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PFO closure



RCTs PFO closure
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Study design initial trials
Cryptogenic stroke with evidence of PFO

Exclusion criteria

Randomization

Percutaneous Closure Medical Treatment

Stroke/TIA and death (all cause mortality) +/- embolism



Closure-1
Closure not superior to medical therapy

NS



PC trial
Closure not superior to medical therapy

NS



RESPECT trial (FU 2.6 y)
Closure not superior to medical therapy

NS



RCTs PFO closure
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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)



RESPECT trial extended FU (5.9 y)
Reduction in ischaemic stroke NNT = 45

Significant
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Study design : recent trials
Cryptogenic stroke with evidence of PFO

Exclusion criteria

Randomization

Percutaneous Closure Medical Treatment

Stroke/TIA and death (all cause mortality) +/- embolism

Lacunar stroke

ASA, large PFO



REDUCE trial
Reduction in ischaemic stroke NNT = 25

Significant



CLOSE trial
Reduction in ischaemic stroke NNT = 17

Significant



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

Significant



RCTs PFO closure

2012

Closure-1
909 patients

Negative

2013

PC Trial
414 patients

Negative

2017

RESPECT
980 patients

Positive

2017

CLOSE
663 patients

Positive

2017

REDUCE
664 patients

Positive

2018

DEFENSE-PRO
120 patients

Positive



Pooled Individual Patient Data

Kent, JAMA, 2021



RoPE score (Risk of Paradoxical Embolism)

Kent, Neurology, 2013



Validation of RoPE score

Strambo, Stroke, 2021



PASCAL (PFO-Associated Stroke Causal Likelihood)

< 7 ≥ 7

Elgendy, JAMA Neurol 2020



Points still unclear

Neurologist
Brain 6 Neck Imaging

Echo TT
Holter

Blood tests

Cardioembolic
stroke associated

with patent 
foramen ovale

Transesophageal echocardiography ?



Transesophageal echocardiography

• Atrial septal defect
• Atrial myxoma, Fibroelastoma
• Aortic arch atheroma,
• Small aortic or mitral valvular

vegetations



Points still unclear

Neurologist
Brain 6 Neck Imaging

Echo TT
Holter

Blood tests

Cardioembolic
stroke associated

with patent 
foramen ovale

Transesophageal echocardiography ?

Long term cardiac monitoring ?



Afib detection
CRYSTA – AF (6 M)

6 X Afib Detection

EMBRACE (30 D)

5 X Afib Detection

61 yo 73 yo



Conclusions: Benefit – risk of PFO closure

Annualized incidence 
of stroke

Medical therapy 1.09%

Device closure was 0.47%
- 60%

Incidence of atrial 
fibrillation 

FU 57 months
(> 45 days)

Medical therapy 0.8%

Device closure was 2.4%

X 3

The Benefit

The Risk



LAA Closure



ESC guidelines



Rational of LAA closure



Atrial Fibrillation: OAC
CHA2DS2VASC ≥ 1(M) > 1(F)

Calculate HAS-BLED score Modifiable bleeding risk factors

HAS-BLED ≥ 3
Flag up 

Regular review
Modify risk factors

DOAC 



Bleeding Score: HAS-BLED



Bleeding risk

A high bleeding risk score should not lead to withholding
OAC, as the net clinical benefit of OAC is even greater

amongst such patients.



What is the indication for the left atrial appendage
(LAAC) closure ?



Anticoagulation in Atrial Firbrillation

DOAC Vit K ant.> > DAPT > Aspirin

Apixaban (ARISTOTLE)

Edoxaban (ENGAGE AF TIMI 48)

Rivaroxaban (ROCKET-AF)

Dabigatran (RE-LY)

Aspirine + clopidogrel (ACTIVE W + A)



1114 patients
PROTECT: CHADS2 ≧ 1
PREVAIL: CHADS2 ≧ 1 + 1 risk factor
PREVAIL: CHADS2 ≧ 2
HAS-BLED: 60-70% 1-2

1 X Warfarin 2 X LAAC

45 D 

6 M

Warfarin + Aspirine0 D

Clopidogrel + Aspirine

Aspirine

PROTECT AF + PREVAIL



PROTECT AF and PREVAIL

J Am Coll Cardiol. 2017 Dec 19;70(24):2964-
2975

5 years follow-up



Net Clinical Benefit

• All death events irrespective of 
cause

• Ischemic stroke  

• Intracranial hemorrhage

• Major extracranial bleeding and 
the

• major procedural complication

• Pericardial effusion 

Outcomes

LAAC

Warfarin



Anticoagulation in Atrial Firbrillation

DOAC Vit K ant.> > DAPT > Aspirin

Apixaban (ARISTOTLE)

Edoxaban (ENGAGE AF TIMI 48)

Rivaroxaban (ROCKET-AF)

Dabigatran (RE-LY)

Aspirine + clopidogrel (ACTIVE W + A)



415 patients

1 X DOAC 1 X LAAC

3 M 

Clopidogrel + Aspirine0 D

Aspirine

PRAGUE - 17



PRAGUE-17 results



CHAMPION-AF Clinical Trial

2025



Anticoagulation in Atrial Firbrillation

DOAC Vit K ant.> > DAPT > Aspirin

Maybe Should be considered



Absolute contraindications to oral anticoagulants

• Severe thrombocytopenia <50 platelets/lL,
• Recent high-risk bleeding event

 Intracranial haemorrhage (ICH)
 GI bleeding such angiodysplasia

• Iterative DAPT
• Renal failure with contraindication to DOAC
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