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Cerebrovascular Disease: Stroke 

Subtype
Ischemic Stroke (85%)Hemorrhagic Stroke (15%)
Atherothrombotic
Cerebrovascular
Disease (20%)

Embolism (20%)
Lacunar (25%)
Small vessel disease

Cryptogenic (30%)

Intracerebral
Hemorrhage (59%)

Subarachnoid Hemorrhage (41%)

Albers GW, et al. Chest. 1998;114:683S-698S.
Rosamond WD, et al. Stroke. 1999;30:736-743.



STROKE 
ICH

Cardioembolic

Large vessel 

Atherothrombosis

Small vessel 

Occlusive (lacunar)

Other 

determined

Undetermined







InflammationAccumulation

of lipids
Normal

artery

Smooth muscle 

cell proliferation,

plaque progression

Pathophysiology of 

Atherothrombosis

1. Munger MA et al. J Am Pharm Assoc. 2004;44(suppl 1):S5-
S13.

2. Libby P et al. Circulation. 2005;111:3481-3488.

Atherosclerosis +

Atherosclerosis leads to any number 

of four possible types of thrombus 

formation

Thrombus Formation
Rupture of Fibrous Cap

Erosion of Endothelium

Erosion of Calcium Nodule

Intraplaque Hemorrhage



Antiplatelets

AspirinClopidogrel Dipyridamole

Inhibition of platelet

activation and aggregation

Block 

ADP 

receptors 
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cyclooxygenase and 

thromboxane A2
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platelet 
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2008 - ESO recomendation 

• Patients are recommended to take antithrombotic 

therapy (Class I, Level A) .

• Those not requiring anticoagulation are 
recommended to take antiplatelet therapy (Class I, 
Level A). Where possible, combined aspirin and 
dipyridamole, or clopidogrel alone, should be taken. 
Alternatively, aspirin alone, or triflusal alone, may be 
used (Class I, Level A )

• The combination of aspirin and clopidogrel is not recommended in 
patients with recent ischemic stroke except in patients with specific 
indications, e.g. unstable angina or non-Q-wave MI during the last 12 
months, or recent stenting; treatment should be given for up to 9 





Antiplatelets
• Aspirin offers 15% relative 

risk reduction for stroke 
after TIA or stroke 

• Most widely studied 
dosages of aspirin are 50-
150mg

• Aspirin, ASA+Dipyridamole, 
Clopidogrel are all 
acceptable initial therapy.



Long term Clopidogrel + Aspirin



Clopidogrel 300 mg loading followed by 75 mg daily for 90 days +  aspirin at a 

dose of 75 mg daily for the first 21 days  vs. aspirin only in a Chinese population

Short-term DAPT after high-risk TIA/minor stroke? 



O

Platelet-Oriented Inhibition in New TIA and minor ischemic stroke

R < 12 h

N=5,840

Placebo + ASA

(Loading placebo + ASA)

Clopidogrel 75mg + ASA

(Loading 600 mg + ASA)

Ischemic stroke, 

MI and ischemic 

vascular death

90 daysHigh-risk TIA 

(ABCD2 ≥4) 

or 

Minor ischemic 

stroke (NIHSSS ≤3)



N Engl J Med 361:1108, September 10, 2009 Editorial



SOCRATES 
Acute Stroke Or Transient IsChaemic Attack TReated
With Aspirin or Ticagrelor and Patient OutcomES

R < 24 h

N=13,600

Aspirin 100mg

(Loading 300 mg)

Ticagrelor 90 mg bid

(Loading 180 mg)

A P2Y12 inhibitor 

Composite of stroke, 

MI and death
90 days

High-risk TIA (ABCD2 ≥4) 

or 

Minor ischemic stroke 

(NIHSSS ≤5)

Sponsor
AstraZeneca













Statins After Stroke

SPARCL, NEJM 2006

Fatal or nonfatal stroke Any coronary event

AHA/ASA Secondary prevention guidelines

Statin therapy with intensive lipid-lowering effects is recommended to 

reduce risk of stroke and CV events among patients with ischemic 

stroke or TIA presumed to be of atherosclerotic origin and an LDL-C 

level ≥100 mg/dL (Class I; Level of Evidence B)

Atrovastatin 80mg vs. placebo after stroke/TIA, LDL-C 100-190mg/dL and no known CHD



Reduction of LDL cholesterol and stroke incidence



Monoclonal antibodies targeting PCSK9 result in 

large reductions in plasma LDL cholesterol

ODYSSEY LONG-TERM OSLER

PCSK-9 Inhibitors





Surgery vs Stenting for

Symptomatic Carotid 

Stenosis



Treatment optionsfor 

symptomatic carotid 

stenosis:

CEA

CASMedical treatment

revascularization

Risk factor management



CETC

any stroke at 5 years including operative risk

stenosis CEA        BMT           AR        NNT        strokes prev

/1000 CEAs

<30% n=1746 18.36%       15.71%        -2.6 

30-49%    n=1054 22.80%       25.50%        2.6% 38 26

50-69%    n=2312 20.00%       27.70%        7.8% 13 78

70-99%    n=1344 17.13%       32.70%      15.6% 6 156

nr occln n=  262 16.82%       15.15%       -1.7% n/b                  n/b

Lancet 2003;361:107-116

ECST, NASCET & VA studies combined 
and
reanalysed after standardisation to 
NASCET
angiographic measurement method 
(n>6000)

Lancet 2004;363:915-924

Stroke 2004;35:2855-

2861



OR (Fixed)  = 1.80 (1.40 – 2.31), p = 0.000 

Heterogeneity p = 0.23

0 1 2 3 4

Weight (fixed)

13.2

Study CAS CEA

29.7

34.0

x.x

EVA-3S 25/260 10/257

52/750

SPACE 44/591 35/567

21.9

ICSS 61/828 28/821

Subtotal

CREST 40/668 21/653

Total 170/2347 94/2298

130/1679 73/1645

Stroke or death within 30 days of treatment (per protocol analysis) 

Peto OR (95%CI)

Symptomatic carotid stenosis
Is CAS as safe as CEA?

Absolute risks 

Favours CEA

P. Amarenco, Lancet 2010

*



Symptomatic carotid stenosis
CAS vs. CEA : effect of age

Carotid Stenting Trialists’ Collaboration, Lancet 2010

Any stroke or death witthin 120 days of randomization

Age (yrs) CAS CEA RR (95% CI)

< 70 5.8% 5.7% 1.0 (0.68 to 1.47)

>= 70 12.0% 5.9% 2.04 (1.48 to 2.82)





Extracranial Carotid Disease Recommendations

For patients with a TIA or ischemic stroke within the past 6 

months and ipsilateral severe (70%–99%) carotid artery 

stenosis as documented by noninvasive imaging, CEA is 

recommended if the perioperative morbidity and mortality 

risk is estimated to be <6% (Class I; Level of Evidence A).

For patients with recent TIA or ischemic stroke and 

ipsilateral moderate (50%–69%) carotid stenosis as 

documented by catheter-based imaging or noninvasive 

imaging with corroboration (eg, magnetic resonance 

angiogram or computed tomography angiogram), CEA is 

recommended depending on patient-specific factors, such 

as age, sex, and comorbidities, if the perioperative 

morbidity and mortality risk is estimated to be <6% (Class I; 

Level of Evidence B).



Extracranial Carotid Disease Recommendations

• For patients with a TIA or ischemic stroke within the past 6 months 
and ipsilateral severe (70%–99%) carotid artery stenosis as 
documented by noninvasive imaging, CEA is recommended if the 
perioperative morbidity and mortality risk is estimated to be <6% 
(Class I; Level of Evidence A).

• For patients with recent TIA or ischemic stroke and ipsilateral
moderate (50%–69%) carotid stenosis as documented by catheter-
based imaging or noninvasive imaging with corroboration (eg, 
magnetic resonance angiogram or computed tomography 
angiogram), CEA is recommended depending on patient-specific 
factors, such as age, sex, and comorbidities, if the perioperative
morbidity and mortality risk is estimated to be <6% (Class I; Level of 
Evidence B).



• When the degree of stenosis is <50%, CEA and CAS are not recommended 
(Class III; Level of Evidence A).

• When revascularization is indicated for patients with TIA or minor, 
nondisabling stroke, it is reasonable to perform the procedure within 2 weeks 
of the index event rather than delay surgery if there are no contraindications 
to early revascularization (Class IIa; Level of Evidence B).

• CAS is indicated as an alternative to CEA for symptomatic patients at average 
or low risk of complications associated with endovascular intervention when 
the diameter of the lumen of the ICA is reduced by >70% by noninvasive 
imaging or >50% by catheter-based imaging or noninvasive imaging with 
corroboration and the anticipated rate of periprocedural stroke or death is 
<6% (Class IIa; Level of Evidence B). (Revised recommendation) 

• It is reasonable to consider patient age in choosing between CAS and CEA. For 
older patients (ie, older than ≈70 years), CEA may be associated with 





Intracranial Atherosclerosis 

SAMMPRIS Trial

Medical Management:

Aspirin 325mg per day 

+  Clopidogrel 75mg 

per day for 90 days



AHA/ASA secondary prevention guidelines 2014

SAMMPRIS Trial

Symptomatic intracranial artery stenosis: 
Aggressive medical treatment ± stenting

Lancet 2014;383:333-41









Management of patients with 
Aortic arch atheroma



Ulcerated Plaques in the Aortic Arch
and Brain Infarction : Autopsy

26%

5%

Other Neurological

Diseases

Cerebrovascular

Disease

500 Autopsy Cases *

Adjusted OR

4.0 [95%CI, 2.1-7.8]

* Amarenco et al. N Engl J Med 1992;326:221

Risk of Recurrent BI 12%/yr *

Risk of Vasc Event 26%/yr *

* Amarenco et al. FAPS Study

N Engl J Med 1996;334:1216

Event Rates

Ulcer Thrombus

Aortic Arch

Plaque

* Amarenco P et al. N Engl J Med 1994;331:1474

Aortic Arch Plaque and Brain Infarction :TEE*

0 2 4 6 8 10 

≥ 4 mm 

3 to 3.9 

2 to 2.9 

1 to 1.9 

< 1 mm 

Adjusted Odds Ratio (95% CI)

(2.1-8.9)

(2.7-9.0)

(1.5-7.7)

(3.3-25.2)



.

Transesophageal

echocardiography

« Complex plaques »

Pr. Ariel Cohen’s collection



THE A.R.C.H. TRIAL
Aortic arch Related Cerebral Hazard

An academic driven trial

Non disabling Brain Infarct, TIA or Peripheral Embolism

& Aortic Arch Plaque ≥4 mm

Warfarin

INR 2 to 3

Aspirin 75 mg/d

+

Clopidogrel 75 mg/d
Source of Funding:
French governement through PHRC (1 M€)
Australian MRC (0.5 M€)

Drug supply: Sanofi and Bristol Myers-Squibb



Time to Primary End-point

warfarin

Clopidogrel+aspirin

Adjusted* HR=0.76 [95%CI, 0.36-1.61] p=0.5

*Age, sex, country, history of MI , on-treatment BP (time-dependent covariate)



Conclusions

• We found no significant difference on the incidence of stroke, 
MI, or vascular death in patients treated with C+A compared
to those treated with warfarin

• No significant difference in major and in intracranial
hemorrhages, although we found 2 ICH in C+A vs 1 in W

• TTR analysis suggests that « super » INR group trended to do 
better than C+A strategy, which opens the door for testing
new drugs with much stable full anticoagulation (e.g., NOACs) 
over C+A or C



Case-Control Study: 13.477 cases

Risk factors for stroke

48
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INTERSTROKE: POPULATION ATTRIBUTABLE RISK

Collective PAR (99%CI)

All Stroke 90.7% (88.7-92.4)

Ischemic Stroke 91.5% (89.4-93.2)

ICH 87.1% (82.2-90.8)



Summary
• Stroke is largely a preventable disease.

• Aggressive risk factor management is important.

• All antiplatelets have almost similar efficacy with 
marginal benefit of clopidogrel or ASA+DP over 
aspirin

• Warfarin is indicated for cardioembolic strokes. 
Newer OAC agents are also effective without any 
major benefit over warfarin.

• CEA/CAS is beneficial in >50% symptomatic stenosis. 
CAS is more appropriate in e selected cases.



Save the Date


