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Stroke, An heterogeneous etiology 
• Various mechanism of stroke 

Large artery atherosclerosis 
 - A-A embolism 
 - In situ thrombosis 
 - hemodynamic 

Cardioembolism  

Small vessel disease 
Mechanism 
based Stroke 
treatment 

Patent foramen ovale 
-right-to-left shunt 



Culprit PFO 
 

Incidence of PFO in cryptogenic stroke: 40% 

Incidence of PFO in normal population: 25% 

Cryptogenic stroke(CS) patients CS with PFO (40%) 

Assumptions 

1.  CS patients without a detected PFO is not caused by an undetected PFO  

2.  If not for those strokes attributable to PFO, PFO prevalence of CS = Control 

Patients with CS unrelated to PFO 

25% 75% 

Of half of PFO culprit for Cryptogenic stroke 

Alawi et al. Stroke 2009 



Characteristics of PFO-stroke 

Paradoxical embolism 

- Mainly embolic  

- Needs to pass through PFO 

 

Small size embolus easier to pass through 
PFO 

High prevalence of Small cortical or small 
scattered cortical lesion 



Juxtacortical lesions in PFO-stroke 
 

Kim DE et al. JCN 2013 

Juxtacortical FLAIR lesions of cryptogenic TIA patients are associated 
with RLS 



Valsalva and PFO-stroke 
• Right to left shunt aggravated by Valsalva maneuver 

 

Intra-thoracic pressure Systemic venous return  

1. Initial pressure rise 

Systemic venous return  Intra-thoracic pressure 

2. Pressure release 

Pulmonary vessel re-expand 



Valsalva – posterior circulation 



PFO-stroke and vascular territory 
 

PFO-stroke more often observed from posterior circulation 



Valsalva and posterior PFO-stroke 
 

Valsalva maneuver may associate with the high prevalence of posterior circulation 
infarction in PFO-stroke 



Characteristics of PFO-stroke 
 



Recent study results 

PFO closure effective for those with PFO-stroke 
- Better technique, Better indications 

 



CLOSE 
• 663 patients with recent PFO-stroke with ASA or Large shunt 

– Randomized to (1:1:1)   f/u 5.3 years 

• PFO + antiplatelet treatment (DAPT 3month -> SAPT) 

• Antiplatelet treatment alone (aspirin 86.7%, DAPT 1.3%) 

• Anticoagulation (Warfarin, No data on TTR) 

 

 

6% 

10 month later: 93% had no or minimal residual 
shunt (<10 bubbles) 
 
4.6% with atrial fibrillation or flutter occurring 
within 1 month after the procedure as compared 
with 0.9% in the antiplatelet-only group (P=0.02) 
 

N Engl J Med 2017; 377:1011-1021 



GORE REDUCE 
• 664 patients PFO-stroke (81% moderate or large shunt) 

 

– Randomized to (2:1)  f/u 3.2 years 

• PFO closure + antiplatelet treatment (SAPT) 

• Antiplatelet treatment (SAPT) 

 

– Co-primary endpoint 

• Clinical ischemic stroke 

• New brain infarction (24 month f/u MRI) 

 
N Engl J Med 2017; 377:1033-1042 



DEFENSE PFO 
• 120 patients with PFO-stroke (High risk; ASA, hypermobile 

atrium, >2mm) 

– Randomized to 

• PFO closure + antiplatelet treatment (DAPT 6month - ) 

• Medical treatment (SAPT, DAPT, warfarin) 

 

– Primary endpoint: MACE 

 

J Am Coll Cardiol. 2018 May 22;71(20):2335-2342 



Can we implicate the result directly? 
• No representative player 

•   
Antiplatelet treatment vs. anticoagulation 

 

PFO in Cryptogenic Stroke Study 

- Warfarin-Aspirin Recurrent Stroke Study의 하위 연구 

- N=630 patients with TEE 

- Study duration: 24 month follow-up 

- 203 of 630 patients had PFO, 98 patients had 
Cryptogenic stroke 

 



Do we have evidence for NOAC? 
 

NAVIGATE ESUS RESPECT ESUS 



Anticoagulation and PFO 

7 (2·6) 

 13 (4·8) 

0·54 (0·22–1·36) 

Anticoagulation may have potential benefit in those with High risk PFO 

NAVIGATE ESUS 



Best treatment? 
 

Steps needed for Treatment decision… 
 
1) Is stroke really associated with PFO ? 
2) What is the risk of stroke for the patient with PFO 
3) Risk and benefit of each treatment  
            

We may say that High risk PFO attributed to stroke may be closed 
 
But Gray zone may exist….  
 

Individualize treatment strategy for each patients 


