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• Stroke is the fifth leading cause of death in the United States, and the 

second leading cause of death globally 
 

• In 2010, an estimated 16,9 million incident strokes occurred, which added 
to a pool of 33 million stroke survivors worldwide.  There were 5,9 million     
deaths and 102 million DALYs lost due to stroke1 

 
• Stroke is ischemic in the 85%  pts and more common in subjects > 65 ys 

with atherosclerotic disease  
 

• 50% of patients in rehabilitation centers are < 65yrs of age and 12% are <  
45 yrs2 
 

       
    

Stroke: epidemiology   

1 Lancet 2014; 383: 245–54 
2 Circulation  2016;133(4):e38–60. 



Stroke in young people 
          

•The overall incidence of stroke in young is about one episode per 10,000 patients 
per year  
 
•It’s well documented that mortality after ischemic stroke is low in young but   
information on functional outcome is sparse  

•These cases have a profound social impact because of the indirect costs due to 
the long period of lost productivity 

•The main differences between ischemic strokes in young adults and those 
occurring later in life, are the breakdown of causes with a prominence of 
"unknown" and "other determined” causes, and an overall good outcome  

•Cases with no determined cause account for up to 50% of all strokes depending 
on how exhaustive the diagnostic work-up was  

 Putaaala J.Stroke 2009;40:1195–2003 



 
Cryptogenic ischemic strokes are symptomatic cerebral infarcts for which no 
probable cause is identified after adequate diagnostic evaluation 
 
- “highly cryptogenic” (with no probable and no possible cause discovered) 
 
 - “possibly determined origin” (with no probable, but one or more possible, 
causes identified). 
 
As compared with strokes of determined origin, cryptogenic ischemic strokes 
typically result in less severe presenting neurologic deficits, less 
final disability, and lower mortality. In most though not all long-term follow-up 
studies, patients with cryptogenic ischemic stroke have a lower risk of recurrence 
than those with stroke of identified cause. 

Cryptogenic Ischemic  Stroke 

Shuellne et al. J Stroke Cerebrovasc Dis 2015; 24: 993-9 



 Top 5 most prevalent “rare” risk factors for stroke in young Western populations  

Maijwee NAMM et al. Nat Rev Neurosci 2014;10(6):315-25 



Patent Foramen Ovale 

• It is an interatrial passage typically closes within 3 months after birth but may 
persist throughout life  
 

• The prevalence decreases gradually with increasing age, from 34% during 
     the first three decades to 20% during the ninth decade. 

 
• It is the most common cause of a right to-left shunt.  

 
• It potentially allows venous thromboemboli to avoid filtration in the 

pulmonary vasculature and enter the systemic arterial circulation: 
Paradoxical Embolism 
 

• The mean diameter of a patent foramen ovale is 4.9 mm, which is more than 
sufficient to permit the passage of emboli that are large enough to occlude 
the trunk of the middle cerebral artery (3 mm) and major cortical branches (1 
mm). 
 

N Engl J Med 2001; 345: 1740-6. 



• PFO is present in approximately one quarter of the general patient population 
but in one half of patients with cryptogenic stroke. 
 

• A Bayesian attributable risk analysis of pooled data from 12 studies suggested 
that among patients with cryptogenic stroke who had a patent foramen ovale, it is 
probably causally related to the stroke in approximately half of cases 
 

• Factors increasing this risk of stroke : 
➢ younger age;  
➢ Valsalva maneuver at the onset of stroke;  
➢ extended airplane or car travel preceding the stroke or documented concomitant 

venous thrombosis;  
➢ coexisting venous hypercoagulable state; 
➢ history of migraine with aura 
➢ cortical location, multiplicity, and large size of cerebral infarcts;  
➢ absence of hypertension, diabetes, and smoking. 

Saver et al Curr Atheroscler Rep 2007; 9: 319-25 
Alsheikh-Ali AA et al Stroke 2009; 40: 2349-55 

Patent Foramen Ovale 



Conclusions The influence of RLS on the risk of CS decreases with 
increasing number of atherosclerotic factors, and is highest when such 
factors are absent. 
Individual pro-atherosclerotic profiles may help to identify patients with CS whose 
patent foramen ovale is probably pathogenic. 





Meta-analysis of 4 studies: 
 
A hypermobile septum primum, referred to as an atrial septal aneurysm 
(ASA), associated with a PFO has been found to increase  
 
-the risk of an initial stroke (OR: 4.96; 95% CI: 2.37 to 10.39) 
 
-and recurrent stroke (OR: 23.93; 95% CI:3.09 to 185.42)  

ASA and PFO  

JACC.2018: 71, 9: 1035-43 

JACC. 2018, Vol 71 



Medical Prophylaxis in PFO pts with 
stroke  

• Aspirin at a dose of 300 mg daily is associated with low rates of 
recurrent stroke1 
 

• Meta-analyses of data from observational and randomized trials 
suggest that warfarin has efficacy that is similar to or greater than 
aspirin, particularly among patients with  superficial territory infarcts2,3. 

 
•  Newer, direct oral anticoagulants have not been formally tested 

1. Mas J-L. N Engl J Med 2001; 345: 1740-6. 
2. Kent D.M. Eur Heart J 2015; 36: 2381-9 
3. Kitsios GDStroke 2012; 43: 422-31. 



A meta-analysis of 48 observational comparative studies  (n: 10,327)  
 
 
 
 
patients with cryptogenic stroke or transient ischemic attack (TIA) who 
received medical therapy had a 6.3-fold increased rate of recurrent 
neurological events compared with patients who underwent 
percutaneous PFO closure 

Closure vs Medical Therapy: 
Observational Studies 

Agarwal S, J Am Coll Cardiol Intv 2012;5:577 



2012: CLOSURE I 

• 909 Pts 
• AntiPLT vs AntiPLT + PFO closure 
• Primary endpoint:  stroke or TIA in 2 ys f-up, death for any cause 

in the first 30dd, death for neurologic causes between 31 days 
and 2 years 



CLOSURE I 



CLOSURE I 

5,5 % 

6,8 % 

P= 0.37 



2013: RESPECT 

• 980 Pts 
• AntiPLT vs AntiPLT + PFO closure 
• Primary endpoint:  
 recurrent nonfatal ischemic stroke, fatal ischemic stroke, 
 early death after randomization 



RESPECT 



RESPECT 







2017: REDUCE 

• 664 Pts 
• Closure + antiPLT vs antiPLT alone 
• Coprimary end point: clinical ischemic stroke or silent brain 

infarction on imaging 
 

 



REDUCE 



REDUCE 

1,4 % 

5,4 % 



2017: CLOSE  

• 663 Pts 
• PFO closure + long-term antiPLT vs antiPLT only vs OAC  
• Primary end point:  fatal or nonfatal stroke 

 
 
 



CLOSE 



CLOSE 

0 % 

4,9 % 



2017: long term from RESPECT 

• 980 Pts 
• AntiPLT vs AntiPLT + PFO closure 
• Primary endpoint: recurrent nonfatal ischemic stroke, 

fatal ischemic stroke, early death after randomization 
• MEDIAN 5.9 Yrs f-up 



RESPECT long term follow-up 



RESPECT long term follow-up 



RESPECT long term follow-up 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 





Only 3.8% of cases reportedly 
progress to permanent AF  



Other Safety Results  

• No significant difference in all-cause serious adverse 
events including major bleeding 
 

• 0% significant device thrombosis 
 

 





Reasons for the discrepancy? 

• Newer studies included pts with index strokes more likely secondary to paradoxical 
embolism or higher-risk PFOs : 

 
REDUCE had very strict exclusion criteria to omit pts with other causes of stroke as 
large-artery atherosclerotic disease and small vessel disease, based on extensive 
cerebrovascular imaging 
It also excluded pts with uncontrolled risk factors 
 
CLOSE only included pts with atrial septum aneurysm or large shunt 
 
• Longer folow-up period 
 



JACC. 2018, Vol 71 
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