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Observational, non-randomized studies show benefit with PFO closure 
compared with medical therapy for cryptogenic stroke…. 

….. but these studies are limited by selection bias and confounding that can not be  
completely adjusted for by statistical methods. 

Kitsios G D et al. Stroke. 2012;43:422-431 



Medical Therapy versus PFO Closure 
Randomized Evidence 



Stroke. 2009;40:2349-2355 

Bayes’ theorem 



 Proportion of patients with CS without PFO with incidental 
PFO and with pathogenic PFO  

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



•  One third of PFOs discovered in pts 
     with CS are likely to be incidental 
     and unrelated to the stroke. 
•  This estimate is  sensitive to pts 
      age and is higher in older pts. 
•  The probability that a PFO is incidental 
      is much lower in any age when  
      associated with ASA. 

Alsheikh-Ali AA el al. Stroke. 2009;40:2349-2355 

23 case-control studies examining the prevalence of PFO in pts with CS versus control 
subjects with stroke of known cause. 

Any trial that tests strategies for secondary prevention of paradoxical embolism will 
enroll patients that have different probabilities of a pathogenic versus an incidental 
PFO and different recurrence risk. 





•  Wrong Patients 

•  Wrong Device 

•  Wrong Outcome Assumptions 



Less than two-thirds of the baseline magnetic resonance imaging scans 
showed acute stroke (A. Furlan, unpublished data, presented at the 28 Princeton 
Stroke Conference) 





Amplatzer PFO Occluder VS StarFlex: implant 
success and late complication 

Event RESPECT Device 
Group (%) 

N=499 
 

Closure I Device group 
(%) 

N=402 

Procedural Success 96.1% 89.4% 
Effective Closure @ 6 m. 93.5% 86.4% 
Thrombus on device 0% 1.1% 
Atrial Fibrillation 0.6% 5.7% 
Major Bleeding 1.6% 2.6% 
Major Vascular 
Complication 

0.8% 3.2% 



…” A key finding in our trial was that an alternative explanation for recurrent stroke or 
TIA, unrelated to paradoxical embolism, was usually apparent”. 



!  Follow-up was stopped 
      at 2  years 
!  Size population 
!  Lower-than-expected 

event rate. 



Wahl A et al. Circulation. 2012;125:803-812 

Kaplan-Meier estimates for the composite of stroke, transient ischemic attack (TIA), or peripheral embolism (top left); 
stroke (top right); TIA (bottom left); and death (bottom right) in the propensity score–matched cohort.  

At a median follow-up of 9 years, the primary composite outcome occurred in 11 
patients slated to PFO closure (11%) and 22 patients slated to medical treatment 
(21%; hazard ratio=0.43; 95% confidence interval=0.20–0.94; P=0.033). 



February 2000- February 2009 



 
 
  Modest statistical power 
 
 
Misclassification of even one or 
two events can have dramatic 
effects on the P value 

Low outcome rate 



Inclusion 
Criteria 

Patients (ages 18 to 60 – mean of 46) with PFO who have had a 
cryptogenic stroke within 270 days 

Follow-up 
Up to 8 years with mean approaching 3 years 
Will continue until a ruling is made by the FDA for US device approval 

Primary 
Endpoints 

Composite of: 
Recurrence of nonfatal stroke 
Post-randomization death 
Fatal ischemic stroke 

Secondary 
Endpoints 
 

Closure rate, absence of TIA, absence of recurrent cryptogenic (stroke of 
unknown cause) non-fatal stroke or CV death 

Primary Data 
Analysis 

Four protocol-specified analysis with  ITT raw count as primary endpoint 
analysis 

Trial Design 
 

 TIAs and lacunar strokes were not enrolled. 



Patient Cohorts 
•  As directed by the trial’s Statistical Analysis Plan, the patient data would be 

divided into 3 different cohorts – ITT, PP and AT 
•  ITT raw count data, would be analyzed to determine if the trial met its primary 

endpoint .   
•  AT analysis would compare the outcomes of the patients that actually received 

treatment with the device or medical management alone   

19 



Baseline Characteristics 
No differences between the two groups 

1.  Statistics are represented as either mean (standard deviation) or percentages  
2.  Based on a 2-sample t-test (age), Wilcoxon-Mann-Whitney test (days from stroke to  

date randomized), and Fisher’s Exact test (sex) 
3.  Numbers vary by site; Age N=968; Shunt N=969 



TEE with bubble study at 6 months 





Subpopulation Differential Treatment Effect 





Stroke Mechanism Aspects of 
Endpoint Ischemic Strokes – 

Device Arm  
 



The study also showed that PFO closure with the AMPLATZER PFO 
Occluder has very low risk of device or procedural complications.  

Maximum Residual Shunting 
at Rest and Valsalva at 6 Months 

Grade 0: 72.7% 
Grade 1: 20.8% 
Grade 2-3: 6.5% 



Conclusion  
!  With stringent patient selection to identify patients with a history of 

cryptogenic stroke and PFO, closure with the AMPLATZER PFO 
Occluder showed evidence of benefit over medical management 
alone.  
  Primary analysis of ITT cohort was not statistically significant but 

trended toward   superiority while secondary analyses suggested 
superiority.  

         Stroke risk reduction was observed across the totality of analyses 
with        
         rates   ranging from 46.6% - 72.7% . 
!  PFO closure with the AMPLATZER PFO Occluder exposes patients 

to a very low risk of device- or procedure-related complications  
!  Results of the RESPECT Trial have substantial import for the 

treatment of patients with a history of cryptogenic stroke and PFO  
!  Follow-up of patients is on-going and will continue to provide 

additional longer term information regarding benefits, risks, and 
differential treatment effects in sub-populations  

 
 



" PFO closure better 
      Renfigo-Moreno P. et al: European Heart Journal 2013 
      Khan AR et al: J Am Coll Cardiol Intv 2013 
      Pineda AM et al: Cath and Cardiovasc Intv 2013 
      Pandit A et. al: Heart, Lung and Circulation 2014 
 
"  No statistical differences 
      Hakeem A et al: Cardiovascular Revascularization Medicine 2013 
      Wolfrum M et al: Heart 2013 ( 3RCT + 11 no-RCT) 
      Kwong JSW et al: International Journal of Cardiology 2013 
      Nagaraja V et al: Heart, Lung and Circulation 2013 
      Capodanno D et al: Eurointervention Journal 2014* 
      Ntaios G el at: International Journal of Cardiology 2013* 
 
" Uncertain Benefit 
     Kitsios GD et al: Stroke 2013 
       

“Meta-analyses” 







Potentially Large yet Uncertain Benefits 
A Meta-analysis of Patent Foramen Ovale Closure Trials 

 
Outcome 

All Device (No. Of 
Studies) 

Amplatzer Only RCTs (n=2) 

Random Effect Model Random Effect 
Model 

Fixed Effect Model 

Stroke (ITT) 0.55 (0.26-1.18), 
n=3 

0.38 (0.14-1.02) 0.41 (0.19-0.88) 

Stroke/TIA (ITT) 0.69 (0.43-1.13), 
n=2 

NA NA 

Composite primary 
outcome (ITT) 

0.67 (0.44-1.00), 
n=3 

0.54 (0.29-1.01) 0.54 (0.29-1.01) 

Composite primary 
outcome (PP) 
 

0.57 (0.32-1.02), 
n=3 

0.44 (0.17-1.12) 0.44 (0.22-0.89) 

Stroke (PP) 0.52 (0.16-1.70), 
n=2 

NA NA 

Meta-analysis Results for the Hazard Ratio of Stroke and Additional Outcome 

Kitsios GD et al. Stroke, 2013; 44:2640-2643 

The main message of these analysis is that the uncertainty of the individual trials is not 
resolved by combining theirs results through meta-analysis. 



PFO Closure and Stroke 



The RoPe Score 











Conclusions—This is the largest study to report the radiological 
characteristics of patients with cryptogenic stroke and known PFO 
status. Strokes that were large, radiologically apparent, superficially 
located, or unassociated with prior radiological infarcts were more 
likely to be PFO-associated than were unapparent, smaller, or deep 
strokes, and those accompanied by chronic infarcts. There was no 
association between PFO and multiple acute strokes nor between 
specific echocardiographic PFO features with neuroimaging 
findings.  



PFO and Cryptogenic Stroke 
! Cryptogenic stroke does not = PFO stroke 
! We need a “CHAD score” for PFO’s similar to that in 

atrial fibrillation 
! Anatomy may play a role 
!  The recurrance rate is low 
! We still have no idea what is OMT 
! Device does matter 
! We don’t know the OMT post closure 
! Meta-Analyses……… 
! Open, transparent and thorough discussion required 

prior the closure. 
 



Italian scientific societies position paper 

First cryptogenic event 
without anatomical/
clinical risk factors 

Cryptogenic event in 
medical treatmnet-naive 

patients with ≥ 1 risk 
factors 

Any cryptogenic event 
(first or recurrent) on 

AP and /or OA therapy 

Medical therapy 
Cath PFO closure 

as an alternative to 
Medical therapy 

Cath PFO closure 

Anatomical risk factors 
Atrial septal aneurysm 

Large PFO (> 4 mm) 
Basal R-L shunt 

Eustachian valve >10 mm 
Chiari network 

Long PFO tunnel 

Clinical risk factors 
Multiple ischemic lesions on CT/MR 

Recurrent clinial events 
History of DVT/PE and/or 

Thrombophilia 
Valsalva ssociated embolic event 

OSAS 
Long travel/immobilization associated 

event 
Simultaneous systemic/pulmonary 

embolism 

Cryptogenic Stroke/TIA (syntomatic/asyntomatic) & PFO with R-L shunt 

Catheterization and Cardiovasc Interv. 2013; 82:122-129 



Stroke conditions e Linee guida Italiane 
“SPREAD” marzo 2012 

Indicazioni Terapia Grado 
dell’evidenza 

Nei pazienti con ictus ischemico o TIA criptogenetico 
associato a PFO ed esenti da TVP e diatesi trombofilica 

ASA 325 mg   A 

Nei pazienti con ictus ischemico o TIA criptogenetico 
associato a PFO, che hanno altre indicazioni alla TAO, 
(diatesi trombofilica o evidenza di TVP) 

TAO A 

Nei pazienti con ictus o TIA criptogenetico associato a PFO, 
con TVP o diatesi trombofilica e controindicazioni alla TAO 

Chiusura PFO D 

Nei pazienti con recidiva di  ictus o TIA , in presenza di 
trattamento con ASA o TAO, dopo un a rivalutazione 
multidisciplinare del caso  e in accordo con il paziente 

Chiusura PFO D 

              A almeno una metanalisi, revisione sistematica, o RCT classificato di livello 1++ condotto direttamente  sulla popolazione bersaglio; oppure revisione sistematica di RCT o un 
insieme di evidenze costituito principalmente da studi classificati di livello 1+, consistenti tra loro, e applicabile direttamente alla popolazione bersaglio.B un insieme di evidenze che 
includa studi classificati di livello 2++, coerenti tra loro, e direttamente applicabili alla popolazione bersaglio; oppure evidenza estrapolata da studi classificati come 1++ o 1+. C un 
insieme di evidenze che includa studi classificati di livello 2+, coerenti tra loro e direttamente applicabili alla popolazione bersaglio; oppure evidenza estrapolata da studi classificati 
come 2++.D evidenza di livello 3 o 4; oppure evidenza estrapolata da studi classificati come 2+; oppure evidenza da studi classificati come – (meno), indipendentemente dal livello. 





Steven R. Messé, M.D., and David M. Kent , M.D. 
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N Engl J Med, 368; 12   March 21,  2013 


