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What is a stroke? 
Ischemic 

85% 
Loss of blood flow to tissue 
Embolism-a clot travels from heart or blood vessel 
up to the brain 
Thrombosis-clot forms locally 

Hemorrhagic 
Bleeding into the brain 
15% 

Symptoms 
Any sudden changes can be a stroke 
Speech, sensation, vision, weakness, 
unsteadiness, headaches, confusion 
What to do if stroke suspected? 

Call 911 
Can intervene as long as 24 hrs after onset, 
including waking up with symptoms 
Many advanced technologies continue to evolve 

Stroke Statistics 
140,000 deaths per year 
600,000 new strokes per year 
$34 Billion per year in cost 
Major source of diability 
 



Genetics 
Complex but probably contributes to 50% of 
risk 
Clotting disorders 

Hypertension 
30% of Americans 
Often untreated and unknown 
Increases risk of heart disease and stroke 
Usually no symptoms 
140/90, high 
120/80, normal 

Smoking 
Causes 1/3 of cardiovascular deaths 
Raises triglycerides 
Lowers good cholesterol 
Increases plaque build up in vessels 
Lung disease can strain the heart 

Diabetes 
Elevated blood sugar 
Damages blood vessels 
Secondary effects on organs like heart, brain, 
kidneys 



Inactivity 
There is no magic amount.  
Move! Do something to get motivated. 
Increases risk of weight gain, high blood 
pressure, diabetes, depression 

Age 
Stroke can occur at any age 
Older age is risk factor for stroke 
Harder to recover from stroke with aging 

High Cholesterol 
Chronic effects on blood vessels 
Still feeling that lower is better 
Treatment with diet 
Medications may be indicated before stroke or 
after 

Others 
Trauma to blood vessels with stretch or just 
random tear in the wall (dissection) 



What can be done if stroke occurs? 
Acute blood thinners 

Tissue plasminogen activator (tPA) 

Pull that clot out 
Catheters 

Open that narrow carotid artery 
Surgery or stenting 

Fix those heart abnormalities 
Amazing techniques that Dr. Iyengar will discuss 

 

Stroke: 
Straight from the heart 

Srinivas Iyengar, MD 
Director, Structural Heart  

Boulder Heart 

What causes stroke? 
Emboli from valves/LV 
Vascular (i.e., carotid/aortic) 
Bleeding 
AF (mainly LAA) 
Cryptogenic (i.e,. PFO) 
HTN 



Atrial Fibrillation 
Irregular heart rhythm 
Basically, the top part of the heart (“atria”) 
don’t communicate electrically with the 
bottom (“ventricles”) 
Results in symptoms of SOB, light-headedness, 
and palpitations 

Causes 
High blood pressure. 
Heart attacks. 
CAD 
Abnormal heart valves. 
Heart defects you're born with (congenital) 
An overactive thyroid gland or other 
metabolic imbalance. 
Exposure to caffeine, tobacco or alcohol 

 

Diagnosis 
ECG is mandatory 
Not every “irregular heart rhythm” is AF! 
PVCs, APCs, skipped beats can all mimic 
feelings of AF 
AF does not have to be chronic, it can be 
short-lasting or come/go (i.e., PAF) 
 

Treatment 
Medications to control HR (i.e., beta-blockers, 
Ca-channel blockers) are first line 
Anti-arrhythmic medications can be used to 
control rhythm 
Cardioversion (either electrically or 
chemically) can be utilized for symptomatic AF 
Ablation (surgically or percutaneously) can 
also be utilized 



But what else does AF cause? 
Stroke!! 
The left atrial appendage (LAA) which is in the 
left atrium can collect blood which forms clots 
that can break free in patients with AF. 
That’s why we place patients with AF who 
have elevated risks for stroke on blood 
thinners. 

Blood Thinners 
Work very well as long as compliance is 
maintained and no side effects seen 
Warfarin- cheap but compliance with 
diet/testing an issue as well maintaining 
adequate levels 
NOACs- Costly, lack readily available reversal 
agents 
All the above can exacerbate bleeding 



 





Patent Foramen Ovale (PFO) 
A patent foramen ovale (PFO) is a persistent, usually flap-like 
opening between the atrial septum primum and secundum at 
the location of the fossa ovalis 
 In utero, the foramen ovale serves as a physiologic conduit 
for right-to-left shunting 
After birth, with the establishment of pulmonary circulation, 
the increased left atrial blood flow and pressure results in 
functional closure of the foramen ovale  
This functional closure is subsequently followed by anatomical 
closure of the septum primum and septum secundum 
 

Patent Foramen Ovale (PFO) 



Cryptogenic stroke 
Defined as cerebral ischemia of obscure or 
unknown origin  
The cause of CS remains undetermined 
because the event is transitory or reversible, 
investigations did not look for all possible 
causes, or because some causes truly remain 
unknown  
One third of the ischemic strokes is cryptogenic 

700,000 strokes/yr in US 
80-85% ischemic 
30-40% of strokes remain defined as cryptogenic 
 
40-60% frequency of PFO among cryptogenic 
strokes 
~100,000 strokes/yr with PFO as only identified 
potential etiology 

 
 

Kim D, Saver JL. Reviews in Neurological Diseases 2005;2(1):1-7   

PFO closure studies 
Historically, a number of trials had not shown 
a major benefit from PFO closure for stroke 
reduction compared to medical therapy. 
However, a number of these studies had 
“signals” of a positive benefit with device 
utilization. 





Patent Foramen Ovale Closure or Antiplatelet Therapy for Cryptogenic Stroke 
Lars Søndergaard, M.D., Scott E. Kasner, M.D., John F. Rhodes, M.D., Grethe Andersen, M.D., D.M.Sc., Helle K. Iversen, M.D., 
D.M.Sc., Jens E. Nielsen-Kudsk, M.D., D.M.Sc., Magnus Settergren, M.D., Ph.D., Christina Sjöstrand, M.D., Ph.D., Risto O. Roine, 
M.D., David Hildick-Smith, M.D., J. David Spence, M.D., and Lars Thomassen, M.D 

CLOSE trial 
Randomized 663 patients with cryptogenic stroke to PFO closure, antiplatelet 
therapy alone, or oral anticoagulation 
PFO closure (plus long-term antiplatelet therapy) bested the antiplatelet 
therapy group 
No strokes occurred over a mean of 5.3 years among those randomized to PFO, 
whereas 14 strokes occurred in the antiplatelet-only group (HR 0.03; 95% CI 0-
0.12).  
Three strokes occurred in the anticoagulation group, but there was inadequate 
statistical power to compare these outcomes with the other two groups. 
Conclusion: Among patients 16 to 60 years of age who had had a recent 
cryptogenic stroke attributed to PFO with an associated atrial septal aneurysm 
or large interatrial shunt, the rate of stroke was lower with PFO closure plus 
long-term antiplatelet therapy than with antiplatelet therapy alone 

REDUCE trial 
Gore Helex Septal Occluder or the Gore Cardioform Septal 
Occluder (both WL Gore & Associates) against medical therapy 
alone, 2:1, in 664 patients 
 Medical therapy consisted of aspirin alone, aspirin plus 
dipyridamole, or clopidogrel, with use of other antiplatelet 
agents or anticoagulants prohibited 
 PFO closure was associated with significantly lower incidence 
of clinical ischemic stroke at 1.4% versus 5.4% (HR 0.23; 95% CI 
0.09-0.62) 
Incidence of new brain infarctions was also significantly lower in 
the PFO closure group, although silent brain infarctions were no 
different 



Where to do we go now? 
Every patient who has a history of TIA/CVA 
needs a professional neurologic evaluation. 
If a PFO is found, alternate reasons for CVA 
need to be evaluated first (i.e., AF, carotid). 
If a patient indeed has a documented 
neurologic event and has no other viable 
explanation other than a PFO, then closure 
can be considered. 

Future directions 
But what about anti-coagulation therapy (i.e., 
Coumadin, NOACs) when compared to 
closure? 
Trials are ongoing 
If a patient has an alternate reason to be on 
AC tx (i.e., mechanical valves, hypercoagulable 
state) than would not push to close. 
 

Conclusions 
Stroke can occur from a number of different 
avenues 
Therapies to reduce stroke burden are 
essential to reduce morbidity/mortality 
associated with this condition 
Exciting to see future technologies develop 



Thank You! 




