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Objectives

 Review indications for PFO closure for secondary stroke management

 Define cryptogenic embolic strokes and review appropriate stroke work-up to 
exclude other causes of stroke

 Explore areas of therapeutic uncertainty in management of stroke/TIA patients with 
PFO



32024 Northern California Structural Heart Summit

Case Study

40yo man with history of HTN presents with aphasia and R arm 
weakness, found to have left MCA stroke.

Stroke work-up:
- CTA head/neck: no intracranial stenosis, no carotid stenosis
- Telemetry/Zio patch: no atrial fibrillation
- TTE – large PFO > 20 microbubbles

- BLE duplex with no DVT
- Hypercoagulable work-up negative

- What should be next steps in management?

Presenter Notes
Presentation Notes
ROPE score 7PASCAL score: probableVascular imaging and cardiac monitoring were unremarkableEchocardiogram demonstrated PFO with large right-to-left shuntingNo DVT seen with lower extremity imagingHypercoag  work-up negativeWhat should be next steps in management?
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PFO & Cryptogenic Strokes

 About 15-25% of adult population has a PFO
 Higher rate of PFOs in patients with cryptogenic 

strokes
– Prevalence may be 45% in young stroke 

patients

 Cryptogenic stroke vs embolic stroke of 
undetermined source (ESUS)

 PFO-associated Stroke mechanisms:
– Paradoxical embolism
– Intracardiac thrombus (within PFO or on atrial 

septal aneurysm)

 Unclear role of PFO in older patients with stroke

Presenter Notes
Presentation Notes
25% of ischemic strokes are cryptogenic and 16% are identified as embolic strokes of undetermined source (ESUS). Of ESUS patients, 25% have PFO – PFO may be implicated in up to 4% of all patients with ischemic strokeBecause PFOs are highly prevalent in general population, presence of PFO may be incidental in many patients with ischemic strokeCausal relationship between PFO and ischemic stroke best studied in young patients with cryptogenic stroke – PFOs found in 40-50% of young patients with stroke (compared to 10-15% of control participants)Odds of harboring PFO 2.9-fold higher in patients with cryptogenic stroke (compared to control) and PFO may be implicated in 2/3 of cases, up to 80% in younger patientsThis suggests and association between Pfo and cryptogenic strokesEmbolic strokes of undetermined source (ESUS) represents ~20% of ischemic strokesExclude lacunar, large vessel stenosis, known cardioembolic source, other specific causes (i.e. dissection, vasculopathy/vasculitis)*Cryptogenic vs ESUS: You will sometimes hear the term used interchangeably, but I want to briefly highlight the difference because it is important to understand from a neurology standpointA diagnosis of ESUS implies that the stroke is embolic in origin, given the non-lacunar location; however, the source of the embolus is unknown, despite a minimal standard evaluation. Although cryptogenic stroke similarly implies that the cause of the origin is unknown, the stroke is not necessarily embolic. Individuals with ESUS have cryptogenic stroke, but the converse is not always the case.Most likely is Paradoxical embolism: thrombus in venous circulation crosses directly into the cerebral arterial circulationOther proposed mechanisms include intrinsic thrombus formation within PFO itself (or atrial septal aneurysm)
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Embolic vs Lacunar Stroke
Embolic Lacunar (Small vessel)

Presenter Notes
Presentation Notes
*Cryptogenic vs ESUS:A diagnosis of ESUS implies that the stroke is embolic in origin, given the non-lacunar location; however, the source of the embolus is unknown, despite a minimal standard evaluation. Although cryptogenic stroke similarly implies that the cause of the origin is unknown, the stroke is not necessarily embolic. Individuals with ESUS have cryptogenic stroke, but the converse is not always the case.Since mechanism of PFO is primarily embolic, than we expect strokes 2/2 to PFO to be embolic-appearingDescribe cortical (near surface) of infarction (same patient, different slice levels)Vs. subcortical, characteristic location of lacunar stroke (internal capsule in this case)Large vessel occlusion (i.e MCA, ACA, PCA, basilar) are also typically embolic (once intracranial stenosis or large artery atherosclerotic disease has been ruled out)
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PFO Closure Trials

Stroke. 2021;52:e806–e819. DOI: 10.1161/STROKEAHA.121.034778

Does percutaneous closure of a PFO reduce stroke recurrence risk compared to medical therapy alone?

PFO closure moderately reduces 
risk of recurrent stroke 

• RR 59% over 5 years
• ARR 0.62% per year

NNT 32 to prevent 1 stroke over 
5 years

Presenter Notes
Presentation Notes
In patients with PFO who have had a cryptogenic ischemic stroke, does percutaneous PFO closure reduce the risk of stroke recurrence compared with medical therapy alone?In the last few years, 6 RCTs have looked at efficacy of of percutaneous closure of PFO in cryptogenic strokes. These studies suggest that for carefully selected patients under the age of 60 with embolic appearing stroke and large shunt, with otherwise unremarkable work-up for stroke etiology:PFO closure + AP therapy moderately reduces stroke risk compared to AP therapy alone (relative reduction 59% over 5 years, moderate ARR 0.62% per year; NNT 32 to prevent 1 stroke over 5 years However, there is a small risk of periprocedural events as well as development of atrial fibrillation6 clinical trials conducted between 2012-2017 enrolled 3740 adult patients with PFO and index otherwise cryptogenic ischemic stroke – 1889 to device therapy + medical management and 1851 to medical management alone, followed over median 4.75 years; median participant age 46 years (only 0.9% participants > age 60); 93% ischemic stroke and 7% TIA (though old definition with sx < 24h + stroke on imaging so technically stroke)PFO shunt size large in 45% participants, ASA present in 33%Antithrombotic therapy: 86% antithrombotic agents; among anticoagulated patients, warfarin was predominant agent (trials prior to DOAC)Outcomes: Moderate but clinically significant reduction in recurrent ischemic stroke: event rates 1.09% per year medical group and 0.47% per year in PFO closure group (HR 0.41)Large relative reduction 59% in recurrent ischemic stroke, but moderate ARR 0.62% per year (baseline low event rate in medical groupNNT to prevent 1 stroke over 5 years was 32Procedure-related complications infrequent, but periprocedural AF (within 45 days) occurred in 3.2% of patients (often self-limited); rates of AF postperiprocedural (>45 days) period 0.5% PFO-closure and 0.19% in medically-treatd (absulte increase 0.31% per year)PFO closure associated with 5-fold higher risk of AF compared with medical treatment
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Presenter Notes
Presentation Notes
Ischemic stroke may be caused by variety of heterogenous mechanisms and secondary stroke prevention is optimized by targeting the most likely etiology of the preceding eventRecent 2020 AAN practice advisory and 2021 AHA/ASA guidelines have updated:  PFO closure may be recommended in carefully selected young patients with no other stroke etiology identified after joint discussion with patient, cardiology, and neurology, taking into account casual role of PFO (including presence of high-risk anatomic features)Prior to consideration of PFO closure in a young patient with an embolic stroke of undetermined etiology, it is important to evaluate for other etiologies of stroke with: Vascular imagingEchocardiogramProlonged rhythm monitoringHypercoag studies2020 Neurology Practice Advisory Update Recommendationsmonitoring for > 28 days (level B) for patients being considered fro PFO closure thought to be at risk for afib (***Ivy’s note – usually 14 days for all patients, 28 days if age > 50 or atrial cardiopathy)Hypercoag studies that would be considered plausible high-risk stroke mechanism that would lead to change in management such as requiring lifelong anticoagulation (i.e. antiphospholipid antibody syndrome)Ensure PFO is most plausible mechanism of stroke. If higher risk alternative mechanism of stroke is identitifed, clinicians should not routinely recommend PFO closureCounsel that PFO is common (occurs in 1 in 4 adults in general population) and it is difficult to determine with certainty whether PFO caused their stroke, and that PFO closure probably reduces recurrent stroke risk in select patients
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Criteria for PFO closure
 18-60 year old with embolic stroke of unknown source

 MRI brain or CT head to rule out non-embolic appearing stroke

 Negative work-up for other etiologies:
– CTA or MRA head/neck to rule out atherosclerotic disease, vasculopathy, 

dissection
– Prolonged Cardiac rhythm monitoring to evaluate for afib (*)
– TTE/TEE showing PFO and NO other cardioembolic source of infarct
– Hypercoagulable studies (i.e. antiphospholipid antibodies; prothrombin 

gene, Factor V Leiden mutation, Protein C/S)

Presenter Notes
Presentation Notes
Ischemic stroke may be caused by variety of heterogenous mechanisms and secondary stroke prevention is optimized by targeting the most likely etiology of the preceding eventPrior to consideration of PFO closure in a young patient with an embolic stroke of undetermined etiology, it is important to evaluate for other etiologies of stroke with: Vascular imagingProlonged rhythm monitoringEchocardiogramHypercoag studiesPFO closure RCTs all mandated thorough evaluations for participantsincluding CTA/MRA of head/neck (in all trials) hypercoag screening (in many trials) to rule out other storke mechanismsTEE to characterize PFO and ensure that it was most likely etiology for initial event*PFO trials were designed before afib monitoring before became routine so none of the PFO closure trials required prolonged monitoring before enrollment. However, incidence of afib is strongly correlated with increased age and unlikely to occur in patients aged < 50 years2020 Neurology Practice Advisory Update Recommendationsmonitoring for > 28 days (level B) for patients being considered fro PFO closure thought to be at risk for afib (***Ivy’s note – usually 14 days for all patients, 28 days if age > 50 or atrial cardiopathy)Hypercoag studies that would be considered plausible high-risk stroke mechanism that would lead to change in management such as requiring lifelong anticoagulation (i.e. antiphospholipid antibody syndrome)Ensure PFO is most plausible mechanism of stroke. If higher risk alternative mechanism of stroke is identitifed, clinicians should not routinely recommend PFO closureCounsel that PFO is common (occurs in 1 in 4 adults in general population) and it is difficult to determine with certainty whether PFO caused their stroke, and that PFO closure probably reduces recurrent stroke risk in select patients
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High-Risk PFO Features

Large PFO > 20 microbubbles
Presence of atrial septal aneurysm (ASA)

PFO Size Atrial septal aneurysm

Presenter Notes
Presentation Notes
I won’t spend too much time reviewing PFO diagnosis amongst a group of cardiologists, but I do want to highlight that while TEE is the gold standard for PFO diagnosis, TTE is the first diagnostic echocardiogram for ischemic stroke patients. When available, TCDs are a noninvasive alternative (and intermediate step between TTE and TEE) to identifying/quantifying PFO size. TCDs have comparable sensitivity to TEEs for PFO detection, though obviously won’t be able to provide information about the anatomy or other high-risk PFO featuresTEE provides most detailed information about anatomy and size of PFO and other high-risk features89% sensitivity relative to autopsies or inspection during cardiac surgeryTCD has 94% sensitivity and 92% specificity relative to TEE. TCD finding of right-to-left shunt should be further investigated with TEE to identify high-risk PFO featuresCurrent evidence indicates that patients with moderate/large PFOs or atrial septal aneurysm (ASA) have a higher risk of stroke recurrence and are more likely to benefit from PFO closureLarge PFO: > 20 microbubbles in left atrium within 3 cardiac cycles after opacification of right atriumClinical trials for PFO closure – threshold for high-risk PFO ranged from 20-30 microbubblesHowever, quantifying # of bubbles may be technically challengingaccuracy of count varies in relation to differences in speed of injection of agitated saline, difference in blood flow pattern in cardiac chambers, and amount of bubbles injectedASA: septum primum excursion > 10mm from plane of atrial septum into right to left atrium; considered high-risk featureOther cardiac morphological features may suggest higher risk for paradoxical embolism (though evidence not as strong as PFO size and ASA): Eustachian valve; Chiari’s network
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Who benefits from PFO closure?
Patients aged < 60 years with cryptogenic embolic-appearing infarct and PFO with 
high-risk anatomic features (i.e. large shunt, atrial septal aneurysm)

PROBABLE or POSSIBLE associated with substantial net benefit from PFO closure (90% and 62% relative risk reduction respectively)
UNLIKELY: no benefit of PFO closure

Presenter Notes
Presentation Notes
Once we have a patient aged < 60 with cryptogenic stroke and PFO, we can use the PASCAL risk stratification system to classify patients into 3 subgroups  who who is likely to benefit from PFO closurePASCAL uses 2 domains:1) risk of paradoxical embolism (RoPE) score, which helps estimate causality of PFO based on clinical factors such as age, hx HTN, DM, smoking, remote hx of stroke/TIA, and cortical infarct on imaging. Higher RoPE scores indicate larger attributable risk of stroke (PASCAL uses cut off of > 7)2) high-risk PFO features (i.e. large shunt > 20-30 bubbles, or ASA) and******************************3 subgroups with different benefit-harm profiles among data pooled from young-to-middle-aged participants who met entry criteria for the 6 pivotal PFO closure trialsProspectively-validated PFO-associated stroke causal likelihood (PASCAL) risk stratification system, patients can be classified into 3 subgroups based on 2 domains:1) high-risk PFO features: presence of large shunt > 20-30 bubbles), ASA (midline or total shift), or both2) risk of paradoxical embolism (RoPE) score, dichotomized into 7-10 vs 0-6RoPE score includes age, hx HTN, DM, smoking, remote hx of stroke/TIA, and cortical infarct on imagingHigher RoPE scores indicate larger attributable risk of strokePROBABLE: both high-risk PFO and RoPE score >= 7; 90% relative reduction in recurrent ischemic stroke with closurePOSSIBLE: 62% relative reduction in recurrent ischemic stroke with closure1) high-risk PFO and RoPE score < 72) low-risk PFO (absence of lage shunt and ASA) and RoPE score >= 7UNLIKELY: low-risk PFO and RoPE score < 7; no significant difference between closure vs medical therapy PASCAL also stratifies patietns for risk of harm from development of late AF, over 4.8 years of follow-up:PROBABLE: nonsignificant 0.7% increasePOSSIBLE: 1.5% increaseUNLIKELY: substantial 4.4% increase in late AF with PFO closurePROBABLE (37% trial patients) or POSSIBLE (48% of tiral patietns) was associated with substantial net benefit from closure. UNLIKELY (15% of trial patients) associated with net harm from closure
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Therapeutic Uncertainty: PFO and cryptogenic embolic strokes

 Age > 60 years

 TIA

 Patients with indication for long-term anticoagulation (defined thrombophilia, 
unprovoked DVT/PE)

 Best antithrombotic therapy (antiplatelet vs anticoagulation) with or without closure

Presenter Notes
Presentation Notes
Role of PFO closure for cryptogenic stroke pts > age 60 unknown because of lack of RCTs targeting this age groupModerate/large PFOs found in up to 35% ≥65 yo pts with cryptogenic strokeBUT competing stroke mechanisms (i.e. AF, carotid artery disease, valvular heart disease, etc) are more prevalent in patients ≥ 60 yoHigher prevalence of subclinical AF and increased risk of developing supraventricular arrhythmias after PFO closureClinical trials needed to assess efficacy and safety of PFO closure vs medical therapy in pts age ≥60 with cryptogenic ischemic stroke(ongoing observational studies and international registries – COACH-ELDERLY ESUS – observational case-control registry in S Korea; CLOSE-2 RCT in France)TIADefinition of TIA evolved from purely time-based definition of < 24h to tissue-based categorization (absence of ischemic lesion on imaging)Majority of PFO closure RCTs launched before modern definition of TIA, but required “TIAs”  to have radiographic evidence of new ischemic lesion – thereby effectively only enrolling stroke patients. Only CLOSURE I included classical time-based TIA in absence of lesion on neuroimaging with major sx (> 10min – motor, language, blindness, diff walking).Therefore, most meta-analysis and practice advisories address ischemic stroke only Patients with TIA should be assessed with neurologist with expertise to exclude mimic and suspected embolic etiology (i.e. based on cortical syndrome)Benefit of performing closure in patients being treated with anticoagulation is unclearIn pts who would be considered good candidates for PFO closure but require long-term anticoagulation because of suspected or proven hypercoagulability (defined thrombophilia, unprovoked DVT/PE), clinicians should counsel patient that efficacy of PFO closure in addition to anticoagulation cannot be confirmed or refuted (level B, 2020 Neurology Practice Advisory Update)Not standard practice to refer patients who require long-term AC for PFO closure, but it may be individualized decision after multidisciplinary discussion with pt, cardiology, neurology +/- hematologyOptimal medical therapy: antiplatelet vs anticoagulant?In patients eligible for PFO closure, anticoagulation may be associated with increased bleeding riskIn patients NOT eligible for PFO closure with a cryptogenic stroke, available data not clear about whether they should be on anticoagulation or antiplatelet therapy. Data suggests possibly a lower ischemic stroke risk, but with wide confidence intervalsNo RCT has shown superiority of anticoagulation over antiplatelet therapy. CLOSE trial was only trial that specifically compared AP vs AC therapy (93% warfarin) with non-significantly fewer strokes with ACNAVIGATE-ESUS: among 7.4% patients with PFO, insufficient evidence to support difference in risk risk fo recurrent stroke with rivaroxaban vs ASAMeta-analysis of PICSS, CLOSE, NAVIGATE-ESUS, RE-SPECT ESUS – AC has blunted but potentially favorable effect compared with AP therapy (NOT statistically significant; RR 0.68, CI 0.42-1.08)
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Suggested Diagnostic Algorithm for Selecting Patients for 
PFO Closure

Neurology AND cardiology evaluation is recommended 
for cryptogenic stroke patients before PFO closure 
decision is made

Neurologist: 
- Was index event an ischemic stroke?
- Does stroke have features consistent with embolic 

mechanism?
- Rule out competing causes with comprehensive 

stroke work-up

Cardiologist:
- What are the characteristics of the PFO?
- Assess technical aspects related to procedure

Presenter Notes
Presentation Notes
FDA and clinical guidelines recommends cryptogenic stroke patients be evaluated by neurologist and cardiologist before PFO closure decision is madeNeurology evaluation: determine whether presenting symptoms are explained by cerebrovascular event and for ruling out competing causesCardiology evaluation: assess technical aspects related to procedureNeurologists and cardiologist may have dissimilar interpretations of stroke etiologies when making decision beyond the scope of clinical trials. Neurocardiology collaboration may lead to improved communications and more homogenous approach during decision-making processSummary: PFO has become part of secondary prevention in patients younger than 60 years with cryptogenic embolic-appearing stroke who have probable or possible PFO association based upon PASCAL classificationIdentification of high-risk features (mostly by TEE) should be goal of diagnostic testing when PFO closure is considered after RLS found on TTE or TCD
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THANK YOU



15 2024 Northern California Structural Heart Summit 

References
 Kasner SE, Lattanzi S, Fonseca AC, Elgendy AY. Uncertainties and Controversies in the Management of Ischemic Stroke and Transient Ischemic Attack 

Patients With Patent Foramen Ovale. Stroke. 2021 Dec;52(12):e806-e819. doi: 10.1161/STROKEAHA.121.034778. Epub 2021 Oct 27. PMID: 34702068.

 Kent DM, Saver JL, Kasner SE, Nelson J, Wang AY, Bannuru RR, Carroll JD, Chatellier G, Derumeaux G, Furlan AJ, Herrmann HC, Jüni P, Kim JS, Koethe B, 
Lee PH, Lefebvre B, Mattle HP, Meier B, Reisman M, Smalling RW, Soendergaard L, Song JK, Mas JL, Thaler DE. Evaluating Therapies to Prevent Future 
Stroke in Patients with Patent Foramen Ovale-Related Strokes — The SCOPE Study [Internet]. Washington (DC): Patient-Centered Outcomes Research 
Institute (PCORI); 2023 Apr. PMID: 37459429.

 Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez J, Lombardi-Hill D, Kamel H, Kernan WN, Kittner SJ, Leira EC, Lennon O, Meschia JF, 
Nguyen TN, Pollak PM, Santangeli P, Sharrief AZ, Smith SC Jr, Turan TN, Williams LS. 2021 Guideline for the Prevention of Stroke in Patients With Stroke 
and Transient Ischemic Attack: A Guideline From the American Heart Association/American Stroke Association. Stroke. 2021 Jul;52(7):e364-e467. doi: 
10.1161/STR.0000000000000375. Epub 2021 May 24. Erratum in: Stroke. 2021 Jul;52(7):e483-e484. doi: 10.1161/STR.0000000000000383. PMID: 
34024117.

 Messé SR, Gronseth GS, Kent DM, Kizer JR, Homma S, Rosterman L, Carroll JD, Ishida K, Sangha N, Kasner SE. Practice advisory update summary: Patent 
foramen ovale and secondary stroke prevention: Report of the Guideline Subcommittee of the American Academy of Neurology. Neurology. 2020 May 
19;94(20):876-885. doi: 10.1212/WNL.0000000000009443. Epub 2020 Apr 29. PMID: 32350058; PMCID: PMC7526671.

 Sposato LA, Albin CSW, Elkind MSV, Kamel H, Saver JL. Patent Foramen Ovale Management for Secondary Stroke Prevention: State-of-the-Art Appraisal of 
Current Evidence. Stroke. 2024 Jan;55(1):236-247. doi: 10.1161/STROKEAHA.123.040546. Epub 2023 Nov 21. PMID: 38134261.

 Wiktor DM, Carroll JD. The Case for Selective Patent Foramen Ovale Closure After Cryptogenic Stroke. Circ Cardiovasc Interv. 2018 Mar;11(3):e004152. 
doi: 10.1161/CIRCINTERVENTIONS.117.004152. PMID: 29870380.


	PFO Considerations in Evaluating Cryptogenic Stroke, the Neurologist’s Perspective
	Objectives
	Case Study
	PFO & Cryptogenic Strokes
	Embolic vs Lacunar Stroke
	PFO Closure Trials
	Slide Number 8
	Criteria for PFO closure
	High-Risk PFO Features
	Who benefits from PFO closure?
	Therapeutic Uncertainty: PFO and cryptogenic embolic strokes
	Suggested Diagnostic Algorithm for Selecting Patients for PFO Closure
	THANK YOU
	References

