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Preamble 

It is essential that the medical profession play a central role 
in critically evaluating the evidence related to drugs, 
devices, and procedures for the detection, management, or 
prevention of disease. Properly applied, rigorous, expert 
analysis of the available data documenting absolute and 
relative benefits and risks of these therapies and procedures 
can improve the effectiveness of care, optimize patient out-
comes, and favorably affect the cost of care by focusing 
resources on the most effective strategies. One important 
use of such data is the production of clinical practice 
guidelines that, in turn, can provide a foundation for a 
variety of other applications such as performance mea-
sures, appropriate use criteria, clinical decision support 
tools, and quality improvement tools. 

The American College of Cardiology Foundation 
(ACCF) and the American Heart Association (AHA) have 
jointly engaged in the production of guidelines in the area 
of cardiovascular disease since 1980. The ACCF/AHA 
Task Force on Practice Guidelines (Task Force) is charged 
with developing, updating, and revising practice guidelines 
for cardiovascular diseases and procedures, and the Task 
Force directs and oversees this effort. Writing committees 
are charged with assessing the evidence as an independent 
group of authors to develop, update, or revise recommenda-
tions for clinical practice. 

Experts in the subject under consideration have been 
selected from both organizations to examine subject-specific 
data and write guidelines in partnership with representa-
tives from other medical practitioner and specialty groups. 
Writing committees are specifically charged to perform a 
formal literature review; weigh the strength of evidence for 
or against particular tests, treatments, or procedures; and 
include estimates of expected health outcomes where data 
exist. Patient-specific modifiers, comorbidities, and issues 
of patient preference that may influence the choice of tests 
or therapies are considered. When available, information 
from studies on cost is considered, but data on efficacy and 

clinical outcomes constitute the primary basis for recom-
mendations in these guidelines. 

In analyzing the data and developing the recommenda-
tions and supporting text, the writing committee used evi-
dence-based methodologies developed by the Task Force 
that are described elsewhere (1). The committee reviewed 
and ranked evidence supporting current recommendations 
with the weight of evidence ranked as Level A if the data 
were derived from multiple randomized clinical trials or 
meta-analyses. The committee ranked available evidence 
as Level B when data were derived from a single random-
ized trial or nonrandomized studies. Evidence was ranked 
as Level C when the primary source of the recommenda-
tion was consensus opinion, case studies, or standard of 
care. In the narrative portions of these guidelines, evidence 
is generally presented in chronological order of develop-
ment. Studies are identified as observational, retrospective, 
prospective, or randomized when appropriate. For certain 
conditions for which inadequate data are available, rec-
ommendations are based on expert consensus and clini-
cal experience and ranked as Level C. An example is the 
use of penicillin for pneumococcal pneumonia, for which 
there are no randomized trials and treatment is based on 
clinical experience. When recommendations at Level C 
are supported by historical clinical data, appropriate ref-
erences (including clinical reviews) are cited if available. 
For issues for which sparse data are available, a survey of 
current practice among the clinicians on the writing com-
mittee was the basis for Level C recommendations, and 
no references are cited. The schema for Classification of 
Recommendations and Level of Evidence is summarized 
in Table 1, which also illustrates how the grading system 
provides an estimate of the size and the certainty of the 
treatment effect. A new addition to the ACCF/AHA 
methodology is a separation of the Class III recommenda-
tions to delineate whether the recommendation is deter-
mined to be of “no benefit” or associated with “harm” to 
the patient. In addition, in view of the increasing number 
of comparative effectiveness studies, comparator verbs and 
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Table 1. Applying Classification of Recommendations and Level of Evidence 

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as gender, age, history of diabetes, history of prior myocardial infarc-
tion, history of heart failure, and prior aspirin use. A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions 
addressed in the guidelines do not lend themselves to clinical trials. Even though randomized trials are not available, there may be a very clear clinical consensus that a particular test 
or therapy is useful or effective.

†For comparative effectiveness recommendations (Class I and IIa; Level of Evidence: A and B only), studies that support the use of comparator verbs should involve direct compari-
sons of the treatments or strategies being evaluated. 

suggested phrases for writing recommendations for the 
comparative effectiveness of one treatment/strategy with 
respect to another for Class of Recommendation I and IIa, 
Level of Evidence A or B only have been added. 

The Task Force makes every effort to avoid actual, 
potential, or perceived conflicts of interest that may arise 
as a result of relationships with industry and other enti-
ties (RWI) among the writing committee. Specifically, all 
members of the writing committee, as well as peer review-
ers of the document, are asked to disclose all current rela-
tionships and those 24 months before initiation of the writ-
ing effort that may be perceived as relevant. All guideline 
recommendations require a confidential vote by the writ-
ing committee and must be approved by a consensus of 
the members voting. Any writing committee member who 
develops a new relationship with industry during his or her 

tenure is required to notify guideline staff in writing. These 
statements are reviewed by the Task Force and all members 
during each conference call and/or meeting of the writing 
committee and are updated as changes occur. For detailed 
information about guideline policies and procedures, please 
refer to the ACCF/AHA methodology and policies manual 
(1). Authors’ and peer reviewers’ relationships with industry 
and other entities pertinent to this guideline are disclosed 
in Appendixes 1 and 2, respectively. Disclosure information 
for the Task Force is available online at www.cardiosource.
org/ACC/About-ACC/Leadership/Guidelines-and-
Documents-Task-Forces.aspx. The work of the writing 
committee was supported exclusively by the ACCF and 
AHA (and other partnering organizations) without com-
mercial support. Writing committee members volunteered 
their time for this effort. 
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The ACCF/AHA practice guidelines address patient 
populations (and healthcare providers) residing in North 
America. As such, drugs that are currently unavailable in 
North America are discussed in the text without a specific 
class of recommendation. For studies performed in large 
numbers of subjects outside of North America, each writ-
ing committee reviews the potential impact of different 
practice patterns and patient populations on the treatment 
effect and the relevance to the ACCF/AHA target popu-
lation to determine whether the findings should inform a 
specific recommendation. 

The ACCF/AHA practice guidelines are intended to 
assist healthcare providers in clinical decision making by 
describing a range of generally acceptable approaches for the 
diagnosis, management, and prevention of specific diseases 
or conditions. These practice guidelines represent a consen-
sus of expert opinion after a thorough review of the avail-
able current scientific evidence and are intended to improve 
patient care. The guidelines attempt to define practices that 
meet the needs of most patients in most circumstances. The 
ultimate judgment regarding care of a particular patient must 
be made by the healthcare provider and patient in light of all 
the circumstances presented by that patient. Thus, there are 
situations in which deviations from these guidelines may be 
appropriate. Clinical decision making should consider the 
quality and availability of expertise in the area where care 
is provided. When these guidelines are used as the basis for 
regulatory or payer decisions, the goal should be improve-
ment in quality of care. The Task Force recognizes that situ-
ations arise for which additional data are needed to better 
inform patient care; these areas will be identified within each 
respective guideline when appropriate. 

Prescribed courses of treatment in accordance with these 
recommendations are effective only if they are followed. 
Because lack of patient understanding and adherence may 
adversely affect outcomes, physicians and other healthcare 
providers should make every effort to engage the patient’s 
active participation in prescribed medical regimens and 
lifestyles. 

The guidelines will be reviewed annually by the Task 
Force and considered current unless they are updated, 
revised, or withdrawn from distribution. The full-text 
guideline is e-published in the Journal of the American College 
of Cardiology, Circulation, and Stroke and is posted on the 
American College of Cardiology (www.cardiosource.org) 
and AHA (my.americanheart.org) World Wide Web sites. 

Alice K. Jacobs, MD, FACC, FAHA  
Chair, ACCF/AHA Task Force on Practice Guidelines 

Sidney C. Smith, Jr, MD, FACC, FAHA  
Immediate Past Chair, ACCF/AHA Task Force  

on Practice Guidelines

1. Introduction

1.1. Methodology and Evidence Review 

The ACCF/AHA writing committee to create the 2011 
Guideline on the Management of Patients With Extra-
cranial Carotid and Vertebral Artery Disease (ECVD) 

conducted a comprehensive review of the literature rele-
vant to carotid and vertebral artery interventions through 
May 2010. 

The recommendations listed in this document are, 
whenever possible, evidence-based. Searches were lim-
ited to studies, reviews, and other evidence conducted in 
human subjects and published in English. Key search words 
included but were not limited to angioplasty, atherosclerosis, 
carotid artery disease, carotid endarterectomy (CEA), carotid 
revascularization, carotid stenosis, carotid stenting, carotid 
artery stenting (CAS), extracranial carotid artery stenosis, stroke, 
transient ischemic attack (TIA), and vertebral artery disease. 
Additional searches cross-referenced these topics with the 
following subtopics: acetylsalicylic acid, antiplatelet therapy, 
carotid artery dissection, cerebral embolism, cerebral protection, 
cerebrovascular disorders, complications, comorbidities, extra-
cranial atherosclerosis, intima-media thickness, medical therapy, 
neurological examination, noninvasive testing, pharmaco-
logical therapy, preoperative risk, primary closure, risk factors, 
and vertebral artery dissection. Additionally, the committee 
reviewed documents related to the subject matter previously 
published by the ACCF and AHA (and other partnering 
organizations). References selected and published in this 
document are representative and not all-inclusive. 

To provide clinicians with a comprehensive set of data, 
whenever deemed appropriate or when published in the 
article, data from the clinical trial were used to calculate 
the absolute risk difference and number needed to treat or 
harm; data related to the relative treatment effects are also 
provided, such as odds ratio (OR), relative risk, hazard ratio 
(HR), or incidence rate ratio, along with confidence inter-
vals (CIs) when available. 

The committee used the evidence-based methodolo-
gies developed by the Task Force and acknowledges that 
adjudication of the evidence was complicated by the tim-
ing of the evidence when 2 different interventions were 
contrasted. Despite similar study designs (e.g., randomized 
controlled trials), research on CEA was conducted in a dif-
ferent era (and thus, evidence existed in the peer-reviewed 
literature for more time) than the more contemporary CAS 
trials. Because evidence is lacking in the literature to guide 
many aspects of the care of patients with nonatherosclerotic 
carotid disease and most forms of vertebral artery disease, 
a relatively large number of the recommendations in this 
document are based on consensus. 

The writing committee chose to limit the scope of this 
document to the vascular diseases themselves and not to 
the management of patients with acute stroke or to the 
detection or prevention of disease in individuals or popula-
tions at risk, which are covered in another guideline (2). 
The full-text guideline is based on the presumption that 
readers will search the document for specific advice on the 
management of patients with ECVD at different phases of 
illness. Following the typical chronology of the clinical care 
of patients with ECVD, the guideline is organized in sec-
tions that address the pathogenesis, epidemiology, diagnos-
tic evaluation, and management of patients with ECVD, 
including prevention of recurrent ischemic events. The text, 
recommendations, and supporting evidence are intended to 
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assist the diverse array of clinicians who provide care for 
patients with ECVD. In particular, they are designed to aid 
primary care clinicians, medical and surgical cardiovascu-
lar specialists, and trainees in the primary care and vascular 
specialties, as well as nurses and other healthcare personnel 
who seek clinical tools to promote the proper evaluation 
and management of patients with ECVD in both inpatient 
and outpatient settings. Application of the recommended 
diagnostic and therapeutic strategies, combined with care-
ful clinical judgment, should improve diagnosis of each 
syndrome, enhance prevention, and decrease rates of stroke 
and related long-term disability and death. The ultimate 
goal of the guideline statement is to improve the duration 
and quality of life for people with ECVD.

1.2. Organization of the Writing Committee 

The writing committee to develop the 2011 ASA/ACCF/
AHA/AANN/AANS/ACR/ASNR/CNS/SAIP/SCAI/
SIR/SNIS/SVM/SVS Guideline on the Management of 
Patients With Extracranial Carotid and Vertebral Artery 
Disease was composed of experts in the areas of medicine, 
surgery, neurology, cardiology, radiology, vascular surgery, 
neurosurgery, neuroradiology, interventional radiology, 
noninvasive imaging, emergency medicine, vascular medi-
cine, nursing, epidemiology, and biostatistics. The commit-
tee included representatives of the American Stroke 
Association (ASA), ACCF, AHA, American Academy of 
Neurology (AAN), American Association of Neuroscience 
Nurses (AANN), American Association of Neurological 
Surgeons (AANS), American College of Emergency 
Physicians (ACEP), American College of Radiology 
(ACR), American Society of Neuroradiology (ASNR), 
Congress of Neurological Surgeons (CNS), Society of 
Atherosclerosis Imaging and Prevention (SAIP), Society 
for Cardiovascular Angiography and Interventions (SCAI), 
Society of Cardiovascular Computed Tomography (SCCT), 
Society of Interventional Radiology (SIR), Society of 
NeuroInterventional Surgery (SNIS), Society for Vascular 
Medicine (SVM), and Society for Vascular Surgery (SVS).

1.3. Document Review and Approval 

The document was reviewed by 55 external reviewers, 
including individuals nominated by each of the ASA, 
ACCF, AHA, AANN, AANS, ACEP, American College 
of Physicians, ACR, ASNR, CNS, SAIP, SCAI, SCCT, 
SIR, SNIS, SVM, and SVS, and by individual content 
reviewers, including members from the ACCF Cathe-
terization Committee, ACCF Interventional Scientific 
Council, ACCF Peripheral Vascular Disease Committee, 
ACCF Surgeons’ Scientific Council, ACCF/SCAI/SVMB/ 
SIR/ASITN Expert Consensus Document on Carotid 
Stenting, ACCF/AHA Peripheral Arterial Disease 
Guideline Writing Committee, AHA Peripheral Vascular 
Disease Steering Committee, AHA Stroke Leadership 
Committee, and individual nominees. All information on 
reviewers’ relationships with industry and other entities was 

distributed to the writing committee and is published in 
this document (Appendix 2). 

This document was reviewed and approved for publica-
tion by the governing bodies of the ASA, ACCF and AHA 
and endorsed by the AANN, AANS, ACR, ASNR, CNS, 
SAIP, SCAI, SCCT, SIR, SNIS, SVM, and SVS. The 
AAN affirms the value of this guideline.

2. Recommendations for Duplex 
Ultrasonography to Evaluate Asymptomatic 
Patients With Known or Suspected  
Carotid Stenosis 

Class I 

1.	 In	asymptomatic	patients	with	known	or	suspected	carotid	steno-

sis,	duplex	ultrasonography,	performed	by	a	qualified	technologist	

in	a	certified	laboratory,	is	recommended	as	the	initial	diagnostic	

test	to	detect	hemodynamically	significant	carotid	stenosis.	(Level 

of Evidence: C)	

Class IIa 

1.	 It	 is	 reasonable	 to	 perform	 duplex	 ultrasonography	 to	 detect	

hemodynamically	 significant	 carotid	 stenosis	 in	 asymptomatic	

patients	with	carotid	bruit.	(Level of Evidence: C)	

2.	 It	 is	 reasonable	 to	 repeat	duplex	ultrasonography	annually	by	a	

qualified	technologist	in	a	certified	laboratory	to	assess	the	pro-

gression	 or	 regression	 of	 disease	 and	 response	 to	 therapeutic	

interventions	in	patients	with	atherosclerosis	who	have	had	steno-

sis	greater	than	50%	detected	previously.	Once	stability	has	been	

established	over	an	extended	period	or	the	patient’s	candidacy	for	

further	intervention	has	changed,	longer	intervals	or	termination	

of	surveillance	may	be	appropriate.	(Level of Evidence: C)	

Class IIb 

1.	 Duplex	 ultrasonography	 to	 detect	 hemodynamically	 significant	

carotid	 stenosis	 may	 be	 considered	 in	 asymptomatic	 patients	

with	 symptomatic	 peripheral	 arterial	 disease	 (PAD),	 coronary	

artery	disease,	or	atherosclerotic	aortic	aneurysm,	but	because	

such	patients	already	have	an	indication	for	medical	therapy	to	

prevent	 ischemic	symptoms,	 it	 is	unclear	whether	establishing	

the	additional	diagnosis	of	ECVD	in	those	without	carotid	bruit	

would	 justify	 actions	 that	 affect	 clinical	 outcomes.	 (Level of 

Evidence: C)	

2.	 Duplex	ultrasonography	might	be	 considered	 to	detect	 carotid	

stenosis	 in	asymptomatic	patients	without	clinical	evidence	of	

atherosclerosis	who	have	2	or	more	of	the	following	risk	factors:	

hypertension,	hyperlipidemia,	tobacco	smoking,	a	family	history	

in	 a	 first-degree	 relative	 of	 atherosclerosis	 manifested	 before	

age	60	years,	or	a	family	history	of	ischemic	stroke.	However,	it	

is	unclear	whether	establishing	a	diagnosis	of	ECVD	would	justify	

actions	that	affect	clinical	outcomes.	(Level of Evidence: C)	
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Class III: No Benefit 

1.	 Carotid	duplex	ultrasonography	 is	not	 recommended	 for	 rou-

tine	screening	of	asymptomatic	patients	who	have	no	clinical	

manifestations	of	or	risk	factors	for	atherosclerosis.	(Level of 

Evidence: C)	

2.	 Carotid	duplex	ultrasonography	is	not	recommended	for	rou-

tine	 evaluation	 of	 patients	 with	 neurological	 or	 psychiatric	

disorders	 unrelated	 to	 focal	 cerebral	 ischemia,	 such	 as		

brain	tumors,	familial	or	degenerative	cerebral	or	motor	neu-

ron	disorders,	infectious	and	inflammatory	conditions	affect-

ing	 the	 brain,	 psychiatric	 disorders,	 or	 epilepsy.	 (Level of 

Evidence: C)	

3.	 Routine	serial	imaging	of	the	extracranial	carotid	arteries	is	not	

recommended	for	patients	who	have	no	risk	factors	for	develop-

ment	of	atherosclerotic	carotid	disease	and	no	disease	evident	

on	initial	vascular	testing.	(Level of Evidence: C)

3. Recommendations for Diagnostic Testing 
in Patients With Symptoms or Signs of 
Extracranial Carotid Artery Disease 

Class I 

1.	 The	 initial	 evaluation	 of	 patients	 with	 transient	 retinal	 or	

hemispheric	neurological	symptoms	of	possible	ischemic	ori-

gin	should	 include	noninvasive	 imaging	 for	 the	detection	of	

ECVD.	(Level of Evidence: C)	

2.	 Duplex	ultrasonography	is	recommended	to	detect	carotid	steno-

sis	in	patients	who	develop	focal	neurological	symptoms	corre-

sponding	 to	 the	 territory	 supplied	 by	 the	 left	 or	 right	 internal	

carotid	artery.	(Level of Evidence: C)	

3.	 In	 patients	 with	 acute,	 focal	 ischemic	 neurological	 symptoms	

corresponding	to	the	territory	supplied	by	the	left	or	right	inter-

nal	 carotid	 artery,	 magnetic	 resonance	 angiography	 (MRA)	 or	

computed	tomography	angiography	(CTA)	is	indicated	to	detect	

carotid	stenosis	when	sonography	either	cannot	be	obtained	or	

yields	 equivocal	 or	 otherwise	 nondiagnostic	 results.	 (Level of 

Evidence: C)	

4.	 When	extracranial	or	intracranial	cerebrovascular	disease	is	not	

severe	 enough	 to	 account	 for	 neurological	 symptoms	 of	 sus-

pected	ischemic	origin,	echocardiography	should	be	performed	

to	 search	 for	 a	 source	 of	 cardiogenic	 embolism.	 (Level of 

Evidence: C)	

5.	 Correlation	 of	 findings	 obtained	 by	 several	 carotid	 imaging	

modalities	should	be	part	of	a	program	of	quality	assurance	in	

each	laboratory	that	performs	such	diagnostic	testing.	(Level of 

Evidence: C)	

Class IIa 

1.	 When	 an	 extracranial	 source	 of	 ischemia	 is	 not	 identified	 in	

patients	with	transient	retinal	or	hemispheric	neurological	symp-

toms	of	suspected	ischemic	origin,	CTA,	MRA,	or	selective	cere-

bral	angiography	can	be	useful	to	search	for	intracranial	vascular	

disease.	(Level of Evidence: C)	

2.	 When	the	results	of	initial	noninvasive	imaging	are	inconclu-

sive,	 additional	 examination	 by	 use	 of	 another	 imaging	

method	 is	 reasonable.	 In	 candidates	 for	 revascularization,	

MRA	 or	 CTA	 can	 be	 useful	 when	 results	 of	 carotid	 duplex	

ultrasonography	 are	 equivocal	 or	 indeterminate.	 (Level of 

Evidence: C)	

3.	 When	 intervention	 for	 significant	 carotid	 stenosis	 detected	 by	

carotid	duplex	ultrasonography	is	planned,	MRA,	CTA,	or	cathe-

ter-based	 contrast	 angiography	 can	 be	 useful	 to	 evaluate	 the	

severity	of	stenosis	and	to	 identify	 intrathoracic	or	 intracranial	

vascular	 lesions	 that	 are	 not	 adequately	 assessed	 by	 duplex	

ultrasonography.	(Level of Evidence: C)	

4.	 When	 noninvasive	 imaging	 is	 inconclusive	 or	 not	 feasible	

because	of	technical	limitations	or	contraindications	in	patients	

with	transient	retinal	or	hemispheric	neurological	symptoms	of	

suspected	ischemic	origin,	or	when	noninvasive	imaging	studies	

yield	 discordant	 results,	 it	 is	 reasonable	 to	 perform	 catheter-

based	contrast	angiography	to	detect	and	characterize	extracra-

nial	 and/or	 intracranial	 cerebrovascular	 disease.	 (Level of 

Evidence: C)	

5.	 MRA	without	contrast	is	reasonable	to	assess	the	extent	of	dis-

ease	 in	patients	with	symptomatic	carotid	atherosclerosis	and	

renal	 insufficiency	or	extensive	vascular	calcification.	 (Level of 

Evidence: C)	

6.	 It	is	reasonable	to	use	magnetic	resonance	imaging	(MRI)	sys-

tems	 capable	 of	 consistently	 generating	 high-quality	 images	

while	avoiding	low-field	systems	that	do	not	yield	diagnostically	

accurate	results.	(Level of Evidence: C)	

7.	 CTA	 is	 reasonable	 for	 evaluation	 of	 patients	 with	 clinically	

suspected	 significant	 carotid	 atherosclerosis	 who	 are	 not	

suitable	 candidates	 for	 MRA	 because	 of	 claustrophobia,	

implanted	pacemakers,	or	other	incompatible	devices.	(Level 

of Evidence: C)	

Class IIb 

1.	 Duplex	carotid	ultrasonography	might	be	considered	for	patients	

with	nonspecific	neurological	symptoms	when	cerebral	ischemia	

is	a	plausible	cause.	(Level of Evidence: C)	

2.	 When	 complete	 carotid	 arterial	 occlusion	 is	 suggested	 by	

duplex	ultrasonography,	MRA,	or	CTA	in	patients	with	retinal	

or	 hemispheric	 neurological	 symptoms	 of	 suspected	 isch-

emic	 origin,	 catheter-based	 contrast	 angiography	 may	 be	

considered	to	determine	whether	the	arterial	lumen	is	suffi-

ciently	 patent	 to	 permit	 carotid	 revascularization.	 (Level of 

Evidence: C)	

3.	 Catheter-based	angiography	may	be	reasonable	in	patients	with	

renal	dysfunction	 to	 limit	 the	amount	of	 radiographic	contrast	

material	required	for	definitive	imaging	for	evaluation	of	a	single	

vascular	territory.	(Level of Evidence: C)
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4. Recommendations for the Treatment of 
Hypertension 

Class I 

1.	 Antihypertensive	 treatment	 is	 recommended	 for	 patients	 with	

hypertension	and	asymptomatic	extracranial	carotid	or	vertebral	

atherosclerosis	to	maintain	blood	pressure	below	140/90	mm	Hg	

(3–7).	(Level of Evidence: A)	

Class IIa 

1.	 Except	during	the	hyperacute	period,	antihypertensive	treatment	

is	probably	indicated	in	patients	with	hypertension	and	sympto-

matic	extracranial	 carotid	or	 vertebral	atherosclerosis,	 but	 the	

benefit	 of	 treatment	 to	 a	 specific	 target	 blood	 pressure	 (e.g.,	

below	140/90	mm	Hg)	has	not	been	established	in	relation	to	

the	risk	of	exacerbating	cerebral	ischemia.	(Level of Evidence: C)

5. Recommendation for Cessation of 
Tobacco Smoking 

Class I 

1.	 Patients	 with	 extracranial	 carotid	 or	 vertebral	 atherosclerosis	

who	smoke	cigarettes	should	be	advised	 to	quit	 smoking	and	

offered	 smoking	 cessation	 interventions	 to	 reduce	 the	 risks		

of	 atherosclerosis	 progression	 and	 stroke	 (8–12).	 (Level of 

Evidence: B

6. Recommendations for Control of 
Hyperlipidemia 

Class I 

1.	 Treatment	 with	 a	 statin	 medication	 is	 recommended	 for	 all	

patients	with	extracranial	 carotid	or	 vertebral	atherosclerosis	

to	reduce	low-density	lipoprotein	(LDL)	cholesterol	below	100	

mg/dL	(4,13,14).	(Level of Evidence: B)	

Class IIa 

1.	 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	

below	70	mg/dL	(13).	(Level of Evidence: B)	

2.	 If	treatment	with	a	statin	(including	trials	of	higher-dose	statins	

and	higher-potency	statins)	does	not	achieve	the	goal	selected	

for	 a	 patient,	 intensifying	 LDL-lowering	 drug	 therapy	 with	 an	

additional	drug	 from	among	 those	with	evidence	of	 improving	

outcomes	(i.e.,	bile	acid	sequestrants	or	niacin)	can	be	effective	

(15–18).	(Level of Evidence: B)	

3.	 For	patients	who	do	not	 tolerate	 statins,	 LDL-lowering	 therapy	

with	 bile	 acid	 sequestrants	 and/or	 niacin	 is	 reasonable	

(15,17,19).	(Level of Evidence: B)

7. Recommendations for Management 
of Diabetes Mellitus in Patients With 
Atherosclerosis of the Extracranial Carotid 
or Vertebral Arteries 

Class IIa 

1.	 Diet,	 exercise,	 and	 glucose-lowering	 drugs	 can	 be	 useful	 for	

patients	with	diabetes	mellitus	and	extracranial	carotid	or	verte-

bral	artery	atherosclerosis.	The	stroke	prevention	benefit,	how-

ever,	 of	 intensive	 glucose-lowering	 therapy	 to	 a	 glycosylated	

hemoglobin	A1c	level	less	than	7.0%	has	not	been	established	

(20,21).	(Level of Evidence: A)	

2.	 Administration	of	statin-type	lipid-lowering	medication	at	a	dos-

age	sufficient	to	reduce	LDL-cholesterol	to	a	level	near	or	below	

70	mg/dL	is	reasonable	in	patients	with	diabetes	mellitus	and	

extracranial	 carotid	 or	 vertebral	 artery	 atherosclerosis	 for	 pre-

vention	 of	 ischemic	 stroke	 and	 other	 ischemic	 cardiovascular	

events	(22).	(Level of Evidence: B)

8. Recommendations for Antithrombotic 
Therapy in Patients With Extracranial 
Carotid Atherosclerotic Disease Not 
Undergoing Revascularization 

Class I 

1.	 Antiplatelet	therapy	with	aspirin,	75	to	325	mg	daily,	is	rec-

ommended	 for	 patients	 with	 obstructive	 or	 nonobstructive	

atherosclerosis	that	involves	the	extracranial	carotid	and/or	

vertebral	arteries	for	prevention	of	myocardial	infarction	(MI)	

and	other	ischemic	cardiovascular	events,	although	the	ben-

efit	 has	 not	 been	 established	 for	 prevention	 of	 stroke	 in	

asymptomatic	patients	(14,23–25).	(Level of Evidence: A)	

2.	 In	 patients	 with	 obstructive	 or	 nonobstructive	 extracranial	

carotid	or	vertebral	atherosclerosis	who	have	sustained	isch-

emic	stroke	or	TIA,	antiplatelet	therapy	with	aspirin	alone	(75	

to	325	mg	daily),	clopidogrel	alone	(75	mg	daily),	or	the	com-

bination	 of	 aspirin	 plus	 extended-release	 dipyridamole	 (25	

and	200	mg	twice	daily,	respectively)	is	recommended	(Level 

of Evidence: B)	and	preferred	over	the	combination	of	aspirin	

with	clopidogrel	(14,25–29)	(Level of Evidence: B).	Selection	

of	 an	 antiplatelet	 regimen	 should	 be	 individualized	 on	 the	

basis	of	patient	risk	factor	profiles,	cost,	tolerance,	and	other	

clinical	characteristics,	as	well	as	guidance	 from	regulatory	

agencies.	

3.	 Antiplatelet	 agents	 are	 recommended	 rather	 than	oral	 antico-

agulation	 for	 patients	 with	 atherosclerosis	 of	 the	 extracranial	

carotid	or	vertebral	arteries	with	(30,31)	(Level of Evidence: B)	or	

without	(Level of Evidence: C)	ischemic	symptoms.	(For	patients	

with	allergy	or	other	contraindications	 to	aspirin,	see	Class	 IIa	

recommendation	#2,	this	section)	
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Class IIa 

1.	 In	patients	with	extracranial	cerebrovascular	atherosclerosis	

who	 have	 an	 indication	 for	 anticoagulation,	 such	 as	 atrial	

fibrillation	 or	 a	 mechanical	 prosthetic	 heart	 valve,	 it	 can		

be	beneficial	to	administer	a	vitamin	K	antagonist	(such	as	

warfarin,	 dose-adjusted	 to	 achieve	 a	 target	 international		

normalized	ratio	[INR]	of	2.5	[range	2.0	to	3.0])	for	preven-

tion	 of	 thromboembolic	 ischemic	 events	 (32).	 (Level of 

Evidence: C)	

2.	 For	patients	with	atherosclerosis	of	 the	extracranial	 carotid	or	

vertebral	arteries	in	whom	aspirin	is	contraindicated	by	factors	

other	 than	active	bleeding,	 including	allergy,	either	 clopidogrel	

(75	mg	daily)	or	ticlopidine	(250	mg	twice	daily)	is	a	reasonable	

alternative.	(Level of Evidence: C)	

Class III: No Benefit 

1.	 Full-intensity	 parenteral	 anticoagulation	 with	 unfractionated	

heparin	 or	 low-molecular-weight	 heparinoids	 is	 not	 recom-

mended	 for	 patients	 with	 extracranial	 cerebrovascular	 athero-

sclerosis	 who	 develop	 transient	 cerebral	 ischemia	 or	 acute	

ischemic	stroke	(2,33,34).	(Level of Evidence: B)	

2.	 Administration	of	clopidogrel	in	combination	with	aspirin	is	not	

recommended	within	3	months	after	stroke	or	TIA	(27).	(Level of 

Evidence: B

9. Recommendations for Selection of 
Patients for Carotid Revascularization*

Class I

1.	 Patients	at	average	or	low	surgical	risk	who	experience	non-

disabling	ischemic	stroke†	or	transient	cerebral	ischemic	symp-

toms,	including	hemispheric	events	or	amaurosis	fugax,	within	6	

months	(symptomatic	patients)	should	undergo	CEA	if	the	diam-

eter	 of	 the	 lumen	 of	 the	 ipsilateral	 internal	 carotid	 artery	 is	

reduced	more	than	70%‡	as	documented	by	noninvasive	imag-

ing	 (35,36)	 (Level of Evidence: A)	or	more	 than	50%	as	docu-

mented	by	catheter	angiography	(35–38)	(Level of Evidence: B)	

and	the	anticipated	rate	of	perioperative	stroke	or	mortality	 is	

less	than	6%.	

2.	 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	internal	carotid	artery	is	reduced	by	more	than	70%	as	

documented	by	noninvasive	imaging	or	more	than	50%	as	doc-

umented	by	catheter	angiography	and	the	anticipated	rate	of	

periprocedural	stroke	or	mortality	is	less	than	6%	(39).	(Level 

of Evidence: B)	

3.	 Selection	 of	 asymptomatic	 patients	 for	 carotid	 revasculariza-

tion	 should	 be	 guided	 by	 an	 assessment	 of	 comorbid	 condi-

tions,	 life	expectancy,	and	other	 individual	 factors	and	should	

include	a	thorough	discussion	of	the	risks	and	benefits	of	the	

procedure	with	an	understanding	of	patient	preferences.	(Level 

of Evidence: C)	

Class IIa 

1.	 It	 is	 reasonable	 to	 perform	 CEA	 in	 asymptomatic	 patients	

who	 have	 more	 than	 70%	 stenosis	 of	 the	 internal	 carotid	

artery	if	the	risk	of	perioperative	stroke,	MI,	and	death	is	low	

(38,40–44).	(Level of Evidence: A)	

2.	 It	is	reasonable	to	choose	CEA	over	CAS	when	revascularization	

is	 indicated	 in	older	patients,	particularly	when	arterial	patho-

anatomy	is	unfavorable	for	endovascular	intervention	(39,45–49).	

(Level of Evidence: B)	

3.	 It	is	reasonable	to	choose	CAS	over	CEA	when	revascularization	

is	indicated	in	patients	with	neck	anatomy	unfavorable	for	arte-

rial	surgery	(50–54).§	(Level of Evidence: B)	

4.	 When	 revascularization	 is	 indicated	 for	patients	with	TIA	or	

stroke	 and	 there	 are	 no	 contraindications	 to	 early	 revascu-

larization,	 intervention	within	2	weeks	of	 the	 index	event	 is	

reasonable	 rather	 than	 delaying	 surgery	 (55).	 (Level of 

Evidence: B)	

Class IIb

1.	 Prophylactic	CAS	might	be	considered	in	highly	selected	patients	

with	asymptomatic	carotid	stenosis	(minimum	60%	by	angiogra-

phy,	70%	by	validated	Doppler	ultrasound),	but	its	effectiveness	

compared	with	medical	therapy	alone	in	this	situation	is	not	well	

established	(39).	(Level of Evidence: B)	

2.	 In	symptomatic	or	asymptomatic	patients	at	high	risk	of	compli-

cations	 for	 carotid	 revascularization	 by	 either	 CEA	 or	 CAS	

because	 of	 comorbidities,||	 the	 effectiveness	 of	 revasculariza-

tion	 versus	 medical	 therapy	 alone	 is	 not	 well	 established	

(42,43,47,50–53,56–58).	(Level of Evidence: B)	

*Recommendations for revascularization in this section assume that operators are 
experienced, having successfully performed the procedures in >20 cases with proper 
technique and a low complication rate based on independent neurological evaluation 
before and after each procedure. 

†Nondisabling stroke is defined by a residual deficit associated with a score ≤2 
according to the Modified Rankin Scale. 

‡The degree of stenosis is based on catheter-based or noninvasive vascular imaging 
compared with the distal arterial lumen or velocity measurements by duplex ultra-
sonography. See Section 7 text in the full-text version of the guideline for details. 

§Conditions that produce unfavorable neck anatomy include but are not limited to 
arterial stenosis distal to the second cervical vertebra or proximal (intrathoracic) arte-
rial stenosis, previous ipsilateral CEA, contralateral vocal cord paralysis, open trache-
ostomy, radical surgery, and irradiation.

||Comorbidities that increase the risk of revascularization include but are not lim-
ited to age >80 years, New York Heart Association class III or IV heart failure, left 
ventricular ejection fraction <30%, class III or IV angina pectoris, left main or mul-
tivessel coronary artery disease, need for cardiac surgery within 30 days, MI within 4 
weeks, and severe chronic lung disease. 
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Class III: No Benefit 

1.	 Except	in	extraordinary	circumstances,	carotid	revascularization	

by	either	CEA	or	CAS	is	not	recommended	when	atherosclerosis	

narrows	the	lumen	by	less	than	50%	(37,41,50,56,59).	(Level of 

Evidence: A)	

2.	 Carotid	revascularization	is	not	recommended	for	patients	with	

chronic	 total	occlusion	of	 the	targeted	carotid	artery.	 (Level of 

Evidence: C)	

3.	 Carotid	 revascularization	 is	not	 recommended	 for	patients	

with	 severe	 disability¶	 caused	 by	 cerebral	 infarction		

that	 precludes	 preservation	 of	 useful	 function.	 (Level of 

Evidence: C)

10. Recommendations for Periprocedural 
Management of Patients Undergoing Carotid 
Endarterectomy 

Class I 

1.	 Aspirin	(81	to	325	mg	daily)	 is	recommended	before	CEA	and	

may	be	continued	indefinitely	postoperatively	(24,60).	(Level of 

Evidence: A)	

2.	 Beyond	the	first	month	after	CEA,	aspirin	(75	to	325	mg	daily),	

clopidogrel	(75	mg	daily),	or	the	combination	of	low-dose	aspirin	

plus	extended-release	dipyridamole	(25	and	200	mg	twice	daily,	

respectively)	 should	be	administered	 for	 long-term	prophylaxis	

against	 ischemic	 cardiovascular	 events	 (26,30,61).	 (Level of 

Evidence: B)	

3.	 Administration	of	antihypertensive	medication	is	recommended	

as	needed	to	control	blood	pressure	before	and	after	CEA.	(Level 

of Evidence: C)	

4.	 The	findings	on	clinical	neurological	examination	should	be	doc-

umented	 within	 24	 hours	 before	 and	 after	 CEA.	 (Level of 

Evidence: C)	

Class IIa 

1.	 Patch	angioplasty	can	be	beneficial	 for	closure	of	 the	arteriot-

omy	after	CEA	(62,63).	(Level of Evidence: B)	

2.	 Administration	of	statin	 lipid-lowering	medication	 for	preven-

tion	 of	 ischemic	 events	 is	 reasonable	 for	 patients	who	have	

undergone	 CEA	 irrespective	 of	 serum	 lipid	 levels,	 although		

the	optimum	agent	and	dose	and	the	efficacy	for	prevention		

of	 restenosis	 have	 not	 been	 established	 (64).	 (Level of 

Evidence: B)	

3.	 Noninvasive	imaging	of	the	extracranial	carotid	arteries	is	rea-

sonable	1	month,	6	months,	and	annually	after	CEA	to	assess	

patency	and	exclude	the	development	of	new	or	contralateral	

lesions	 (45,65).	 Once	 stability	 has	 been	 established	 over	 an	

extended	period,	surveillance	at	longer	intervals	may	be	appro-

priate.	 Termination	 of	 surveillance	 is	 reasonable	 when	 the	

patient	 is	 no	 longer	 a	 candidate	 for	 intervention.	 (Level of 

Evidence: C)

11. Recommendations for Management  
of Patients Undergoing Carotid  
Artery Stenting 

Class I

1.	 Before	and	for	a	minimum	of	30	days	after	CAS,	dual-antiplatelet	

therapy	with	aspirin	 (81	to	325	mg	daily)	plus	clopidogrel	 (75	

mg	daily)	is	recommended.	For	patients	intolerant	of	clopidogrel,	

ticlopidine	 (250	mg	 twice	daily)	may	be	 substituted.	 (Level of 

Evidence: C)	

2.	 Administration	of	antihypertensive	medication	is	recommended	

to	 control	 blood	 pressure	 before	 and	 after	 CAS.	 (Level of 

Evidence: C)	

3.	 The	findings	on	clinical	neurological	examination	should	be	doc-

umented	 within	 24	 hours	 before	 and	 after	 CAS.	 (Level of 

Evidence: C)	

Class IIa 

1.		 Embolic	protection	device	(EPD)	deployment	during	CAS	can	be	ben-

eficial	to	reduce	the	risk	of	stroke	when	the	risk	of	vascular	injury	is	

low	(66,67).	(Level of Evidence: C)	

2.		 Noninvasive	imaging	of	the	extracranial	carotid	arteries	is	reason-

able	1	month,	6	months,	and	annually	after	revascularization	to	

assess	patency	and	exclude	the	development	of	new	or	contralat-

eral	 lesions	 (45).	 Once	 stability	 has	 been	 established	 over	 an	

extended	period,	surveillance	at	extended	intervals	may	be	appro-

priate.	Termination	of	surveillance	is	reasonable	when	the	patient	

is	no	longer	a	candidate	for	intervention.	(Level of Evidence: C)

12. Recommendations for Management of 
Patients Experiencing Restenosis After 
Carotid Endarterectomy or Stenting 

Class IIa 

1.	 In	patients	with	 symptomatic	 cerebral	 ischemia	and	 recurrent	

carotid	stenosis	due	to	intimal	hyperplasia	or	atherosclerosis,	it	

is	reasonable	to	repeat	CEA	or	perform	CAS	using	the	same	cri-

teria	 as	 recommended	 for	 initial	 revascularization.	 (Level of 

Evidence: C)	

2.	 Reoperative	CEA	or	CAS	after	initial	revascularization	is	reason-

able	when	duplex	ultrasound	and	another	confirmatory	imaging	

method	 identify	 rapidly	progressive	 restenosis	 that	 indicates	a	

threat	of	complete	occlusion.	(Level of Evidence: C)	

Class IIb 

1.	 In	asymptomatic	patients	who	develop	recurrent	carotid	stenosis	

due	to	intimal	hyperplasia	or	atherosclerosis,	reoperative	CEA	or	

CAS	 may	 be	 considered	 using	 the	 same	 criteria	 as	 recom-

mended	for	initial	revascularization.	(Level of Evidence: C)	

¶In this context, severe disability refers generally to a Modified Rankin Scale of 
≥3, but individual assessment is required, and intervention may be appropriate in 
selected patients with considerable disability when a worse outcome is projected with 
continued medical therapy alone.
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Class III: Harm 

1.	 Reoperative	CEA	or	CAS	should	not	be	performed	in	asymptomatic	

patients	with	 less	 than	70%	carotid	stenosis	 that	has	 remained	

stable	over	time.	(Level of Evidence: C)

13. Recommendations for Vascular Imaging 
in Patients With Vertebral Artery Disease 

Class I 

1.	 Noninvasive	 imaging	by	CTA	or	MRA	 for	detection	of	vertebral	

artery	disease	should	be	part	of	the	initial	evaluation	of	patients	

with	neurological	symptoms	referable	to	the	posterior	circulation	

and	those	with	subclavian	steal	syndrome.	(Level of Evidence: C)	

2.	 Patients	with	asymptomatic	bilateral	carotid	occlusions	or	uni-

lateral	 carotid	 artery	 occlusion	and	 incomplete	 circle	 of	Willis	

should	undergo	noninvasive	 imaging	 for	detection	of	 vertebral	

artery	obstructive	disease.	(Level of Evidence: C)	

3.	 In	patients	whose	symptoms	suggest	posterior	cerebral	or	cere-

bellar	ischemia,	MRA	or	CTA	is	recommended	rather	than	ultra-

sound	imaging	for	evaluation	of	the	vertebral	arteries.	(Level of 

Evidence: C)	

Class IIa 

1.	 In	 patients	 with	 symptoms	 of	 posterior	 cerebral	 or	 cerebellar	

ischemia,	 serial	noninvasive	 imaging	of	 the	extracranial	 verte-

bral	arteries	is	reasonable	to	assess	the	progression	of	athero-

sclerotic	disease	and	exclude	the	development	of	new	lesions.	

(Level of Evidence: C)	

2.	 In	patients	with	posterior	cerebral	or	cerebellar	ischemic	symp-

toms	 who	 may	 be	 candidates	 for	 revascularization,	 catheter-

based	 contrast	 angiography	 can	 be	 useful	 to	 define	 vertebral	

artery	pathoanatomy	when	noninvasive	imaging	fails	to	define	

the	location	or	severity	of	stenosis.	(Level of Evidence: C)	

3.	 In	patients	who	have	undergone	vertebral	artery	 revasculariza-

tion,	 serial	 noninvasive	 imaging	 of	 the	 extracranial	 vertebral	

arteries	 is	 reasonable	 at	 intervals	 similar	 to	 those	 for	 carotid	

revascularization.	(Level of Evidence: C)

14. Recommendations for Management of 
Atherosclerotic Risk Factors in Patients 
With Vertebral Artery Disease 

Class I 

1.	 Medical	therapy	and	lifestyle	modification	to	reduce	atheroscle-

rotic	 risk	 are	 recommended	 in	 patients	 with	 vertebral	 athero-

sclerosis	 according	 to	 the	 standards	 recommended	 for	 those	

with	 extracranial	 carotid	 atherosclerosis	 (15,68).	 (Level of 

Evidence: B)	

2.	 In	the	absence	of	contraindications,	patients	with	atherosclero-

sis	 involving	 the	 vertebral	 arteries	 should	 receive	 antiplatelet	

therapy	with	aspirin	(75	to	325	mg	daily)	to	prevent	MI	and	other	

ischemic	events	(25,69).	(Level of Evidence: B)	

3.	 Antiplatelet	drug	therapy	is	recommended	as	part	of	the	initial	

management	for	patients	who	sustain	 ischemic	stroke	or	TIA	

associated	with	extracranial	vertebral	atherosclerosis.	Aspirin	

(81	to	325	mg	daily),	the	combination	of	aspirin	plus	extended-

release	dipyridamole	(25	and	200	mg	twice	daily,	respectively),	

and	clopidogrel	(75	mg	daily)	are	acceptable	options.	Selection	

of	an	antiplatelet	regimen	should	be	individualized	on	the	basis	

of	patient	risk	factor	profiles,	cost,	tolerance,	and	other	clinical	

characteristics,	as	well	as	guidance	 from	regulatory	agencies	

(14,25–29).	(Level of Evidence: B)	

Class IIa 

1.	 For	 patients	 with	 atherosclerosis	 of	 the	 extracranial	 vertebral	

arteries	in	whom	aspirin	is	contraindicated	by	factors	other	than	

active	 bleeding,	 including	 those	 with	 allergy	 to	 aspirin,	 either	

clopidogrel	(75	mg	daily)	or	ticlopidine	(250	mg	twice	daily)	is	a	

reasonable	alternative.	(Level of Evidence: C)

15. Recommendations for the Management 
of Patients With Occlusive Disease of the 
Subclavian and Brachiocephalic Arteries 

Class IIa 

1.	 Extra-anatomic	carotid-subclavian	bypass	is	reasonable	for	patients	

with	symptomatic	posterior	cerebral	or	cerebellar	ischemia	caused	

by	 subclavian	 artery	 stenosis	 or	 occlusion	 (subclavian	 steal	 syn-

drome)	 in	 the	absence	of	clinical	 factors	predisposing	 to	surgical	

morbidity	or	mortality	(70–72).	(Level of Evidence: B)	

2.	 Percutaneous	endovascular	angioplasty	and	stenting	 is	 reason-

able	for	patients	with	symptomatic	posterior	cerebral	or	cerebel-

lar	 ischemia	 caused	 by	 subclavian	 artery	 stenosis	 (subclavian	

steal	syndrome)	who	are	at	high	risk	of	surgical	complications.	

(Level of Evidence: C)	

3.	 Revascularization	 by	 percutaneous	 angioplasty	 and	 stenting,	

direct	arterial	reconstruction,	or	extra-anatomic	bypass	surgery	

is	reasonable	for	patients	with	symptomatic	ischemia	involving	

the	anterior	cerebral	circulation	caused	by	common	carotid	or	

brachiocephalic	artery	occlusive	disease.	(Level of Evidence: C)	

4.	 Revascularization	 by	 percutaneous	 angioplasty	 and	 stenting,	

direct	arterial	reconstruction,	or	extra-anatomic	bypass	surgery	

is	reasonable	for	patients	with	symptomatic	ischemia	involving	

upper-extremity	claudication	caused	by	subclavian	or	brachioce-

phalic	arterial	occlusive	disease.	(Level of Evidence: C)	

5.	 Revascularization	 by	 either	 extra-anatomic	 bypass	 surgery	 or	

subclavian	angioplasty	and	stenting	is	reasonable	for	asymptom-

atic	patients	with	subclavian	artery	stenosis	when	the	ipsilateral	

internal	mammary	artery	is	required	as	a	conduit	for	myocardial	

revascularization.	(Level of Evidence: C)	

Class III: No Benefit 

1.	 Asymptomatic	 patients	 with	 asymmetrical	 upper-limb	 blood	

pressure,	 periclavicular	 bruit,	 or	 flow	 reversal	 in	 a	 vertebral	

artery	caused	by	subclavian	artery	stenosis	should	not	undergo	

revascularization	unless	the	internal	mammary	artery	is	required	

for	myocardial	revascularization.	(Level of Evidence: C)
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16. Recommendations for Carotid Artery 
Evaluation and Revascularization Before 
Cardiac Surgery 

Class IIa 

1.	 Carotid	duplex	ultrasound	screening	 is	 reasonable	before	elec-

tive	 coronary	 artery	 bypass	 graft	 (CABG)	 surgery	 in	 patients	

older	than	65	years	of	age	and	in	those	with	left	main	coronary	

stenosis,	PAD,	a	history	of	cigarette	smoking,	a	history	of	stroke	

or	TIA,	or	carotid	bruit.	(Level of Evidence: C)	

2.	 Carotid	revascularization	by	CEA	or	CAS	with	embolic	protection	

before	or	concurrent	with	myocardial	revascularization	surgery	is	

reasonable	 in	patients	with	greater	 than	80%	carotid	stenosis	

who	have	experienced	ipsilateral	retinal	or	hemispheric	cerebral	

ischemic	symptoms	within	6	months.	(Level of Evidence: C)	

Class IIb 

1.	 In	patients	with	asymptomatic	carotid	stenosis,	even	if	severe,	

the	safety	and	efficacy	of	carotid	revascularization	before	or	con-

current	 with	 myocardial	 revascularization	 are	 not	 well	 estab-

lished.	(Level of Evidence: C)

17. Recommendations for Management of 
Patients With Fibromuscular Dysplasia of 
the Extracranial Carotid Arteries

Class IIa 

1.	 Annual	noninvasive	imaging	of	the	carotid	arteries	is	reasonable	

initially	for	patients	with	fibromuscular	dysplasia	(FMD)	to	detect	

changes	in	the	extent	or	severity	of	disease,	although	the	effect	

on	outcomes	is	unclear.	Studies	may	be	repeated	less	frequently	

once	stability	has	been	confirmed.	(Level of Evidence: C)	

2.	 Administration	of	platelet-inhibitor	medication	can	be	beneficial	

in	patients	with	FMD	of	the	carotid	arteries	to	prevent	thrombo-

embolism,	but	the	optimum	drug	and	dosing	regimen	have	not	

been	established.	(Level of Evidence: C)	

3.	 Carotid	 angioplasty	 with	 or	 without	 stenting	 is	 reasonable	 for	

patients	with	retinal	or	hemispheric	cerebral	ischemic	symptoms	

related	 to	FMD	of	 the	 ipsilateral	carotid	artery,	but	comparative	

data	addressing	these	methods	of	revascularization	are	not	avail-

able.	(Level of Evidence: C)	

Class III: No Benefit 

1.	 Revascularization	is	not	recommended	for	patients	with	asymp-

tomatic	 FMD	 of	 a	 carotid	 artery,	 regardless	 of	 the	 severity	 of	

stenosis.	(Level of Evidence: C)

18. Recommendations for Management of 
Patients With Cervical Artery Dissection

Class I 

1.	 Contrast-enhanced	CTA,	MRA,	and	catheter-based	contrast	angi-

ography	 are	 useful	 for	 diagnosis	 of	 cervical	 artery	 dissection.	

(Level of Evidence: C)	

Class IIa 

1.	 For	patients	with	symptomatic	cervical	artery	dissection,	antico-

agulation	with	intravenous	heparin	(dose-adjusted	to	prolong	the	

partial	thromboplastin	time	to	1.5	to	2.0	times	the	control	value)	

followed	by	warfarin	 (dose-adjusted	 to	achieve	a	 target	 INR	of	

2.5	 [range	 2.0	 to	 3.0]),	 low-molecular-weight	 heparin	 (in	 the	

dose	recommended	for	treatment	of	venous	thromboembolism	

with	the	selected	agent)	followed	by	warfarin	(dose-adjusted	to	

achieve	a	target	INR	of	2.5	[range	2.0	to	3.0]),	or	oral	anticoagu-

lation	without	antecedent	heparin	can	be	beneficial	 for	3	to	6	

months,	followed	by	antiplatelet	therapy	with	aspirin	(81	to	325	

mg	daily)	or	clopidogrel	(75	mg	daily).	(Level of Evidence: C)	

Class IIb 

1.	 Carotid	 angioplasty	 and	 stenting	 might	 be	 considered	 when	

ischemic	neurological	 symptoms	have	not	 responded	 to	anti-

thrombotic	 therapy	 after	 acute	 carotid	 dissection.	 (Level of 

Evidence: C)	

2.	 The	safety	and	effectiveness	of	pharmacological	therapy	with	a	

beta-adrenergic	antagonist,	angiotensin	inhibitor,	or	nondihydro-

pyridine	calcium	channel	antagonist	(verapamil	or	diltiazem)	to	

lower	blood	pressure	 to	 the	normal	 range	and	 reduce	arterial	

wall	stress	are	not	well	established.	(Level of Evidence: C)

19. Cerebrovascular Arterial Anatomy 

The anatomy of the aortic arch and cervical arteries that 
supply the brain is subject to considerable variation (73). 
Three aortic arch morphologies are distinguished on the 
basis of the relationship of the brachiocephalic (innomi-
nate) arterial trunk to the aortic arch (Figure 1). 

Extracranial cerebrovascular disease encompasses sev-
eral disorders that affect the arteries that supply the brain 
and is an important cause of stroke and transient cerebral 
ischemic attack. The most frequent cause is atherosclero-
sis, but other causes include FMD, cystic medial necrosis, 
arteritis, and dissection. Atherosclerosis is a systemic dis-
ease, and patients with ECVD typically face an escalated 
risk of other adverse cardiovascular events, including MI, 
PAD, and death. To improve survival, neurological and 
functional outcomes, and quality of life, preventive and 
therapeutic strategies must address both cerebral and sys-
temic risk.

19.1. Epidemiology of Extracranial Cerebrovascular 
Disease and Stroke 

Stroke is the third-leading cause of death in industrialized 
nations, the most frequent neurological diagnosis requiring 
hospitalization (75), and a leading cause of long-term  
disability (76). Extracranial cerebrovascular disease is an 
important cause of stroke and transient cerebral ischemic 
attack. The most frequent cause is atherosclerosis; others 
include FMD, cystic medial necrosis, arteritis, and dissec-
tion. Patients with atherosclerotic ECVD face an escalated 
risk of MI, PAD, and death. Clinical strategies must there-
fore address both cerebral and systemic risk.
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20. Atherosclerotic Disease of the 
Extracranial Carotid and Vertebral Arteries 

Stroke and transient cerebrovascular ischemia may arise  
as a consequence of several mechanisms that originate in 
atherosclerotic extracranial cerebral arteries, including  
1) embolism of thrombus formed on an atherosclerotic 
plaque, 2) atheroembolism, 3) thrombotic occlusion result-
ing from plaque rupture, 4) dissection or subintimal hema-
toma, and 5) reduced perfusion resulting from stenotic  
or occlusive plaque. 

Screening to identify people with asymptomatic carotid 
stenosis has not been shown to reduce the risk of stroke, 
so there is no consensus on which patients should undergo 
tests for detection of carotid disease. Auscultation for cer-
vical bruits is part of the physical examination of adults, 
but a bruit correlates better with systemic atherosclerosis 
than with significant carotid stenosis (77). Because carotid 
ultrasonography is widely available and is associated with 

negligible risk and discomfort, the issue is appropriate 
resource utilization. Recommendations favor the targeted 
screening of patients at greatest risk. 

Many patients with carotid stenosis face a greater risk 
of death due to MI than to stroke (78,79). The IMT of 
the carotid artery wall measured by carotid ultrasound is 
a marker of systemic atherosclerosis and risk for coronary 
events and stroke (80,81). Measurement of carotid IMT 
may enhance cardiovascular risk assessment but has not 
become a routine element of carotid ultrasound examina-
tions in the United States (82,83).

21. Clinical Presentation 

There is a correlation between the degree of stenosis in 
both symptomatic (37) and asymptomatic (84,85) patients, 
although absolute rates depend on the aggressiveness of 
medical and interventional therapy. In NASCET (North 

Figure 1. Aortic Arch Types

Panel A. The most common aortic arch branching pattern found in humans has separate origins for the innominate, left common carotid, and left subclavian arteries. Panel B. The second 
most common pattern of human aortic arch branching has a common origin for the innominate and left common carotid arteries. This pattern has erroneously been referred to as a “bovine 
arch.” Panel C. In this variant of aortic arch branching, the left common carotid artery originates separately from the innominate artery. This pattern has also been erroneously referred 
to as a “bovine arch.” Panel D. The aortic arch branching pattern found in cattle has a single brachiocephalic trunk originating from the aortic arch that eventually splits into the bilateral 
subclavian arteries and a bicarotid trunk. A indicates artery. Reprinted with permission from Layton et al. (74).
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American Symptomatic Carotid Endarterectomy Trial), 
patients with >70% stenosis had a stroke rate of 24% after 
18 months, and those with 50% to 69% stenosis had a 
stroke rate of 22% over 5 years (86). The incidence of stroke 
in asymptomatic patients with carotid stenosis in various 
studies is summarized in Table 2.

Because the correlation between severity of stenosis 
and ischemic events is imperfect, other characteristics have 
been explored as potential markers of plaque vulnerability 
and stroke risk. Molecular and cellular processes respon-
sible for plaque composition (94–96) may be more impor-
tant than the degree of stenosis in determining the risk of 

Table 2. Event Rates in Patients With Carotid Artery Stenosis Managed Without Revascularization

Study 
(Reference)

No. of 
Patients

Symptom 
Status Stenosis, % Follow-Up Medication Therapy Endpoint

Event Rate Over  
Study Period (%) 

Observational studies 
Hertzer		

et	al.	(87)
290 Asymptomatic ≥50 33–38	mo Aspirin	or	dipyridamole	

(n=104);	or	
anticoagulation	with	
warfarin	(n=9);	or	no	
medical	treatment	
(n=82)

Death	
TIA
Stroke

22.0,	or	7.33	annualized
8.21,	or	2.74	annualized
9.23,	or	3.1	annualized	

Spence		
et	al.	(88)

168 Asymptomatic ≥60 ≥12	mo Multiple,	including	
antiplatelet,	statins,	
exercise,	Mediterranean	
diet,	ACE	inhibitors

Stroke 3.8,	or	1.3	annualized	

Marquardt		
et	al.	(89)

1,153 Asymptomatic ≥50 Mean	3	y Multiple,	including	
antiplatelet,	
anticoagulation,	statin,	
antihypertensive	drugs

Ipsilateral	stroke 0.34	(95%	CI	0.01	to	
1.87)	average	annual	
event	rate	

Abbott	et	al.	
(90)

202 Asymptomatic 60–90 Mean	34	mo Multiple,	including	
antiplatelet,	warfarin,	
antihypertensive	drugs,	
cholesterol-lowering	
therapy

Ipsilateral	
stroke	or	TIA;	
ipsilateral	
carotid	
hemispheric	
stroke

Ipsilateral	stroke	or	TIA	or	
retinal	event:	3.1	(95%	
CI	0.7	to	5.5)	average	
annual	rate;

Ipsilateral	carotid	
hemispheric	stroke:	
1.0	(95%	CI	0.4	to	2.4)	
average	annual	rate	

Goessens		
et	al.	(91)

2,684 Asymptomatic ≥50 Mean	3.6	y		
(SD	2.3)

Multiple,	including	
antiplatelet,	
antihypertensive	drugs,	
lipid-lowering	agents,	
ACE	inhibitors,	and/
or	AIIA

Ischemic	stroke;	
death

Death:	9.0	or	2.5	
annualized;	ischemic	
stroke:	2.0	or	0.54	
annualized	

Randomized trial cohorts 
ECST	(36) 3,024 Symptomatic ≥80 3	y No	surgery	within	1	y	or	

delay	of	surgery
Major	stroke	or	

death
26.5	over	3	y	or	

annualized	8.83%	for	
1	y*	

	NASCET	(86) 659 Symptomatic ≥70 2	y Aspirin Ipsilateral	stroke 26.0	over	2	y	or	
annualized	13.0	for	
1	y†

VA	309	(92) 189 Symptomatic >50 1	y Aspirin Ipsilateral	stroke	
or	TIA	or	
surgical	death

19.4	over	11.9~12	mo	

NASCET	(35) 858 Symptomatic 50–69 5	y Antiplatelet	(usually	
aspirin)

Ipsilateral	stroke 22.2	over	5	y	or	
annualized	4.44	for	
1	y‡

NASCET	(35) 1,368 Symptomatic ≤50 5	y Antiplatelet	(usually	
aspirin)

Ipsilateral	stroke 18.7	over	5	y	or	
annualized	3.74	for	
1	y‡

ACAS	(41) 1,662 Asymptomatic >60 5	y Aspirin Ipsilateral	stroke,	
surgical	death

11.0	over	5	y	or	
annualized	2.2	for	1	y§	

ACST	(93) 3,120 Asymptomatic ≥60 5	y Indefinite	deferral	of	any	
CEA

Any	stroke 11.8	over	5	y	or	
annualized	2.36	for	
1	y§	

VA	(40) 444 Asymptomatic ≥50 4	y Aspirin Ipsilateral	stroke 9.4	over	4	y	or	annualized	
2.35	over	1	y	

*Frequency based on Kaplan-Meier. †Risk event rate based on Kaplan-Meier. ‡Failure rate based on Kaplan-Meier. §Risk rate based on Kaplan-Meier. 
AIIA indicates angiotensin II antagonist; ACAS, Asymptomatic Carotid Atherosclerosis Study; ACE, angiotensin-converting enzyme; ACST, Asymptomatic Carotid Surgery Trial; CEA, 

carotid endarterectomy; CI, confidence interval; ECST, European Carotid Surgery Trial; n, number; N/A, not applicable; NASCET, North American Symptomatic Carotid Endarterectomy Trial; 
SD, standard deviation; TIA, transient ischemic attack; VA 309, Veterans Affairs Cooperative Studies Program 309; and VA, Veterans Affairs Cooperative Study Group.Modified from Bates  
et al. (56). 
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stroke, but the severity of stenosis forms the basis for most 
clinical decision making.

22. Clinical Assessment of Patients With 
Focal Cerebral Ischemic Symptoms 

Acute management of patients with focal ischemic neuro-
logical symptoms should follow guidelines for stroke care 
(2). After diagnosis, stabilization of the patient, and initial 
therapy, evaluation is directed toward establishing the cause 
and pathophysiology of the event (2,4,97,98) and toward 
risk stratification. 

The risk of stroke in patients with TIA is as high as 
13% in the first 90 days and up to 30% within 5 years (99–
106). In patients with ischemia in the territory of a stenotic 
carotid artery, CEA within the first 2 weeks reduces the 
risk of stroke (35,93), but the benefit of surgery diminishes 
with time after the initial event (107). 

Transient monocular blindness (amaurosis fugax) is 
caused by temporary reduction of blood flow to an eye 
(108). The most common cause is atherosclerosis of the 
ipsilateral internal carotid artery, but other causes include 
carotid artery stenosis, occlusion, dissection, arteritis, radi-
ation-induced arteriopathy, embolism, hypotension, intra-
cranial hypertension, glaucoma, migraine, and vasospastic 
or occlusive disease of the ophthalmic artery. The risk of 
subsequent stroke is related to the presence of other risk 
factors such as hypertension, hypercholesterolemia, diabe-
tes, and cigarette smoking (109–111). 

Intracranial arterial stenosis may be caused by athero-
sclerosis, intimal fibroplasia, vasculitis, adventitial cysts, or 
vascular tumors; intracranial arterial occlusion may develop 
on the basis of thrombosis or embolism arising from the 
cardiac chambers, heart valves, aorta, proximal atheroma-
tous disease of the carotid or vertebral arteries, or paradoxi-
cal embolism involving a defect in cardiac septation or other 
right-to-left circulatory shunt. Evaluation of the intracra-
nial vasculature may be important in patients with ECVD 
to exclude tandem lesions. Brief, stereotyped, repetitive 
symptoms suggestive of transient cerebral dysfunction raise 
the possibility of partial seizure, whereas nonfocal neuro-
logical events, including transient global amnesia, acute 
confusion, syncope, isolated vertigo, nonrotational diz-
ziness, bilateral weakness, and paresthesia, are not clearly 
attributable to ECVD. A small proportion of patients 
with severe carotid stenosis present with memory, speech, 
or hearing difficulty. When symptoms are purely sensory, 
radiculopathy, neuropathy, microvascular cerebral or spinal 
pathology, and lacunar stroke should be considered.

23. Diagnosis and Testing 

The severity of stenosis defined according to angiographic 
criteria by the method used in NASCET (37) corresponds 
to assessment by sonography (112), CTA, and MRA, 
although some methods may overestimate stenosis sever-
ity. Catheter-based angiography may be necessary to 
resolve discordance between noninvasive imaging findings. 

Indications for carotid sonography include cervical bruit in 
asymptomatic patients, follow-up of known stenosis (>20%) 
in asymptomatic individuals, vascular assessment in patients 
with multiple risk factors for atherosclerosis, stroke risk 
assessment in patients with coronary or PAD, amaurosis 
fugax, hemispheric TIA, stroke in candidates for carotid 
revascularization, follow-up after carotid revasculariza-
tion, and intraoperative assessment during CEA or CAS. 
Because quality differs from one institution to another, no 
single modality can be recommended as uniformly superior. 

Duplex ultrasound does not directly measure the diam-
eter of the stenotic lesion; instead, blood flow velocity is an 
indicator of severity (Figure 2). The peak systolic velocity in 
the internal carotid artery and the ratio of the peak systolic 
velocity in the internal carotid artery to that in the ipsilat-
eral common carotid artery correlate with angiographically 
determined stenosis. 

Typically, 2 categories of internal CAS severity are 
defined by ultrasound, one (50% to 69% stenosis) that rep-
resents the inflection point at which flow velocity acceler-
ates above normal because of atherosclerotic plaque and 
the other (70% to 99% stenosis) representing more severe 
nonocclusive disease. Subtotal arterial occlusion may some-
times be mistaken for total occlusion, and it is sometimes 
difficult to distinguish 70% stenosis from less severe steno-
sis, which supports the use of corroborating vascular imag-
ing methods in equivocal cases. 

MRA can provide accurate anatomic imaging of the aor-
tic arch and the cervical and cerebral arteries (114) and may 
be used to plan revascularization without exposure to ion-
izing radiation. Among the strengths of MRA relative to 
carotid ultrasound and CTA is its relative insensitivity to 
arterial calcification. Pitfalls include overestimation of ste-
nosis, inability to discriminate between subtotal and com-
plete arterial occlusion, and inability to examine patients 
who have claustrophobia, extreme obesity, or incompatible 
implanted devices. Gadolinium-based compounds used as 
magnetic resonance contrast agents are associated with a 

Figure 2. Peak Systolic Flow Velocity as a Measure 
of Internal Carotid Stenosis

The relationship between peak systolic flow velocity in the internal carotid artery and the 
severity of stenosis as measured by contrast angiography is illustrated. Note the consider-
able overlap between adjacent categories of stenosis. Error bars indicate ±1 standard 
deviation about the mean values. Reprinted with permission from Grant et al. (113).
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lower incidence of nephrotoxicity and allergic reactions than 
the iodinated radiographic contrast materials used for CTA 
and conventional angiography, but exposure of patients with 
preexisting renal dysfunction to high doses of gadolinium-
based contrast agents in conjunction with MRA has been 
associated with nephrogenic systemic fibrosis (115). 

CTA provides direct imaging of the arterial lumen suit-
able for evaluation of stenosis and compares favorably with 
catheter angiography for evaluation of patients with ECVD. 
The need for iodinated contrast media restricts application 
of CTA to patients with adequate renal function. As with 
sonography, heavily calcified lesions are difficult to assess 
for severity of stenosis, and the differentiation of subtotal 
from complete arterial occlusion can be problematic (116). 
Metallic implants or surgical clips in the neck may obscure 
the cervical arteries. Obese or moving patients are difficult 
to scan accurately, but pacemakers and defibrillators are not 
impediments to CTA. 

Conventional digital angiography is the standard 
against which other methods of vascular imaging are com-
pared in patients with ECVD. There are several methods 
for measuring stenosis in the internal carotid arteries that 
yield markedly different measurements in vessels with the 
same degree of anatomic narrowing (Figure 3), but the 
method used in NASCET has been used in most clini-
cal trials. It is essential to specify the methodology used 
both in the evaluation of individual patients with ECVD 
and in assessment of the accuracy of noninvasive imaging 
techniques. Among the impediments to angiography as a 
screening modality are its costs and associated risks. The 
most feared complication is stroke, the incidence of which 
is <1% when the procedure is performed by experienced 
physicians (118–125). Angiography may be the preferred 
method for evaluation when obesity, renal dysfunction, or 
indwelling ferromagnetic material renders CTA or MRA 

technically inadequate or impossible and is appropriate 
when noninvasive imaging produces conflicting results. In 
practice, however, catheter-based angiography is unneces-
sary for diagnostic evaluation of most patients with ECVD 
and is used increasingly as a therapeutic revascularization 
maneuver in conjunction with CAS.

24. Medical Therapy for Patients With 
Atherosclerotic Disease of the Extracranial 
Carotid or Vertebral Arteries

24.1. Risk Factor Management 

Risk factors associated with ECVD, such as cigarette smok-
ing, hypercholesterolemia, diabetes, and hypertension, are 
the same as for atherosclerosis elsewhere, although differ-
ences exist in their relative contribution to risk in the vari-
ous vascular beds. There is a clear relationship between 
blood pressure and stroke risk (126–128), and antihyper-
tensive therapy reduces this risk (6). The type of therapy 
appears less important than the response (6). Epidemio-
logical studies, including ARIC (Atherosclerosis Risk in 
Communities) (129), the Cardiovascular Health Study 
(130), the Framingham Heart Study (131), and MESA 
(Multi-Ethnic Study of Atherosclerosis) (132), among oth-
ers, found an association between hypertension and carotid 
atherosclerosis (129,130,132–134). In patients who had 
experienced ischemic stroke, a combination of the angio-
tensin-converting enzyme inhibitor perindopril and a 
diuretic (indapamide) reduced the risk of recurrent isch-
emic events among 6,105 participants randomized in the 
PROGRESS (Preventing Strokes by Lowering Blood 
Pressure in Patients With Cerebral Ischemia) trial (relative 
risk reduction 28%, 95% confidence interval 17% to 38%; 
p<0.0001) (5). The protective value of blood pressure low-
ering extends even to patients without hypertension, as 
demonstrated in the HOPE (Heart Outcomes Protection 
Evaluation) trial (135). In symptomatic patients with severe 
carotid artery stenosis, however, it is not known whether 
antihypertensive therapy is beneficial or confers harm by 
reducing cerebral perfusion. 

Smoking increases the relative risk of ischemic stroke by 
25% to 50% (9–12,136–138). Stroke risk decreases substan-
tially within 5 years in those who quit smoking compared 
with continuing smokers (10,12). 

In the Framingham Heart Study, the relative risk of 
carotid artery stenosis >25% was approximately 1.1 for 
every 10-mg/dL increase in total cholesterol (131). In the 
MESA study, carotid plaque lipid core detected by MRI 
was strongly associated with total cholesterol (139). Lipid-
lowering therapy with statins reduces the risk of stroke 
in patients with atherosclerosis (140). In the randomized 
SPARCL (Stroke Prevention by Aggressive Reduction in 
Cholesterol Levels) trial, atorvastatin (80 mg daily) reduced 
the absolute risk of stroke at 5 years by 2.2%, the RR of 
all stroke by 16%, and the RR of ischemic stroke by 22% 
among patients with recent stroke or TIA (13). In the 
Heart Protection Study, there was a 50% reduction in CEA 

Figure 3. Angiographic Methods for Determining 
Carotid Stenosis Severity

ECST indicates European Carotid Surgery Trial; and NASCET, North American Symptomatic 
Carotid Endarterectomy Trial. Reprinted with permission from Osborn (117).
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in patients randomized to statin therapy (141). It is less 
clear whether lipid-modifying therapies other than high-
dose statins reduce the risk of ischemic stroke or the sever-
ity of carotid artery disease. 

The risk of ischemic stroke in patients with diabetes 
mellitus is increased 2- to 5-fold (142–144). In the United 
Kingdom Prospective Diabetes Study, intensive treatment 
of blood glucose compared with conventional management 
did not affect the risk of stroke in patients with type 2 dia-
betes mellitus (145). In the ACCORD (Action to Control 
Cardiovascular Risk in Diabetes) (20) and ADVANCE 
(Action in Diabetes and Vascular Disease: Preterax and 
Diamicron MR Controlled Evaluation) (21) trials, inten-
sive treatment to achieve glycosylated hemoglobin levels 
<6.0% and <6.5%, respectively, did not reduce the risk of 
stroke in patients with type 2 diabetes mellitus compared 
with conventional treatment. In patients with type 1 dia-
betes mellitus, intensive insulin treatment reduced rates 
of nonfatal MI, stroke, and death caused by cardiovascu-
lar disease by 57% during the long-term follow-up phase 
of DCCT (Diabetes Control and Complications Trial/
EDIC) study, but the absolute risk reduction was less than 
1% during 17 years of follow-up (146). These observations 
suggest that it would be necessary to treat 700 patients for 
17 years to prevent cardiovascular events in 19 patients; the 
number needed to treat per year to prevent a single event 
equals 626, a relatively low return on effort for prevention 
of stroke (146). 

At least as important as treatment of hyperglycemia 
in patients with diabetes is aggressive control of other 
modifiable risk factors. In the UK-TIA (United Kingdom 
Transient Ischemic Attack) trial, treatment of hypertension 
was more useful than glucose control in reducing the rate 
of recurrent stroke (147). In patients with type 2 diabetes 
mellitus who had normal serum levels of LDL-cholesterol, 
administration of 10 mg of atorvastatin daily was safe and 
effective in reducing the risk of cardiovascular events by 
37% and of stroke by 48% (22). Administration of a statin 
in diabetic patients may be beneficial even when serum 
lipid levels are not elevated. Other agents, such as those 
of the fibrate class, do not appear to offer similar benefit 
(148,149). 

Hyperhomocysteinemia increases the risk of stroke. Meta-
analysis of 30 studies comprising more than 16,000 patients 
found a 25% difference in plasma homocysteine concentra-
tion, which corresponded to approximately 3 micromoles 
per liter, to be associated with a 19% difference in stroke 
risk (25). Studies of patients with established vascular dis-
ease, however, have not confirmed a benefit of homocysteine 
lowering by B-complex vitamin therapy on cardiovascular 
outcomes, including stroke. The writing committee consid-
ers the evidence insufficient to justify a recommendation for 
or against routine therapeutic use of vitamin supplements in 
patients with ECVD. 

The metabolic syndrome (defined by the World Health 
Organization and the National Cholesterol Education 
Program on the basis of blood glucose, hypertension, dys-
lipidemia, body mass index, waist/hip ratio, and urinary 
albumin excretion) is associated with carotid atherosclerosis 

after adjustment for other risk factors (150–159). This rela-
tionship to carotid atherosclerosis is strengthened in propor-
tion to the number of components of metabolic syndrome 
(p<0.001) (160–162) but appears strongest for hypertension 
(152,155,156,161,163,164). Abdominal adiposity bears a 
graded association with the risk of stroke and TIA indepen-
dent of other vascular disease risk factors (165). 

Physical inactivity is a well-documented, modifiable 
risk factor for stroke, but the risk reduction associated with 
treatment is unknown. It is unclear whether exercise alone 
is beneficial with respect to stroke risk in the absence of 
effects on other risk factors, such as reduction of obesity and 
improvements in serum lipid values and glycemic control.

24.2. Antithrombotic Therapy 

Antiplatelet drugs reduce the risk of stroke in patients with 
TIA or previous stroke (25) (Table 3). In the Veterans 
Affairs Cooperative Study (40) and ACAS (Asymptomatic 
Carotid Atherosclerosis Study) (41), stroke rates were 
approximately 2% per year in groups treated with aspirin 
alone (40,41,166). No controlled studies of stroke have 
shown superior results with antiplatelet agents other than 
aspirin in patients with asymptomatic ECVD. 

WARSS (Warfarin-Aspirin Recurrent Stroke Study) 
compared aspirin and warfarin for stroke prevention in 
patients with recent stroke (30). In the subgroup with severe 
large-artery stenosis or occlusion (259 patients), including 
ECVD, there was no benefit of warfarin over aspirin after 
2 years, but patients with carotid stenosis sufficiently severe 
to warrant surgical intervention were excluded. 

The combination of clopidogrel and aspirin did not 
reduce stroke risk compared with either treatment alone 

Table 3. American Heart Association/American 
Stroke Association Guidelines for Antithrombotic 
Therapy in Patients With Ischemic Stroke of 
Noncardioembolic Origin (Secondary Prevention)

Guideline

Classification of 
Recommendation, 
Level of Evidence* 

Antiplatelet	agents	recommended	over	oral	
anticoagulants

I,	A	

For	initial	treatment,	aspirin	(50–325	mg/d),†	the	
combination	of	aspirin	and	extended-release	
dipyridamole,	or	clopidogrel

I,	A	

Combination	of	aspirin	and	extended-release	
dipyridamole	recommended	over	aspirin	alone

I,	B	

Clopidogrel	may	be	considered	instead	of	aspirin	
alone

IIb,	B	

For	patients	hypersensitive	to	aspirin,	clopidogrel	is	
a	reasonable	choice

IIa,	B	

Addition	of	aspirin	to	clopidogrel	increases	risk	of	
hemorrhage

III,	A	

*Recommendation: I indicates treatment is useful and effective; IIa, conflicting evidence or 
divergence of opinion regarding treatment usefulness and effectiveness; IIb, usefulness/
efficacy of treatment is less well established; and III, treatment is not useful or effective. 
Level of Evidence: A indicates data from randomized clinical trials; and B, data from a 
single randomized clinical trial or nonrandomized studies. †Insufficient data are available 
to make evidence-based recommendations about antiplatelet agents other than aspirin. 

Modified with permission from Sacco et al. (4). 
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in the MATCH (Management of Atherothrombosis with 
Clopidogrel in High-Risk Patients) and CHARISMA 
(Clopidogrel for High Atherothrombotic Risk and Ischemic 
Stabilization, Management, and Avoidance) trials (27,61); 
however, in ESPS-2 (Second European Stroke Prevention 
Study), the combination of aspirin plus dipyridamole was 
superior to aspirin alone in patients with prior TIA or 
stroke (28). Outcomes in a subgroup defined on the basis 
of ECVD were not reported. The PROFESS (Prevention 
Regimen for Effectively Avoiding Second Strokes) trial 
directly compared the combination of dipyridamole plus 
aspirin versus clopidogrel (29) in 20,332 patients with prior 
stroke. Over a mean of 2.5 years, recurrent stroke occurred 
in 9% of patients in the aspirin-plus-dipyridamole group 
and in 8.8% of those assigned to clopidogrel (HR 1.01, 95% 
CI 0.92 to 1.11). Neither treatment was superior for pre-
vention of recurrent stroke, and the risk of the composite 
outcome of stroke, MI, or vascular death was identical in 
the 2 treatment groups (13.1%). Major hemorrhagic events, 
including intracranial hemorrhage, were more common in 
patients assigned to dipyridamole plus aspirin (4.1% versus 
3.6%). Variations in response to clopidogrel based on genetic 
factors and drug interactions make individualized treatment 
selection appropriate for optimum stroke prophylaxis.

24.3. Carotid Endarterectomy

24.3.1. Symptomatic Patients 

The NASCET (1991) tested the hypothesis that symp-
tomatic patients with either TIA or mild stroke and 30% to 
99% ipsilateral carotid stenosis would have fewer strokes 
after CEA and medical management than those given 
medical therapy (including aspirin) alone (37). Randomi-
zation was stratified according to stenosis severity (Figure 
3). The trial was stopped after 18 months of follow-up for 
patients with 70% to 99% stenosis because of a significant 
benefit with CEA (cumulative ipsilateral stroke risk, 
including perioperative stroke, was 9% at 2 years for the 
CEA group versus 26% with medical therapy alone) (37). 
Over 5 years, the rate of ipsilateral stroke, including periop-
erative events, was 15.7% with CEA compared with 22% 
for medically managed patients (35,37,86,167). 

The ECST (European Carotid Surgery Trial), which 
was nearly concurrent with NASCET, randomized  
2518 patients with stenosis using a different method 
of measurement whereby the minimal residual lumen 
through the zone of stenosis was compared with the esti-
mated diameter of the carotid bulb rather than the dis-
tal internal carotid artery (Figure 3). The study found a 
benefit of CEA for patients with 70% to 99% stenosis 
but no benefit in those with milder stenosis. When the 
angiograms of ECST participants were analyzed accord-
ing to the method used in NASCET, no benefit for sur-
gical treatment over medical treatment was found for 
those with 50% to 69% stenosis, but for those with higher 
degrees of stenosis, CEA had a similar benefit for symp-
tomatic patients across both trials and for both men and 
women (168). With the exception of patients with chronic 
carotid occlusion, surgery was beneficial when the degree 

of stenosis was >50% as measured by the technique used in 
NASCET (37) and most effective in patients with >70% 
carotid stenosis (169). When fatal or disabling ipsilateral 
ischemic stroke, perioperative stroke, and death were con-
sidered together, the benefit of surgery was evident only in 
patients with 80% to 99% stenosis.

24.3.2. Asymptomatic Patients 

A U.S. Veterans Affairs trial of CEA in asymptomatic 
patients found 30-day mortality of 1.9% in those assigned 
to CEA; the incidence of stroke was 2.4%, for a combined 
rate of 4.3%. By 5 years, differences in outcomes reached 
statistical significance, with a 10% rate of adverse events in 
the surgical group versus 20% in the group given medical 
therapy alone. ACAS tested the hypothesis that CEA plus 
aspirin and risk factor control (albeit limited by modern 
standards) would reduce the rate of stroke and death com-
pared with aspirin and risk factor control without surgery. 
The trial was stopped after randomization of 1,662 patients 
when an advantage to CEA became apparent among 
patients with >60% stenosis as measured by the method 
used in NASCET. (Projected 5-year rates of ipsilateral 
stroke, perioperative stroke, and death were 5.1% for surgi-
cal patients and 11% for patients treated medically.) ACST 
randomized 3,120 asymptomatic patients with carotid ste-
nosis to immediate versus delayed CEA (85) and found a 
3.1% 30-day risk of stroke or death in either group, includ-
ing perioperative events. Five-year rates were 6.4% for the 
early-surgery group versus 11.7% for the group initially 
managed medically. A summary of outcomes of random-
ized trials of CEA in asymptomatic patients is given in 
Table 4. The benefit of surgery today may be less than in 
the early trials, and the 3% complication rate should be 
interpreted in the context of advances in medical therapy. 

The risks associated with CEA involve neurological 
complications, hypertension, hypotension, hemorrhage, 
acute arterial occlusion, stroke, MI, venous thromboembo-
lism, cranial nerve palsy, infection, arterial restenosis, and 
death (173). Risk is related mainly to the patient’s preop-
erative clinical status. Symptomatic patients have a higher 
risk than asymptomatic patients (OR 1.62; p<0.0001), as 
do those with hemispheric versus retinal symptoms (OR 
2.31; p<0.001), urgent versus nonurgent operation (OR 4.9; 
p<0.001), and reoperation versus primary surgery (OR 1.95; 
p<0.018) (174–176). Other rate and relative risk data for 
perioperative stroke or death after CEA are listed in Table 5. 

Results of a meta-analysis of nearly 16,000 symptomatic 
patients undergoing CEA (38) suggest a 3-fold increase in 
reported events when independent adjudication is used and 
support a policy of evaluation by a neurologist for patients 
undergoing CEA. Other than stroke, neurological compli-
cations include intracerebral hemorrhage, which may occur 
as a consequence of the hyperperfusion syndrome despite 
control of blood pressure. Cardiovascular instability has been 
reported in 20% of patients undergoing CEA, with hyper-
tension reported in 20%, hypotension in 5%, and periopera-
tive MI in 1%. The risk of cardiopulmonary complications is 
related to advanced age, New York Heart Association Class 
II or IV heart failure, active angina pectoris, left main or 

 at UNIV OF MICHIGAN on August 18, 2012vmj.sagepub.comDownloaded from 

http://vmj.sagepub.com/


Brott	TG	et	al.	 53

Table 4. Comparative Utility of Various Management Strategies for Patients With Carotid Stenosis in 
Clinical Trials

No. of Patients Events, %

Trial, Year 
(Reference) Patient Population Intervention Comparator

Treatment 
Group

Comparator 
Group

Treatment 
Group

Comparator 
Group

Event Used to 
Calculate NNT ARR, % NNT*

Symptomatic CEA 

NASCET	(1991)	
(86)

Symptomatic,	70%	
to	99%	stenosis

CEA Medical	
therapy

328 321 9 26 Ipsilateral	stroke 17.00 	 12	

ECST	(2003)	
(170)

Symptomatic,	70%	
to	99%	stenosis

CEA Medical	
therapy

Not	
reported

Not	
reported

Not	
reported

Not		
reported

Ipsilateral	
ischemic	stroke	
and	surgical	
stroke	or	death;	
ARR	provided	in	
study

18.70 	 27	

ECST	(2003)	
(170)

Symptomatic,	70%	
to	99%	stenosis

CEA Medical	
therapy

429 850 6.80 N/A Stroke	or	surgical	
death;	ARR	
provided	in	
study

21.20 	 24	

NASCET	(1998)	
(35)

Symptomatic,	50%	
to	69%	stenosis

CEA Medical	
therapy

430 428 15.70 22.20 Ipsilateral	stroke 	 6.50 	 77	

ECST	(2003)	
(170)

Symptomatic,	50%	
to	69%	stenosis

CEA Medical	
therapy

Not	
reported

Not	
reported

Not	
reported

Not		
reported

Ipsilateral	
ischemic	stroke	
and	surgical	
stroke	or	death;	
ARR	provided	in	
study

	 2.90 173	

ECST	(2003)	
(170)

Symptomatic,	50%	
to	69%	stenosis

CEA Medical	
therapy

646 	 850 10.00 N/A All	stroke	or	
surgical	death;	
ARR	provided	in	
study

	 5.70 88	

Asymptomatic CEA 

ACAS	(1995)	
(41)

Asymptomatic CEA Medical	
therapy

	 825 	 834 	 5.10 11 Ipsilateral	
stroke	and	
periprocedural	
stroke	or	death

6 84	

ACAS	(1995)	
(41)

Asymptomatic CEA Medical	
therapy

	 825 	 834 13.40 13.60 Stroke	or	death 0.20 1,351	

ACST	(2004)	
(93)

Asymptomatic Immediate	
CEA

Deferred	
CEA

1560 1560 	 3.80 	 3.97 Ipsilateral	stroke	
in	carotid	artery	
territory

0.17 2,000	

ACST	(2004)	
(93)

Asymptomatic Immediate	
CEA

Deferred	
CEA

1560 1560 	 3.80 11.00 Stroke	risks 7.20 	 70	

Symptomatic 	

SPACE	2-y	data	
(2008)	(45)

Symptomatic CEA CAS 589 607 	 8.80 	 9.50 All	periprocedural	
strokes	or	
deaths	and	
ipsilateral	
ischemic	
strokes	up	to	
2	y	after	the	
procedure

0.70 286	

SPACE	2-y	data	
(2008)	(45)

Symptomatic CEA CAS 589 607 	 1.90 	 2.20 Ipsilateral	
ischemic	stroke	
within	31	d	
and	2	y

0.30 667	

SPACE	2-y	data	
(2008)	(45)

Symptomatic CEA CAS 589 607 10.10 10.90 All	stroke 0.80 250	

EVA-3S	4-y	data	
(2008)	(171)

Symptomatic CEA CAS 262 265 	 1.50 	 1.50 Ipsilateral	stroke 0 ~	

EVA-3S	4-y	data	
(2008)	(171)

Symptomatic CEA CAS 262 265 	 6.20 11.10 Composite	of	
periprocedural	
stroke,	
death,	and	
nonprocedural	
ipsilateral	
stroke	during		
4	y	of	follow-up

4.90 	 82	

EVA-3S	4-y	data	
(2008)	(171)

Symptomatic CEA CAS 262 265 3.40 9.10 All	strokes 5.70 	 71	
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No. of Patients Events, %

Trial, Year 
(Reference) Patient Population Intervention Comparator

Treatment 
Group

Comparator 
Group

Treatment 
Group

Comparator 
Group

Event Used to 
Calculate NNT ARR, % NNT*

Mixed patient populations

SAPPHIRE	1-y	
data	(2004)	
(51)

Mixed	population:	
Symptomatic,	
≥50%	stenosis;	
Asymptomatic,	
≥80%	stenosis

CEA CAS 167 167 7.90 6.20 Stroke 1.70 	 58	

SAPPHIRE	1-y	
data	(2004)	
(51)

Mixed	population:	
Symptomatic,	
≥50%	stenosis;	
Asymptomatic,	
≥80%	stenosis

CEA CAS 167 167 4.80 4.20 Ipsilateral	stroke 0.60 167	

SAPPHIRE	
1-y	data	
(2004)†	(51)

Mixed	population:	
Symptomatic,	
≥50%	stenosis;	
Asymptomatic,	
≥80%	stenosis

CEA CAS 167 167 20.10 12.20 Cumulative	
incidence	of	
death,	stroke,	
or	MI	within	
30	d	after	
the	procedure	
or	death	or	
ipsilateral	
stroke	between	
31	d	and	1	y

7.90 13	

SAPPHIRE	3-y	
data	(2008)	
(50)

Mixed	population:	
Symptomatic,	
≥50%	stenosis;	
Asymptomatic,	
≥80%	stenosis

CEA CAS 167 167 26.90 24.60 Composite	of	
death,	stroke,	
or	MI	within	
30	d	after	the	
procedure;	
death	or	
ipsilateral	
stroke	between	
31	d	and	1,080	
d;	1,080	d	
was	converted	
to	3	y	for	
normalization	
and	NNT	
calculation

2.30 130	

SAPPHIRE	3-y	
data	(2008)	
(50)

Mixed	population:	
Symptomatic,	
≥50%	stenosis;	
Asymptomatic,	
≥80%	stenosis

CEA CAS 167 167 9.00 9.00 Stroke 0 ~	

SAPPHIRE	3-y	
data	(2008)	
(50)

Mixed	population:	
Symptomatic,	
≥50%	stenosis;	
Asymptomatic,	
≥80%	stenosis

CEA CAS 167 167 5.40 6.60 Ipsilateral	stroke 1.20 250	

Symptomatic
ICSS	(2010)	

(172)
Symptomatic CEA CAS 858 855 4.10 7.70 All	strokes	within	

120	d	after	
randomization‡

3.60 7	

ICSS	(2010)	
(172)

Symptomatic CEA CAS 858 855 3.30 7.00 All	strokes	within	
30	d	after	
randomization‡

3.70 2	

CREST symptomatic
CREST	4-y	data	

(2010)	(39)
Symptomatic CEA CAS 653 668 8.40 8.60 All	strokes,	MIs,	or	

deaths	within	
periprocedural	
period	and	
postprocedural	
ipsilateral	
strokes

0.20 2,000	

CREST	4-y	data	
(2010)	(39)

Symptomatic CEA CAS 653 668 6.40 8.00 All	periprocedural	
strokes	or	
deaths	or	
postprocedural	
ipsilateral	
strokes

1.60 250	

Table 4. (Continued)
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No. of Patients Events, %

Trial, Year 
(Reference) Patient Population Intervention Comparator

Treatment 
Group

Comparator 
Group

Treatment 
Group

Comparator 
Group

Event Used to 
Calculate NNT ARR, % NNT*

CREST	4-y	data	
(2010)	(39)

Symptomatic CEA CAS 653 668 6.40 7.60 All	periprocedural	
strokes	or	
postprocedural	
ipsilateral	
strokes

1.20 333	

CREST asymptomatic
CREST	4-y	data	

(2010)	(39)
Asymptomatic CEA CAS 587 594 4.90 5.60 All	strokes,	MIs,	or	

deaths	within	
periprocedural	
period	and	
postprocedural	
ipsilateral	
strokes

0.70 571	

CREST	4-y	data	
(2010)	(39)

Asymptomatic CEA CAS 587 594 2.70 4.50 All	periprocedural	
strokes	or	
postprocedural	
ipsilateral	
strokes

1.80 223	

CREST	4-y	data	
(2010)	(39)

Asymptomatic CEA CAS 587 594 2.70 4.50 All	periprocedural	
strokes	or	
deaths	or	
postprocedural	
ipsilateral	
strokes

1.80 223	

CREST mixed population
CREST	4-y	data	

(2010)	(39)
Patient	population	

not	separated	
in	table;	
mixed	patient	
population

CEA CAS 1,240 1,262 7.90 10.20 All	stroke 2.30 174	

*NNT	indicates	number	of	patients	needed	to	treat	over	the	course	of	1	year	with	the	indicated	therapy	as	opposed	to	the	comparator	to	prevent	the	specified	event(s).	All	NNT	
calculations	have	been	annualized.	For	details	of	methodology,	please	see	Suissa	(172a).	†The	1-year	data	from	the	SAPPHIRE	trial	included	the	primary	endpoint;	long-term	data	were	
used	to	calculate	rates	of	the	major	secondary	endpoint.	‡Annualized	data.	~Cannot	be	calculated	because	ARR	is	0.	

ACAS indicates Asymptomatic Carotid Atherosclerosis Study; ACST, Asymptomatic Carotid Surgery Trial; ARR, absolute risk reduction; CAS, carotid artery stenting; CEA, carotid end-
arterectomy; CREST, Carotid Revascularization Endarterectomy versus Stenting Trial; ECST, European Carotid Surgery Trial; EVA-3S, Endarterectomy Versus Angioplasty in Patients with 
Symptomatic Severe Carotid Stenosis; ICSS, International Carotid Stenting Study; NASCET, North American Symptomatic Carotid Endarterectomy Trial; NNT, number needed to treat; N/A, 
not applicable; SAPPHIRE, Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy; and SPACE, Stent-Protected Angioplasty versus Carotid Endarterectomy. 

Table 4. (Continued)

multivessel coronary disease, urgent cardiac surgery in the 
preceding 30 days, left ventricular ejection fraction 30% or 
less, MI within 30 days, severe chronic lung disease, and 
severe renal insufficiency (184–186).

24.4. Carotid Artery Stenting 

CAS may be superior to CEA in certain patient groups, 
such as those exposed to previous neck surgery or radiation 
injury, and in patients at high risk of complications with 
surgical therapy. A summary of stroke and mortality out-
comes among symptomatic and asymptomatic patients 
enrolled in major randomized trials and registries is pro-
vided in Tables 5 and 6.

Although 30-day morbidity and mortality rates are impor-
tant benchmarks for determining the benefit of a procedure in 
a population, the confidence bounds that surround estimates 
of event rates with CEA and CAS often overlap. When 
performed in conjunction with an EPD, the risks associated 
with CAS may be lower than those associated with CEA in 
patients at elevated risk of surgical complications. 

Several nonrandomized multicenter registries encom-
passing experience in more than 17,000 patients and large, 

industry-sponsored postmarket surveillance registries have 
described outcomes among a broad cohort of carotid stent 
operators and institutions. The results emphasized the 
importance of adequate training for optimal operator per-
formance (43,56). 

The risks and potential complications of CAS involve 
neurological deficits; injury of the vessels accessed to 
approach the lesion, the artery in the region of stenosis, and 
the distal vessels; device malfunction; general medical and 
access-site complications; restenosis; and mortality. The risk 
of MI is generally reported as approximately 1% but reached 
2.4% in the ARCHeR (ACCULINK for Revascularization 
of Carotids in High-Risk Patients) trial and was as low 
as 0.9% in the CAPTURE (Carotid ACCULINK/
ACCUNET Post-Approval Trial to Uncover Unanticipated 
or Rare Events) registry of 3,500 patients (42,181,187–196). 
The risk of arterial dissection or thrombosis in all published 
series was <1%. Target-vessel perforation occurred in <1% 
of cases, and external carotid artery stenosis or occlusion 
occurred in 5% to 10% (42,53,181,187–214), but this event 
is typically benign, requiring no further intervention. The 
incidence of restenosis after CAS has been in the range of 
3% to 5% (215–233). 
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Trial, Year 
(Reference) No. of Patients Key Features Death or Any Stroke OR (95% CI) Comments 

Leicester,	1998	
(177)

Seventeen	had	
received	their	
allocated	
treatment	
before	trial	
suspension

Single	center;	patients	with	
symptomatic	carotid	
stenosis	>70%.

CEA:	0/10	(0%)*
CAS:	5/7	(71.4%)*

p=0.0034;	OR	not	
reported

Terminated	prematurely	
because	of	safety	concerns.	

CAVATAS-CEA,	
2001	(178)

	 	504 Multicenter;	patients	of	any	
age	with	symptomatic	
or	asymptomatic	carotid	
stenosis	suitable	for	CEA	
or	CAS.

CEA:	25/253	(9.9%)	
CAS:	25/251	(10.0%)

p=NS	in	original	article;	
OR	not	reported

Follow-up	to	3	y;	relatively	
low	stent	use	(26%)	in	CAS	
group.	

Kentucky,	2001	
(179)

	 	104 Single	center;	patients	with	
symptomatic	carotid	
stenosis	>70%	(events	
within	3	mo	of	evaluation).

CEA:	1/51	(2.0%)	
CAS:	0/53	(0%)

0.31	(0.01	to	7.90)	

SAPPHIRE,	
2004	(51)

	 	334 Multicenter	randomized	trial	
of	patients	with	≥80%	
asymptomatic	carotid	
stenosis	(70%)	and	≥50%	
symptomatic	carotid	
stenosis	(30%).

CEA:	9.3%	symptomatic	
patients†

CAS:	2.1%	symptomatic	
patients†

p=0.18‡ Terminated	prematurely	
because	of	a	drop	in	
randomization.

EVA-3S,	2006	
(67)

	 	527 Multicenter;	patients	with	
symptomatic	carotid	
stenosis	>60%	within	120	d	
before	enrollment	suitable	
for	CEA	or	CAS.

CEA:	10/259	(3.9%)	
CAS:	25/261	(9.6%)

RR	2.5	(1.2	to	5.1),	
p=0.01

Study	terminated	
prematurely	because	of	
safety	and	futility	issues;	
concerns	about	operator	
inexperience	in	the	CAS	
arm	and	nonuniform	use	
of	embolism	protection	
devices.	

SPACE,	2006	
(180)

1,183 Multicenter;	patients	>50	y	old	
with	symptomatic	carotid	
stenosis	>70%	in	the	180	d	
before	enrollment.

Primary	endpoint	of	
ipsilateral	ischemic	
stroke	or	death	from	
time	of	randomization	
to	300	d	after	the	
procedure:	

CEA:	37/584	(6.3%)	
CAS:	41/599	(6.8%)

1.19	(0.75	to	1.92) Study	terminated	prematurely	
after	futility	analysis;	
concerns	about	operator	
inexperience	in	the	CAS	
arm	and	nonuniform	use	
of	embolism	protection	
devices.	

EVA-3S	4-y	
follow-up,	
2008	(171)

	 	527 Multicenter,	randomized,	
open,	assessor-blinded,	
noninferiority	trial.	
Compared	outcome	after	
CAS	with	outcome	after	
CEA	in	527	patients	who	
had	carotid	stenosis	of	at	
least	60%	that	had	recently	
become	symptomatic.

Major	outcome	events	
up	to	4	y	for	any	
periprocedural	stroke	
or	death:	

CEA:	6.2%	
CAS:	11.1%

HR	for	any	stroke	or	
periprocedural	death	
1.77	(1.03	to	3.02);	
p=0.04	

HR	for	any	stroke	or	
death	1.39	(0.96	to	
2.00);	p=0.08

HR	for	CAS	versus	CEA	
1.97	(1.06	to	3.67);	
p=0.03

A	hazard	function	analysis	
showed	4-y	differences	in	
cumulative	probabilities	
of	outcomes	between	
CAS	and	CEA	were	largely	
accounted	for	by	the	higher	
periprocedural	(within	30	
d	of	the	procedure)	risk	of	
stenting	compared	with	
endarterectomy.	After	the	
periprocedural	period,	the	
risk	of	ipsilateral	stroke	
was	low	and	similar	in	the	
2	treatment	groups.	

SPACE	2-y	
follow-up,	
2008	(45)

1,214 Patients	with	symptomatic,	
severe	(≥70%)	carotid	
artery	stenosis	were	
recruited	to	this	
noninferiority	trial	and	
randomly	assigned	with	a	
block	randomization	design	
to	undergo	CAS	or	CEA.

Intention-to-treat	
population:	Ipsilateral	
ischemic	strokes	within	
2	y,	including	any	
periprocedural	strokes	
or	deaths:	

CAS:	56	(9.5%)	
CEA:	50	(8.8%)	
Any	deaths	between	

randomization	and	2	y:	
CAS:	32	(6.3%)	
CEA:	28	(5.0%)	
Any	strokes	between	

randomization	and	2	y:	
CAS:	64	(10.9%)	
CEA:	57	(10.1%)	
Ipsilateral	ischemic	stroke	

within	31	d	and	2	y:	
CAS:	12	(2.2%)	
CEA:	10	(1.9%)	

Intention-to-treat	
population:	

Ipsilateral	ischemic	
strokes	within	2	
y,	including	any	
periprocedural	
strokes	or	deaths:	

HR	1.10	(0.75	to	1.61)
Any	deaths	between	

randomization	and	
2	y:	

HR	1.11	(0.67	to	1.85)
Any	strokes	between	

randomization	and	
2	y:	

HR	1.10	(0.77	to	1.57)
Ipsilateral	ischemic	

stroke	within	31	d	
and	2	y:	

HR	1.17	(0.51	to	2.70)

In	both	the	intention-to-
treat	and	per-protocol	
populations,	recurrent	
stenosis	of	≥70%	was	
significantly	more	frequent	
in	the	CAS	group	than	
the	CEA	group,	with	a	life-
table	estimate	of	10.7%	
versus	4.6%	(p=0.0009)	
and	11.1%	versus	4.6%	
(p=0.0007),	respectively.

Table 5. Randomized Trials Comparing Endarterectomy With Stenting in Symptomatic Patients With Carotid 
Stenosis
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*Death and ipsilateral stroke. †Death, stroke, and MI. ‡Combined asymptomatic and symptomatic patients for death, any stroke. 
CAS indicates carotid artery stent; CAVATAS, Carotid And Vertebral Artery Transluminal Angioplasty Study; CEA, carotid endarterectomy; CI, confidence interval; CREST, Carotid 

Revascularization Endarterectomy versus Stenting Trial; CTA, computed tomography angiography; EVA-3S, Endarterectomy Versus Angioplasty in patients with Symptomatic Severe carotid 
Stenosis; HR, hazard ratio; ICSS, International Carotid Stenting Study; MI, myocardial infarction; MRA, magnetic resonance angiography; N/A, not available; NASCET, North American 
Symptomatic Carotid Endarterectomy Trial; NS, not significant; OR, odds ratio; RR, risk reduction; SAPPHIRE, Stenting and Angioplasty with Protection in Patients at HIgh Risk for 
Endarterectomy; SE, standard error; and SPACE, Stent-Protected Angioplasty versus Carotid Endarterectomy.

Modified from Ederle et al. (183). 

Trial, Year 
(Reference) No. of Patients Key Features Death or Any Stroke OR (95% CI) Comments 

Per-protocol	population:	
Ipsilateral	ischemic	
strokes	within	2	y,		
including	any	
periprocedural	strokes		
or	deaths:	

CAS:	53	(9.4%)	
CEA:	43	(7.8%)	
Any	deaths	between	

randomization	and	2	y:	
CAS:	29	(6.2%)	
CEA:	25	(4.9%)	
Any	strokes	between	

randomization	and	2	y:	
CAS:	61	(11.5%)	
CEA:	51	(9.8%)	
Ipsilateral	ischemic	stroke	

within	31	d	and	2	y:	
CAS:	12	(2.3%)	
CEA:	10	(2.0%)

Per-protocol	population:	
Ipsilateral	ischemic	

strokes	within		
2	y,	including	any	
periprocedural	
strokes	or		
deaths:

HR	1.23	(0.82	to	1.83)
Any	deaths	between	

randomization	and	
2	y:	

HR	1.14	(0.67	to	1.94)
Any	strokes	between	

randomization	and	
2	y:	

HR	1.19	(0.83	to	1.73)
Ipsilateral	ischemic	

stroke	within	31	d	
and	2	y:	

HR	1.18	(0.51	to	2.73)

	

SAPPHIRE	3-y	
follow-up,	
2008	(50)

	 	260 Long-term	data	were	collected	
for	260	individuals;	included	
symptomatic	carotid	artery	
stenosis	of	at	least	50%	of	
the	luminal	diameter	or	an	
asymptomatic	stenosis	of	
at	least	80%.

Stroke:	
CAS:	15	(9.0%)	
CEA:	15	(9.0%)	
Ipsilateral	stroke:	
CAS:	11	(7.0%)	
CEA:	9	(5.4%)	
Death:
CAS:	31	(18.6%)	
CEA:	35	(21%)	
Note:	data	were	calculated	

using	n=167	for	
both	groups	because	
breakdowns	of	CAS	and	
CEA	for	n=260	were	not	
given.

Stroke:	
p=0.99	(−6.1	to	6.1)

Death:	
p=0.68	(−10.9	to	6.1)	

Wallstent,	2005	
(181)

	 	219 Included	symptomatic	
angiographic	carotid	
stenosis	>70%.

CAS:	13	(12.2%)	
CEA:	5	(4.5%)

N/A Premature	termination	based	
on	futility	analysis.	

SAPPHIRE	
(symptomatic	
data),	2008	
(182)

	 	 	96 Included	patients	with	≥50%	
carotid	stenosis.

CEA:	3	(6.5%)	
CAS:	0

N/A Premature	termination	
secondary	to	declining	
enrollment.	

ICSS,	2010	(49) 1,713 Multicenter	study.	In	the	
study,	the	degree	of	carotid	
stenosis	was	70%	to	99%	in	
89%	of	stent	patients	and	
in	91%	of	endarterectomy	
patients.	Study	patients	
had	>50%	carotid	artery	
stenosis	measured	by	the	
NASCET	criteria.

120-d	follow-up	data	
available	only:	

CAS:	72/853	(8.5%)	
CEA:	40/857	(4.7%)

OR	not	available;	
HR=1.86	(1.26	to	
2.74)	p=0.001

Primary	outcome	was	3-y	rate	
of	fatal	or	disabling	stroke	
in	any	territory;	interim	
results	have	been	provided	
for	120-d	rate	of	stroke,	
death,	or	procedural	MI.	

CREST,	2010	
(39)

2,502 The	study	included	1,321	
symptomatic	patients	
and	1,181	asymptomatic	
patients.	Symptomatic	
patients	in	the	study	had	
≥50%	carotid	stenosis	
by	angiography,	≥70%	by	
ultrasound	or	≥70%	by	CTA	
or	MRA.	Asymptomatic	
patients	had	carotid	stenosis	
(patients	with	symptoms	
beyond	180	d	were	
considered	asymptomatic)	
≥60%	by	angiography,	≥70%	
by	ultrasound,	or	≥80%	by	
CTA	or	MRA.

Any	periprocedural	stroke	
or	postprocedural	
ipsilateral	stroke:	

Symptomatic:	
CAS:	37	(5.5±0.9	SE)	
CEA:	21	(3.2±0.7	SE)	
Any	periprocedural	

stroke	or	death	
or	postprocedural	
ipsilateral	stroke:	

Symptomatic:	
CAS:	40	(6.0±0.9	SE)	
CEA:	21	(3.2±0.7	SE)

Any	periprocedural	
stroke	or	
postprocedural	
ipsilateral	stroke:	

Symptomatic:	p=0.04
Any	periprocedural	

stroke	or	death	
or	postprocedural	
ipsilateral	stroke:	
Symptomatic:	
p=0.02

The	risk	of	composite	
primary	outcome	of	
stroke,	MI,	or	death	did	
not	differ	significantly	
among	symptomatic	and	
asymptomatic	patients	
between	CAS	and	CEA.	

Table 5. (Continued)
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The incidence of TIA has been reported as 1% to 2% 
in patients undergoing CAS. Intracranial hemorrhage 
and the hyperperfusion syndrome related to hyperten-
sion and anticoagulation have been reported as compli-
cations in <1% of CAS procedures. Seizures are related 
predominantly to hypoperfusion and also occur in <1% of 
cases (234–242). Subclinical ischemic injury has also been 
detected by MRI (172,243,244). In the recent random-
ized trial ICSS (International Carotid Stenting Study), 
comparisons were possible between patients with CAS 
and CEA. These injuries, which presumably resulted from 
microembolism, were more frequent after CAS, as will be 
discussed further below (49). 

Device malfunction that results in deployment failure, 
stent malformation, and migration after deployment is 
rare, occurring in <1% of procedures (245–251). If properly 
deployed, an EPD can reduce the neurological risks associ-
ated with CAS, but these devices may also be associated 
with failures (53,196,198,247,252–258). 

Among the general risks is access-site injury, which 
complicates 5% of cases, but most such injuries involve pain 
and hematoma formation and are self-limited (259–262). 
Contrast-induced nephropathy has been reported in <1% 
of cases, because CAS is generally avoided in patients with 
severe renal dysfunction (263). 

The results of observational studies suggest that EPDs 
reduce rates of adverse events during CAS (264–266) when 
operators are experienced with the apparatus (56); in unfamiliar 

hands, the devices are associated with worse clinical outcomes 
(67,178,180) and a higher rate of stroke (267).

24.5. Comparative Assessment of Carotid 
Endarterectomy and Stenting 

Several meta-analyses of randomized trials comparing CAS 
with CEA disclosed no difference in stroke or death rates at 
30 days; in MI, stroke, or death rates at 30 days; or in stroke 
or death rates at 1 year (181,268). The studies included both 
symptomatic and asymptomatic patients across a range of 
surgical risk, as well as stenting with and without EPDs. In 
some studies, CAS was associated with a lower rate of MI 
and procedural morbidity such as cranial nerve injury (181), 
but others found CAS to be inferior to CEA or associated 
with higher rates of periprocedural stroke (269–272). 

The SAPPHIRE (Stenting and Angioplasty with 
Protection in Patients of High Risk Endarterectomy) study 
(51,52) is the only randomized trial that specifically enrolled 
high-risk patients to compare CEA to CAS with EPD. The 
inclusion criteria included symptomatic stenosis >50% or 
asymptomatic stenosis >80%, plus at least 1 high-risk cri-
terion. The trial was stopped prematurely because of slow 
enrollment, and many potential participants were excluded 
because they were considered to be at exceedingly high risk 
for complications if randomized to undergo CEA (50). The  
primary endpoint (the composite of MI, stroke, or death 
within 30 days plus death because of neurological causes 

Table 6. Trials Comparing Endarterectomy With Stenting in Asymptomatic Patients With Carotid Stenosis

Trial, Year 
(Reference)

No. of 
Patients Key Features Death or Any Stroke p Comments 

SAPPHIRE,	
2004	(51)

	 	334 Multicenter	randomized	trial	of	patients	
with	>50%	symptomatic	carotid	
stenosis	(58%)	or	>80%	asymptomatic	
carotid	stenosis	(42%)	with	1	or	more	
comorbidity	criteria*	(high-surgical-risk	
group).

Asymptomatic:	
CEA:	10.2%†
CAS:	5.4%†
Combined:	
CEA:	9.8%†
CAS:	4.8%†

0.20

0.09

Terminated	
prematurely	
because	of	a	drop	in	
randomization.

SAPPHIRE,	
2008	(50)

	 	334 Multicenter	randomized	trial	of	patients	
with	>80%	asymptomatic	carotid	
stenosis	(70%)	and	≥50%	symptomatic	
carotid	stenosis	(30%).

SAPPHIRE	3-y	data,	
Stroke:	
CEA:	15/167	
CAS:	15/197	
Death:	
CEA:	35/167	
CAS:	31/167

Stroke:	0.99

Death:	0.68
(OR	not	reported)

No	significant	
difference	could	be	
shown	in	long-term	
outcomes	between	
patients	who	
underwent	CAS	with	
an	EPD	and	those	
who	underwent	CEA.	

CREST,	2010	
(39)

2,502 The	study	included	1,321	symptomatic	
patients	and	1,181	asymptomatic	
patients.	Symptomatic	patients	in	the	
study	had	≥50%	carotid	stenosis	by	
angiography,	≥70%	by	ultrasound,	or	
≥70%	by	CTA	or	MRA.	Asymptomatic	
patients	in	the	study	had	carotid	
stenosis	(patients	with	symptoms	
beyond	180	d	were	considered	
asymptomatic)	≥60%	by	angiography,	
≥70%	by	ultrasound.	or	≥80%	by	CTA	
or	MRA.

Any	periprocedural	stroke	
or	postprocedural	
ipsilateral	stroke:	

Asymptomatic:	
CAS:	15	(2.5±0.6	SE)	
CEA:	8	(1.4±0.5	SE)	
Any	periprocedural	stroke	or	

death	or	postprocedural	
ipsilateral	stroke:	

Asymptomatic:	
CAS:	15	(2.5±0.6	SE)	
CEA:	8	(1.4±0.5	SE)

Any	periprocedural	stroke	
or	postprocedural	
ipsilateral	stroke:	

Asymptomatic:	0.15

Any	periprocedural	
stroke	or	death	or	
postprocedural	ipsilateral	
stroke:	

Asymptomatic:	0.15

The	risk	of	the	
composite	primary	
outcome	of	stroke,	
MI,	or	deazth	did	not	
differ	significantly	
among	symptomatic	
and	asymptomatic	
patients	between	
CAS	and	CEA.	

*Criteria for high risk (at least 1 factor required): clinically significant cardiac disease (congestive heart failure, abnormal stress test, or need for open heart surgery); severe pulmonary 
disease; contralateral carotid occlusion; contralateral laryngeal nerve palsy; previous radical neck surgery or radiation therapy to the neck; recurrent stenosis after endarterectomy; and 
age >80 years. High risk is defined by age ≥80 years, New York Heart Association class III/IV heart failure, chronic obstructive pulmonary disease, contralateral carotid stenosis 50% or 
more, prior CEA or CAS, or prior coronary artery bypass graft surgery. †Death, stroke, and MI. 

CAS indicates carotid artery stent; CEA, carotid endarterectomy; CREST, Carotid Revascularization Endarterectomy versus Stent Trial; CTA, computed tomography angiography; EPD, 
embolic protection device; MI, myocardial infarction; MRA, magnetic resonance angiography; OR, odds ratio; SAPPHIRE, Stenting and Angioplasty with Protection in Patients at HIgh Risk 
for Endarterectomy; and SE, standard error. 
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or ipsilateral stroke between 31 days and 1 year) occurred 
in 12.2% of patients assigned to CAS and 20.1% of those 
assigned to CEA (p=0.004 for noninferiority and p=0.053 
for superiority). In patients with symptomatic stenosis, the 
occurrence of the primary endpoint was similar after CAS 
and CEA (16.8% versus 16.5%, respectively). In asymp-
tomatic patients, fewer primary endpoints occurred after 
CAS (9.9% versus 21.5%). The 3-year incidence of stroke 
(7.1% versus 6.7%; p=0.945) and target-vessel revascular-
ization (3% versus 7.1%; p=0.084) was similar for CAS and 
CEA (51,52,56). 

In the CAVATAS (Carotid and Vertebral Artery 
Transluminal Angioplasty Study) randomized trial of 
endovascular versus medical therapy (n=504) (178), the 
combined stroke or death rate at 30 days was 10% in both 
groups. The angioplasty and CAS group experienced less 
cranial neuropathy, major hematoma, MI, and pulmo-
nary embolism and more restenosis at 1 year (14% ver-
sus 4%; p<0.001), which reflects a relatively low rate of 
stent use (22%) in the endovascular arm. Stroke or death 
at 3 years was similar in the 2 groups (14.2%) (178). The 
SPACE (Stent-Protected Angioplasty versus Carotid 
Endarterectomy) trial (180) included patients with >70% 
carotid stenosis determined by ultrasound, TIA or stroke 
within 180 days, and a Modified Rankin Scale score <4. 
Subjects were randomized between 2001 and 2006 to CEA 
(n=595) or CAS (n=605). Surgeons included in the study 
had performed at least 25 CEA procedures with accept-
able mortality and morbidity in the prior year, and CAS 
operators had performed at least 25 successful angioplasty 
or stent procedures, not necessarily involving carotid 
arteries. The study was terminated because of insufficient 
enrollment, and there was no significant difference in out-
comes between CAS and CEA at 30 days. The EVA-3S 
(Endarterectomy Versus Angioplasty in Patients with 
Symptomatic Severe Carotid Stenosis) trial randomized 
patients within 120 days of TIA or stroke who had >60% 
ipsilateral carotid stenosis determined by duplex ultrasound 
and angiography (67). The primary outcome was the com-
posite of stroke or death within 30 days of the procedure. 
Surgeons included in the study had performed at least 25 
CEA procedures during the previous year, and operators 
performing CAS were required to have performed at least 
12 CAS procedures or 35 stenting procedures in other ves-
sels or were proctored. Enrollment stopped in 2005, with 
520 patients enrolled, because of higher 30-day rates of 
stroke and adverse events in the CAS arm. 

At least 4 additional randomized clinical trials have 
been reported, are in progress, or are under consideration 
to compare CEA to CAS with EPD in conventional-risk 
patients. ICSS is an ongoing randomized trial designed to 
compare the safety and effectiveness of CEA versus CAS 
in symptomatic patients with >50% carotid stenosis (49). 
Eighty-eight percent of patients were treated at experi-
enced centers. An interim safety analysis involving 1,713 
randomized patients found a 120-day composite rate of 
stroke, death, or procedural MI of 8.5% in the CAS group 
versus 5.2% in the CEA group (HR 1.69; 95% CI 1.16 
to 2.45), but conclusions await completion of longer-term 
follow-up of the cohort. 

CREST (Carotid Revascularization Endarterectomy 
versus Stent Trial), a randomized multicenter trial, com-
pared CAS with CEA in symptomatic and asymptomatic 
patients (273,274). During the lead-in phase (274), the 
30-day stroke and death rate was 3.9% among 1,246 non-
randomized patients, and the mortality and stroke mor-
bidity rate was 5.6% for symptomatic patients and 3.4% 
for asymptomatic patients undergoing CEA (275). The 
primary endpoint is the combination of stroke, death, or 
MI during the periprocedural period and ipsilateral stroke 
thereafter up to 4 years. Among 2502 patients followed up 
for a mean of 2.5 years, there was no significant difference 
in primary events between the 2 arms (7.2% with CAS 
versus 6.8% with CEA; HR 1.11, 95% CI 0.81 to 1.51). 
There were differences, however, in rates of the component 
periprocedural events. Although the absolute rates were 
low, stroke was more frequent with CAS, and MI was more 
likely after CEA. The primary results did not vary between 
treatment groups by sex or symptom status, although event 
rates were higher among symptomatic patients (peripro-
cedural stroke and death ≤6% for CAS and CEA; p=NS) 
than among asymptomatic patients (periprocedural stroke 
and death ≤3% for CAS and CEA; p=NS). There was a 
differential outcome based on patient age that favored CAS 
for patients younger than 70 years of age and CEA for 
those older than 70 years of age (39).

24.5.1. Selection of Carotid Endarterectomy or Carotid 
Artery Stenting for Individual Patients With Carotid 
Stenosis 

Table 7 summarizes recommendations for the selection of 
revascularization techniques for patients with carotid artery 
stenosis. Although no adequate studies have validated the 
specific high-risk criteria that might warrant preferential 
selection of CAS rather than CEA for individual patients, 
generally accepted anatomic features are listed in Table 6.

24.6. Durability of Carotid Revascularization 

Clinical durability refers to the sustained efficacy of CEA 
and CAS in preventing stroke. In the large randomized 
clinical trials, the ipsilateral stroke rates after the first 30 
days were approximately 1% to 2% per year for symptomatic 
patients (ECST, NASCET) and approximately 0.5% to 
0.8% per year for asymptomatic patients (ACAS, ACST). 

Table 7. Summary of Recommendations Regarding 
the Selection of Revascularization Techniques for 
Patients With Carotid Artery Stenosis

Symptomatic Patients
Asymptomatic 

Patients

50% to 69% 
Stenosis

70% to 99% 
Stenosis*

70% to 99% 
Stenosis*

Endarterectomy Class	I	LOE:	B Class	I	LOE:	A Class	IIa	LOE:	A	

Stenting Class	I	LOE:	B Class	I	LOE:	B Class	IIb	LOE:	B	

The severity of stenosis is defined according to angiographic criteria by the method used 
in NASCET (37) but generally corresponds as well to assessment by sonography (112) and 
other accepted methods of measurement. See Sections 7.2 to 7.4.4 for details.

LOE indicates level of evidence. 
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The clinical durability of CEA and CAS beyond 5 years 
cannot be clearly determined from available studies (45,171). 

Restenosis after CEA has been reported in 5% to 10% of 
cases when assessed by postoperative ultrasonography but 
consistently in fewer than 5% of cases when patching was 
used in recent series (63,176,276–281). Hemodynamically 
significant recurrent stenosis rates of 5% to 7% have been 
reported in multicenter trials (62,176,276,282–299). Data 
comparing restenosis after CEA and CAS must be inter-
preted cautiously because of selection bias and stent-gen-
erated artifacts in ultrasound velocity measurements. After 
1 year of follow-up in the SPACE trial, 4.6% of patients 
who underwent CEA and 10.7% of those undergoing CAS 
had developed ≥70% recurrent stenosis as assessed by ultra-
sound (p=0.0009) (45). 

Although limited data suggest that CAS is noninferior 
to CEA in patients with various comorbidities, available 
data are insufficient to justify a recommendation favor-
ing one procedure over the other in patients with carotid 
stenosis and occlusion of the contralateral carotid artery. 
Restenosis is generally benign and does not require revascu-
larization except when it leads to recurrent ischemic symp-
toms or progresses to preocclusive severity. Under these cir-
cumstances, it may be justifiable to repeat revascularization, 
either by CEA in the hands of an experienced surgeon or 
by CAS.

25. Vertebral Artery Disease 

Symptomatic obstructive disease of the vertebral arteries is 
less common than carotid stenosis, and the prevalence, 
pathophysiology, and natural history of vertebral artery dis-
ease are not as well understood. Like patients with carotid 
atherosclerosis, however, those with vertebral artery disease 
face an increased risk of other cardiovascular ischemic 
events.

25.1. Anatomy of the Vertebrobasilar Arterial 
Circulation 

The vertebral arteries usually arise from the subclavian 
arteries, but in approximately 5% of individuals the left  
vertebral artery arises from the aortic arch. The left and 
right vertebral arteries are typically described as having 4 
segments each (V1 through V4), the first 3 of which are 
extracranial, but anatomic variants are more common than 
in the carotid circulation. Important anatomic variations 
must be considered in clinical assessment and treatment.

25.2. Epidemiology of Vertebral Artery Disease 

The incidence of posterior circulation strokes may be 
underestimated (300), but vertebral artery atherosclerosis 
may be the causative basis for approximately 20% of poste-
rior circulation strokes (300–303). A study using contrast-
enhanced MRA in consecutive patients with posterior 
circulation TIA or minor stroke found a prevalence of 
>50% vertebral and basilar arterial stenosis, and vertebro-
basilar arterial stenosis was more often associated with 

multiple ischemic episodes and a higher risk of early recur-
rent stroke (304).

25.3. Clinical Presentation of Patients With 
Vertebrobasilar Arterial Insufficiency 

Atherosclerotic stenosis most commonly affects the first 
portion of the vertebral arteries or extends from plaques 
that compromise the origin of the vertebral arteries. In 
patients with lesions at the midportion of the vertebral 
arteries, the transverse process of a vertebra may impinge 
on the artery, causing symptoms upon head turning. 
Compromised vertebrobasilar perfusion is not the only 
mechanism of symptoms, because atheroembolism may be 
the cause of brainstem or cerebellar infarction. Symptoms 
associated with vertebral artery disease include dizziness, 
vertigo, diplopia, perioral numbness, blurred vision, tinni-
tus, ataxia, bilateral sensory deficits, and syncope, all of 
which can be caused by other disease entities, including 
cardiac arrhythmias, orthostatic hypotension, and vestibu-
lar disorders.

25.4. Evaluation of Patients With Vertebral Artery 
Disease 

Evaluation of a patient with presumed vertebrobasilar 
insufficiency should begin with a thorough clinical history 
and examination followed by noninvasive imaging as for 
patients with carotid artery disease (305). In 11 studies that 
compared noninvasive imaging with catheter-based angi-
ography for detection of vertebral artery stenosis, CTA and 
contrast-enhanced MRA were associated with higher sen-
sitivity (94%) and specificity (95%) than ultrasonography 
(sensitivity 70%) (114). Neither MRA nor CTA reliably 
delineates the origins of the vertebral arteries, and hence, 
catheter-based angiography is typically required before 
revascularization for patients with symptomatic posterior 
cerebral ischemia.

25.5. Medical Therapy of Patients With Vertebral 
Artery Disease 

Although various medical, interventional, and surgical 
approaches have been developed for treatment of patients 
with vertebral artery disease, none have been evaluated in 
randomized trials. Despite the paucity of evidence applica-
ble to patients with vertebral artery disease, we recommend 
that medical management follow the guidelines for those 
with disease of the carotid arteries. 

For patients with acute ischemic syndromes that involve 
the vertebral artery territory and angiographic evidence of 
thrombus in the extracranial portion of the vertebral artery, 
anticoagulation is generally recommended for at least 3 
months, whether or not thrombolytic therapy is used ini-
tially (306–309). The WASID (Warfarin versus Aspirin for 
Symptomatic Intracranial Disease) trial found aspirin and 
warfarin to be equally efficacious after initial noncardio-
embolic ischemic stroke (310,311). Ticlopidine was supe-
rior to aspirin for secondary prevention of ischemic events 
in patients with symptomatic posterior circulation disease 
(312). In ESPS-2, vertebrobasilar territory stroke or TIA 
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occurred in 5.7% of 255 patients treated with a combina-
tion of aspirin plus dipyridamole compared with 10.8% of 
those given a placebo (313).

25.6. Vertebral Artery Revascularization 

Operations are rarely performed to treat vertebral artery 
occlusive disease, and no randomized trials have addressed 
operative procedures for posterior cerebral circulation dis-
ease, but studies of surgical treatment have demonstrated the 
feasibility of endarterectomy and vessel reconstruction (314–
321). For proximal vertebral artery reconstruction, early 
complication rates of 2.5% to 25% and perioperative mortal-
ity rates of 0% to 4% have been reported (315,316). For distal 
vertebral artery reconstruction, mortality rates have ranged 
from 2% to 8% (314,317,318,320,321). Intracranial bypass 
surgery is associated with mortality rates of 3% to 12% and 
neurological and systemic complication rates of 22% to 55% 
(317–321). 

The surgical approach to atherosclerotic lesions at the ori-
gin of the vertebral artery includes trans-subclavian vertebral 
endarterectomy, transposition of the vertebral artery to the 
ipsilateral common carotid artery, and reimplantation of the 
vertebral artery with vein graft extension to the subclavian 
artery. Distal reconstruction of the vertebral artery may be 
accomplished by anastomosis of the principal trunk of the 
external carotid artery to the vertebral artery (322). In appro-
priately selected patients, these operations can relieve symp-
toms, with low morbidity and mortality (314,323-330). 

There is little evidence from randomized trials that endo-
vascular management is superior to best medical manage-
ment. In a review of 300 interventions for proximal vertebral 
artery stenosis, the risk was 0.3% for death, 5.5% for peri-
procedural neurological complications, and 0.7% for poste-
rior stroke at a mean follow-up of 14.2 months. Restenosis 
occurred in 26% of cases after a mean of 12 months but was 
not consistently correlated with recurrent symptoms (331). 
Among 170 angioplasty procedures in patients with distal 
vertebrobasilar disease, neurological complications devel-
oped in 24%, but the rate approached 80% in cases of urgent 
revascularization. Restenosis developed in 10% after a mean 
follow-up interval of 12.6 months (331). The annual stroke 
risk after angioplasty for distal vertebrobasilar disease is 
approximately 3% (331), and rates of stroke and restenosis 
appear to be related to more distal and anatomically complex 
lesions.

26. Diseases of the Subclavian and 
Brachiocephalic Arteries 

Occlusive disease involving the subclavian and brachioce-
phalic arteries may be caused by atherosclerosis, Takayasu 
arteritis, giant cell arteritis, FMD, and radiation-induced 
arteriopathy; of these, atherosclerosis is the most frequent 
cause. The clinical presentation depends on the vessel 
involved and the severity of disease. Symptoms may reflect 
upper-extremity ischemia, such as arm or hand claudication, 
paresthesia, or rest pain. Some patients become asymptom-
atic as collaterals develop. In asymptomatic patients who 

require myocardial revascularization, subclavian interven-
tion may be performed to preserve blood flow to the internal 
mammary artery. To our knowledge, no randomized trials of 
subclavian artery or brachiocephalic revascularization have 
been published. 

When the dominant vertebral artery is subtended by 
subclavian obstruction, reversal of flow may reduce basilar 
artery perfusion and cause posterior cerebrovascular insuffi-
ciency. Symptoms are typically aggravated by exercising the 
ipsilateral arm, which amplifies the flow reversal. A pericla-
vicular or infraclavicular bruit suggests subclavian stenosis, 
and subclavian arterial occlusive disease may cause asym-
metry of left and right arm blood pressure, but blood pres-
sure may be symmetrical when bilateral subclavian disease 
or aortic arch syndrome compromises perfusion of both 
upper limbs equally. 

The diagnosis of subclavian steal syndrome should be 
considered in patients with posterior cerebral circulatory 
insufficiency aggravated by upper-limb exercise. In the ver-
tebral ischemic form of subclavian steal syndrome, upper-
extremity exertion may cause lightheadedness, syncope, 
vertigo, ataxia, diplopia, motor deficits; or upper-limb clau-
dication. Duplex ultrasonography may identify reversal of 
flow in a vertebral artery.

26.1. Revascularization of the Brachiocephalic and 
Subclavian Arteries 

Symptomatic patients should be considered for subclavian 
revascularization by use of endovascular or surgical tech-
niques. The surgical approach involves prosthetic extra-
anatomic bypass grafting from the ipsilateral carotid artery 
to the subclavian artery. Other methods of extra-anatomic 
revascularization include carotid-axillary or axilloaxillary 
bypass and subclavian-carotid arterial transposition. 
Surgical repair is associated with low morbidity and mor-
tality and excellent long-term patency (70,332). 

Subclavian artery stenosis is also amenable to balloon 
angioplasty, atherectomy, and stenting, but no randomized 
trials have compared these methods with surgical revas-
cularization. A report comparing 121 patients undergo-
ing stenting and 51 undergoing carotid-subclavian bypass 
described initial success rates of 98% and 100% for the 
endovascular and surgical approaches, respectively, with 
periprocedural complication rates of 15.1% and 5.9%, 
lower in the surgical group (333). Primary patency after 
surgical bypass was 100% at 1 year and 96% at 5 years. 
Among patients managed by endovascular therapy, 
patency was 93% at 1 year and 70% at 5 years. Freedom 
from recurrent symptoms was greater in the surgical 
bypass group (p<0.0001) (333). Balloon angioplasty and 
stenting are associated with high rates of success and bet-
ter outcomes than angioplasty alone (334–339), which 
makes endovascular stenting an alternative to open sur-
gery in patients with obstructive disease of the subclavian 
or brachiocephalic arteries. Numerous reports suggest that 
angioplasty and stenting of the subclavian and brachio-
cephalic arteries can be performed with a high degree of 
technical success and safety, but long-term follow-up data 
are scant (333,340–343).

 at UNIV OF MICHIGAN on August 18, 2012vmj.sagepub.comDownloaded from 

http://vmj.sagepub.com/


62	 Vascular	Medicine	16(1)

27. Special Populations

27.1. Neurological Risk Reduction in Patients With 
Carotid Artery Disease Undergoing Cardiac Surgery 

Patients with high-grade carotid artery stenosis undergo-
ing CABG surgery face a higher risk of stroke than 
patients without carotid disease, but most strokes are 
mechanistically unrelated to carotid disease. There is no 
convincing evidence that carotid revascularization in 
patients with asymptomatic stenosis undergoing CABG 
surgery produces benefit in the majority of cases (344). 
Published reports involving patients with symptomatic 
carotid disease indicate that CEA before CABG surgery is 
associated with a lower stroke rate but a higher rate of fatal 
and nonfatal MI. The strategy of combined CEA and 
CABG surgery has not been tested in prospective trials. 
Proof is lacking that carotid revascularization reduces 
adverse events in patients with asymptomatic carotid ste-
nosis who are undergoing myocardial revascularization 
surgery (345), and therefore, a patient-specific approach is 
warranted. Periprocedural treatment with potent platelet-
inhibitor drugs such as clopidogrel increases the risk of 
bleeding associated with CABG surgery, but delaying 
antiplatelet therapy raises the risk of stent thrombosis and 
stroke. Carotid intervention immediately before coronary 
surgery followed by administration of intravenous heparin 
between the procedures has not been well evaluated 
(344,346–351). In the nonrandomized Nationwide 
Inpatient Sample of 27,084 patients discharged from 2000 
to 2004 (352), fewer major adverse events, postoperative 
strokes (2.4% versus 3.9%), and combined strokes and 
deaths (6.9% versus 8.6%; p<0.001) were reported among 
patients undergoing CAS plus CABG surgery than in 
those undergoing CEA plus CABG surgery, although 
rates of in-hospital mortality were similar (5.2% versus 
5.4%). Whether the lower rate of complications with CAS 
than CEA in this population undergoing CABG surgery 
reflects case selection bias or an intrinsic safety advantage 
remains uncertain, and properly designed prospective 
studies are needed.

28. Nonatherosclerotic Carotid and 
Vertebral Artery Diseases 

Compared with atherosclerosis, nonatherosclerotic diseases 
of the extracranial carotid arteries are relatively uncommon. 
Among these, FMD and cervical artery dissection are the 
most common.

28.1. Fibromuscular Dysplasia 

FMD is a nonatherosclerotic, noninflammatory vascular 
disease characterized by stenosis due to thickening of the 
arterial wall (353). Carotid FMD is most commonly 
encountered in middle-aged women, who may be symp-
tomatic or asymptomatic. Clinical manifestations may 
include stroke, TIA, carotid dissection, Horner syndrome, 
cranial nerve palsies, or subarachnoid hemorrhage (353–
356). The pathophysiology and natural history are unknown. 

Gross pathological manifestations include elongation, kink-
ing and coiling of the carotid artery (357), spontaneous dis-
section, and aneurysmal degeneration. 

Antiplatelet therapy and sequential imaging are generally 
recommended even for asymptomatic patients. Both surgi-
cal revascularization (358) and endovascular approaches 
have been successful in alleviating ischemic symptoms in 
patients with FMD of the carotid arteries, and percutane-
ous angioplasty with or without stenting has been advo-
cated on the basis of case reports and small series (359,360).

28.2. Cervical Artery Dissection 

Dissection results from an intimal tear that initiates an 
intramural hematoma. Subintimal dissection tends to cause 
stenosis, whereas subadventitial dissection can result in 
aneurysmal degeneration. A number of pathological asso-
ciations have been described, most of which involve con-
nective tissue disorders. Carotid dissection is observed in 
1% to 5% of patients with a bicuspid aortic valve. The asso-
ciation of carotid dissection with FMD is approximately 
15%, but the mechanism of this relationship is unknown. 
Other suspected risk factors include penetrating trauma 
(361) and amphetamine abuse (362). 

Carotid dissection accounts for approximately 2% of all 
ischemic strokes and up to 15% of ischemic strokes among 
younger patients (363). The incidence of vertebral artery 
dissection has not been well defined. Sudden or excessive 
neck movement might increase the risk of vertebral artery 
dissection (364). 

Some patients develop sudden catastrophic neurologi-
cal events, but the typical presentation involves pain on 
one side of the head or neck, accompanied by Horner syn-
drome. After these warning symptoms occur, cerebral or 
retinal ischemia develops in 50% to 95% of cases of carotid 
dissection. Patients with vertebral artery dissection may 
present with headache, neck pain, vertigo, nausea, visual 
disturbances, or syncope. 

Diagnosis begins with clinical examination and brain 
imaging, followed by vascular imaging when an ischemic 
cause is suspected. Carotid duplex ultrasonography may 
identify a dissection flap and differential flow in the true 
and false lumens, but CTA or MRA is increasingly used to 
establish the diagnosis, largely supplanting catheter-based 
and digital subtraction angiography. 

Treatment is usually conservative, involving anticoagu-
lation, and the prognosis is usually favorable (365–367). 
There have been no randomized trials comparing antico-
agulant and antiplatelet therapy with one another or with 
placebo (368). Once symptoms resolve, antiplatelet therapy 
may replace anticoagulation, but no approach has gained 
uniform support. Surgical or endovascular revascularization 
is reserved for patients with persistent or recurrent symp-
toms that fail to respond to anticoagulation.

29. Future Research 

As evident from the number of recommendations in this 
document that are based on consensus in a void of defi-
nitive evidence, there are vast opportunities for future 
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research. These begin with the need to define more pre-
cisely the scope of clinical carotid artery disease as a cause 
of stroke in major segments of the population through well-
designed population studies of ischemic stroke in which 
ECVD and intracranial vascular disease are separately and 
objectively classified to provide accurate estimates of dis-
ease prevalence. 

Given the imperfect correlation between the severity of 
carotid stenosis and ischemic brain events, the search for 
other indexes of plaque vulnerability linked to stroke risk 
must advance. Enhanced noninvasive imaging technology 
has improved diagnostic accuracy, but limitations lead to 
overestimation of stenosis severity and failure to reliably 
distinguish subtotal from complete arterial occlusion. 

The value of specific therapies to prevent stroke, even 
in symptomatic patients with severe carotid artery stenosis, 
largely lacks validation. Although antiplatelet drugs reduce 
the risk of stroke compared with placebo in patients with 
TIA or previous stroke, no adequately powered studies have 
demonstrated their efficacy for stroke prevention in asymp-
tomatic patients with ECVD. Few studies have investi-
gated the role of anticoagulant drugs in the management 
of patients with ECVD who develop acute ischemic stroke, 
especially after administration of thrombolytic therapy. 

Beyond the acute phase of ischemic stroke, it remains 
unclear whether women benefit as much as men from 
CEA, and further studies must recruit sufficient numbers 
of women and older patients to address these important 
subsets of patients with symptomatic ECVD. The reasons 
for differences in outcomes based on these demographic 
variables, as well as race and ethnicity, have not been 
investigated. 

CREST answered some questions about the relative 
value of CAS and CEA but raised others. The reported 
event rates were generally low with either method of revas-
cularization among symptomatic patients, but there was 
an important difference related to patient age that requires 
explanation. The most pressing question is how either tech-
nique of revascularization compares with intensive contem-
porary medical therapy, particularly among asymptomatic 
patients, and a direct comparative trial should include a 
sufficiently broad range of patients to permit meaningful 
analysis of subgroups based on age, sex, ethnicity, and risk 
status. 

Huge gaps in knowledge of vertebral arterial disease 
will be more difficult to address because of its relative 
infrequency compared with carotid stenosis. This requires 
well-designed registries that capture data about prevalence, 
pathophysiology, natural history, and prognosis. 
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Corrigendum 

• In the article by Brott TG, Halperin JL, Abbara S, et al. “2011ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/
CNS/SAIP/SCAI/SIR/SNIS/SVM/SVS Guideline on the Management of Patients With Extracranial Carotid and 
Vertebral Artery Disease: Executive Summary: A Report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines, and the American Stroke Association, American 
Association of Neuroscience Nurses, American Association of Neurological Surgeons, American College of 
Radiology, American Society of Neuroradiology, Congress of Neurological Surgeons, Society of Atheros
clerosis Imaging and Prevention, Society for Cardiovascular Angiography and Interventions, Society of 
Interventional Radiology, Society of NeuroInterventional Surgery, Society for Vascular Medicine, and Society 
for Vascular Surgery,” which appeared February 2011 issue of the Journal (Vasc Med 2011; 16; 35–77; 
10.1177/1358863X11399328, the following corrections are necessary:

In Section 18, “Recommendations for Management of Patients With Cervical Artery Dissection,” the Class IIa 
Recommendation #1 (p. 46), which begins “For patients with symptomatic cervical artery dissection, anticoagulation 
with… ,” should be changed to read: 

1. Antithrombotic treatment with either an anticoagulant (heparin, low molecular weight heparin, or warfarin*) or a 
platelet inhibitor (aspirin, clopidogrel, or the combination of extendedrelease dipyridamole plus aspirin*) for at 
least 3 to 6 months is reasonable for patients with extracranial carotid or vertebral arterial dissection associated 
with ischemic stroke or TIA (72a–72d).  (Level of Evidence B)

*Drugs are not listed in order of preference.

The following references should be added to the reference list: 

72a. Metso TM, Metso AJ, Helenius J, et al. Prognosis and safety of anticoagulation in intracranial artery dissections in 
adults. Stroke. 2007; 38: 1837–1842.

72b. Engelter ST, Brandt T, Debette S, et al., for the Cervical Artery Dissection in Ischemic Stroke Patients (CADISP) 
Study Group. Antiplatelets versus anticoagulation in cervical artery dissection. Stroke. 2007; 38: 2605–11.

72c. Menon R, Kerry S, Norris JW, Markus HS. Treatment of cervical artery dissection: a systematic review and meta
analysis. J Neurol Neurosurg Psychiatry. 2008; 79: 1122–7. 

72d. Georgiadis D, Arnold M, von Buedingen HC, et al. Aspirin vs anticoagulation in carotid artery dissection: a study of 
298 patients. Neurology. 2009; 72: 1810–5.

 at UNIV OF MICHIGAN on August 18, 2012vmj.sagepub.comDownloaded from 

http://vmj.sagepub.com/



