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Fetal circulation 





Beigel et al. Am J Cardiol 2014 







Paradoxical emboli 

- Valsalva 
+ Valsalva - Valsalva 



Thrombus across PFO 



Associated 
anomalies 

• Chiari network 

• Eustachian valve 

• Septal aneurysm 

• ASD 

• Ebstein anomaly 



PFO present in 50-80% of divers experiencing the decompression sickness 



Platypnoea-orthodeoxia 

• Desaturation by >5% in 
sitting/standing position 

• Clubbing 

• Exclude V/Q mismatch and 
HPS 



Clinical 
syndromes 

related to PFO 

• Stroke 

• Decompression sickness 

• Platypnoea-ortodeoxia 

• Acute myocardial infarction 

• Other systemic embolism (e.g. renal infarction) 

• Fat embolism 

• Left-sided valve disease in carcinoid syndrome 

• Migraine (?) 

 



Diagnosis 

• Echocardiography w/ Valsalva 
maneuver and agitated saline 
gold standard but sensitivity not 
100% 

 

• Transcranial Doppler more  
sensitive but does not show 
defect 



Valsalva maneuver 

• Timing is essential  
• injection of agitated saline  during 

strain  
• Passage of bubbles during release 

• Should be repeated several times 

• Micro bubbles should be seen <3-5 
heart beats 

• Diagnosis is difficult, prevalence of 
probe patent PFO is 27% in autopsy 
studies but only 10-15% in 
screening studies 

TOE vs. TTE 

Stable images vs. cooperation 



The evidence 

CLOSURE-1 PC Trial RESPECT 



The evidence 

CLOSURE-1 PC Trial RESPECT 

CLOSE REDUCE RESPECT extended f/u 



CLOSE 

Mas et al. NEJM 2017; 377:1011-21 

• N=663 patients with ischemic stroke within 6 months 
• RCT; 1:1:1 to PFO + DAPT for 3 months followed by SAPT vs. SAPT vs. (D)OAC 

Primary end-point: Fatal or non-fatal stroke. Mean follow-up 5.3 years 
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RESPECT extended f/u (mean 2.6 -> 5.9 years) 

Saver et al. NEJM 2017; 377:1022-32 

• N=980 patients with stroke or TIA within 9 months 
• RCT, 1:1 PFO closure with Amplatzer PFO occluder + 1 month DAPT and aspirin 

for at least 6 months or anti-thrombotic therapy with VKA (25%) or APT (75%) 
• Treatment exposure: 3141 patient-years in the PFO closure group vs. 2669 

patient-years in the medical therapy group  

Years to event 
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REDUCE Study 

• Aim to establish superiority of PFO closure in 
conjunction with antiplatelet therapy over antiplatelet 
therapy alone in reducing the risk of recurrent clinical 
ischemic stroke or new brain infarct 

• Randomized, controlled, open-label trial  

• 664 subjects randomized in a 2:1 ratio to: 

• Closure: PFO closure plus antiplatelet therapy 

• Medical therapy: antiplatelet therapy alone 

• 63 sites in 7 countries 

• Canada, Denmark, Finland, Norway, Sweden, UK, US 

Sondergaard et al. NEJM 2017; 377:1033-42 



Inclusion and Exclusion Criteria 

• Age 18-59 years 

• Cryptogenic ischemic stroke within 180 days 
• Clinical symptoms ≥24 hours or MRI evidence of infarction 

• Cryptogenic  
• No stenosis >50% or ulcerated plaque in relevant vessels 

• No atrial fibrillation or high risk source of cardioembolism 

• Non-lacunar (based on syndrome and/or size) 

• No evidence of hyper-coagulable disorder 

• Patent foramen ovale (PFO) 
• Confirmed by TEE with bubble study (right-to-left shunt) 

• No indication for anticoagulation 



Co-Primary Endpoints 

• Freedom from recurrent clinical 
ischemic stroke through at least 
24 months  

 

• Incidence of new brain infarct 
(defined as clinical ischemic 
stroke or silent brain infarct*) 
through 24 months 

*New T2 hyperintense MRI lesion with diameter ≥3 mm; 
adjudicated by MRI core lab 



Clinical stroke (ITT) 

HR 0.23 (95% CI 0.09-0.62) 
P=0.002 
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Follow-up (months) 



New brain infarct (ITT) 

• Difference in incidence of new brain infarct of 5.6% 

• Relative risk 0.51 (95% CI: 0.29 to 0.91) 

• p=0.024 after adjustment for multiple testing  

• silent infarcts about twice as common as clinical stroke 

Closure 
(N=441) 

Medical 
(N=223) 

Subjects without Evaluation 58 46 

Brain Infarct Evaluable 383 177 

   Brain Infarct Present  22 (5.7%)  20 (11.3%) 

         Recurrent Stroke Only 3 6 

         Both 2 6 

         Silent Brain Infarct Only 17 8 

   Brain Infarct Absent 361 (94.3%) 157 (88.7%) 
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Does PFO closure make infarcts smaller? 



Strengths 

• Standardized approach to 
medical therapy 

• Selection criteria for 
cryptogenic stroke similar to 
recent ESUS definition 

• Multi-national trial enhances 
generalizability 

• MRI at baseline and 2 years 
adds objective confirmation 
to unblinded trial 

 

Limitations 

• Total number of events was 
small, limiting subgroup 
and other exploratory 
analysis 

• Potential for bias due to 
differential drop-out and 
small number of events 
relative to drop-out rate 

• Limited generalizability due 
to concurrent closure 
outside of trial 

• Duration of study 

 



What should we tell the patients? 

• The evidence is there for prognostic benefit, but 
• Only for patients fulfilling criteria 

• Thorough assessment is required 

• The risk reduction is relevant 
• NNT = 28-47 

• ARR= 2-4%, PFO closure brings AR<2% 

• RRR >50% 

• While better not perfect 
• The absolute risk of recurrent stroke/brain infarction is low, but important 

• The risk of serious adverse event is low but not negligible 

 
 



Safety 

• Atrial fibrillation/flutter rate  
higher in the closure group 
• non-serious (63%) 

• onset in 1st month (79%) 

• resolved within 2 weeks (59%) 

• 1/29 patients with AF after 
PFO closure had a stroke 

• REDUCE     6.6% vs. 0.4% 

• CLOSURE-1     5.7% vs. 0.7% 

• PC Trial     2.9% vs. 1.0% 

• RESPECT     3.0% vs. 1.5% 

• CLOSE     4.6% vs. 0.9% 

All Enrolled Subjects 
(N=664) 

Closure 
(n=441) 

Medical 
(n=223) 

p-value 

Serious bleeding 
adverse events 

8 (1.8%) 6 (2.7%) 0.57 

   Procedure-related  4 (0.9%) - 0.31 

   Other  4 (0.9%) 6 (2.7%) 0.09 

Any AF/ flutter 
adverse events 

29 (6.6%) 1 (0.4%) <0.001 

   Serious AF / flutter 10 (2.3%) 1 (0.4%) <0.001 

Serious device 
adverse events 

6 (1.4%) -  - 

   Device dislocation 3 (0.7%) - - 

   Device thrombosis 2 (0.5%) - - 

   Aortic dissection 1 (0.2%) - - 

Any DVT or PE 
adverse events 

  3 (0.7%) 2 (0.9%) 1.0 



REDUCE 



RESPECT 



Alternative causes should 
be excluded 

• Ultrasound of neck vessels 

• Holter monitoring 

• Coagulation work-up 

• MRI verification (non–lacunar infarct) 

 



Risk of Paradoxical Embolism 



Remaining questions 

• Is the ROPE score the best selection tool? 

 

• Is there a better way to estimate shunt size than counting bubbles? 

• Is shunt size important?  

 

• Is there a relevant difference in safety and efficacy between devices? 

 

• An what about the septal aneurysm? 


