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Cryptogenic stroke and Risk factors prevalence

• Substantially similar to patients with stroke of known causes

• Demographic factors: NOMASS (2002) younger patients (55% 
< 45yrs vs 42% > 45yrs). Not confirmed by other studies

• Hypertension: lower in cryptogenic stroke
• Diabetes and hyperlipemia: similar
• Smoking: inverse association



Cryptogenic stroke and risk of stroke recurrence

Cryptogenic Stroke





Diagnostic workup

• Neuroimaging
• Vascular Imaging
• Cardiac Evaluation

– Cardiac Monitoring
– Cardiac Imaging

• Hypercoagulable Testing
• Evaluation for Malignancy



Diagnostic workup - Neuroimaging

Bang et al. Stroke. 2014









Diagnostic workup – Vascular Imaging

Carotid Stenosis 70-99%
Angiography Angio-CT MRA US TC-US

Sensibility 76-85% 90% 90% -

Specificity 93% 90% 80% -

Intracranial artery stenosis
Angiography Angio-CT MRA US TC-US

Sensibility 78-100% 60-90% - Limited data

Specificity 82-100% 90% - Limited data

Koelemay et al., Stroke 2004; Wardlaw et al., Lancet 2006; Latchaw et al., Stroke 2009; Debrey et al., Stroke 2008



MRA



MRA



Diagnostic workup – Cardiac Monitoring





CRYSTAL-AF

REVEAL® XT, Medtronic vs standard 
follow-up
      FA (%) 6 mesi     FA (%) 6 mesi     8.9   vs 1.4
                                  12 mesi   12 mesi   12.4  vs    2
                                        

vs





Detection of AF at 12 Months Detection of AAF at 36 months

Estimated rate of detection in ICM arm was 30.0% vs 3.0% in control arm

CRYSTAL-AFCRYSTAL-AF
75% were aymptomatic



Detection of Atrial Fibrillation in the Two Monitoring Groups

Gladstone DJ et al. N Engl J Med 2014;370:2467-2477

EMBRACE 



EMBRACE
Results 

• N = 572 patients with cryptogenic stroke aged 55 or older 
with no evidence of AF

Gladstone DJ et al. N Engl J Med 2014;370:2467-2477



EMBRACE TIMING
 

• N = 572 patients with cryptogenic stroke aged 55 or older 
with no evidence of AF

Gladstone DJ et al. N Engl J Med 2014;370:2467-2477









Beyond AF
Atrial cardiopathy











Cardiac Imaging

TTE
• Noninvasive
• Less expensive
• Widely available

TEE
• Better views

– LA
– LAA
– Aortic arch
– Cardiac shunts

Most cardiac sources identified by TEE (cardiac shunts and 
aortic plaques) do not necessarily lead to a change in 
management (Yaghi et al., Circulation 2017)



Cardiac Imaging

Potential cardiac source TTE TEE

LA cavity thrombus 0 1 (1%)

LAA thrombus 1 (1%) 38 (16%)

PFO 3(1%) 12 (5%)

Atrial septal aneurysm 5 (2%) 8 (3%)

Aorthic plaques 1 (1%) 69 (30%)

Valvulopathies 16 (7%) 16 (7%)

Adapted from: De Bruijn et al., Stroke 2006



Cardiac Imaging



Cardiac MRI

Gold standard noninvasive test for several cardiovascular parameters (ie, 
cardiac tumors, left atrial volume, cardiomyopathies, cardiac amyloidosis)









Cactus 30%

Cicken wing 48%



Windsock 19%

Cauliflower 3%











WARCEF



WARCEF



WARCEF



Post hoc analysis from the WARSS study



Atrial Cardiopathy



Diagnostic workup – Hypercoagulability

• Inherited and acquired hypercoagulable states are 
associated with venous thrombosis, but their 
association with arterial cerebral infarction is uncertain

• Young women with ischemic stroke have a higher 
prevalence of aPL

• The relationship between PFO and thrombophilia 
deserves further studies



Diagnostic workup – Malignancy

• Cancer produces
– Alteration of the homeostatic cascade
– Damage to the endothelium integrity
– Changes in platelet funtion
– Cryptogenic stroke most common stroke subtype with reduced 

survival







Patent Foramen Ovale

• Weak association between PFO and cryptogenic stroke 
(Di Tullio et al., 2007; Alsheikh-Ali et al., 2009; Kent et al., 2013)

• Risk of Paradoxical Embolism (ROPE) score

• Investigation for venous thrombi

• PFO treatment



Kent DM et al. Neurology 2013; 81:619-625



Kent DM et al. Neurology 2013; 81:619-625



Kent DM et al. Neurology 2013; 81:619-625



PFO – Investigating venous thrombi

• 10-22% is the reported frequency of deep venous thrombosis 
(DVT) detection in patients with PFO and stroke (Lethen et al., 
1997; Cramer et al., 2004; Liberman et al., 2014)

• 80% of detected DVT were asymptomatic (Lethen et al., 1997)

• Use of MRI venography for pelvic DVTs (8-20% of suspected 
DVT) (Cramer et al., 2004; Liberman et al., 2014)





PFO - Medical Treatment

• Multiple nonrandomized, prospective follow-up studies 
have suggested that there is no benefit associated with 
AO over antiplatelet therapy (Shariat et al., 2013; Kernan et al., 2014; 
Kent et al., 2015)

• PICSS study (Homma et al., 2002) is the only randomized 
controlled trial comparing ASA to Warfarin as therapy for 
PFO-associated stroke:
– 2-year recurrent stroke/TIA rates were similar in the two cohorts 

(16.5% vs 13.2%; P = .65)



CLOSURE I



• 909 patients enrolled

– 447 underwent closure with StarFlex, then treated with 
Clopidogrel (75 mg daily x 6 months) and Aspirin (81 or 325 mg 
x 2 years)

– 462 patients received medical therapy alone: Warfarin (target 
INR 2-3), aspirin 325 or both at the discretion of the operator

• Multicenter, randomized, open label trial comparing percutaneous 
  PFO closure to medical therapy
 
•Cryptogenic stroke or transient ischemic attack (TIA) in patients 18-60 y/o 

• Primary Endpoint- Stoke/TIA during 2 year followup, death from any cause
  during first 30 days, neurologic death to two years

CLOSURE I



Results

Primary Endpoint- 5.5% in device closure group
                              6.8% in medical therapy group
                              P=0.37



RESPECT



• Multicenter: 69 Sites (62 US, 7 Canada) 

– Prospective, 1:1 Randomized

• Closure with the  AGA AMPLATZER™ PFO Occluder plus 
medical therapy

• Medical Treatment Regimens: Aspirin, Warfarin, Clopidogrel, 
Aspirin + Dipyridamole, Aspirin + Clopidogrel (removed from 
protocol in 2006)

• 980 patients enrolled with clinical stroke confirmed

     by CT/MRI imaging age 18-60 within 9 months
• TEE documented PFO



Results





REDUCE



REDUCE



REDUCE



CLOSE



CLOSE



CLOSE



Aortic Arch Atherosclerosis

• Aortic arch plaques (thickness > 4mm) are an 
independent predictor of ischemic stroke risk (NEJM, 
1996).

• Patients with aortic plaques > 4 mm in thickness are at 
higher risk of:
– Ischemic stroke (Amarenco et al, 1994; Jones et al., 1995)

– Recurrent ischemic stroke (11,9% > 4mm vs 2.8% < 1mm)

• Plaque ulceration and plaque mobility are also 
associated with risk of ischemic stroke
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