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Patent foramen ovale (PFO)
• In fetus oxygenated blood returning to the right atrium via 

the umbilical vein, needs to be delivered to brain and vital 
organs before further loss of  oxygen occurs. To facilitate this 
rapid transit, an interatrial communication evolved in all 
mammals, known as the foramen Ovale.

• After birth, the foramen ovale flap (the septum primum) 
physiologically closes against the septum secundum when 
pulmonary vascular resistance and right atrial pressure 
decrease. 

• During the first 2 years of  life, closure of  the interatrial 
communication occurs in most cases. 

• In 20–25% population this foramen remains patent. A PFO
is like a trap door between the atria with a spectrum of  
possible states of  flow. 

• At rest there may be no flow between the atria, or if  the flap 
is partially open, there may be a left-to-right shunt.

• A transient right-to-left shunt (RLS) may occur during 
certain maneuvers that reverse the inter-atrial pressure 
gradient by increasing venous return to the right atrium, such 
as coughing, sneezing, deep breathing and the Valsalva 
maneuver . 

Relatore
Note di presentazione
Since fetal lungs in utero are incapable of oxygenating blood, the fetus is dependent on the maternal circulation for oxygen delivery via the placenta. Oxygenated blood returning to the right atrium via the umbilical vein needs to be delivered to the brain and vital organs before further loss of oxygen occurs. To facilitate this rapid transit, an interatrialcommunication evolved in all mammals, known as the foramen Ovale. After birth, the foramen ovale flap (the septum primum) physiologically closes against the septum secundum when pulmonary vascular resistance and right atrial pressure decrease. During the first two years of life, irreversible closure of the inter-atrial communication occurs; however, in 20–25% of the population this foramen remains patent. A patent foramen ovale (PFO) is like a trap door (botola) between the atria with a spectrum of possible states of flow. At rest there may be noflow between the atria, or if the flap is partially open, there may be a left-to-right shunt since pressure in the left atrium is greater than the right. However, a transient right-to-left shunt (RLS) may occur during certain physiologic maneuvers that reverse the inter-atrial pressure gradient by increasing venous return to the right atrium, such as coughing, sneezing, deep breathing and the Valsalva maneuver . An atrial septal aneurysm (ASA), a saccular deformity of the atrial septum that protrudes 15 mm in the direction of either atria, is associatedwith 15% of PFOs and is often seen with the largest size PFO. 



Atrial Septal Aneurism (ASA)

• An ASA is a saccular deformity of  
the atrial septum defined by base 
width of  1.5 cm or greater, with at 
least 1.1 cm excursion into either 
the left or the right atrium 

• An ASA is associated with 15% of  
PFOs and is often seen with the 
largest size PFO

Relatore
Note di presentazione
Atrial septal aneurysm (ASA) is a redundancy of the inter-atrial septum detected most commonly by TT or TE studies.On TE study, it is typically defined as10-mm protrusionbeyond the plane of the septum into the left or rightatrium.Although the definition varies somewhat in dif-ferent series, the prevalence in the general population isestimated with TT imaging to be only 0.23% A considerably higher prevalence of 4.6% is noted amongthose referred for TE echocardiography, most likely becauseof the higher sensitivity of the TE technique for imaging thThe prevalence of ASA is greater among patients withembolic events.It is also well known that ASA isassociated with PFO, with60% of patients with ASAhaving a PFO. Additionally, thePFOs seen in the presence of ASA tend to be large comparedwith those seen without associated ASA.







Ricerca shunt cardiopolmonare dx-sx



Ricerca shunt cardiopolmonare dx-sx





Right to left shunt (RLS)

Relatore
Note di presentazione
The prevalence of a patent foramen ovale in the general population is almost equal to 25%, il dato deriva da studi autoptici su cuori sani





Di Tullio MR et al. J Am Coll Cardiol 2013;62:35-41

PFO not associated with increased stroke risk in the 
NOMAS population



Early conceptual understanding of PFO 
pathogenicity

…in younger patients with cryptogenic stroke*, 

all PFOs are pathogenic

*



Prevalence of PFO

Incidental

pathogenic

(Same age distribution as the general 
population)



Risk of Paradoxical Embolism (RoPE) score

Kent DM et al for the RoPE Investigators. Neurology 2013;81:619-625



An index to identify the likelihood that 
a PFO is causal for the index stroke

Kent DM et al for the RoPE Investigators. Neurology 2013;81:619-625



Prevalence of PFO

Age > 70y with hypertension, 
diabetes, prior stroke, current 
smoker, no cortical infarcts
i.e. RoPE score = 0

23%

Kent DM et al. Neurology 2013

Prevalence of PFO



Prevalence of PFO

Age < 30y with no hypertension, no 
diabetes, no history of stroke, 
nonsmoker, cortical infarcts
i.e. RoPE score = 10

Kent DM et al. Neurology 2013

73%

Prevalence of PFO
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PFO e LES





2013
two and a half negative RCT on 
closure vs medical therapy 

CLOSURE 1 Furlan AJ et al. New Engl J Med. 2012:366:91-999

PC Trial Meier B et al. New Engl J Med. 2013;368:1083-91

RESPECT Carroll JD et al. New Engl J Med. 2013;368:1092-110 



2013
two and a half negative RCT on 
closure vs medical therapy 

CLOSURE 1 Furlan AJ et al. New Engl J Med. 2012:366:91-999

PC Trial Meier B et al. New Engl J Med. 2013;368:1083-91

RESPECT Carroll JD et al. New Engl J Med. 2013;368:1092-110 2017
two and a half positive RCT on 
closure vs medical therapy

RESPECT long-term Saver Jl et al. New Engl J Med. 
2017;377:1022-1032

GORE REDUCE       Søndergaard L et al. New Engl J Med. 
2017;377:1033-1042

CLOSE                      Mas JL et al. New Engl J Med.            
2017;377:1011-1021

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











Take home message

• Giovane

• Evento Neurologico documentato

• Caratteristiche anatomiche di maggiore rischio

LE EVIDENZE DISPONIBILI CON FOLLOW-UP A LUNGO TERMINE 

SUPPORTANO IN MODO SOLIDO L’EFFICIACIA E SICUREZZA 

DELLA PROCEDURA DI CHIUSURA PERCUTANEA DEL FORAME 

OVALE PERVIO





A quale pazienti proporre la 
chiusura del PFO?



European Position Paper (2018)



PDTA FOP Emilia Romagna
Evento ischemico 

cerebrale in 
paziente < 60 anni

Esclusione FA o 
altre cause di ictus

Doppler Trans-
cranico positivo 

(>10 hits)

Ecocardiografia 
trans-esofagea con 

evidenza di PFO

Chiusura 
percutanea forame 

ovale

Work-up diagnostico 
condiviso cardio-

neurologico







PFO e prevenzione secondaria
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