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Stroke Subtypes and IncidenceStroke Subtypes and Incidence
Hemorrhagic stroke
15%

OtherOther
5%             

C t iCryptogenic
30% Atherosclerotic

cerebrovascular
disease

20%

Ischemic stroke

Cardiogenic
embolism

20%

Small vessel
disease

“lacunes”
25%

Ischemic stroke
85%

Albers et al. Chest 2004; 126 (3 Suppl): 438S–512S.



Ischemic Stroke- Etiologic Subtypes





TOAST subtype classification
C di b li S kCardioembolic Strokes

• Cardiac source for embolusCardiac source for embolus
• Infarct > 1.5 cms in size on neuroimaging

Clinical findings often include cortical• Clinical findings often include cortical 
features such as aphasia or neglect.

• Imaging studies rule out large vessel 
disease



Cardioembolic Stroke
Di iDiagnosis

• Large strokes-alteration of consciousness• Large strokes-alteration of consciousness
• Multiple vascular territories involved

M i l d fi i (?)• Maximal deficit at onset (?)
• Hemorrhagic transformation more likely

NONE OF THESE ARE VERY SPECIFIC!NONE OF THESE ARE VERY SPECIFIC!





MRI-showing (cardio) embolic 
kstrokes



Sources of Cardioembolism



Common Cardioembolic CausesCommon Cardioembolic Causes

• AFAF
• Mitral Regurgitation

R t MI ( 6 k )• Recent MI (< 6 weeks)
• Prosthetic Heart valve
• Mitral Stenosis
• Paradoxical EmbolismParadoxical Embolism

Oxfordshire Community Stroke Project 







Hemorrhagic TransformationHemorrhagic Transformation

• Is common after cardioembolic stroke
• MRI detects HT more often than CT
• 36% in 48hrs* and 80%** by 2 weeks

*Mayer et al. Neuroradiology 2000
**Molina et al. Stroke 2001



Hemorrhagic TransformationHemorrhagic Transformation
Associated with

• large infarctsg
• NIHSS > 14
• Proximal MCA occlusion
• Delayed recanalization > 6 hrs after stroke onset
• Contrast enhancement, i.e. breakdown of BBB
• The larger the hematoma, more likely is it to 

cause neurologic worsening.



Hemorrhagic TransformationHemorrhagic Transformation

• Injured vessels allow abnormalInjured vessels allow abnormal 
permeability

• There has to be recanalization and hence• There has to be recanalization and hence 
reperfusion 
Th b kd f bl d b i b i• The breakdown of blood brain barrier 
allows passage of RBCs

• HT could be petechial or when confluent 
could be large and cause mass effect





Atrial FibrillationAtrial Fibrillation

• A very common arrhythmiaA very common arrhythmia
• Prevalence in the USA is about 2.3 million

M i th ld l 3 8% 60• More in the elderly, 3.8% among > 60yrs 
and 9% among >80 yrs 

• Risk of stroke ~6% per year- but variable 
• The risk is just as great in intermittent AF, j g ,

or atrial flutter as it is in permanent AF. 
• Rhythm control does not prevent strokesRhythm control does not prevent strokes



AF and strokeAF and stroke
Strokes are often large and g
disabling

Contractility of LA appendageis 
reduced in AF- stasis

TTE may miss these, TEE
required , which may reveal clots q , y
in 10% asymptomatic and 20-
40% after thromboembolism.



Brickner E. Am J Med 1996

Primary Stroke Prevention trials





*



CHADS2 ScoreCHADS2 Score
• C CHF 1
• H HTN 1
• A Age > 75 1g
• D Diabetes 1
• S Stroke or TIA 2

Gage, BF, Waterman, AD, Shannon, W, JAMA 2001; 285:2864. 



Annual Stroke RiskAnnual Stroke Risk 

CHADS 2 St k i k %CHADS 2 score Stroke risk %

0 1.9

1 2 81 2.8

2 4

3 5.9

4 8.5

5 12.5

6 18.2

Gage et al. JAMA 285 (22): 2864–70 (2001)



*HTN, DM, CAD, CHF, EF < 35%, previous TIA stroke or thromboembolism

NEJM 2004,351:23



Timing of anticoagulation after 
di b li kacute cardioembolic stroke

• There are no ‘good’ data
• The rationale is to achieve a good risk-

benefit ratio

Risk of bleed Risk of stroke recurrence
Atrial size mech heart valve

‘Large’ infarct
Hemorrhagic transformation

Atrial size, mech heart valve
Clots in LAA
Low EF
Prior embolism



Anticoagulation After
Cardioembolic StrokeCardioembolic Stroke

To Bridge or Not to Bridge?
• Retrospective analysis of cardioembolicRetrospective analysis of cardioembolic 

strokes at UT Houston
• Grouped into -No treatment, aspirin only,Grouped into No treatment, aspirin only, 

aspirin followed by warfarin, heparin 
followed by warfarin (heparin bridging), & y ( p g g)
enoxaparin bridging

• Outcome measures were symptomatic y p
ICH, recurrent stroke, stroke progression, 
& discharge mRS









Aortic Arch AtheromaAortic Arch Atheroma

• Autopsy and TEE evidence of protudingAutopsy and TEE evidence of protuding 
aortic arch atheroma (>4mm) is 3-9 times 
commoner in stroke pts compared to p p
controls

• Seen in 60% of stroke pts > 60 years of p y
age 

• Besides size, ulcerated, mobile, and non-Besides size, ulcerated, mobile, and non
calcified plaques are more likely to cause 
embolism 





Treatment of Aortic AtheromaTreatment of Aortic Atheroma

• No RCTs yetNo RCTs yet
• Antiplatelets with statins recommended
• Anticoagulation for mobile plaques or• Anticoagulation for mobile plaques, or 

recurrence on antiplatelets(?)
• Surgery has been performed• Surgery has been performed –

‘ARCH’ t i l (RCT) f i• ‘ARCH’ trial (RCT) warfarin vs 
ASA+clopidogrel in stroke with complex 
atheromaatheroma



MVP and Stroke

• MVP is common in the general population

• An autopsy study has shown presence of MVP in 4.5% among large 
a series of consecutive autopsies (Br Heart J 1978)

• Framingham study-2.4% prevalence (NEJM-1999;341:1-7), much 
less than the 17% reported by the Framingham study in 1983.(Am 
Heart J 1983;106;571)

• MVP can cause AF, mitral regurgitation, acute (chordae tendinae 
rupture) or chronic heart failure.

• Prone to bacterial endocarditis



MVP and StrokeMVP and Stroke
• The literature reflects an evolution of ourThe literature reflects an evolution of our 

understanding of its association with stroke
• NEJM,1980; 302: 139 – Barnett et al. in a case , ;

control study reported 40% incidence of MVP 
among young persons with stroke. (OR 9, 
p<0.001)

• Ricci, S. Neurol Sci. 2003;24:S13-S14  
‘ li d MVP h ld l b‘uncomplicated MVP should no longer be 
considered a cause for brain embolism’



MVP and Stroke



MVP and StrokeMVP and Stroke
• Not as common as previously thought, butNot as common as previously thought, but 

still important, newer diagnostic criteria
• Risk of stroke based on community basedRisk of stroke based on community based 

studies is <1% per year
• Risk is higher inRisk is higher in 

• age > 50 
• Development of AF
• Thickened leaflets
• Significant MR
• Cardiac surgery• Cardiac surgery



MVP and Stroke
TTreatment

• There are no data
• Low risk groups including age<50, no AF, 

no valve thickening, no MR probably need g p y
only observation





- Circulation-1998



PFO and StrokePFO and Stroke
Prevalence:
• This is a common finding in the general population: 

autopsy series report an overall prevalence ranging from 
17% to 27% while echocardiographic studies17% to 27% while echocardiographic studies 
demonstrate a prevalence ranging from 3.2% to 18%. 

• An ASA is found in combination with a PFO in up to 70% 
of cases and its incidence has been estimated to beof cases and its incidence has been estimated to be 
between 1% and 8% in an unselected population. 

• Among patients under 55 years of age, as many as 40% 
f t k f d t b t i ith id tifi dof strokes are found to be cryptogenic, with no identified 

etiology. 





AGE < 55

AGE > 55



Mechanisms of StrokeMechanisms of Stroke

• Paradoxical EmbolismParadoxical Embolism
• Associated DVT

H l bl t t• Hypercoagulable states
• AF (?)
• Associated Atrial Septal aneurysm seems 

to increase risk





(2.3%)

(15.2%)

NEJM 2001;345:1740



Practice Parameter: Risk of Recurrent 
Stroke and Secondary Stroke Prevention 
in Patients With Interatrial Septal 
Abnormalities 
(An Evidence-Based Review)

Report of the Quality Standards Subcommittee of the 
American Academy of Neurology

Neurology 2004



Recommendations

• Among patients with a cryptogenic stroke and atrial 
septal abnormalities, there is insufficient evidence to 
determine the superiority of aspirin or warfarin fordetermine the superiority of aspirin or warfarin for 
prevention of recurrent stroke or death (Level U), 
but the risks of minor bleeding are possibly greater 
with warfarin (Level C).  

• There is insufficient evidence regarding the 
effectiveness of either surgical or percutaneouseffectiveness of either surgical or percutaneous 
closure of PFO (Level U).



My Approach to patient 
<55 with cryptogenic 
stroke and PFOstroke and PFO

• Carefully evaluate pt for cause of the 
strokestroke

• Just because pt has a PFO does not 
mean it the culpritmean it the culprit

• Younger pt, presence of DVT, cough or 
l l h l blvalsalva manuver , hypercoagulable 

state
• Discuss the options with the patient and 

lay out the uncertainties



AMI and strokeAMI and stroke
Ischemic

E b li f V t i l l th b• Embolism from Ventricular mural thrombus
• Low Flow infarcts-hypotension
• Instrumentation of coronary/aorta
• AF and embolism from L atrium
Hemorrhagic
• Use of thrombolyticsUse of thrombolytics
• Use of anticoagulants/antithrombotics



AMI and strokeAMI and stroke

Rarer causesRarer causes

GCA ff ti d tidGCA affecting coronary and carotids
Infective Endocarditis
Dissection of Aorta



-probably underestimated
-87% pts were on warfarin or asa
-Stroke was not primary outcome event 

-Sacco et al. 45% stroke recurrence in 5 years in CHF pts (NOMASS) 





NEJM 2003-349:25 Images in medicine



PROGNOSIS

Petty et al. Stroke 2000, 31:1062



PROGNOSIS



-Ximelagatran is a direct thrombin inhibitor
-No need for monitoring (INR)
-Was shown to be as effective as Warfarin in AF stroke prevention

BUT

6% risk of liver failure, hence not FDA approved



What is in the pipeline?What is in the pipeline?

• Rivaroxaban- oral Xa inhibitor compared 
to warfarin in AF pts (ROCKET-AF)



Thank you for your attention!


