
FDA approval for a 
PFO closure device – now what?

David Thaler, MD, PhD, FAHA
Director emeritus, The Comprehensive Stroke Center at Tufts Medical Center

Professor of Neurology, Tufts University School of Medicine
Chairman, Department of Neurology, Tufts University School of Medicine 

October 26, 2017



Disclosure Statement of Financial Interest

• Research Support for clinical trial
• Research Support for clinical trial
• Consulting Fees for RESPECT/ACP Steering Committees

• WL Gore Associates
• Abbott (prev St. Jude Medical)
• Abbott (prev St. Jude Medical)

Within the past 12 months, I have had a financial interest/arrangement 
or affiliation with the organization(s) listed below.

Affiliation/Financial Relationship Company





Patient selection 
Patient selection 

Patient selection
Patient selection

Patient selection

Patient selection!



3 dimensions of “risk”

1) Who has the disease
2) Who has the disease and has a high risk of recurrence
3) Who is likely to benefit from treatment



Is it a stroke?



Is it a stroke? Ask a neurologist.



Stroke mimics and chameleons

Lancet Neurol 2011, 10: 550-
60
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Stroke mimics

• Migraine 
• Seizure
• Subdural 

hematoma
• Tumor
• Syncope
• Cardiac arrhythmia

• Panic attack
• Hypoglycemia
• Demyelinating 

disease
• Amyloid 

angiopathy
• Brain abscess
• Encephalitis



Stroke mimics and chameleons

Lancet Neurol 2011, 10: 550-60
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Condition Prevalence
Altered mental status 31%
Syncope 16%
Hypertensive emergency 13%
Systemic infection 11%
Suspected acute coronary syndrome 10%
Other (seizure, peripheral vertigo, cord compression, 
myasthenia gravis, Bell palsy, migraine, hypoglycemia)

20%

Stroke chameleons

J Stroke Cerebrovasc Dis 2014 23: 374-378



Stroke mimics and chameleons

Lancet Neurol 2011, 10: 550-60
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Is it a cryptogenic stroke?



Is it a cryptogenic stroke? Ask a neurologist.



Cryptogenic stroke c. 2003 ≆ CS c. 2017

• Atrial fibrillation
• Small vessel disease
• Substenotic
atheroembolism

• Aortic-source 
embolism



“Stroke is an observation 
not a diagnosis.”

What is the underlying mechanism?



CRYPTOGENIC 
STROKE + PFO


PARADOXICAL 

EMBOLISM



60% 40%

Proportion of CS patients with incidental PFO

Alsheikh-Ali, A. A. et al. Stroke 2009;40:2349-2355



Can RoPE help us tell who has had a 
“PFO stroke?”

Yes, probably



The RoPE Score Calculator

https://www.mdcalc.com/risk-paradoxical-embolism-rope-score 



Increasing RoPE score
 Increasing PFO prevalence, and 

 Increasing PFO attributable fraction
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Misconception
If you know the RoPE Score then you know 

who has a “high risk” PFO



Analogy with atrial fibrillation diagnosis/risk stratification

RoPE ~ EKG/Holter monitor

RoPE ≠ CHA2DS2-VASc



Increasing RoPE score
 Increasing PFO attributable fraction

 Decreasing TIA/Stroke recurrence risk
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So, are there baseline variables that predict 
recurrent stroke and do those predictors 
differ by RoPE Score?

Yes (but not what we thought)



Neurology 2014 83: 1-
6



Shunt size conundrum?

It’s either wrong...
– Unreliable variable?  should revert to null
– Type 1 error
– Biases in the dataset – “informative censoring”
– Poor primary data in RoPE databases

… or right.
– More than 1 PFO-related stroke mechanism?



Treatment options for CS+PFO

• All guideline directed secondary prevention recommendations
• Antithrombotic Rx

– Antiplatelet
– Anticoagulation

• PFO specific Rx
– Endovascular PFO closure
– Direct surgical closure



FDA language doesn’t 
mention subgroups…



Do we know who benefits from closure?



Do we know who benefits from closure? And who doesn’t?



Subpopulation Differential Treatment Effect: RESPECT



PC Trial: Subpopulation Differential Treatment Effect



REDUCE TRIAL
Exploratory Analyses to Evaluate Heterogeneity in Relation to Baseline Covariates

Søndergaard L et al. N Engl J Med 2017;377:1033-1042





Unadjusted Hazard Ratios for Study-stratified Cox Proportional Hazard Models for STROKE Outcome

Subgroup analyses did not identify 
statistically significant heterogeneity of 
treatment effects.

Subpopulation Differential Treatment Effect: IPDMA



There are always two sides of a coin



There are always two sides of a coin: the flip side



RoPE Stratum # Patients Device
(events/100 pt yr)

Med 
Therapy

(events/100 pt yr)

Absolute Risk 
Reduction

Hazard Ratio
(95% CI)

RoPE <7 912 
(43%) 1.4 1.7 0.3

0.82 
(0.4 to 1.6)

p=0.56

RoPE >7 1229 
(57%) 0.3 1.0 0.7

0.31 
(0.1 to 0.9)

p=0.02

Interaction p-value 0.12

Results
Heterogeneity by RoPE Strata

Presented at ISC (Feb) 2017, Houston, TX



3 dimensions of “risk”

1) Who has the disease 
Neurologist defined CS with high RoPE Score

2) Who has the disease and has a high risk of recurrence
Controversial predictors

3) Who is likely to benefit from treatment
RESPECTable patients



What is certain?

• PFO is related to cryptogenic stroke
• Not all PFOs are pathogenic
• Recurrence risk of PFO-related stroke is about 1%/yr
• Predictors of recurrence include prior stroke, hypermobile 

septum, and small (??) shunt
• Devices are LOW risk (but not NO risk)
• RoPE Scores can identify likelihood of PFO relatedness
• PFO closure is associated with fewer recurrent strokes than 

medical Rx



1
2

3



It may never come to this...

CARDIOLOGIST NEUROLOGIST

Slide courtesy of Vincent Thijs, MD



RESPECT Trial Steering Committee



Not e ve ry 
d izzy 
s pe ll 

is  a  TIA!

By D.E. Tha le r

A guide to patient selection for PFO closure



Suggestions

1. Neurologists and cardiologists must collaborate
2. Involve neurologists in the diagnosis of stroke
3. Exclude other common “cryptogenic” causes: PAF, aortic 

atheroma, lacunes, dissection
4. Continue aggressive risk factor modification after closure
5. Continue antithrombotic medication after closure
6. Involve patients in the decision making
7. Intersociety position statements



A (partial) list of outstanding issues

• Device-specific risk/benefits?
• Patient-centered outcomes
• Patients >60y
• PFO + PE
• Pregnancy, OCP, HRT
• Silent brain infarcts
• Activity advice to patients
• Patients with short life expectancy and high venous thrombosis burden
• Right atrial wires
• Transplanted PFOs
• SCUBA divers, astronauts



Thank you.
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