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Stroke/cerebrovascular accident (CVA) is the third leading
cause of death in the developed nations, and is the leading
cause of long-term disability.1 This accounts for a substantial
cost to the patient and to the healthcare system. Carotid
artery stenosis (CAS) is responsible for 20 to 30% of ischemic
strokes in the United States.2 Understanding of the relation-
ship between carotid artery disease and stroke began with
autopsy findings in the early part of last century. Carotid
endarterectomy (CEA)was introduced in the 1950s to prevent
stroke. Several trials have proven CEA to be superior to
medical therapy and CAS for stroke prevention in symptom-
atic lesions. Its value in the management of asymptomatic

carotid artery disease is also shown to be of great value as
long as the combinedmorbidity and mortality is less than 3%.
In spite of these clinical trials, controversy continues regard-
ing the best management for patients, particularly in the
asymptomatic group. Medical therapy has significantly im-
proved and so has the outcome of CEA. In this report, we
describe current concepts and practice patterns of CEA.

Historical Perspective

Before 1900, knowledge regarding the pathophysiology of
stroke was largely unknown. Chiari in 1906 and Hunt in 1914
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Abstract Background Stroke is the number one cause of disability and third leading cause of
death among adults in the United States. A major cause of stroke is carotid artery
stenosis (CAS) caused by atherosclerotic plaques. Randomized trials have varying
results regarding the equivalence and perioperative complication rates of stents versus
carotid endarterectomy (CEA) in the management of CAS.
Objectives We review the evidence for the current management of CAS and describe
the current concepts and practice patterns of CEA.
Methods A literature search was conducted using PubMed to identify relevant studies
regarding CEA and stenting for the management of CAS.
Results The introduction of CAS has led to a decrease in the percentage of CEA and an
increase in the number of CAS procedures performed in the context of all revasculari-
zation procedures. However, the efficacy of stents in patients with symptomatic CAS
remains unclear because of varying results among randomized trials, but the perioper-
ative complication rates exceed those found after CEA.
Conclusions Vascular surgeons are uniquely positioned to treat carotid artery disease
through medical therapy, CEA, and stenting. Although data from randomized trials
differ, it is important for surgeons to make clinical decisions based on the patient. We
believe that CAS can be adopted with low complication rate in a selected subgroup of
patients, but CEA should remain the standard of care. This current evidence should be
incorporated into practice of the modern vascular surgeon.
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performed autopsies of the carotid arteries in the necks of
patients who had cerebral infarction.3 Hunt noted that there
was no intracranial obstruction, and that the probable lesion
was in the cervical carotid artery. These findings would go
largely unrecognized until Miller Fisher reported cases of
internal carotid artery occlusion from subintimal atheromas,
thrombosis, and embolization as a cause of cerebral infarction
in 1951.4 Neurologist Egas Moniz is credited with the intro-
duction of cerebral angiography in 1927, with use significant-
ly rising in the 1950s for the diagnosis of atherosclerotic
lesions.5 The first carotid artery reconstruction was done in
1951 by Carrea, Mollins, and Murphy in Buenos Aires,6

followed by Eastcott et al in 1954.7 Eastcott et al performed
resection of thrombus from the internal carotid artery fol-
lowed by reconstruction. These ventures are worth mention-
ing and truly serve as landmarks in the evolution of CEA. The
first successful CEA was performed by Michael DeBakey at
Methodist Hospital in Houston, Texas in 1953,8 although the
first published report was by Eastcott et al in 1954.7 Cooley
et al used the first intravascular shunt during endarterecto-
my.9He also introduced the practice of induced hypertension
to avoid shunting.

In the 1970s and 1980s, CEA became the most popular
procedure in the United States for treating CAS, although
questions were raised about associated perioperative mor-
bidity and mortality in community hospitals.10 After that
report, many neurologists began treating their patients with
aspirin only and avoided surgery. This led to large random-
ized clinical trials such as NASCET and ACAS in the 1990s.
These studies clinically showed the superiority of CEA over
the medical treatment group. Since then, CASwas introduced
as a treatment for CAS.Multiple studies have failed to show its
superiority over CEA, however, it has found its place in certain
clinical situations where surgery would be of greater risk,
such as in high-risk patients with comorbidities and in
unfavorable necks such as restenosis after CEA.

Pathophysiology and Risk Factors

Atherosclerosis is a generalized disease but it tends to more
pronounced and progressive at certain locations of the arterial
tree, such as the carotid bifurcation and the aortic bifurcation.
Significant atherosclerosis causing luminal narrowing is often
limited to the proximal 2 cm of the internal carotid artery and
the carotid bulb. The concept that atherosclerotic changes in the
carotid bifurcation leads to ischemic changes in the brain was
first postulated by Miller Fisher in 1951.4 The plaque is usually
stable and asymptomatic, but small pieces can embolize and
lodge in small arteries in thebrain, causing temporarysymptoms
such as a transient ischemic attack (TIA), amaurosis fugax or
more permanent damage via thromboembolic stroke/cerebral
infarction.11 The degree of carotid stenosis is strongly associated
with stroke risk. As the internal carotid artery is in continuity
with the vessels in the circle of Willis, occlusion may be silent.
Occlusion of the carotid arterymay also result in ischemia in the
watershed region.

Plaquemorphology and the degree of stenosismatter in the
pathophysiology of this disease.12 Currently, ultrasound (US)

studies are used to assess the plaque morphology, however, it
fails to identify the most vulnerable plaque. Hopefully, tech-
nologywill evolve to understand the type andvarietyof plaque
in this region to select the best form of treatment, that is, CEA
versus CAS.

Several modifiable and nonmodifiable risk factors contrib-
ute to the risk of stroke with carotid stenosis, including age,
hypertension, carotid artery disease, previous stroke/TIA,
absent collateral flow, irregular or ulcerated plaquemorphol-
ogy, and microembolic signals on transcranial Doppler.13,14

Factors contributing to carotid artery disease and atheroscle-
rosis include age, hypertension, diabetes, high levels of low-
density lipoprotein cholesterol, low levels of high density
lipoprotein cholesterol, family history of atherosclerosis,
smoking, obesity, hyperhomocystinemia, and sedentary
lifestyle.15

Clinical manifestations of atherosclerotic disease of the
carotid artery are variable; patients may have a bruit in the
affected carotid artery, amaurosis fugax, retinal infarctions or
cholesterol emboli, or may not have any symptoms. Ischemia
involving specific vascular territories results in specific clini-
cal stroke syndromes. Patients often present with one or
more of the following symptoms: amaurosis, aphasia, dys-
phasia, hemiparesis, and hemiplegia. Presence of a carotid
bruit in the neck is not specific for CAS and may be due to
causes. However, finding of a bruit should lead to further
investigation, such as scanning of the neck vessels with
carotid artery duplex.

Diagnosis

Preoperative evaluation should include a thorough history
and assessment of medical risk factors, neurologic risk fac-
tors, and angiographic risk factors as determined by radio-
logic diagnostics. Medical risk factors include obesity, chronic
obstructive pulmonary disease (COPD), advanced peripheral
vascular disease, uncontrolled hypertension, congestiveheart
failure (CHF), angina and myocardial infarction (MI). Neuro-
logic risk factors include neurologic deficit within 24 hours,
active TIA, and cerebral infarctionwithin 7 days. Angiograph-
ic risk factors include contralateral occlusion of the internal
carotid artery, thrombus extending from an ulcerative lesion,
plaque extension over 3 cm distally or over 5 cm proximally,
and ipsilateral carotid siphon disease. These factors should be
evaluated and worked up before the surgery. Patients should
have a comprehensive cardiac evaluation before surgical
intervention.

Patients with a history stroke should have evaluation of
the brain with computed tomographic angiography (CTA)
and/or magnetic resonance angiography (MRA) to rule out
intracranial pathology such as hemorrhagic stroke.

There are many radiologic diagnostic options available for
evaluating patients for CEA. Most surgeons rely on carotid
artery duplex alone before CEA. Cerebral angiography is
rarely used. Our center uses duplex US to assess the degree
of carotid stenosis and CTA or MRA for further analysis.
Advantages and disadvantages of various radiologic diagnos-
tic tools are described in ►Table 1.
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Medical Therapy

Medical management has advanced significantly as our un-
derstanding of carotid artery disease has improved. Aspirin
was the only drug of choice in the 1980s. Now, we know that
the management of risk factors matters for short- and long-
term outcomes after CEA.

Management of risk factors such as hypertension, diabetes,
or hyperlipidemia is essential in patients with CAS, in addi-
tion to lifestyle modification, medical optimization of comor-
bidities, and smoking cessation to reduce both early and long-
term risks of vascular events and death.16 Aspirin and aspirin
with clopidogrel, extended-release dipyridamole, and ticlo-

pidine have been shown to be effective antiplatelet agents in
long-term prevention of ischemic stroke.17,18

The clinical trials of carotid revascularization must be
assessed with respect to the evolution of medical therapies
for atherosclerotic disease. Medical therapies have evolved
throughout the duration of clinical trials, improving the
therapeutic options available for clinicians to treat patients.
The application of best medical practice and standards of care
differ from those in published trials, and reduces the gener-
alizability of those trials to our current practice. Future
randomized controlled trials are needed to explore how
revascularization interventions compare with current best-
available medical therapy.19 Surgical outcomes have also

Table 1 Radiologic diagnostics

Radiologic diag-
nostic imaging

Advantages Disadvantages

Duplex ultrasound
(US)

• Noninvasive
• Rapid
• Widely available
• Inexpensive
• Painless
• Sensitive and accurate test for assessing the

degree and location of stenosis and charac-
teristics of plaque

• Can calculate flow velocity and turbulence
• Used during CEA to identify intimal flaps and
assess flow

• Used for screening in patients presenting
with ipsilateral TIA or stroke and in follow-up
postoperatively to detect restenosis

• Operator dependent
• Does not provide anatomic detail of the neck
or intracranial vessels

• Cannot detect tandem or isolated lesions
near the distal carotid artery

• Calcium may obscure lesion

Computed tomo-
graphic angiogra-
phy (CTA)

• Less invasive than conventional angiography
• More accessible than MRA
• More precise than US or MRA

• Risk of nephrotoxicity or allergy to iodinated
contrast

• More expensive than US
• More rapidly available in emergencies
• Motion artifacts may limit interpretation
• Cannot detect intramural hematoma
• Calcium deposits at the carotid bifurcation

may limit quantification of luminal stenosis

Magnetic resonance
angiography (MRA)

• Noninvasive and safer than CTA
• No exposure to high levels of radiation like

CTA
• Most accurate of the noninvasive techniques
• Used for diagnosis and therapy
• Can evaluate and quantify luminal restenosis
postoperatively

• Can detect intramural hematoma and intra-
cranial arteries

• Interaction with pacemakers, cerebral aneu-
rysm clips and metal implants

• Less rapidly available
• Costly
• Does not image calcium well
• May overestimate degree of vessel stenosis
• Same accuracy as US
• Requires sedation since it is highly motion

sensitive

Carotid cerebral
angiography

• Clear vessel visualization • Outcomes may depend on skill and experi-
ence of provider

• More invasive and expensive compared with
other diagnostic tools

• Does not provide information about plaque
characteristics

• Risk of stroke and bleeding
• Risk of iodinated contrast nephrotoxicity and
allergy

• Most expensive method of carotid stenosis
evaluation

Abbreviations: CEA, carotid endarterectomy; CTA, computed tomographic angiography; MRA, magnetic resonance angiography; TIA, transient
ischemic attack; US, ultrasound.
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improved with better perioperative medical management,
including the use of statins and blood pressure medications.
Current recommendations are as follows:

• Aspirin (81–325 mg daily) is recommended before CEA
and should be continued indefinitely postoperatively
(LOE A).

• Aspirin (81–325 mg daily), clopidogrel (75 mg daily), or
combined aspirin (25 mg daily) plus extended release
dipyridamole (200 mg daily) should be used for long-
term prophylaxis against ischemic cardiovascular events
(LOE B).

• Lipid-lowering statins for prevention of ischemic events is
reasonable for patients who have undergone CEA irre-
spective of serum lipid levels (LOE B).

Surgical Considerations

CEA has been established as the gold standard for treatment of
CAS for many decades, but surgical and anesthetic techniques
have evolved over time. There is a great degree of variability of
this procedure across the country and even among providers in
the same center.20,21 Traditional endarterectomy employs a
longitudinal arteriotomy, while eversion endarterectomy em-
ploys a transverse arteriotomy with reimplantation of the
carotid artery.22 A Cochrane review of five randomized con-
trolled trials showed no statistically significant difference in
the rates of perioperative stroke or death when comparing
eversion and conventional endarterectomy with either patch
angioplasty or primary closure. To reduce the riskof restenosis,
autologous vein or synthetics can be used to close the artery
and enlarge the lumen. A 2009 Cochrane review of 10 ran-
domized and quasirandomized trials comparing carotid an-
gioplasty with primary closure in over 1,900 patients revealed
limited evidence of reduced risk of perioperative and long-
term ipsilateral stroke, reduced risk of perioperative arterial
occlusion and decreased restenosis during long-term follow-
up in patients undergoing carotid patch angioplasty.23 While
the patch can increase operative time, it can also reduce the
perioperative stroke or mortality by 60% and the risk of long-
term vessel restenosis by 80% in long-term follow-up,24

although some studies do not reflect these same outcomes.25

Temporary intraluminal shunts can also be employed, but data
froma2014CochraneReviewconcluded that thedatawere too
limited to support or refute the use of routine or selective
shunting in CEA23; large randomized controlled trials are
indicated. Perioperative mortality associated with CEA ranges
from 0.5 to 3% with a 30-day unplanned readmission rate is
6.5%. Factors related to readmission include prior coronary
artery bypass grafting, in-hospital postoperative stroke, bleed-
ing/hematoma, and CHF.26

Anesthetic Considerations

The goals of anesthetic management in CEA are to maintain
cerebral and myocardial perfusion. With general anesthesia,
methods of assessing cerebral perfusion include electroen-
cephalography, somatosensory-evoked potential monitoring,
transcranial Doppler US, and carotid artery stump pressure

monitoring. There are no controlled studies that explore the
outcomes between regional and general anesthesia. In an
analysis of the American College of Surgeons (ACS), National
Surgical Quality Improvement Program (NSQIP) database,
general anesthesia was used in approximately 85% and re-
gional anesthesia was used in approximately 15% of cases.27

The choice of general anesthesia or local anesthesia with or
without cervical block for CEA is determined by surgeon
preference and patient presentation and preference,28

althoughmost surgeons perform CEA under general anesthe-
sia. A 2013 Cochrane review including results from the
General Anesthesia versus Local Anesthesia (GALA) trial along
with 14 randomized trials found no difference in periopera-
tive stroke, MI, or death among patients receiving local and
general anesthesia.29

Blood pressure is more largely affected by general anes-
thesia compared with local anesthesia, resulting in more
variability and manipulation of blood pressure postopera-
tively.28,30 Local anesthesia may be considered in select
patients. Further analysis of the GALA trials found that local
anesthesia might also be more cost-effective than general
anesthesia.31 The NSQIP data suggest that this could be
because of the shorter operative time and anesthesia time
and sooner discharge.30 Other issues such as cost-effective-
ness and length of hospitalization should also be
considered.32

Asymptomatic Carotid Artery Stenosis

A meta-analysis of over 23,000 participants showed the
prevalence of severe asymptomatic stenosis in the general
population to be 3.1%.33 In patients with stenosis greater than
60% treated medically, the annual incidence of stroke has
been reported to be 2.5%.34

The risk of stroke and death in patients undergoing CEA for
asymptomatic CAS is significantly increased in certain pa-
tients, particularly those with dependent functional status,
recent MI, CHF, hypoalbuminemia, angina, dialysis depen-
dence, steroid dependence, COPD, and American Society of
Anesthesiologists Score more than 3.35 Other factors that
increase the risk of postoperative stroke and death include
age � 80 years, active smoking, contralateral internal CAS of
80 to 99%, emergency procedure status, preoperative stroke,
presence of one or more ACS NSQIP-defined high-risk char-
acteristics (including New York Heart Association class III/IV
CHF, left ventricular ejection fraction less than 30%, recent
unstable angina, or recent MI), and operative time � 150
minutes.36 A validated risk index can help to identify asymp-
tomatic patients at greatest risk for 30-day stroke, MI, and
death after CEA.37

Indications for CEA in patients with asymptomatic CAS
are controversial. Medical management may be an alterna-
tive to CEA for patients with asymptomatic stenosis; ther-
apy includes statins, β-blockers and antiplatelets along
with management of risk factors such as hypertension,
smoking, and diabetes. CEA in addition to best medical
management should be the best in the management of
patients with severe CAS.
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Randomized controlled trials have established that CEA is
beneficial for patients with asymptomatic CAS greater than
60%, although the degree of benefit is not as profound as for
symptomatic stenosis. Neither the ACST nor the ACAS trials
established a correlation between the degree of stenosis and
the risk of stroke for patients with asymptomatic stenosis
greater than 60%.

The Asymptomatic Carotid Surgery Trial (ACST) explored
whether the addition of CEA to aspirin influenced the inci-
dence of TIA or infarctions in patients with severe (> 60%)
asymptomatic stenosis.38 Over 3,100 patients were enrolled
in this study from1993 to 2003, with patients assigned to CEA
or deferral of any carotid procedure. The study found that CEA
in asymptomatic patients younger than 75 years reduced the
10-year stroke risk. The ACST-2 trial will compare CEA with
CAS in the prevention of stroke in patients with asymptom-
atic stenosis.39

TheAsymptomatic Carotid Atherosclerosis Study (ACAS) of
1987 to 1993 determined that the incidence of ipsilateral
stroke and any perioperative stroke or death after a median
follow-up of 2.7 years in patients with asymptomatic stenosis
greater than 60% was 5.1% for those receiving CEA compared
with 11.0% for those treated medically.34 Although the peri-
operative complication rates were 2.3%, the reliability of the
effect size is reduced because of the extrapolation of data
from 2-year follow-up. Therefore, patients with asymptom-
atic stenosis greater than 60% will have a reduced 5-year risk
of ipsilateral stroke if CEA is performed, done in conjunction
with aggressive risk factor and medical management, and
given that perioperative morbidity and mortality risk is less
than 3%.

The Asymptomatic Carotid Emboli Study (ACES) deter-
mined that transcranial Doppler could be used to detect
embolization and help stratify patients with asymptomatic
stenosis in a higher and lower vascular event risk group.40

The data from these trials suggest that although surgery
reduces the incidence of ipsilateral stroke and any stroke, the
benefit is small (� 1% per year), whereas the perioperative
risk of stroke or death is high (3%). Therefore, medical
management may be the most appropriate option in most
asymptomatic patients, and only centers with a perioperative
complication rate of less than 3% should consider surgery,
although patients with a high risk of stroke (> 80% stenosis
and a life expectancy more than 5 years) may benefit from
surgery.38,41 Resources should be invested in identifying
asymptomatic patients at high risk for strokewho can benefit
frombestmedical therapy and CEA or CAS.42 These trials have
helped to establish practice guidelines for themanagement of
asymptomatic stenosis.

Symptomatic Carotid Artery Stenosis

Symptomatic CAS is defined as sudden onset focal neurologic
symptoms within the previous 6 months that affect the
carotid artery distribution (caused by carotid atherosclero-
sis). These symptoms may include TIA, amaurosis fugax, or
ischemic stroke. The risk of stroke increases with higher
degrees of symptomatic stenosis (hazard ratio of 1.18 per

10% increase in stenosis),43,44 although patientswith severely
narrowed or collapsed carotid arteries (near occlusion) have a
relatively lower risk of stroke on best medical therapy com-
pared with carotid arteries with moderate degrees of
stenosis.45

The North American Symptomatic Carotid Endarterecto-
my Trial (NASCET) trial of the 1980s was a large randomized
controlled class I study and the first major study that com-
pared CEA to medical therapy in patients with symptomatic
stenosis.44 It compared CEAwith medical therapy in over 650
patients with recent TIA or nondisabling stroke and varying
degrees of stenosis. It was terminated early in the severe
stenosis group (> 70%) because of the significant benefit of
surgery compared with medical therapy at 3-month follow-
up. Clinically significant benefits of CEA versus medical
therapy included lower risk of any major stroke or death
(8.0 vs. 19.1%) and lower risk of any stroke or death (15.8 vs.
32.3%). CEA decreased the absolute riskof ipsilateral stroke by
17% at 2 years compared with medical management. A
smaller but clinically important benefit was also evident in
the group with 49 to 70% stenosis, with a 6.5% absolute risk
reduction at 5 years compared with medical management. In
patients with greater than 80% stenosis, CEA had an absolute
risk reduction of 11.6% in stroke at 3 years. The major
conclusion of the NASCET trial was that CEA was very
beneficial in patients with recent symptomatic stenosis
with ipsilateral stenosis greater than 70%.

The European Carotid Surgery Trial (ECST) was a large
randomized controlled class I study that examined outcomes
of CEA in stroke prevention in patients with symptomatic
stenosis.43 Over 3,000 patients of any age who had a symp-
tomatic ischemic vascular event in the carotid artery distri-
bution over the previous 6 months were enrolled and
examined between 1981 and 1995. Major stroke or death
occurred in 37.0% of the CEA group and 36.5% of the control
group, and risk of major stroke or death complicating surgery
(7.0%) did not vary with the degree of stenosis. However, the
riskofmajor stroke ipsilateral to the unoperated symptomatic
stenosis increased in stenosis above 70% of the original
luminal diameter. The authors concluded that CEA was indi-
cated for most patients with a recent nondisabling ischemic
event in the carotid artery distribution with symptomatic
stenosis greater than 80%.46 This study demonstrated an
absolute risk reduction of 6.5% for ipsilateral stroke and a
relative reduction of 39%. CEA was only helpful in patients
with greater than 50% narrowing of the internal carotid
artery, with more severe narrowing receiving greater benefit
from surgical intervention.

Current recommendations indicate CEA for symptomatic
patients with stenosis from 70 to 99%; CEA may be indicated
in patients with stenosis between 50 and 69% without
neurologic deficit; CEA is not recommended for patients
with stenosis less than 50% and should not be performed in
centers with complication rates higher than the 6% rate
observed in NASCET and ECST. In some patients with asymp-
tomatic stenosis between 60 and 99%, CEAmay be indicated if
there is a very low-complication risk and if the patient has a
life expectancy of at least 5 years.
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To determine the effect of timing on operative risk and
benefit of CEA, data from NASCET and ECST were exam-
ined.47 The results found that CEA performed within
2 weeks of nondisabling stroke or TIA significantly im-
proved outcomes compared with delayed CEA and without
increasing operative risk. In patients with CAS > 70%, CEA
reduced the absolute risk of stroke by 30.2% if performed
within 2 weeks of the last ischemic event, and in patients
with CAS between 50 and 69%, benefits of CEA were only
observedwithin twoweeks of the last ischemic event. More
recent trials show that carotid revascularization performed
within 15 days after symptom onset versus delayed CEA in
symptomatic patients have no difference in outcomes.48 A
2009 systematic review showed that the rate of periopera-
tive stroke or mortality is significantly higher in emergent
CEA (14.0%) compared with nonemergent CEA (4.0%).49

Studies suggest that urgent CEA can be safely performed
in symptomatic patients to improve neurologic outcome50

without increased procedural risk,51 although the poorest
outcomes occur in patients with an evolving stroke, and
urgent CEA should be offered with caution in these pa-
tients,52 and can perhaps be offered within 48 hours after
TIA or SIE to prevent recurrent stroke.53

Studies have also suggested gender differences in CEA
outcomes. The benefit of CEA for women also declined
more rapidly compared with men. Furthermore, the risk of
ipsilateral stroke in symptomatic CAS is significantly lower for
women treated medically than men, and the perioperative
mortality risk from CEA is significantly higher in women
compared with men. Therefore, CEA is considered beneficial
for women with symptomatic stenosis more than 70%, and is
not beneficial for most womenwith stenosis between 50 and
69%.54 A 10-year national study on CEA outcomes in men and
women hospitalized for carotid artery disease showed a
lower perioperative cardiac morbidity and mortality rate in
women compared with men and no difference in timing of
CEA based on sex.55 Sex differences in outcomes of treatment
for carotid artery disease have been controversial.56 A 2014
retrospective study of over 1,000 patients showed no differ-
ence in perioperative stroke and mortality rates after CEA in
women.57 A 2014 study of over 9,800 patients contrasted
previous reports by concluding that while men and women
demonstrated similar results after CEA and CAS, women did
not have a higher risk of adverse events after carotid
revascularization.58

According to results from NASCET, patients with symp-
tomatic contralateral stenosis are benefit from CEA com-
pared with medical management. Medically treated patients
with occluded contralateral carotid artery were twice as
likely to have an ipsilateral stroke at 2 years compared
with patients with severe or mild-to-moderate contralateral
stenosis. The perioperative risk of stroke and mortality were
higher in patients with an occluded contralateral carotid
artery (4.0% risk) or mild-to-moderate contralateral stenosis
(5.1% risk). Despite the higher perioperative morbidity with
an occluded contralateral carotid artery, patients with CEA
performed on the recently symptomatic, severely stenosed

ipsilateral carotid artery benefit compared with medically
treated patients.59

It is important to note that the NASCET trial enrolled only
patients younger than 80 years of age, and so results must be
extrapolated to the elderly. The decision to treat elderly
patients surgically depends in part on the operative risk,
which includes stroke and cardiac risk. The American Heart
Association suggests that the upper limits for stroke and
cardiac risk for CEA after TIA be less than 5%. The NASCET
trial showed a combined risk of 5.8%. Many studies have
explored these risks in the elderly and suggest that there is no
increased operative risk from age. However, a selection bias
exists in these studies that disfavor patientswho are ineligible
to receive the procedure due to excessive risk or illness. The
NASCET trial bias was applied to both the medical and
surgical groups, so all patients were appropriate for surgical
management. Nonetheless, most studies suggest that the
operative risk for CEA in the elderly is not significantly
increased.60–62

Operative Technique

Operative technique varies widely across the country. The
type of anesthesia, cerebral monitoring, and the technique
eversion versus direct feathering technique, patch versus
primary closure, and stent utilization all vary widely. Vari-
ability exists evenwithin the same institution, however, there
is no evidence that one technique is superior to another, and
probably depends on the surgeons experience.

Complications

Complications related to CEA have significantly declined over
the years because of the advances in intraoperative manage-
ment and postoperative care. CEA is effective in low-risk
surgical patients and decreases the risk of stroke, but there
are risks of general anesthesia, infection, MI, hyperperfusion
syndrome, cervical hematoma, cranial nerve injury, resteno-
sis, embolization, stroke, and even death.

Stroke: Stroke is the second most common cause of death
following CEA. The rate of stroke after CEA ranges from 0.25 to
3%,63,64 with symptomatic patients having a higher rate.
Factors contributing to postoperative stroke after CEA include
plaque emboli, platelet aggregates, and poor cerebral perfu-
sion. Cerebral ischemia can be because of the following:
hypotension associated with hypovolemia from blood loss;
embolization or formation of a thrombus at the surgical site;
and vasospasm from prolonged clamp time during surgery.

Neurologic changes after CEA should prompt immediate
evaluation, including rule out of intracranial hemorrhage and
assessment of the operative site for technical errors. Duplex
US can be utilized to evaluate flow throughout the carotid
artery; if no thrombosis or intimal flap is identified a head CT
should be performed to rule out intracranial bleeding and
heparin can be subsequently administered. Some surgeons
prefer to return to the operating room (OR) to explore the
operative site for technical errors.
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There are no controlled trials to justify the use of intra-
arterial thrombolytic therapy with tissue-type plasminogen
activator (alteplase) for postoperative embolic stroke patients
given the riskof intracranial hemorrhage from this treatment.
Intravenous tPA is an independent risk factor for subarach-
noid hemorrhage after CEA.65,66

Although intraoperative use of an intraluminal shunt may
reduce the risk of stroke by increasing cerebral blood flow in
the carotid artery, it may also increase the risk of arterial wall
damage with subsequent stroke after CEA. Use of an intra-
luminal shunt is a risk factor for new magnetic resonance
diffusion-weighted image lesions after CEA, supporting their
selective use.67

Myocardial infarction: The risk of MI after CEA (range,
0–2%) is higher than CAS. Risk factors for and management of
perioperative MI are important to consider.

Hyperperfusion syndrome: Hyperperfusion syndrome has
an incidence of 1 to 3% but is the cause of most seizures and
intracerebral hemorrhages after CEA. Hyperperfusion is a
consequence of changes that occur to ischemic carotid vascu-
lature. To maintain cerebral blood flow, the small vessels
dilate; after CEA, blood flow is restored to normal perfusion
pressures, and the dilated vessels are unable to autoregulate
and vasoconstrict, resulting in elevated perfusion pressures,
edema, and hemorrhage. Hyperperfusion is likely with revas-
cularization of lesions with over 80% stenosis, from reduced
cerebral flow before CEA, or after recent cerebral infarction.
Clinically, the syndrome is characterized by ipsilateral head-
ache with improvement on upright posture, focal motor
seizures, and intracerebral hemorrhage. Transcranial Doppler
can be used to monitor flow velocities of the middle cerebral
artery to predict the occurrence of hyperperfusion syndrome.
However, hyperperfusion syndrome may occur with only
moderate increases in ipsilateral cerebral blood flow as
measured by perfusion magnetic resonance imaging (MRI),
even if middle cerebral artery flow velocity as measured by
transcranial Doppler is normal. Systolic blood pressure
should be strictlymaintained below 150 mmHg immediately
and for weeks postoperatively. Blood pressure should be
controlled to prevent rupture of the vessel and to reduce
the riskof embolization of a thrombus. Patientswith a sudden
or severe headache following CEA should be evaluated with
head CT. Antithrombotics should be discontinued.

Neck hematoma: Postoperative neck hematoma can result
in loss of the airway; uncontrolled intraoperative or postop-
erative hypertension can contribute to hematoma formation.
Bedside tracheostomy kit should be available for evacuation
of neck hematomas thatmaycompromise the airway. If a neck
hematoma develops, return to the OR and reexploration of
the neck is necessary. Patients receiving antiplatelet therapy
preoperatively or anticoagulant therapy postoperatively have
a higher incidence of neck hematoma. Anticoagulation can be
reversed intraoperatively with protamine.

Nerve injury: Surgical trauma, inadvertent or improper
retraction and transection of nerves, or compression of
nerves from edema, hematoma, or inflammation can result
in nerve injury. The risk of nerve injury in patients undergo-
ing CEA is 5 to 6%, and the majority of these nerve injuries

resolve after surgery. Nerves that can be affected are VII, XII,
IX, X, and XI. Hypoglossal nerve injury is the most common
(tongue deviation to affected side), followed by the marginal
mandibular branch of the facial nerve (paresis of the ipsilat-
eral orbicularis oris) and inferior laryngeal nerve (unilateral
vocal cord paralysis) injury. Injury to the glossopharyngeal
and sympathetic nerves has also been reported.

Restenosis: Restenosis rates are variable but are more
common after primary closure than patch closure.

Readmission: In a study of over 235,000 carotid interven-
tions, readmission rates for patients undergoing CEA and CAS
were 8.8 and 11.1% (30 days), 13.3 and 17.9% (60 days), and
16.8 and 22.6% (90 days). Patients older than 80 years, those
with renal failure, CHF, diabetes, or CASweremore likely to be
readmitted.68 In an NSQIP study of over 8,400 patients,
preoperative bleeding disorder, history of a CVA/stroke, and
increasing age were statistically significant predictors for
readmission. Postoperatively, surgical site infection, MI, sep-
sis/septic shock, CVA/stroke, pneumonia, and urinary tract
infection were associated with a greater rate of readmis-
sion.69 In a study of 840 patients at a single institution,
increased length of stay was associated with preadmission,
history of CHF, female gender, history of COPD, electroen-
cephalography change, OR start time after 12:00 PM, total OR
time, transfer to intensive care unit, number of in-hospital
postoperative complications, and Foley catheter placement.
Over 1 year, increased length of stay was associated with
increased hospital readmission and decreased survival.70

Postoperative Care

Themost important part of postoperative care is strict control
of blood pressure. Patients should continue on antiplatelet
therapy. Perioperative use of aspirin has been associated with
reduced postoperative complications. Most patients are kept
in the hospital for 1 day postoperatively, although length of
stay in the intensive care unit and hospital varies nationally.
Some surgeons prefer to use a drain, however, drains should
be removed on the first postoperative day and there is no
study to support superiority of drain versus no drain. Follow-
up with carotid duplex is typically performed 4 weeks post-
operatively to establish a new baseline, and is performed at
6 months and then annually.

Carotid Artery Stenting

Certain anatomic features and comorbidities are considered
contraindications, including complex bifurcation disease,
string sign, or long, multifocal, heavy calcifications of the
aortic arch, brachiocephalic trunk, or carotid bifurcation, and
tortuous aortic arch. CAS is indicated in patients with high
surgical risk, multiple comorbidities, contralateral laryngeal
nerve palsy, previous neck dissection, cervical irradiation,
previous CEA, or those at high riskof cerebral ischemia during
carotid clamping. CAS is also an option for patients with high
carotid bifurcation or intracranial extension of the carotid
lesions, where access would be surgically difficult. It also
avoids the risk of general anesthesia and cranial nerve
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damage. CAS in symptomatic patients should only be consid-
ered in centers with perioperative risk of stroke or mortality
less than 6%.

Four major studies, Carotid and Vertebral Artery Trans-
luminal Angioplasty Study (CAVATAS), Stent-Supported Per-
cutaneous Angioplasty of the Carotid Artery versus
Endarterectomy (SPACE), Endarterectomy versus Stenting
in Patients with Symptomatic Severe Carotid Stenosis (EVA-
3S) trial and Stenting and Angioplasty with Protection in
Patients at High Risk for Endarterectomy (SAPPHIRE) trials
showed CAS to have either similar or inferior results when
compared with CEA. These studies have been criticized for
design, suboptimal medical therapy, and variability in opera-
tor and use of cerebral protection devices, but they are
important studies. Recently, the International Carotid Stent-
ing Study (ICSS) and the Carotid Revascularization Endarter-
ectomy versus Stenting Trial (CREST) were published,
yielding differing results. Although no difference was noted
for disabling stroke between CEA and CAS in the ICSS, there
were significantly more strokes of any severity in the CAS
group (2.9 vs. 1.85% at 1 year). There was also a lower
combined stroke/death and MI rate for CEA (5.2 vs. 8.5%).
CREST showed no end point difference between CEA and CAS,
and most guidelines subsequently included CAS as a valid
alternative to CEA. However, the CREST study is criticized for
its use of a combined end point of stroke and MI, and critics
argue that stroke should be the only primary end point for
both interventions. In addition, as strokes are more disabling
than MI, the combined end point inflates the disadvantages
associated with CEA, although patients who suffered from
perioperative MI had a higher 4-year mortality than those
who did not (19.1 vs. 6.7%). It is also important to note that
medical therapy was not standard between the two trials and
may have influenced outcomes.

The CAVATAS71 was a randomized controlled trial de-
signed to assess the safety and efficacy of CAS compared
with CEA for carotid stenosis, and found that more patients
had stroke during follow-up in the CAS group compared with
the CEA group, but the rate of ipsilateral non-perioperative
strokewas low in both the groups and none of the differences
in the stroke outcome measures was significant.

The SPACE72 trial found no significant difference between
CAS and CEA in terms of 30-day ipsilateral ischemic stroke or
mortality and 2-year perioperative stroke, mortality, or ipsi-
lateral ischemic stroke. However, recurrent stenosis greater
than 70% was significantly higher in the CAS group. No
difference was found in the rates of ischemic stroke or
mortality among patients treated with and without embolic
protection. The SPACE-2 trial will address the question of
intervention versus maximal medical therapy in asymptom-
atic patients.73

The EVA-3S trial randomly assigned patients with severe
symptomatic stenosis to either CAS or CEA and found the
incidence of any stroke or death at 30 days was significantly
higher in the CAS group (9.6%) compared with the CEA group
(3.9%), and the trial was stopped prematurely because of the
excessive mortality in the CAS group. The secondary outcome
of any perioperative stroke ormortality and any nonoperative

ipsilateral stroke up to 4 years was also significantly higher in
the CAS group (11.1%) compared with the CEA group (6.2%).
Results of the trial are criticized because of the heterogeneity
of stent types and interventionalists.

The SAPPHIRE trial tested the hypothesis that CASwas not
inferior to CEA in patients at high risk for carotid surgery with
symptomatic or asymptomatic stenosis.74 Although there
was a significant reduction in the primary composite end
point (perioperative mortality, MI, or stroke) for CAS (12.2%)
versus CEA (20.1%), there was no significant difference in
major secondary end points (primary end points in addition
to mortality or stroke between years 1 and 3) for CAS (24.6%)
compared with CEA (26.2%), leading to the conclusion that
CAS was not inferior to CEA in patients with asymptomatic
disease.

The European International Carotid Stenting Study (ICSS/
CAVATAS 2)75 found that CAShad significantly higher rates for
end points of any stroke (7.7 vs. 4.1%), any stroke and
mortality (8.5 vs. 4.7%), and all-cause mortality (2.3 vs.
0.8%) compared with CEA, although there was no significant
difference between CAS and CEA for disabling stroke (4.0 vs.
3.2%). The combined complications of stroke, MI, and death
were significantly higher in the CAS group comparedwith the
CEA group (8.5 vs. 5.2%). There was also a greater overall
stroke risk with CAS (15.2%) compared with CEA (9.4%) after
several years.76 Therefore, in symptomatic patients with CAS,
CEA remains the treatment of choice over CAS.

The CRESTrandomized over 2,500 patients to either CEAor
CAS and was the first prospective, randomized controlled
trial to indicate similar estimated 4-year rates of stroke,MI, or
death between the CAS and CEA amongmen andwomenwith
either symptomatic or asymptomatic stenosis.77 The inci-
dence of perioperative stroke was higher in the CAS group,
whereas the rate of perioperative MI was higher in the CEA
group.

CREST also showed worse outcomes in elderly patients
with CAS compared with CEA, leading to the recommenda-
tion that CAS could be reserved for younger patients and CEA
for older patients inmost clinical scenarios. In ameta-analysis
comparing CAS to CEA in patients older than 80 years, the
relative risk of MI or death at 30 days was similar, but the
stroke rate was nearly three times higher for patients under-
going CAS (7.0%) comparedwith CEA (1.9%).78 In addition, the
risk of silent cerebral infarction on MRI after CAS is higher
than CEA, but without measurable change in cognitive
function.79

In a study of 17,716 patients with asymptomatic carotid
stenosis treated with CEA and 3,962 treated with stenting,
CAS was associated with a significantly higher risk of post-
operative stroke or in-hospital death than CEA.80 CAS has also
been associated with a higher risk of perioperative mortality
and stroke compared with CEA for all ages and clinical
presentations.81

The efficacy of CAS in patients with symptomatic stenosis
remains unclear because of the varying results in randomized
trials, and rates of perioperative stroke andmortality exceeds
those found in CEA.82 Some studies suggest that the incon-
sistent results from randomized controlled trials of CAS are
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related to variability in operator experience, utilization of
embolic protection devices, and patient selection.83However,
data may overestimate the efficacy of CAS in high-risk symp-
tomatic patients.84 Several advances in stenting are under-
way, including baremetal versus covered stents, tapering, and
free cell, drug-eluting and cutting balloon. These all have
conflicting evidence for risks and benefits and outcomes will
need to be assessed.85

Systematic analysis of 4,399 patients comparing outcomes
of repeated CEA and CAS for carotid restenosis after CEA
showed no difference in the 30-day perioperative mortality,
stroke, or TIA rates. Patients undergoing redo CEA had a
higher incidence of cranial nerve injury and MI compared
with CAS, but most cranial nerve injuries were reversible;
furthermore, patients treated with CAS were more likely to
develop restenosis than those treated with CEA in long-term
follow-up.86 In a similar study utilizing the Vascular Study
Group of New England database, CEA and CAS showed
statistically equivalent outcomes of stroke, death, MI within
30 days, cranial nerve injury, and restenosis � 70% at 1-year
follow-up in symptomatic and asymptomatic patients treated
for restenosis after previous CEA. The risk of reintervention
was increased compared with primary CEA.87

Systematic literature reviews revealed that CEA had lower
rates of complications (such as minor stroke) compared with
CAS and should remain the gold standard in the treatment of
CAS in patients older than 80 years.61,88,89 Large, controlled
clinical trials are warranted to understand the safety and
efficacy of CAS in the elderly. The relative risk of all-cause 5-
year mortality is significantly higher in elderly patients with
asymptomatic CAS who have atrial fibrillation or chronic
renal failure undergoing carotid revascularization.90

Embolic protection devices can be either occlude or filter
the blood to catch debris that is dislodged during stent
placement and are categorized as either proximal or distal.
Distal embolic protection devices must pass the stenosis, and
therefore may dislodge emboli or require predilation before
placement. Placement of the device may also result in vessel
wall injury or induce vasospasm that can narrow the outflow
and result in stroke. Proximal devices deploy occlusion bal-
loons in the external and common carotid artery. After the
stent is inserted, the proximal internal carotid artery is
suctioned to remove debris before deflation. These devices
maycause vesselwall injury or cerebral ischemia. In a study of
over 10,000 stenting procedures, the use of proximal embolic
protection devices during stenting was associated with low
rates of perioperative stroke or mortality similar to distal
devices.91 A 2015 study suggests that there may be better
cerebral embolic protection with proximal filters compared
with distal filters in stenting, although this needs to be
confirmed by larger studies.92

Broad application of CAS may also be limited by the higher
initial procedural costs associatedwith this procedure,93 only
trivial differences in overall healthcare costs and quality-
adjusted life expectancy exist between the CEA and CAS
based on CREST data, and factors other than cost-effective-
ness should be consideredwhen deciding between treatment
options in patients at standard risk for surgical complica-

tions.94 CEA should be the standard of care for symptomatic
patients unless medical comorbidities or unacceptable high
risk for surgical therapy.

Trends

Despite the numerous randomized clinical trials and research
dedicated to the study of revascularization techniques and
outcomes of the management of carotid artery disease, there
is little international consensus on optimal management.
Professional society guidelines in the United States (American
Heart Association, American Surgical Association) differ and
sometimes contradict international guidelines.95,96

CEA is currently performed by various specialties with
variable outcomes on perioperative stroke, mortality, and
cost.97 A lack of consensus among primary care physicians,
cardiologists, vascular surgeons, neurologists, and interven-
tionalists exists, likely because of the inability to identify
high-risk stroke patients who will benefit from invasive
therapies. It is critical that we establish randomized high-
powered trials comparing CEA with both CAS and best
medical therapy.98 Appropriate stratification of patients by
risk factor and diagnostic imaging is essential.

The utilization of CAS parallels the publication of random-
ized trials. After the SAPPHIRE trial of 2004, utilization of CAS
doubled. After the publication of the CEA-favorable EVA-3S
and SPACE in 2007, CAS decreased by 22%.99 The introduction
of CAS has lead to a decrease in the percentage of CEA and an
increase in the number of CAS procedures performed in the
context of all revascularization procedures, particularly after
the CREST publication.100,101

Recommendations for Practice Guidelines

• Risk factors should be managed and medical management
should be optimized.

• Best medical therapy should be offered to all patients.
• Until randomized controlled trials demonstrate that best

medical therapy is superior to CEA or CAS in the preven-
tion of stroke, guidelines should remain unchanged.

• Selection of patients for revascularization depends on
comorbidities, life expectancy, and risks and benefits
associated with the procedure.

• Screening for carotid disease can identify patients with
significant asymptomatic stenosis who can undergo either
CEA or CAS to prevent avoidable stroke.

• Prophylactic CEA can be performed in patients with < 3%
morbidity andmortality risk in asymptomatic patientswith
stenosis > 60% by angiography or > 70% by Doppler US.

• Prophylactic CAS can be performed in patients with
asymptomatic stenosis > 60% by angiography, 70% on
Doppler US, or 80% on CTA or MRA.

• The data on CAS as an alternative to CEA in asymptomatic
patients at high risk is unclear.

• For patients with symptomatic ipsilateral CAS > 70%, CEA
is recommended if the perioperative morbidity and mor-
tality risk is < 6%.
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• For patients with symptomatic ipsilateral CAS between 50
and 69%, CEA is recommended if perioperative morbidity
and mortality risk is < 6%.

• When the degree of stenosis is < 50%, there is no indica-
tion for revascularization by CEA or CAS.

• CEA should be performed within 2 weeks in symptomatic
patients (TIA or stroke) and as early as 48 hours after onset
of symptoms.

• CAS should be considered in patients with significant
comorbidities (such as class III/IV angina or CHF, multi-
vessel coronary artery disease, ejection fraction < 30%,
recent MI, and severe COPD) and/or anatomic factors
(high cervical lesion, intrathoracic lesion, prior CEA, prior
radical neck, prior radiation therapy to neck, and contra-
lateral occlusion).

• Practice guidelines should favor CEA over CAS and best
medical therapy until recent randomized trials demon-
strate their superiority over CEA for management of high-
grade carotid stenosis.

Conclusion

Vascular surgeons are uniquely positioned to treat carotid
artery disease through medical therapy, CEA, and carotid
stenting.While the benefits of CEAwithmedical therapy have
been described in several systematic reviews and randomized
controlled trials, none compares CASwith medical therapy or
CEA with current standard medical therapy. The application
of best medical practice and current standards of care differ
from those in published trials, and reduces the generalizabil-
ity of those trials to our current practice. Future randomized
controlled trials are needed to explore how revascularization
interventions compare with current best available medical
therapy.

The current evidence and position of the authors and the
Society for Vascular Surgery is that CEA is superior to CAS.
CREST, ICSS, and NSQIP data have demonstrated improved
outcomes of CEA compared with previously published trials
such as NASCET and ECST. ICSS showed that CEA had a fewer
complications than CAS and was the preferred modality of
treatment. CREST showed equivalency between CEA and CAS
with respect to combined outcomes, withmoreMIs occurring
after CEA and more strokes occupying after CAS. MIs ap-
peared to be minor and affect quality of life less than strokes
as determined by the SF-36 study in CREST. As the primary
end points of the studies were to prevent stroke, it is
recommended that CEA be employed for the majority of
patients.

Although the CREST and ICSS results differ, it is impor-
tant for surgeons to make clinical decisions based on the
individual condition of each patient. The evidence shows
that CEA is more effective in preventing stroke and stroke-
related mortality than medical therapy alone in symptom-
atic patients with over 70% stenosis. Most vascular sur-
geons will perform CEA in symptomatic patients with
stenosis less than 70%. Some patients who are unwilling
or unable to undergo CEAmay benefit from CAS. We believe
that CAS can be adopted with a low complication rate in a

selected subgroup of high-risk patients with significant
comorbidities or anatomic risk factors, but CEA should
remain the gold standard for revascularization. This cur-
rent evidence should be incorporated into practice of the
modern vascular surgeon.
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