corretta comunicazione con il paziente



Condizioni cliniche associate a PFO

► Ictus criptogenetico

► Emicrania e cefalea vascolare

► Malattia da decompressione 

► Sindrome da platipnea-ortodeossia



ICTUS CRIPTOGENETICO



Cryptogenic strokes

“Brain infarction that is not attributable to a source of definite cardioembolism, 
large artery atherosclerosis, or small artery disease despite a standard vascular, 
cardiac, and serologic evaluation’. Amount  to 30% -35% of all stroke etiologies”1 
ESUS is a subcategory of cryptogenic stroke in patients specifically with non 
lacunar infarcts in the absence of an apparent cause such as known 
atherosclerosis, major cardioembolic source or other defined etiology

1. Adams HP et al. Stroke. 1993;24:35-41; 2. Causative Classification System for Ischemic Stroke (CCS). Available at: 
https://ccs.mgh.harvard.edu/ccs_intro.php; 3. Hart RG et al. Lancet Neurol. 2014;13:429-438; 4. Amarenco P et al. Cerebrovasc Dis. 
2013;36:1-5

Classification Diagnostic evaluation
TOAST criteria1 Not specified
Causative Classification of Stroke 
(CCS)2

Brain CT/MR, 12-lead ECG, precordial echocardiogram, 
extra/intravascular imaging

Embolic strokes of undetermined 
source3

Brain CT/MR, 12-lead ECG, precordial echocardiogram, 
extra/intravascular imaging, cardiac monitoring for ≥24 
hours

ASCO(D) phenotyping4 Does not include a cryptogenic stroke category



ICTUS CRIPTOGENETICO



EMICRANIA E CEFALEA VASCOLARE





MALATTIA DA DECOMPRESSIONE

► 25-30% della popolazione ha PFO.

► PFO non rappresenta una 
controindicazione assoluta.

► La malattia da decompressione si 
manifesta nello 0,02-0,05% delle 
immersioni a scopo ricreazionale .

► La chiusura del PFO presenta dei 
rischi con delle complicanze che 
hanno incidenza del 2-5%.



Sindrome da platipnea-ortodeossia

 Necessarie 2         
componenti:

► Shunt interatriale 
(PFO, difetto del 
setto interatriale, 
ASA, )

► Componente 
funzionale che 
promuove shunt in 
ortostatismo



► È semplice la diagnosi di PFO?

Sì!
European position 
paper .Eurointervention 
2019



Diagnosi

TTE TCD TEE



Studio Shunt Dx-Sn
Paziente in posizione supina vena brachiale, 18 G
Monitoraggio Bilaterale > Unilaterale ACM

Tipo di m.d.c. m.d.c. commerciali > 
soluzione salina 9 ml+ 1 ml di 
aria

Quantità di m.d.c. 10 mL > 5 mL

Manovra di attivazione Manovra di Valsalva 

Inizio MV 5’’ dopo inizio infusione del 
m.d.c.

Durata MV 5’’

Soglia MB 1MB
Finestra temporale MB ≤ 40’’ 

N° di tests 1) Basale
2)  con MV
3)  ripetere MV solo se la 

prima negativa 

► Latente

► Permanente

Grado di Shunt:
► Assenza di shunt
► Lieve: 1-20 MES
► Moderato: > 20 MES 
► Severo: effetto tendina o 

pioggia in cui I singoli MB 
non sono più distinguibili



EcocolorDoppler Transcranico

- Studio eseguibile con stesse 
modalità del TCD 

- Sensibilità minore

- Il monitoraggio è monolaterale

- Non è possibile pronunciarsi sulla 
severità dello shunt



Finestra occipitale
In the higher-age tertile, the 
foramen magnum window was 
significantly more sufficient than 
the temporal bone window (100% 
vs. 71%, p<0.001). In 94 patients 
having both windows, diagnosis of 
an RLS using cTCCS-MCA 
revealed a specificity of 42%, and 
a sensitivity of 84%. Diagnosis of 
an RLS using cTCCS-VA revealed 
a specificity of 40%, and a 
sensitivity of 91%. Analysis of the 
subgroup with large PFOs revealed 
a specificity of 71% using both 
cTCCS-MCA and cTCCS-VA.

Conclusions: cTCCS-VA should 
play an important role in detecting 
an RLS, especially in elderly stroke 
patients having large PFOs.





« …we found that bubble-TCD is feasible in most older 
patients with transient ischaemic attack or non-disabling 
stroke, with a higher rate of RLS than is usually reported in 
studies of transoesophageal echocardiography»

«Routine bubble-TCD is a feasible first-line screening 
modality for the detection of possible PFO »



Ruolo dell’Ecocardio Transesofageo

❖ Escludere altre cause cardiache di 
embolia sistemica 

Trombosi atriale sinistra (TEE)
Trombosi ventricolare sinistra (TTE)
Vegetazioni >10 mm (TEE)
Mixoma (TTE / TEE)

❖ Conferma diagnosi di PFO 

❖ Stratificazione del rischio e 
pianificaizone chiusura 

A) Ampiezza del tunnel: 
separazione esistente fra septum 
primum e secundum ( se > 4 mm il 
PFO è ampio); 
B) Lunghezza del tunnel: se > 10 
mm è considerato lungo e può 
ostacolare il corretto 
posizionamento di alcuni device 
per la chiusura percutanea; 
C) Spessore del septum primum;
D) Aneurisma del setto interatriale 
E) Fenestrazioni accessorie della 
fossa ovale; 
F) Presenza della Valvola di 
Eustachio PFO oriented (> 10 mm) 
G) Presenza della rete di Chiari 



► Il PFO è responsabile dell’ictus del 
mio paziente?



- Età del paziente
- Localizzazione ictus (?)
- Caratteristiche anatomiche
- Trombosi venosa, OSAS ,immobilizzazione
- Caratteristiche PFO
- Disordini della coagulazione
- RoPe score



European position 
paper on the 
management of 
patients with patent 
foramen ovale. General 
approach and left 
circulation 
thromboembolism 
.Eurointervention 2019



the RoPE score does not account for high-risk 
PFO features (e.g., septal aneurysm) that 
have been shown to correlate with
higher risk of paradoxical embolisation!



Pascal Score
1) presence of features that increase likelihood 

of PFO-stroke mechanisms (high risk PFO 
physiologic and structural features of large 
shunt or atrial septal aneurysm)

2)  absence of features that increase likelihood 
of an occult non-PFO stroke mechanisms 
(older age, vascular risk factors, and stroke 
topography features) as quantified in the 
RoPE score. 

Based on this combination of factors, the 
original, extended PASCAL Classification 
System algorithmically assigns a likelihood of 
causal relationship among five levels: Definite, 
Highly Probable, Probable, Possible, and 
Unlikely.



► Il PFO del mio paziente va chiuso?



Le due probabilità da calcolare di fronte 
ad un PFO

► Probabilità che il PFO abbia un ruolo nello 
scenario clinico che ho di fronte

► Probabilità che l’evento clinico a cui sto 
assistendo possa ripresentarsi.



Il PFO va chiuso? Sì/no

defense PFO       2011-2017 multicenter randomized open label trial          Amplatzer PFO closure VS dual antiplatelet OR AND coumadin         PFO closure+ antiplatelet reduce risk of  stroke VS medical theraphy     



CLOSURE I

«In patients with cryptogenic 
stroke or TIA who had a 
patent foramen ovale, 
closure with a device did not 
offer a greater benefit than 
medical therapy alone for the 
prevention of recurrent stroke 
or TIA». 



PC CLOSURE TRIAL

«Closure of a patent foramen ovale for 
secondary prevention of cryptogenic 
embolism did not result in a significant 
reduction in the risk of recurrent embolic 
events or death as compared with 
medical therapy» 



RESPECT

«In the primary 
intention-to-treat 
analysis, there was no 
significant benefit 
associated with closure 
of a patent foramen 
ovale in adults who had 
had a cryptogenic 
ische- mic stroke. 
However, closure was 
superior to medical 
therapy alone in the pre- 
specified per-protocol 
and as-treated analyses, 
with a low rate of 
associated risks» 



CLOSE

In conclusion, among patients 16 to 60 years of 
age who had had a recent cryptogenic stroke 
attributed to PFO with an associated atrial septal 
aneurysm or large interatrial shunt, the rate of 
stroke was lower with PFO closure plus long-term 
antiplatelet therapy than with antiplatelet therapy 
alone. The effects of oral anticoagulant therapy as 
compared with antiplatelet therapy on the risk of 
stroke recurrence could not be determined. 





The meta-analysis of all trials found that
the number needed to treat with device 
closure to prevent 1 recurrent stroke was 
131 during 1 person-year of follow-up or 
13 during 10 person-years of follow-up, 
which may be clinically important in this 
generally young population



In tutti i pazienti gli stessi benefici?

Reinthaler M et al. Revival of Transcatheter PFO Closure: A meta-analysis of randomized controlled trials. Am Heart J 2018. 



«new onset atrial fibrillation was found to be 
significantly associated with PFO closure which 
might be related to irritation of atrium during the 
procedure. PAF episodes were periprocedural, short 
lived and self-limiting. On the other hand, there has 
been no protocolized long-term AF monitoring in all 
the studies we examined, and such studies are 
needed to comprehensively quantify subsequent AF 
burden ».

CHIUSURA SENZA RISCHI?



«Using loop recorder monitoring 
for ≥28 days, supraventricular 
arrhythmia was diagnosed in 1 in 5 
patients, with a median delay of 
14 days, suggesting that this 
postprocedural event has so far been 
underestimated.»

https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-supraventricular-arrhythmia
https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-supraventricular-arrhythmia


…altri rischi…
► Procedural complications had a 2.6% incidence in RCTs. 

► Device embolism is a serious event and occurs at a rate of 0.9- 1.3%.
 
► Tamponade 0,7%. 

► The risk of long-term mortality or the need for cardiac surgery is less than one 
in 1.000. 

► The most frequent late complication is device thrombosis, which is seen in 
1.0-2.0%. 

► Atrial wall erosions are serious events that have been reported anecdotally.







Il PFO è chiuso…il caso no.
► Quali sottogruppi di pazienti beneficiano molto, poco o per nulla 

della chiusura del PFO?
► Qual è il ruolo dei nuovi anticoagulanti rispetto alla chiusura del 

PFO?
► I pazienti non inclusi nei trials (> 60 aa, altre cause possibili di ictus) 

beneficerebbero della chiusura del PFO?
► Qual è l’impatto clinico della fibrillazione atriale indotta dalla 

chiusura?
► Quale dovrebbe essere la durata ottimale della terapia 

antiaggregante dopo chiusura del PFO?
► La chiusura del PFO ha un ruolo nella prevenzione primaria dello  

stroke?



Priorità ricerca: dove dobbiamo 
migliorare….

► Individuare fattori di rischio più precisi.

► Identificare nuovi fenotipi e sottogruppi ad alto rischio e 
avviare nuovi trial randomizzati in queste popolazioni.

► valutare gli outcome della chiusura del FOP rispetto alla 
terapia con DOAC.

► Disegnare RCT con campioni adeguati che comparino 
singole terapie mediche (ASA, clopidogrel, warfarin, 
DOAC…) nei pazienti in cui la chiusura del FOP non è 
praticabile.

►  valutare gli outcome a 5 anni per ognuna di queste 
terapie.



Tutti i Sì del PFO

identificare il paziente

Neurosonologist



Drug therapy and follow up after 
percutaneous closure 



Anticoagulanti 

► in summary, currently available data 
do not provide definitive evidence on 
the comparative benefits of OAC vs. 
APT in patients with CS and PFO. Low 
outcome rates and the 
non-comparability of treatment groups 
resulted in imprecise estimates of the 
comparative effectiveness of 
antithrombotic treatments in this 
patient population. These results 
support the need for additional 
comparative studies, including 
randomized trials. 



Economical Gain 

► • PFO closure incurs procedural cost. However, cost- effectiveness 
studies showed that PFO is associated with economic and QUALY 
gain after 15 years, provided that the procedure was performed in 
high-risk patients. Performing the procedure in unselected patients 
translates into a sharp decrease in cost-effectiveness. 

► • Moreover, procedural costs and procedure times may be 
decreased with the use of sedation instead of general anaesthesia 
or of intracardiac echocardiography versus transoesophageal 
echocardiography, thereby eliminating the need for an 
anaesthesiologist 



RECURRENT ISCHEMIC STROKE

► As with any stroke, patients who have a recurrent ischemic stroke after PFO closure should have another 
comprehensive evaluation to determine the stroke mechanism, including assessment of the PFO closure device 
for defects, device thrombosis, and residual shunt. Recurrent ischemic stroke may occur in patients with a PFO, 
regardless of whether the PFO was closed, due to mechanisms unrelated to paradoxical embolism, such as 
cardiogenic embolism, large artery atherosclerosis, small artery disease, and other determined stroke etiologies. In 
a minority of patients with PFO closure, a residual shunt persists, allowing continued potential risk for paradoxical 
embolism [46-50]. Alternatively, thrombus may spontaneously form on or adjacent to the PFO device or in the left 
atrium due to stagnant blood flow [51], particularly given the possible increased risk of atrial arrhythmias (mainly 
atrial fibrillation) in patients with PFO and/or atrial septal aneurysm [52]. This risk may be augmented after PFO 
closure [24,25], especially in the first few weeks after device implantation.

► Recurrent stroke should be treated according to the underlying mechanism, if it can be identified:

► ●If the recurrence occurs in a patient who has not had their PFO closed, and the PFO still appears to be the most 
likely cause of cryptogenic stroke, we suggest PFO closure.

► ●For patients on antiplatelet therapy who have a recurrent cryptogenic stroke (regardless of PFO closure status) 
and no atrial fibrillation on reevaluation with long-term cardiac monitoring, options include continuing the same 
antiplatelet agent or switching to another antiplatelet regimen. For patients with recurrent embolic stroke of 
undetermined source, switching to empiric anticoagulant therapy is also a reasonable option. These issues are 
discussed in detail elsewhere. (See "Cryptogenic stroke", section on 'Embolic stroke of undetermined source'.)

► ●In rare cases, recurrent thrombus formation on the closure device despite anticoagulant therapy may require 
device removal [53]

https://www.uptodate.com/contents/treatment-of-patent-foramen-ovale-pfo-for-secondary-stroke-prevention/abstract/46-50
https://www.uptodate.com/contents/treatment-of-patent-foramen-ovale-pfo-for-secondary-stroke-prevention/abstract/51
https://www.uptodate.com/contents/treatment-of-patent-foramen-ovale-pfo-for-secondary-stroke-prevention/abstract/52
https://www.uptodate.com/contents/treatment-of-patent-foramen-ovale-pfo-for-secondary-stroke-prevention/abstract/24,25
https://www.uptodate.com/contents/cryptogenic-stroke?sectionName=Embolic+stroke+of+undetermined+source&search=pfo&topicRef=1100&anchor=H4176825845&source=see_link#H4176825845
https://www.uptodate.com/contents/treatment-of-patent-foramen-ovale-pfo-for-secondary-stroke-prevention/abstract/53


SURGICAL CLOSURE OF PFO
► For rare patients aged ≤60 years with a cryptogenic embolic-appearing ischemic stroke who have a PFO and no 

other evident source of stroke despite a comprehensive evaluation who have a concurrent indication for cardiac 
surgery (eg, indication for valve surgery, or the rare PFO that is not amenable to device closure for technical 
reasons), surgical closure of PFO via standard or minimally invasive (including robotic) techniques for secondary 
stroke prevention after cryptogenic stroke is a reasonable alternative to percutaneous PFO closure.

► The reported efficacy of surgical closure of a PFO in patients with prior cerebrovascular ischemic events has been 
variable [14,54-56], and randomized trials comparing surgical PFO closure with percutaneous closure or with 
medical therapy have not been performed.

► Rates of recurrent cerebrovascular events following surgical closure have ranged from 7 to 14 percent at one to 
two years [14,54]. Similar to findings from the randomized controlled trials for device closure of PFO, these events 
are likely due to mechanisms unrelated to paradoxical embolization, as illustrated by a report of 91 patients 
(mean age 44 years) with one or more cerebrovascular ischemic events who underwent surgical PFO closure [54]. 
The overall freedom from an ischemic episode at one and four years was 93 and 83 percent, respectively. The 
recurrent events were transient ischemic attacks (there were no cerebral infarctions), one of which was attributed 
to giant cell arteritis. Transesophageal echocardiography showed that the closures were intact in all patients, 
implying that paradoxical embolization was not the cause of the ischemic events.

► In patients with high cardiovascular risk and an incidentally discovered PFO, surgical closure may actually 
increase the risk of postoperative stroke. This conclusion comes from a retrospective study of over 13,000 adults 
without a prior diagnosis of PFO or atrial septal defect who had cardiothoracic surgery [57]. A PFO was detected 
intraoperatively in 2277 patients, and closure was performed at the discretion of the surgeon in 28 percent. Using 
propensity-matched analysis, the risk of perioperative stroke was significantly higher in patients who had surgical 
PFO closure than in those who did not (2.8 versus 1.2 percent; odds ratio 2.47, 95% CI 1.02-6.0). There was no 
difference between the two groups in long-term survival. The uncontrolled retrospective design and small number 
of events limit the strength of this study.

►

https://www.uptodate.com/contents/treatment-of-patent-foramen-ovale-pfo-for-secondary-stroke-prevention/abstract/14,54-56
https://www.uptodate.com/contents/treatment-of-patent-foramen-ovale-pfo-for-secondary-stroke-prevention/abstract/14,54
https://www.uptodate.com/contents/treatment-of-patent-foramen-ovale-pfo-for-secondary-stroke-prevention/abstract/54
https://www.uptodate.com/contents/treatment-of-patent-foramen-ovale-pfo-for-secondary-stroke-prevention/abstract/57

