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Stroke

• 795,000 people suffer a stroke every year
• 3rd leading cause of death ~140,000 people per year (1:20)
• Leading cause of serious, long-term disability in the US
• $34 billion per year
• 87% of all strokes are ischemic
• 30-40% of all ischemic strokes in adults are cryptogenic
• 40% of all cryptogenic strokes have a patent foramen ovale (PFO)

www.strokecenter.org 



Cryptogenic

• Strokes that occur in the absence of an identified 
cardioembolic or large-vessel source and with a distribution 
that is not consistent with small-vessel disease.  



Etiology of Cryptogenic Stroke
• Aortic arch atheromas
• Inherited thrombophilias

• Patent Foramen Ovale
• Paroxysmal Atrial Fibrillation



Foramen Ovale

• Develops during fetal development
• Small flap-like opening is present in the wall between the right 

and left atrium in utero
• Allows O2 rich blood to bypass fetus’ lungs, which are not used 

at this point 
• Closes shortly after birth



PFO

• Mechanism of stroke in PFO
– PFO does not cause stroke but provides a portal for a thrombus to 

pass through
– Transfer of venous thrombus to the arterial circulation
– PFO opens during rapid fall and rise in right atrial pressure - such as 

straining or coughing
– Transient rise in right atrial pressure that is greater than left atrial 

pressure allows a communication between the atriums and a 
thrombus can transit



PFO Closure Indications

• Cryptogenic stroke
• Migraine with aura
• Decompression sickness
• Platypnea-orthodeoxia



PFO Evaluation
• Brain imaging

– CT
– MRI

• Carotid Imaging
– Carotid duplex

• Thrombophilia screening
• TEE
• Bubble Study

– Negative bubble – agitated saline is seen from RA to RV to PA to lungs
– Positive  bubble – RA to LA with Valsalva or sniffing - bubbles seen in 3-4 cycles

• Rhythm Evaluation – rule out AF
– <50 years old – 72-hour Holter monitor
– >50 years old – 6-month monitoring with implantable loop recorder



PFO Closure and Positive Cryptogenic Stroke

• Age < 60 with a large shunt or atrial septal aneurysm - Close
• Age < 60 with small to moderate shunt and RoPE score >5 - Close
• Age < 60 with small to moderate shunt and RoPE score < or = to 5 -

Consider closure versus medical treatment
• Age > 60 - Medical therapy only

RoPE = risk of paradoxical embolism.



PFO Closure

• CLOSURE-1, PC, and RESPECT - results not significant with 
intentions to treat

• RESPECT-extended follow up, REDUCE, and CLOSE -
demonstrated clear benefit for PFO device closure



PFO - Procedure

• 24-hour hospital stay
• Standard cath lab with fluoroscopy
• IV heparin used after vascular access (usually right groin)
• High-quality intraprocedural echocardiography
• Balloon sizing
• Device sizing and deployment
• Delivery system is removed



PFO closure devices - approved in the US
Gore® Cardioform septal occluder for PFO closure

Amplatzer™ PFO Occluder



Post-Procedure Care
• Antiplatelet therapy post PFO closure is debatable/unclear
– RESPECT - ASA 81-325 mg + clopidogrel 75 mg for 1 month followed by ASA for 5 

months
– CLOSE - ASA 75 mg + clopidogrel 75 mg for 3 months followed by ASA or 

clopidogrel 
– REDUCE - clopidogrel 300 mg pre procedure, 75 mg x 3 days, then ASA alone, 

ASA + dipyridamole, or clopidogrel only.
– Our institution - ASA 81 mg + clopidogrel 75 mg for 6 months followed by ASA 81 

mg indefinitely 
• TTE prior to discharge, 6 months, and 12 months post procedure

Messe,S., JD Becker, 2019, Treatment of PFO for secondary stroke prevention.



Left Atrial Appendage 

• Long, tubular, hooked appendage located off of the left wall of 
the LA

• Near the free wall of the LV - emptying and filling is affected by 
the LV function

• Pro thrombus formation due to relative stasis and shape



LAA and Atrial Fibrillation

• Stroke risk - 5x greater in nonvalvular AF and 17x greater in MS 
and AF

• Atrial fibrillation is the most prevalent cardiac arrhythmia with 
0.4-1.0% of all population having PAF and >8% of those over 80 
years of age with PAF

• Nonvalvular AF - >90% of stroke-causing clots that come from 
the LA are formed in the LAA

Hijazi, J and J. Saw, 2019. Nonpharmacologic therapy to prevent embolization in patients with atrial fibrillation. 



Oral Anticoagulation



LAA Closure Device
• The LAA is important in thromboembolic risk among patients with AF
• LAA occlusion is indicated in patients who are candidates for oral anticoagulation but cannot tolerate 

or take, or those at high risk of bleeding with oral anticoagulation
• Rationale for seeking nonpharmacological alternative to OAC

– Increased HAS-BLED score
– Frequent falls
– Poor compliance with OAC
– Intolerance to OAC
– Increased bleeding risk from thrombocytopenia, cancer, or tumors associated with bleeding
– Occupation and lifestyle
– Severe renal failure
– Avoidance of triple therapy after PCI or TAVR



LAA Closure Device

• Watchman® - only FDA-approved device to decrease stroke risk 
in patients with nonvalvular AF

• Other devices are approved outside of the US - The Amplatzer 
Cardiac Plug from St Jude Medical and the Lariat® Suture 
Delivery Device

• AtriClip - left atrial exclusion system- minimally invasive and 
performed by a surgeon.  



Stroke Risk Reduction



LAA Closure Device



LAA Closure Device



LAA Closure Device



Post Implant Recommendations

• Day of implant to 45 days
ASA 81-100 mg and warfarin with goal INR of 2.0-3.0

• 45 days to 6 months
– LAA seal < or = to 5 mm- by echocardiogram - discontinue warfarin 

and begin clopidogrel 75 mg daily
• 6 months
– DC clopidogrel and continue ASA therapy indefinitely 

• If seal is not < or = to 5 mm continue warfarin until that is achieved.  



Stroke Risk Reduction

The main indication for PFO closure is to reduce the risk of 
recurrent ischemic stroke and LAA closure is to reduce the risk of 
initial ischemic stroke from occurring. Both devices, although 
completely different, are instrumental in decreasing the risk of 
stroke. PFO closure reduces the risk of recurrent stroke by 
approximately 3-4% (depending on trial) and LAA closure by 
approximately 4% of those untreated and is comparable to those 
treated with OAC alone without the adverse complications of 
OAC.  


