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Evidence Base for PFO ClosureEvidence Base for PFO Closure

 Observational
 Retrospective
Meta-analysis
 Prospective RCT



Paradoxical Embolism

It i l th tIt is clear that 
paradoxical 
embolism can 
cause stroke-
does that mean 
that PFO shouldthat PFO should 
always be closed 
when associatedwhen associated 
with stroke?

Thompson T, Evans W Quarterly Journal of Medicine 1930 23:135



Meta-Analysis of Transcatheter Closure Versus Medical Therapy 
for PFO After Presumed Paradoxical Embolismfor PFO After Presumed Paradoxical Embolism

Rate of recurrent neurological events 

Favors Catheter Closure Favors Medical Therapy

a meta-analysis of observational studies was performed toa meta analysis of observational studies was performed to 
compare the rate of recurrent neurological events of 

patients with cryptogenic stroke/TIA and PFO

J Am Coll Cardiol Intv 2012;5:777–89 
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a meta-analysis of observational studies was performed to y p
compare the rate of recurrent neurological events of 

patients with cryptogenic stroke/TIA and PFO

 Stroke Stroke
 TIA
 Migraine
 Anxiety Anxiety
 Other…



Criteria for judgment of causal associationsj g
 Temporal sequence:  Did exposure precede outcome?

St th f i ti H t i th ff t Strength of association: How strong is the effect, 
measured as relative risk or odds ratio?

 Consistency of association: Has effect been seen by Consistency of association: Has effect been seen by 
others?

 Biological gradient (dose-response relation): DoesBiological gradient (dose response relation): Does 
increased exposure result in more of the outcome?

 Specificity of association: Does exposure lead only to 
t ?outcome?

 Biological plausibility: Does the association make sense?
Coherence with existing knowledge: Is the association Coherence with existing knowledge: Is the association 
consistent with available evidence?

 Experimental evidence: Has a randomised controlledExperimental evidence: Has a randomised controlled 
trial been done?

 Analogy: Is the association similar to others?gy

Grimes DA: Lancet 359; 2002: 248-252



RandomizationRandomization

R d i iRandomization
1 : 1
N = 909

STARFlex®
Cl ( ithi 30 D ) Best Medical Therapy

N=447 N=462

Closure (within 30 Days)
6 Months Aspirin and Clopidigrel 
followed by 18 Months Aspirin

py
24 Months Aspirin Or Warfarin

Or  Combinationy p

Between June 2003 and October 2008, 909 patients randomized at 87 sites in the US and Canada. 
Block randomization with stratification by study site and by the presence or absence of an ASA viewed by TEE.



Kaplan-Meier for Primary Endpoint ITT
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PRIMARY COMPOSITE ENDPOINT
DEATH FROM ANY CAUSE, NON‐FATAL STROKE, 

TIA AND PERIPHERAL EMBOLISM
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The Final Results with Primary End Point Analyses

RANDOMIZED EVALUATION OF RECURRENT STROKE 
COMPARING PFO CLOSURE TO ESTABLISHED CURRENTCOMPARING PFO CLOSURE TO ESTABLISHED CURRENT 

STANDARD OF CARE TREATMENT
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Primary Endpoint Analysis – ITT Cohort
50.8% risk reduction of stroke in favor of device 

 3/9 device group patients did not have a device at time of

1. Cox model used for analysis 

20

 3/9 device group patients did not have a device at time of 
endpoint stroke



3 Negative Randomized Trials



 failure of trials to show superiority of closure failure of trials to show superiority of closure 
over medical therapy 

 enormous potential for overuse of percutaneous 
closure

 low risk of stroke in patients who are treated 
medicallymedically

 routine use of this therapy seems unwise 
without a clearer view of who, if anyone, is 
likely to benefit y

NEJM 368;12; 2013 



PFO in Cryptogenic Strokeyp g
Incidental or Pathogenic?

app o imatel one thi d of PFOsapproximately one third of PFOs
are likely to be incidental and 
hence not benefit from closure

Stroke. 2009; 40:2349-2355



The GORE REDUCE Clinical StudyThe GORE REDUCE Clinical Study

 Patient has presence of cryptogenic, ischemic stroke or 
transient ischemic attack (TIA) with MRI (or CT)transient ischemic attack (TIA) with MRI (or CT) 
evidence of a presumably embolic infarction verified by a 
neurologist within 180 days prior to randomizationg y p

 2:1 randomization
 Antiplatelet regimens for all subjects: Antiplatelet regimens for all subjects:
 Aspirin alone or
 Aggrenox or generic equivalent (aspirin and 

dipyridamole) or
 Clopidogrel (Plavix®)

 Warfarin NOT allowed after randomization



World’s Most Accurate Chart

Pi I h tPie I have eaten
Pie I have not yet eateny



The way to a man’s head isThe way to a man’s head is 
th h hi h tthrough his heart.


