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PFO (Patent foramen ovale)

Cardiology. 2019;143(1):62-72.
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Is there anybody to have a PFO?

High prevalence :  20~25% of people have a PFO

J Am Soc Echocardiogr. 2015;28(8):910-58.
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Annual incidence of cryptogenic / PFO stroke

Stroke. 2018;49:1541-8.

The mean diameter of persisting PFOs : 4.9 mm (1~19 mm)

The middle cerebral artery stem (3 mm) and major cerebral cortical branches (1 mm)   
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• Lechat et al. (N Engl J Med. 1988) :  first published, case-control study

– Increased prevalence of PFOs in ~60 patients < 55 years old with cryptogenic stroke

– Cryptogenic CVA ; 40% had PFOs Vs 10% in the control group. 

PFO is associated with Cryptogenic Stroke 

N Engl J Med. 1988;318:1148-52.

Neurology. 2000;55(8):1172-9.

N Engl J Med. 2007;357(22):2262-8.

40% Vs    17.8%

33.9% Vs 12.3%
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Medical Vs. Closure (Round-1 RCTs) 

HR 0.78 (95% CI 0.45-1.35) p=0.37

N Engl J Med. 2012;366:991-9.
HR 0.63 (95% CI 0.24-1.62) p=0.34

N Engl J Med. 2013;368:1083-91.

HR 0.49 (95% CI 0.22-1.11) p=0.08

N Engl J Med. 2013;368:1092-100.

Closure or Medical Therapy for 

Cryptogenic Stroke/TIA with PFO 

(N=909)     STARFlex (N=447)

24 months fu

Closure of PFO in Cryptogenic 

Embolism (N=414)

Amplatzer (N=204)

60 months fu

Closure of PFO Vs Medical Therapy 

after Cryptogenic Stroke (N=980)

Amplatzer (N=499)

84 months fu

All 3 RCTs failed to meet primary end points!
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2011

Guidelines for the Prevention of Stroke 

2014
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RESPECT 10 yr Final Results 

Robert J. Sommer. Presented at TCT 2017.
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FDA Approval 10/28/2016 
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Neurology. 2016;87(8):815-21.
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N Engl J Med. 2017;377(11):1033-1042. N Engl J Med. 2017;377(11):1011-1021.

N=664

Median 

fu 3.2 yrs

N=663

Mean fu 5.3 

yrs

ASA (septum 

primum

excursion > 

10mm) or 

Large shunt
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Int J Stroke. 2017 Nov 24 [E-pub] 2018;13(4):420-443.
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Cryptogenic Stroke and High-risk PFO : Defense-PFO 

J Am Coll Cardiol. 2018;71:2335-42.

[DEFENSE-PFO] High-risk PFO

ASA, hypermobility ; excursion ≥ 10 mm

Large :  separation of p from s ≥ 2mm
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Unique definition of morphological ‘High-risk’ PFO

Am J Cardiol 2010;106:129-134. J Am Coll Cardiol 2018;71:2335-42.

DEFENSE-PFO 

R
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Final Korean knockout-punch for closure to be the winner in Round 2

J Am Coll Cardiol 2018;72:1185.   Eur Heart J. 2019;40(28):2339-50.

Trial (Year) FU
Age 

limitation
Sponsor PFO No Comparator Result

CLOSURE (2012) 2 Yes, 60 yrs Industry All 909
Antiplatelet or 
anticoagulation

Negative
P=0.37

PC (2013) 4.1 Yes, <60 yrs Industry All 414
Antiplatelet or 
anticoagulation

Negative
P=0.34

RESPECT (2013) 2.1 Yes, 60 yrs Industry All 980
Antiplatelet or 
anticoagulation

Negative
P=0.08

REDUCE (2017) 3.2 Yes, 60 yrs Industry All 664 Antiplatelet
Positive
P=0.002

CLOSE (2017) 5.3 Yes, 60 yrs Academic High risk 663 Antiplatelet
Positive
P<0.001

RESPECT (2017) 5.9 Yes, 60 yrs Industry All 980
Antiplatelet or 
anticoagulation

Positive
P=0.046

DEFENSE -PFO (2018) 2.8 No Academic High risk 120
Antiplatelet or 
anticoagulation

Positive
P=0.013

DEFENSE-PFO 
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High risk PFO Scoring system

J Am Soc Echocardiogr. 2019 Jul;32(7):811-6.
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High risk PFO Scoring system

J Am Soc Echocardiogr. 2019 Jul;32(7):811-6.
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High risk PFO Scoring system

J Am Soc Echocardiogr. 2019 Jul;32(7):811-6.
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• CC : Lt weakness & paraesthesia

(2018.2. other hospital admission)

Rt. MCA infarction, thrombolysis

Recovery of neurology → 

transfer to our hospital for PFO closure

Past history : HTN/DM(-/-)

Smoking/Alcohol(-/-)

F/20

RoPE (Risk of Paradoxical Embolism)

No Hx of HTN : 1

No Hx of DM : 1

No Hx of stroke or TIA : 1

Nonsmoker : 1

Cortical infarct on imaging : 1

Age 18-29 : 5

Total score : 10/10

Prevalence of Pts with a PFO : 73%

PFO-attributable fraction : 88%

2y stroke/TIA recur rates : 2%

Stroke. 2009;40(7):2349-55.

Case
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CT
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TEE (2018-2-28)

High risk? Small size, small amount of shunt, but, ASA or hypermobility (+)

& Long tunnel ≥ 10 mm, Low angle ≤ 10 ° [Score 3]  High risk PFO.
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What cardiologists & neurologists need to know

1. PFO closure is a simple and safe outpatient 

procedure that replaces the need for open-

heart surgery.

2. 4 RCTs showed that closure is preferable.

3. 50% of migraine with aura have a PFO.

4. Stroke per year is 1 in 1000 people with a PFO.

5. Recurrent stroke is 1% per year, 10 % at 10 

years and 50% in lifetime (50 years)

6. PFO itself does not cause a stroke. We need 

reduce venous clot.

7. 60% of first-degree relatives of a proband with 

a PFO-associated condition will have a PFO.

Catheter Cardiovasc Interv. 2019;93:1085-6.
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Benefit is better only in RCTs with high-risk PFOs

Eur Heart J. 2019;40(28):2339-50.
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Key points of safe closure

Interv Cardiol Clin. 2017;6(4):555-567.
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Currently available devices for PFO

J Thorac Dis 2018;10:S2909-22.

3 devices are available in Korea.
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Algorithmic approach to patients with CS & PFO

Eur Heart J. 2019;40(28):2339-50.
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Patient

Neurologist

Cardiologist
PFO 

program

Patient - centered care

Active PFO/stroke program, with emphasis on shared decision making and patient-centered care.

Catheter Cardiovasc Interv. 2019;1-16.
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Not cryptogenic any more, PFO-associated stroke

Eur Heart J. 2019 Oct 7;40(38):3182-95.

When a PFO is thought likely to be implicated in a cryptogenic embolism, 

the event should be classified as PFO-related instead of cryptogenic.   
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Algorithm for the diagnosis & secondary prevention

Eur Heart J. 2019 Oct 7;40(38):3182-95.
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The risk of stroke recurrence & major bleeding

Eur Heart J. 2019 Oct 7;40(38):3182-95. supplementary figure 7 & 8.
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Medication after PFO closure

Eur Heart J. 2019 Oct 7;40(38):3182-95.
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Future directions

1.To make standard criteria of ‘High-risk’ PFOs : Predictive models to 

identify patients who benefit a lot, a little, or not al all.

2.Role of anticoagulation, NOAC.

3.Role of new closure devices : tunnel insertion, bioabsorbable, suture.

4.Close or not for the anatomical ‘Low-risk’ PFOs and the elderly.

5.Refractory migraine with aura.

6.How to treat incidental large PFO without stroke or TIA. 

Stroke. 2018;49:1541-8. (modified)
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Take home message

4 - 0

Individuals most likely to benefit from PFO closure : [ PFO stroke in the Heart Brain Team Decision ]

1. Higher risk of morphology 2. Younger 3. Higher RoPE 4. Concomitant VTE 5. Embolic stroke pattern  

Eur Heart J. 2019;40(28):2339-50.
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Thank you for your attention


