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1. Anatomy

Layton:  AJNR 2006

“Normal” 
60-70%

“Bovine”
10-15%

“Bovine”
~10%



Extracranial and Intracranial Circulation
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Stroke Mechanism

Hemorrhagic (17%)
Intracerebral 

(59%)

Subarachnoid 

hemorrhage 

(41%)

Ischemic (83%)

Atherosclerotic 

cerebrovascular 

disease (20%)

Embolism (20%)

Lacunar (25%)

Cryprogenic 

(30%)

Rosamond et al. Stroke 1999



Retinal 
syndromes

Hemispheric 
symptoms

1. Amaurosis fugax

2. Retinal infarction

1. TIA

2. Stroke

Carotid Disease: Presentation
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1. Fundoscopy 

?retinal embolization

2. Neck auscultation

Carotid bruit: 63% sensitivity,        

61% specificity for high-grade 

stenosis

3. Neurologic evaluation
Sauve et al. Ann Intern Med 1994

Physical Examination



Duplex US

CTA

MRA

Invasive 

Angiography

DUS - CTA – MRA Angiography
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Medical Rx to Prevent Stroke

• Hypertension control

• Cessation of Tobacco Use

• ? Diabetes control

• Reduction in Serum Cholesterol

• Antiplatelet Therapy





2011 Stroke Guidelines

1. Treatment with a statin medication is recommended 

for all patients with extracranial carotid or vertebral 

atherosclerosis to reduce low-density lipoprotein 

(LDL) cholesterol bellow 100 mg/dL (Class I, LOE B)

2. Treatment with a statin medication is reasonable for 

all patients with extracranial carotid or vertebral 

atherosclerosis who sustain ischemic stroke to 

reduce LDL-cholesterol to a level near or bellow 70 

mg/dL (IIA, LOE B)



Antiplatelet Rx for Stroke 

Prevention Synopsis

1996

2004

CAPRIE: Clopidogrel > ASA alone

MATCH: Clopidogrel alone > Clopidogrel + 
ASA

2006 CHARISMA: Clopidogrel +ASA = ASA alone

2008 PRoFESS: Clopidogrel = ASA + ER-DP

1996 ESPS 2: ASA + ER-DP > ASA alone

2006 ESPRIT: ASA + ER-DP > ASA alone

CONCLUSIONS 
(Clopidogrel  =  ASA + ER-DP)    > ASA alone

$136/m

QD

$162/m

BID - Headache

$4/m

QD
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Carotid Endarterectomy
RISKS



Carotid Stenting
RISKS



Bates et al. JACC 2007 Clinical Expert 
Consensus Document on Carotid Stenting

CEA vs. Medical Rx



Bates et al. JACC 2007 Clinical Expert 
Consensus Document on Carotid Stenting



CAS vs. CEA Trials

Standard 

risk

High risk

AsymptomaticSymptomatic

SAPPHIRE 

CREST

SPACE 1  

EVA3s

ACT 1*

SPACE 2*

*enrolling

ICSS

ACST 2*



SURGICAL

REFUSAL

INTERVENTIONAL
REFUSAL

Surgical Registry
n=7

Stent Registry
n=409

SAPPHIRE
>50% Stenosis Sx (29%)

80% Stenosis Asx (71%)

≥1 Comorbid Conditions

Physician Team: Neurologist, Surgeon, Interventionalist

CONSENSUS:   747 pts enrolled

RANDOMIZED

334

STENT n=159CEA n=151

TREATED

310

Yadav et a. NEJM 2004



SAPPHIRE – High Risk Criteria

1. Age ≥80

2. Severe cardiac disease (CHF, +ve stress test, 

need for open-heart surgery)

3. Severe pulmonary disease

4. Contralateral carotid occlusion

5. Contralateral laryngeal nerve palsy

6. Previous radical neck surgery or radiation 

therapy to the neck

7. Recurrent stenosis after endarterectomy

Yadav et a. NEJM 2004



SAPPHIRE Trial: 1-Year Outcome

Sx and Asx
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CREST (47% asymptomatic) 

Carotid Revascularization 

Enderterectomy vs. Stenting Trial

RR 1.11 (95% CI, 0.81-1.51)

P=0.51

1240 1262

EPD use: 96%

mean FU=2.5 yrs

Brott et al. NEJM 2010



CREST Endpoint Components

CAS CEA HR 95% CI P value

Peri-procedural CVA 4.1% 2.3% 1.79 1.14-2.82 0.01

Peri-procedural MI 1.1% 2.3% 0.50 0.26-0.94 0.03

Peri-procedural Major CVA 0.9% 0.7% 1.35 0.54-3.36 0.52

Peri-procedural CN palsies 0.3% 4.8% 0.07 0.02-0.18 <0.0001

Periprocedural    

Death/stroke asympt

Death/stroke symptom

2.5%

6.0%

1.4%

3.2%

1.88

1.89

0.79-4.42

1.11-3.21

0.15

0.02

Ipsilateral CVA after peri-

procedural period ≤4 years

2.0% 2.4% 0.94 0.50-1.76 0.85



Periprocedural Outcomes Comparison

CAS - a CEA - a CAS - s CEA –s 

NASCET 70-99% 5.8%

ECST 6.8%

ACAS 2.3%

ACST 3.1%

SPACE 6.8% 6.3%

EVA 3S 9.6% 3.9%

ICSS 7.4% 3.4%

CREST 2.5% 1.4% 6.0% 3.2%





11 US FDA Approval Trials with Improving 

Outcomes (all Approved as Safe and 

Effective)
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2011 Stroke Guidelines

CEA

CAS



Outline

1. Anatomy

2. Presentation

3. Evaluation

4. Treatment

Medical Rx

Revascularization

5. Unusual causes of carotid disease



Extracranial Large Vessel Disease: 

Causes

1. Atherosclerosis

2. Dissection

3. Takayasu arteritis

4. Giant cell arteritis

5. Fibromuscular dysplasia



Slovut and Olin. N Engl J Med 2004

Cerebrovascular FMD I



Bhuriya et al.  Vascular Medicine 2008

Intracranial MRA 
recommended in 

all pts with 
cerebrovascular 

FMD

Intracranial aneurysm 
in 7-50% 

Cerebrovascular FMD  III



Schievink. NEJM 2001

Causes
• FMD

• cystic medical necrosis

• trauma

• Neck hyperextension  

rotation  (yoga, 

chiropractors…)

Presentation
“classsic triad”

• Neck pain

• Partial Horner’s

• Cerebral/retina 

ischemia

Carotid Dissection I



QUESTIONS



Question 1

Which of the following is appropriate for patients 
with carotid fibromuscular dysplasia?

A.Primary carotid stenting

B.Intracranial magnetic resonance angiography

C.Cyclosporin

D.Warfarin



Question 1

Which of the following is appropriate for patients 
with carotid fibromuscular dysplasia?

A.Primary carotid stenting

B.Intracranial magnetic resonance angiography

C.Cyclosporin

D.Warfarin



Question 2

How many patients with asymptomatic carotic 
stenosis ≥60% need to be treated with CEA to 
prevent 1 stroke per year?

A.10

B.100

C.1,000

D.10,000



Question 2

How many patients with asymptomatic carotid 
stenosis ≥60% need to be treated with CEA to 
prevent 1 stroke per year?

A.10

B.100

C.1,000

D.10,000

ACAS: 5.9% ARR in 5 yrs

ACST: 5.4% ARR in 5 yrs

~ 1% ARR per year



Question 3

The CREST trial compared carotid endarterectomy and 
stenting in 2,502 pts. Which of the following 
statements is wrong:

A.CREST enrolled both symptomatic and 
asymptomatic pts

B.The incidence of stroke was higher in the 
CAS group

C.The incidence of MI was higher in the CAE 
group

D.CAS was better for pts >70-year-old
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Question 4

The presence of a cervical bruit suggests:

A.>90% likelihood for severe carotid stenosis

B.A recent TIA or stroke

C.Higher risk for cardiovascular death

D.90-99% carotid stenosis
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Question 5

Carotid endarterectomy offers the most 
benefits in symptomatic patients with 
which degree of carotid stenosis:

A.Near occlusion

B.70-99%

C.50-69%

D.<50%



Question 5

Carotid endarterectomy offers the most 
benefits in symptomatic patients with 
which degree of carotid stenosis:

A.Near occlusion

B.70-99%

C.50-69%

D.<50%



Question 6

In the SAPPHIRE trial of high-risk patients 
compared to carotid endarterectomy (CEA), 
carotid artery stenting: 

A.was superior to CEA at 1 year 

B.was superior to CEA at 3 years

C.Had lower incidence of cranial nerve palsy

D.Was associated with lower mortality
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Question 7

Carotid artery stenting is reimbursed by 
CMS for pts with: 

A.High risk for CEA and symptomatic stenosis 
≥70%

B.High-risk for CEA and symptomatic stenosis 
50-69% not enrolled in a trial

C.High-risk for CEA and asymptomatic 
stenosis ≥80% not enrolled in a trial

D.Low risk for CEA



Question 7

Carotid artery stenting is reimbursed by 
CMS for pts with: 

A.High risk for CEA and symptomatic stenosis 
≥70%

B.High-risk for CEA and symptomatic stenosis 
50-69% not enrolled in a trial

C.High-risk for CEA and asymptomatic 
stenosis ≥80% not enrolled in a trial

D.Low risk for CEA



Question 8

All of the following are acceptable options for 
secondary stroke prevention, EXCEPT:

A.Aspirin 81 mg daily

B.Clopidogrel 75 mg daily

C.ASA 81 mg and Clopidogrel 75 mg daily

D.ASA and extended-release dipyridamole
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