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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
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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?
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Presenter Notes
Presentation Notes
ROPE score 7
PASCAL score: probable

Vascular imaging and cardiac monitoring were unremarkable
Echocardiogram demonstrated PFO with large right-to-left shunting
No DVT seen with lower extremity imaging
Hypercoag  work-up negative
What should be next steps in management?


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
LCausaI role
4%, 55% of <60 years
< 60 years . : :
7%, 60% of Cryplogenic strokes CryCFtogerylc stroke vs embolic stroke of
_ undetermined source (ESUS)
With a PFO
12%, 30% of cryptogenic strokes
Crypt i . .
s 0ome » PFO-associated Stroke mechanisms:
All ischemic strokes — Paradoxical embolism
100% — Intracardiac thrombus (within PFO or on atrial
Fraportons e derved o s concrt of 15230 paents it schemic S1oke rom e London Ontand ucke Regioty vith complete septal aneurysm)

echocardiograms (unpublished).

Unclear role of PFO in older patients with stroke
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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 stroke


Because PFOs are highly prevalent in general population, presence of PFO may be incidental in many patients with ischemic stroke
Causal 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 patients

This suggests and association between Pfo and cryptogenic strokes

Embolic strokes of undetermined source (ESUS) represents ~20% of ischemic strokes
Exclude 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 standpoint
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.

Most likely is Paradoxical embolism: thrombus in venous circulation crosses directly into the cerebral arterial circulation
Other proposed mechanisms include intrinsic thrombus formation within PFO itself (or atrial septal aneurysm)




Embolic vs Lacunar Stroke

Embolic Lacunar (Small vessel)

N 3

5

sense 3 - I
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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-appearing


Describe 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)




PFO Closure Trials

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

PFO closuro Medical therapy Risk rati PFO closure moderately reduces
Study Year Evenls Total Events Total with 85% CI rlsk Of recurrent Stroke
CLOSURE | 2012 12 447 13 462 0.95( 0.44, 2.07) 0
pC 013 1 204 ; i S * RR59% over 5 years
RESPECT-extended 2017 18 499 28 481 3 ¢ 062(0.35, 1.11] * ARR0.62% per year

CLOSE 2017 0 238 14 235 0.03[0.00, 0.57)
REDUCE-extended 2017 8 12 223 0.34[0.14, 0.81)

DEFENSE-PFO 2018 0 5 60 009(001, 161) 4. NNT 32 to prevent 1 stroke over
Overall 0.440.23, 0.85)

r
Heterogeneity: 1° = 0.26, I = 46.59%, H* = 1.87 5 yea S
Test of B, = 8 Q(5) = 9.36, p = 0.10
Testof8=0:z=-2.46, p = 0.01

TR There is a small risk of

Random-effects D-L model Favors PFO closure Favors medical therapy

developing atrial fibrillation

Figure 1. Study-level meta-analysis of randomized clinical trials comparing anticoagulation and antiplatelet strategies in the
prevention of recurrent ischemic strokes.

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

6 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 group
NNT to prevent 1 stroke over 5 years was 32
Procedure-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



Stroke Recommendations for PFQ

Volume 52, Issue 7, July 2021; Pages e364-e467 Rerere 20 adie - DPO BCO enaatic are 3 =le
https://doi.org/10.1161/STR.0000000000000375

COR LOE Recommendations

AHA/ASA GUIDELINE

1. In patients with a nonlacunar ischemic stroke
of undetermined cause and a PFO, recom-

2021 Guideline fOI' the Pr mendations for PFO closure versus medical
With Stroke and Transien 1 C-EO management should be made jointly by the
FI'OITI the American Hear1 patient, a cardiologist, and a neurologist,

taking into account the probability of a causal

Association role for the PFO.

2. In patients 18 to 60 years of age with a nonla-
cunar ischemic stroke of undetermined cause
despite a thorough evaluation and a PFO with ltent
high-risk anatomic features;' it is reasonable .
to choose closure with a transcatheter device D]_‘eventlon
and long-term antiplatelet therapy over anti-
platelet therapy alone for preventing recurrent 211y OfNeurology
Stroke.f)ﬁ?—ﬁf)?
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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 event

Recent 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 imaging
Echocardiogram
Prolonged rhythm monitoring
Hypercoag studies

2020 Neurology Practice Advisory Update Recommendations
monitoring 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 closure
Counsel 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




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)
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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 event

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 imaging
Prolonged rhythm monitoring
Echocardiogram
Hypercoag studies

PFO closure RCTs all mandated thorough evaluations for participants
including CTA/MRA of head/neck (in all trials) 
hypercoag screening (in many trials) to rule out other storke mechanisms
TEE 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 years
2020 Neurology Practice Advisory Update Recommendations
monitoring 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 closure
Counsel 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




High-Risk PFO Features

PFO Size Atrial septal aneurysm
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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 features

TEE provides most detailed information about anatomy and size of PFO and other high-risk features
89% sensitivity relative to autopsies or inspection during cardiac surgery
TCD 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 features

Current 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 closure
Large PFO: > 20 microbubbles in left atrium within 3 cardiac cycles after opacification of right atrium
Clinical trials for PFO closure – threshold for high-risk PFO ranged from 20-30 microbubbles
However, quantifying # of bubbles may be technically challenging
accuracy 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 injected
ASA: septum primum excursion > 10mm from plane of atrial septum into right to left atrium; considered high-risk feature
Other 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


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)

TABLE 1. RoPE SCORE CALCULATOR
Patient Characteristic

No history of hypertension

Table 2. Proposed Flexible Clinical Practice Approach to Classifying Patent Foramen Owvale Causal Association in Patients
With Embalic Infarct Topography and Without Other Major Stroke Sources®

No history of diabetes

No history of stroke or TIA

Nonsmoker

Cortical infarct on imaging

Age (y)

18-29

30-39

40-49

RoPE Score

Risk source Features Low™ High®

Very high A PFD and a straddlinig thromibius Definite Definita

Hiigh (1} Concomitant pulmonary embalism or deep Wenous Probable Highly probakibe
thrombosis preceding an index infarct combined with
either (2a) a PFO and an atrial septal aneurysm or
(2B} a large-shunt PFO

Medium Either (1} a PP and an atrial septal aneurysm or Possible Frobable
(2} a large-shunt FFO

Low A small-shunt FFO without an atrial septal anewrysm Unlikely Possible

50-59

69-69

=70

Total RoPE score

UNLIKELY: no benefit of PFO closure

#bbreviations: PFO, patent foramen ovale; RioPE, the Risk of Paradoxical ®The RoPE score inchedes points for 5 age categories, cortical infarct, absence
Embaodism Score. of hypertension, diabetes, prior stroke or transient ischemic attack, and

* The algorithm in this table is proposed for use in flexible dlinical practice, when smiking. A higher RoPE score (=7 points) increases probability of causal
application of an entire formal classification system is not being conducted. aszooiation.

2024 Northern California Structural Heart Summit


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 closure
PASCAL 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 trials
Prospectively-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 both
2) risk of paradoxical embolism (RoPE) score, dichotomized into 7-10 vs 0-6
RoPE score includes age, hx HTN, DM, smoking, remote hx of stroke/TIA, and cortical infarct on imaging
Higher RoPE scores indicate larger attributable risk of stroke
PROBABLE: both high-risk PFO and RoPE score >= 7; 90% relative reduction in recurrent ischemic stroke with closure
POSSIBLE: 62% relative reduction in recurrent ischemic stroke with closure
1) high-risk PFO and RoPE score < 7
2) low-risk PFO (absence of lage shunt and ASA) and RoPE score >= 7
UNLIKELY: 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% increase
POSSIBLE: 1.5% increase
UNLIKELY: substantial 4.4% increase in late AF with PFO closure

PROBABLE (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



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
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Presenter Notes
Presentation Notes
Role of PFO closure for cryptogenic stroke pts > age 60 unknown because of lack of RCTs targeting this age group
Moderate/large PFOs found in up to 35% ≥65 yo pts with cryptogenic stroke
BUT competing stroke mechanisms (i.e. AF, carotid artery disease, valvular heart disease, etc) are more prevalent in patients ≥ 60 yo
Higher prevalence of subclinical AF and increased risk of developing supraventricular arrhythmias after PFO closure
Clinical 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)

TIA
Definition 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 unclear
In 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 +/- hematology

Optimal medical therapy: antiplatelet vs anticoagulant?
In patients eligible for PFO closure, anticoagulation may be associated with increased bleeding risk
In 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 intervals
No 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 AC
NAVIGATE-ESUS: among 7.4% patients with PFO, insufficient evidence to support difference in risk risk fo recurrent stroke with rivaroxaban vs ASA
Meta-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)


Suggested Diagnostic Algorithm for Selecting Patients for
PFO Closure

Ischemic Stroke

| Neurology AND cardiolog%/_ evaluation is recommended
Basic stroke Workup for cryptogenic stroke patients before PFO closure

Brain and intracranial/extracranial vessel imaging, standard of care cardiac monitoring, deC|Sion |S made
transthoracic echocardiography. Consider agitated saline injection in <60 years
v
ESUS (non-lacunar) and < 60 years .

Yes < | . No Neurologist:

| ! - Was index event an ischemic stroke?

PFO on echocardiography with bubbles? Does stroke have features consistent with embolic
Yes < | » No mechanism?
TCD with bubbles Rule out competing causes with comprehensive
| stroke work-up
PFB?
. | . :
TEE mthibubbles +«—— Yes CardIOIOg|St:
PFO? - What are the characteristics of the PFO?
Yis ol > No - Assess technical aspects related to procedure
PASCAL classification
|
l i This algorithm was created based on eligibility
Possible or Probable Unlikely e
. . e et s iy
Eeachsite‘,the.a\.'ail.abilitye:'fdif‘ferentten:hn::lc;gies, A Structural Heart Summ|t

and the preferences of the treating team.



Presenter Notes
Presentation Notes
FDA and clinical guidelines recommends cryptogenic stroke patients be evaluated by neurologist and cardiologist before PFO closure decision is made
Neurology evaluation: determine whether presenting symptoms are explained by cerebrovascular event and for ruling out competing causes
Cardiology evaluation: assess technical aspects related to procedure
Neurologists 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 process

Summary: 
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 classification
Identification 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




THANK YOU
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