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INTRODUCTION
The management of extracranial cerebrovascular dis-

ease, including carotid endarterectomy (CEA), carotid
stenting and medical management is performed by
several specialists. Vascular surgeons perform a majority
of CEA, whereas catheter-based therapies (eg, carotid ar-
tery stenting [CAS]) are performed by vascular surgeons,
cardiologists, interventional radiologists, neurosurgeons,
interventional neurologists, and other professionals.1,2

Because multiple treatment modalities are available for
extracranial cerebrovascular disease, defining optimal
therapy can be challenging particularly when different
specialtiesdoften with nonoverlapping expertised
deliver these therapeutic options.
In 2011, the Society for Vascular Surgery (SVS) pub-

lished clinical practice guidelines for the management
of extracranial carotid artery disease in the Journal of
Vascular Surgery.3 A multispecialty document was also
published on the “Management of Patients with Extra-
cranial Carotid and Vertebral Artery Disease.”4 However,
since these documents came out, four large, random-
ized trials have been published that compared the effi-
cacy of CAS and CEA in management of extracranial
carotid stenosis.5-9 This led the European Society for
Vascular Surgery to update its guidelines, “Management
of Atherosclerotic Carotid and Vertebral Artery Disease”
in 2017.10 Similarly, the SVS felt an update of its 2011
document was needed.
Accordingly, the SVS selected a writing group consist-

ing of leaders in vascular surgery with a major interest
in this field. The group met in person and on several con-
ference calls to identify the most important and/or
controversial issues and questions it felt were of major in-
terest to practicing clinicians and other specialists, and
these issues are addressed in the revised Clinical Practice
Guidelines. To support the guideline, a systematic review
and meta-analysis was conducted by the Mayo Clinic Ev-
idence Practice Center to address these issues, and these
will be published separately in the Journal of Vascular
Surgery. The following five issues/questions are
addressed:

1. Is CEA recommended over maximal medical therapy
for asymptomatic carotid stenosis in low surgical risk
patients?

2. Is CEA recommended over transfemoral CAS in low
surgical risk patients for symptomatic carotid artery
stenosis of greater than 50%?

3. What is the optimal timing of carotid intervention in
patients presenting with acute stroke?

4. Screening for carotid artery stenosis in asymptomatic
patients
A. Is screening for asymptomatic carotid stenosis rec-

ommended in the general population?
B. Is screening for carotid stenosis recommended for

high-risk asymptomatic patients?
C. What imaging test is best for screening for carotid

stenosis in asymptomatic patients?
5. What is the optimal sequence for intervention in pa-

tients with combined carotid and coronary artery
disease?

These questions are addressed in a separate Clinical
Practice Guidelines document.
However, there are several additional topics in the man-

agement of extracranial cerebrovascular disease which
the writing group felt needed to be updated. This
Comprehensive Implementation Document was pre-
pared to address those topics.



Journal of Vascular Surgery AbuRahma et al 29S

Volume 75, Number 1S
Each member of the writing group was assigned re-
sponsibility for compiling information on a specific topic
and findings were distributed to all members for review.
Each topic area was discussed and summary recom-
mendations reflecting the unanimous opinion of the
writing group was reached by consensus.

Prevalence and incidence of stroke. The prevalence of
stroke prevalence in US adults (>18 years old) is currently
2.7%, a figure that is expected to increase to 3.9% by
2030 as the population ages. The American Heart Associ-
ation (AHA) reports, “Every 40 seconds someone has a
stroke and every 3 minutes and 45 seconds someone in
the United States dies of a stroke.”11 With approximately
795,000 cases annually, stroke ranks fifth among all cau-
ses of death in the United States and second globally.11,12

The estimated prevalence of self-reported physician-
diagnosed transient ischemic attack (TIA) is 2.3% and
also increases with advancing age. However, challenges
with accurate diagnosis suggest that true prevalence is
likely greater.13

Definition of TIA and stroke. The original 1950s defini-
tion of TIA was time-based, relying on an arbitrary
symptom duration of less than 24 hours.14 At that time,
TIA were defined as sudden, focal neurologic deficits of
vascular origin, but if the neurologic deficit remained for
more than 7 days then it was a stroke. Events between
24 hours and 7 days were classified as reversible ischemic
neurologic deficits. This term is no longer used because
most events lasting more than 24 hours are associated
with cerebral infarction and should therefore carry a
stroke diagnosis.
Advances in cerebral imaging yielded evidence that the

arbitrary 24-hour time period for diagnosing a TIA was
inaccurate, with up to 50% of patients showing brain
injury on diffusion-weighted magnetic resonance imag-
ing (MRI). The Stroke Council of the AHA/American Stroke
Association removed time as a definitional factor and
endorsed the current TIA definition in 2009: “A transient
episode of neurologic dysfunction caused by focal cere-
bral, spinal cord or retinal ischemia, without acute infarc-
tion.” This definition includes radiologic exclusion of
stroke.15 Stroke is subsequently defined as any episode
of neurologic dysfunction caused by focal cerebral, spinal,
or retinal infarction. Moving toward this radiologic
demonstration of infarction or hemorrhage, the 2013
AHA/American Stroke Association definition of stroke
included the silent infarctions. It defined them based on
imaging or neuropathological evidence of central nervous
system infarction, without a history of acute neurologic
dysfunction attributable to the lesion.16 This “tissue-based”
definition represents a step forward in the characteriza-
tion of cerebrovascular events. However, in everyday
practice and across different hospital settings, tissue-
based diagnosis of a TIA episode may vary depending on
the availability and type of brain MRI machines.
The US tissue-based imaging definition of TIA and the

silent pathology equivalence to stroke as described else-
where in this article are at odds with time-based clinical
definitions endorsed by the World Health Organization,
European Stroke Organization, European Society for
Vascular Surgery, and the World Stroke Organisa-
tion.10,17-19 The implications of not arriving at a universal
definition of TIA and stroke are far-reaching. They may
include differences in reporting of incidence and preva-
lence rates and differences in reporting of neurologic
events after interventions, as well as changes in life insur-
ance premiums.17 However, a recent population study
demonstrated that the broad tissue-based TIA definition
was associated with only a slight change in incidence
compared with the traditional time-based definition.20

Regardless, in the future it will be important for interna-
tional organizations to reach a consensus to standardize
data reporting and research end points. In this guide-
lines, reported rates of TIA and stroke are based primarily
on studies that used the earlier, time-based definitions.

Etiology. Approximately 87% of all strokes are due to
ischemic cerebral infarction and 13% are hemorrhagic
(intracerebral or subarachnoid).21 The currently recog-
nized ischemic stroke mechanisms are embolism,
decreased perfusion, and thrombosis.
Embolism may be cardiac or arterial in origin.

Commonly recognized cardiac sources for embolism
include atrial fibrillation, recent acute myocardial
infarction (MI), endocarditis, cardiac tumors, and
valvular disorders. Arterial embolism is a common
cause of cerebral infarction associated with plaques of
the large extracranial (including the aortic arch) and
intracranial arteries. Stroke owing to perfusion failure
occurs with severe stenosis of the carotid and basilar ar-
tery, and when there is microstenosis of the small deep
arteries, the latter being a common cause of lacunar
infarction. In situ thrombosis may also occur owing to
a severely stenotic lesion, plaque rupture, or less
frequently to a prothrombotic state.
Atherosclerotic lesions are not randomly distributed

along the cerebral arterial tree. The carotid artery system
is mostly affected at the common carotid artery (CCA)
bifurcation, the siphon, and the M1 segment of the mid-
dle cerebral artery (MCA). Along the vertebrobasilar circu-
lation, the first and fourth segments of the vertebral
artery and the first segment of the basilar artery are
frequently affected. Factors that lead these lesions to
become symptomatic are not well-understood, but ste-
noses are linearly associated with increased risk of distal
brain infarct. Extra-cranial carotid artery disease
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(ipsilateral stenosis of $50%) has been linked to 9% to
36% of ischemic strokes.22,23 Yet, carotid artery plaques
that cause less severe stenosis have a potentially causa-
tive association with embolism of undetermined source
(cryptogenic).24

CAROTID IMAGING INDICATIONS
Most experts believe that at least 20% of ischemic

strokes are likely related to extracranial carotid artery
atherosclerosis.3,25 It is for this reason that the goal of
carotid bifurcation imaging is to detect “high-risk” pa-
tients with significant carotid bifurcation plaque who
would be likely to benefit from therapy to reduce their
stroke risk.3

Many factors drive stroke risk, but among patients with
atherosclerosis of the carotid bifurcation, the most
important seem to be a history of prior neurologic symp-
toms, severity or degree of stenosis, and, to a lesser
extent, plaque characteristics such as ulceration, intra-
plaque hemorrhage, and composition.3

Symptomatic patients
It is important to image the carotid bifurcation in all

patients with symptoms of cerebral ischemia, whether
they present in as a TIA or completed stroke.3

Assuming significant carotid artery disease is the cause
of symptoms, these patients are likely candidates for
carotid artery intervention to prevent an initial or sec-
ondary stroke.26

Typical carotid territory focal ischemic symptoms
include contralateral weakness of the face, upper ex-
tremity, lower extremity, or both; contralateral sensory
deficit or paresthesia of the face, upper or lower extrem-
ity, or both; or transient ipsilateral blindness (amaurosis
fugax).3 Notably, more than 90% of people are right
handed, and language-related functions are controlled
by the left cerebral hemisphere in most of these individ-
uals.27 In most right-handed individuals, if the right ce-
rebral hemisphere is involved, other ischemic
manifestations may be observed. These include anosog-
nosia, asomatognosia, neglect, visual, and sensory
extinction. To be noted that, even in left-handed individ-
uals, speech is most often controlled by the left hemi-
sphere. If the left hemisphere is involved, patients may
demonstrate aphasia, alexia, anomia, and agraphesthe-
sia. Nonspecific neurologic symptoms that are not typi-
cally associated with carotid territory thromboembolic
events include vertigo, ataxia, diplopia, other visual dis-
turbances, dysarthria, decreased consciousness, weak-
ness, syncope, and dizziness.3 Although imaging is
most often performed with a carotid duplex ultrasound
examination, among patients presenting with stroke,
the extracranial and intracranial vasculature may be
imaged simultaneously with computed tomography
(CT) or MRI studies.
Asymptomatic patients
Indications for imaging the carotid bifurcation in select

groups of neurologically asymptomatic patients are
controversial.3 Although statistically significant in large
trials including the Asymptomatic Carotid Atheroscle-
rosis Study (ACAS),28 the benefit of CEA and other carotid
stenting interventions in preventing stroke in asymptom-
atic patients is much lower than among neurologically
symptomatic individuals. Moreover, the magnitude of
benefit depends on the assumption that interventions
are performed with minimal morbidity. Population-
level screening for asymptomatic carotid artery disease
is not currently recommended by the US Preventive Ser-
vices Task Force.29 The identification of asymptomatic
patients with “screening” should therefore be limited to
high-risk individuals (see Clinical Practice Guidelines
document), or those with relevant findings on physical
examination or other imaging studies (ie, an audible ca-
rotid bruit, Hollenhorst plaque on fundoscopic examina-
tion, silent infarction on brain imaging examinations).
Among these patients, the most appropriate screening
test is a carotid duplex ultrasound examination.
The presence of an audible bruit in the neck may be an

appropriate indication for carotid imaging in selected
neurologically asymptomatic patients. Among patients
with a neck bruit, the prevalence of carotid stenosis of
more than 75% is 1.2%.30 However, the presence of a
neck bruit did not predict carotid stenosis of more than
60% in an asymptomatic patient population.30 These ob-
servations contrast to those in symptomatic patients, in
whom an ipsilateral bruit had a sensitivity of 63% and
specificity of 61% for high-grade carotid stenosis (70%-
99%).31 The presence of a bruit clearly increases the risk
of MI and cardiovascular death.32 However, in
population-based studies, the prevalence of severe steno-
sis is not high enough to make a bruit alone an indication
for screening. Thus, screening for a bruit alone should not
be done unless patients have other stenosis risk factors.3

It is reasonable to image the carotid bifurcation in pa-
tients with evidence of cerebral infarction on brain imag-
ing, even without a relevant clinical history of stroke.
Although these patients may not be “symptomatic” as
defined in the NASCET trial (hemispheric TIA, monocular
blindness or a nondisabling stroke within the previous
120 days),33 prior silent cerebral infarction in the carotid ter-
ritory noted on brain imaging studies may be considered a
correlate of carotid territory neurologic symptoms.34 Addi-
tionally, the finding of Hollenhorst plaque on fundoscopic
examination of the retina is also correlated with presence
of significant carotid bifurcation disease, andmay therefore
also warrant carotid artery evaluation.3,35,36 Additional infor-
mation regarding possible high-risk populations of neuro-
logically asymptomatic patients who may be appropriate
for screening is discussed elsewhere in this section.
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Imaging modalities
The most important features of imaging of carotid

bifurcation disease are the degree of stenosis and the
character of the plaque.3,26,28,37,38 It is common for clini-
cians to use multiple modalities when evaluating and
planning intervention for patients with carotid artery ste-
nosis. A greater degree of stenosis is generally thought to
reflect an increased risk of future stroke.26,37 However,
plaque morphology also plays a significant role.38 The
morphologic features of the plaque include heterogene-
ity, measurement of plaque area and juxtaluminal black
area, gray-scale median, and echogenicity.
Duplex ultrasound examination. Duplex ultrasound

examination is safe, accurate, and reliable. Because re-
sults are heavily dependent on technique, it should be
performed in an accredited ultrasound laboratory
(consensus of writing group).3 Duplex ultrasound exam-
ination is the first-line imaging modality for carotid artery
imaging, screening, and identification of patients with
70% to 99% stenosis of the internal carotid artery
(ICA).39,40 The rationale for widespread use of duplex ul-
trasound examination include its low cost, ease of per-
formance, and robust sensitivity (0.89; 95% confidence
interval [CI], 0.85-0.92) and specificity (0.84; 95% CI, 0.77-
0.89).39,41 Consensus ultrasound criteria for diagnosing
varying degrees of carotid artery stenosis have been
extensively developed, widely used and validated.42 Yet,
duplex criteria that are used to categorize degree of
stenosis can vary widely across centers, thereby impact-
ing treatment decisions.43,44 Duplex ultrasound exami-
nation may have a lower sensitivity and specificity for
diagnosis of more moderate degrees of stenosis (50%-
69%).40 Duplex ultrasound examination also has the
ability to evaluate features of plaque morphology that
may indicate patients at a high risk of stroke.38

Many surgeons use carotid duplex ultrasound examina-
tion as the primary and sole mode of imaging before
planning and performing CEA.45 These patients should
have no evidence of arch disease on clinical examination
(equal arm blood pressure), no abnormal waveform sug-
gesting inflow as noticed by low peak systolic velocities
or outflow disease as noted by low/absent diastolic flow
and absence of extensive tortuosity, which may falsely
elevate peak systolic velocities. This practice is in contrast
with planning for carotid stenting procedures (CAS), for
which additional imaging of the aortic arch and great
vessels is typically considered mandatory.
The determination of the degree of carotid stenosis is

based on analysis of hemodynamic parameters obtained
from Doppler analysis, including peak systolic and end
diastolic velocities. Ultrasound criteria describing the de-
gree of carotid stenosis should be defined on angio-
graphic/imaging correlation in each vascular laboratory.
The most common consensus criteria include a cutoff
peak systolic velocity of the ICA of 125 cm/second or
greater to denote an angiographic stenosis of greater
than 50%. A combination of peak systolic velocity of
230 cm/second and an end-diastolic velocity of greater
than100 cm/second, or a peak systolic velocity ratio be-
tween the internal and CCA of greater than 4 can be
used to predict a stenosis of greater than 70%.42,46 Using
these criteria, the reported sensitivity, specificity and ac-
curacy of duplex in predicting 50% to 69% or a more
than 70% stenosis are 93%, 68%, and 85% and 99%,
86%, and 95%, respectively.42 Many surgeons have raised
their threshold for intervention for asymptomatic carotid
stenosis to 80% or greater. Typical duplex criteria to iden-
tify stenosis at this level include an end diastolic velocity
of more than 140 cm/second.47

The major limitations of duplex ultrasound examina-
tion include dependence on a skilled operator and the
inability to completely image the proximal and intracra-
nial vasculature. Certain anatomic features such as se-
vere vascular calcification and arterial tortuosity can
also decrease the accuracy of duplex imaging.3

MR angiography. Current contrast-enhanced MR angi-
ography (MRA) can provide three-dimensional images,
which can rival those of formal arteriography.40 The main
advantages of MRA include the absence of radiation and
the avoidance of iodinated-based contrast materials.
Additionally, MRA can be combined with MR brain im-
aging to delineate clinically silent cerebral infarction, and
it can also evaluate plaque morphology, particularly the
presence of intraplaque hemorrhage.48 However, bony
landmarks are not typically present on the resulting im-
ages, and calcification of the vessels or plaque is not well-
identified.40 Nevertheless, MRA has become widely used
in evaluating patients with carotid artery disease. It can be
used in combination with an initial duplex ultrasound
scan for the planning of carotid artery intervention.
Contrast-enhanced MRA using gadolinium has been

shown to be the most accurate noninvasive imaging mo-
dality for evaluation of carotid stenosis.39 However, MRA
has no role in screening for carotid artery disease owing
to its considerable expense. Contraindications include
the presence of metallic implants, including some pace-
makers anddefibrillators. In patientswith significant renal
failure, there is a rare but serious risk of nephrogenic sys-
temic fibrosis following gadolinium contrast administra-
tion.49 MRA using the time of flight technique has been
reported to overestimate the degree of stenosis.3

CT angiography. Multidimensional CT angiography
(CTA) can rapidly and accurately evaluate soft tissue,
bone and vascular structures simultaneously. It is also
able to evaluate the extent of vessel calcification, particu-
larly in the aortic arch, and is less likely to overestimate the
severity of carotid stenosis as compared with MRA.3,40

Radiation and use of contrast remain its most significant
limitations. CTA is not appropriate for widespread
screening owing to its significant cost and degree of ra-
diation exposure.40 With regard to CEA planning, CTA is
oftenusedduringpreoperative evaluation in combination
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with an initial duplex ultrasound examination. In partic-
ular, if there is hemodynamic evidence of either proximal
cerebrovascular disease or intracranial outflow disease on
duplex ultrasound examination, CTA can be used to
accurately image the aortic arch, great vessels, and intra-
cranial circulation. However, MRA is likely better than CTA
in the evaluation of plaquemorphology.50 Duplex criteria
have also been validated using CTA as opposed to formal
catheter-based arteriography to measure the degree of
carotid artery stenosis.47

Conventional catheter arteriography. Catheter arteri-
ography was previously considered the gold standard
for the evaluation of carotid artery stenosis, particularly
before CEA,40 and it was used to measure the degree
of carotid stenosis in most of the seminal studies
comparing CEA with medical therapy.26,28 However, it
carries a small risk of complications. In the ACAS trial,
angiographic-related stroke accounted for 50% of the
procedural risk after CEA.28,40 With current techniques,
the risk of complications is likely much lower.
Currently, there is a limited role for routine use of arteri-

ography in diagnostic evaluation of patients with carotid
artery disease or in the planning of routine CEA. Although
considered the gold standard for the evaluation of carotid
artery stenosis, the current role of carotid angiography is to
help to clarify conflicting results obtained from other im-
agingmodalities, particularly with regard to the presence
of carotid artery occlusion or “string sign.”
Clearly, carotid arteriography is an integral part of all ca-

rotid stenting procedures. Arteriography is also performed
asa completion study followingCEAby somepractitioners,
and itmay beuseful in evaluation andmanagement of pa-
tients with post carotid intervention stroke to evaluate and
potentially treat the intracranial circulation. Contraindica-
tions include anaphylaxis to contrast materials.

Indications for carotid screening: High-risk groups
This is covered in the Clinical Practice Guidelines

document.3

Methods of measuring carotid stenosis
The degree of stenosis is still considered to be the

most critical parameter in determining who will benefit
from carotid artery intervention for stroke prevention.
Accurately defining the degree of stenosis is essential
to proper patient selection and management. As noted
earlier, duplex ultrasound examination is the most
widely used technique for evaluation of ICA stenosis.
Velocities and other hemodynamic parameters ob-
tained from the duplex ultrasound examination are
used to infer degree of stenosis based upon validated
data in comparison to formal arteriography. In most
of the seminal trials comparing CEA with medical ther-
apy, degree of stenosis was actually measured using
arteriography.26,28 There are several different methods
for doing so.
The North American Symptomatic Carotid Endarterec-
tomy Trial (NASCET) method, also used in the ACAS trial,
measures the residual lumen at the point of greatest ICA
stenosis with the lumen of the normal distal cervical
ICA.51 Percent stenosis is calculated as: (1 eminimal resid-
ual lumen/normal distal cervical ICA diameter) � 100.
However, an alternative method was used in the Euro-
pean Surgical Carotid Trial (ECST).37 The ECST technique
indexed minimal residual lumen to the diameter of the
carotid bulb (as opposed to the normal distal cervical
ICA). Both methods may have inherent inaccuracies.51

The ECST technique must use arteriographic images to
estimate the actual location of the carotid bulb wall
and the NASCET technique may calculate a negative
value for stenosis when minimal occlusive disease is pre-
sent at the carotid bifurcation. Currently, the NASCET
method is more widely used and accepted.52 CTA has
been shown to be a reliable substitute to formal arteriog-
raphy in this regard.53

Summary and recommendations
(See also Clinical Practice Guidelines document.3)

1. Duplex ultrasound examination preferably performed
in an accredited vascular laboratory is the initial diag-
nostic imaging of choice for evaluating the severity of
carotid stenosis in both symptomatic and asymptom-
atic patients. Unequivocal identification by duplex ul-
trasound examination of carotid stenosis 50% to 99%
in neurologically symptomatic patients or 70% to
99% in asymptomatic patients is sufficient to make
a decision regarding carotid a artery intervention in
appropriately selected patients.

2. When duplex ultrasound results are equivocal or may
be inaccurate owing to the presence of significant
calcification or other findings, additional imaging
with MRA, CTA, or digital subtraction arteriography
may be considered before consideration of carotid ar-
tery revascularization procedure.

3. When evaluation of the vessels proximal or distal to
the cervical carotid artery is required for diagnosis or
to plan endovascular or surgical therapy, additional
imaging with CTA, MRA, or digital subtraction angiog-
raphy (DSA) is indicated. CTA is preferred to MRA for
extreme calcification. When there is a discordance
between two minimally invasive imaging techniques,
DSA may be indicated to resolve conflicting results.
DSA is generally reserved for situations where there
is inconclusive evidence onminimally invasive studies,
or when CAS procedures are planned.

4. Imaging of the carotid bifurcation is recommended in
all patients with symptoms of cerebral ischemia. This
is based on the increased incidence of clinically rele-
vant carotid stenosis and future stroke in this patient
group, and the efficacy of carotid intervention in
reducing the risk of future stroke.

5. Imaging of the carotid bifurcation should be strongly
considered in patients who present with amaurosis
fugax, evidence of retinal artery embolization on
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fundoscopic examination, or asymptomatic cerebral
infarction noted on imaging studies. This is based on
the intermediate stroke risk in this patient population,
and the efficacy of carotid intervention in reducing
future stroke risk (see Clinical Practice Guidelines
document).
OPTIMAL MEDICAL THERAPY AND RISK FACTOR
MODIFICATION

Treatment of hypertension
Hypertension is a well-recognized risk factor for athero-

sclerotic cardiovascular disease, including carotid artery
disease and stroke. The association between blood pres-
sure and stroke is independent of other risk factors for
stroke, and blood pressure reduction decreases this
risk.54,55 Each 10mmHg increase in blood pressure is asso-
ciated with a 30% to 45% increased risk of stroke and each
10 mm Hg blood pressure reduction in hypertensive pa-
tients decreased the risk of stroke by 33%.56 There is no
Level 1 evidence from randomized clinical trials assessing
the influenceofbloodpressure reductiononstrokepreven-
tion among patients with asymptomatic carotid stenoses.
However, a meta-analysis of 25 randomized clinical trials
including patients without documented vascular disease
demonstrated significant decreases in the incidence of
late strokes (relative risk reduction 45%; 95% CI, 35-55),
and stroke reduction was proportional to the reduction in
systolic blood pressure.57 In addition, a meta-analysis of
147 randomized clinical trials of hypertensive therapy
among patients with a history of stroke demonstrated a
significant relative risk reduction in stroke incidence with
antihypertensive therapy (34%; 95% CI, 15-32).57

However, there is no convincing evidence supporting
systemic blood pressure decreased in the acute phase
of a stroke; in fact, this may be potentially harmful
among patients undergoing CEA. In one report, the
benefit of preoperative blood pressure reduction
increased stroke risk among recently symptomatic pa-
tients with bilateral 70% or greater ICA stenosis.58 In
contrast, severe hypertension, defined as a systolic blood
pressure of greater than 180mmHg should be treated to
decrease the risk of postoperative hyperperfusion syn-
drome, intracranial hemorrhage, and surgical
bleeding.59,60 Similarly, severe hypertension is associated
with risk of hyperperfusion syndrome and intracranial
hemorrhage after CAS procedures.61 Post-CAS hyperten-
sion and hypotension are both associated with increased
risk of periprocedural stroke and mortality. In an analysis
of 5263 patients who underwent CAS in the Vascular
Quality Initiative (VQI), beta blocker use for more than
30 days decreased the stroke/death rates after CAS,
although the benefit may not have been related exclu-
sively to blood pressure lowering.62

Similar to the general population, among patients with
asymptomatic carotid disease or a remote symptomatic
history, a blood pressure target of 140/90 mm Hg was
accepted for some time as the standard. However, this
target level was recently lowered to 130/80 in the 2017
guidelines released by the AHA and the American Col-
lege of Cardiology.63

In addition to its clinical benefit, reduction of elevated
blood pressure also has been demonstrated to have ben-
efits pathologically. Several trials showed that elevated
blood pressure is associated with development of carotid
atherosclerosis,64-66 and other research indicated that
reduction in carotid pulse pressure was associated with
a parallel reduction in intima-media thickness.67 Further,
there is evidence that antihypertensive therapy may slow
progression of carotid atherosclerosis and possibly pro-
mote plaque regression.68 However, a more recent
meta-analysis demonstrated that calcium channel
blockers reduce intima-medial thickness to a greater de-
gree than diuretics, beta blockers, and angiotensin con-
verting enzyme inhibitors, suggesting that the origin of
this beneficial effect may be more complex than simple
lowering of blood pressure.69

Treatment of diabetes mellitus
The relationship between blood glucose levels and cere-

brovascular disease is complex. The Insulin Resistance
Atherosclerosis Study and the Atherosclerosis Risk in the
Community Study demonstrated associations between
diabetes and carotid artery intima-media thickness as
well as progression in intima-media thickness.70,71 More
recent work indicates that plaque burden and plaque
instability are influenced by diabetes status.72

Among patients with documented carotid artery dis-
ease in the Cardiovascular Health Study, elevated fasting
blood glucose level was associated with increased stroke
risk,73 and in the Northern Manhattan Study, diabetes
was associated with a doubling of the stroke risk.74 How-
ever, a recent meta-analysis of nine randomized clinical
trials and nearly 60,000 patients did not confirm that
tight control of glucose levels decreased stroke risk.75

Further, no reduction in stroke risk was identified despite
achieving a hemoglobin A1c level of less than 6.5% in
either the United Kingdom Prospective Diabetes Study,
the Action to Control Cardiovascular Risk in Diabetes
study, or the Action in Diabetes and Vascular Disease:
Preterax and Diamicron MR Controlled Evaluation
trial.76-78 Nevertheless, among patients with carotid ar-
tery disease, hemoglobin A1c of less than 7% is recom-
mended to reduce the development of microvascular
complications and possible macrovascular complica-
tions other than stroke.
Treatment of lipid abnormalities: Statin therapy
Although the relationship between hypercholester-

olemia and coronary artery disease and MI are well-
established, the data with respect to elevated choles-
terol levels and stroke are somewhat conflicting.
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Several studies identified increased incidence of stroke
among men and women with elevated cholesterol
levels,79-81 but a meta-analysis of 45 studies of hyper-
cholesterolemic patents did not indicate an increased
risk of stroke.
Nonetheless, there is compelling evidence that

decreasing low-density lipoprotein (LDL) levels through
lipid-lowering therapy is highly effective in decreasing
stroke risk among patients with known atherosclerotic
disease. A meta-analysis of 28 randomized clinical trials
including more than 106,000 patients with nearly
50,000 randomized to statin medications, demonstrated
that in hyperlipidemic patients without a prior history of
stroke, statinswere associatedwith a 15% to 30%decrease
in stroke incidence.82 A more recent meta-analysis of 26
trials including more than 90,000 patients with coronary
artery or other atherosclerotic disease demonstrated a
greater than 15% decrease in the rate of stroke for every
10% reduction in serum LDL.83 The 2006 Stroke Preven-
tion by Aggressive Reduction in Cholesterol Levels trial
was the first study to demonstrate the benefits of statin
therapy in preventing recurrent stroke. Among 4731 pa-
tients who had experienced a stroke or TIA within 1 to
6 months of randomization to atorvastatin 80 mg/day or
placebo, therewas a 33%decrease in the incidenceof fatal
or nonfatal stroke and a 42% decrease in the overall inci-
dence of cardiovascular events.84,85

In the Heart Protection Study, which included 20,536
patients, 3280 had a history of nondisabling ischemic
stroke or TIAs and were randomized to 40 mg of simva-
statin or placebo. There was a 25% (95% CI, 15-34) propor-
tional reduction in the first event rate for stroke (4.4%
simvastatin vs 5.7% placebo) (P < .0001), indicating a
28% reduction in ischemic strokes (P < .0001).86 A
Cochrane review investigating the role of statins in pri-
mary prevention of cardiovascular disease included 18
randomized clinical trials of nearly 57,000 patients and
demonstrated a significant reduction in incidence of
fatal and nonfatal strokes among patients randomized
to statin therapy.87

Although LDL levels are associated with stroke risk,
there is also some evidence that high levels of high-
density lipoprotein (HDL) cholesterol may be protective,
but to a lesser degree.88 In 9247 patients with a mean
age of 61 who received treatment to reduce LDL and
raise HDL levels, an elevated total cholesterol/HDL ratio
was associated with a 22% increased risk of stroke
whereas an elevation in the HDL level was independently
associated with a 14% reduction in stroke risk.89

The benefit of statinmedications for stroke risk reduction
is most likely due to their pleiotropic effects, and these ef-
fects are being recognized in the periprocedural period for
patients undergoing CEA and CAS. A study from the
Johns Hopkins Hospital was the first to investigate the
impact of statins on CEA outcomes. In a series of nearly
1600 patients with either symptomatic or asymptomatic
carotid stenoses undergoing CEA, statin use was associ-
ated with a 3-fold reduction in 30-day stroke (P ¼ .019)
and a 5-fold decrease in 30-day mortality (P ¼ .049).90

Other studies confirmed the beneficial impact of statin
use on perioperative CEA outcomes among symptom-
atic91 and asymptomatic patients.92 Most recently, a
meta-analysis of seven studies and 21,387 patients demon-
strated that administration of statin medications before
CEA was associated with lower rates of perioperative
stroke and superior overall survival.93

Less has been reported on the influence of statins on
CAS outcomes, but available data parallel those for
CEA. In a retrospective review of 53 patients who under-
went CAS in a single institution, the 30-day stroke/death/
MI rate was 4% in patients on statins and 15% among
those not on statins at the time of the CAS (odds ratio
[OR], 0.23; 95% CI, 0.005-0.99; P ¼ .049).94 This finding
was confirmed in a study of 344 consecutive patients
who underwent CAS from 2002 to 2012. Statins were
associated with a periprocedural risk reduction in the
incidence of ischemic stroke, MI, or death (OR, 0.31;
95% CI, 0.3-0.71; P ¼ .006).95 The largest case series re-
ported to date includes 1083 patients who underwent
CAS from 2004 to 2009. In these patients, statin use
was associated with reduced perioperative stroke and
death (OR, 0.33; 95% CI, 0.13-0.80; P ¼ .016), and the
impact of statins was more pronounced in reducing
stroke and death in symptomatic patients (OR, 0.13; P¼
.032) and in males (OR, 0.27; P ¼ .01).96

In addition, several studies have demonstrated regres-
sion in intima-media thickness in the carotid artery
among statin users compared with controls.97-99 Very
recent MRI data from the population-based Rotterdam
Study showed that among 1740 participants with carotid
atherosclerosis and a mean age of 72.9 years, statin use
was associated with a change in carotid plaque compo-
sition from vulnerable plaque with a lipid core to more
stable calcified plaque.100 However, there is no compel-
ling evidence that statin therapy is associated with clini-
cally significant carotid plaque regression.
When combined with lifestyle and dietary changes,

statin therapy is the most effective pharmacologic ther-
apy for lipid-lowering.101 High intensity statin therapy in-
cludes daily atorvastatin 40 to 80 mg or rosuvastatin 20
to 40 mg. Moderate intensity statin therapy includes ator-
vastatin 10 to 20 mg/day, fluvastatin 40 mg twice daily, or
fluvastatin XL 80 mg, lovastatin 40 mg, pitavastatin 2 to
4 mg, pravastatin 40 to 80 mg, rosuvastatin 5 to 10 mg,
or simvastatin 20 to 40 mg.101 For individuals age 75 or
less with atherosclerotic disease, including carotid artery
disease, recent evidence supports high-intensity statin
therapy, or moderate-intensity statin therapy if high-
intensity therapy is not tolerated. For older individuals,
moderate-intensity statin therapy is recommended.
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Smoking cessation
Smoking is well-recognized as a powerful risk factor for

atherosclerotic disease, including carotid artery disease
and stroke. In the Framingham study of 4255 men and
women aged 36 to 68 years, heavy cigarette smoking
was associated with a two-fold increase in stroke risk
compared with light smokers.102 This finding was
confirmed in a meta-analysis of 32 studies that demon-
strated the risk of stroke is nearly doubled in smokers.103

Moreover, early studies have documented that smoking
cessation reduces stroke risk in both men and
women.104,105

From a mechanistic point of view, recent studies have
suggested that smoking-related stroke risk is related at
least in part to the deleterious effect of smoking on pla-
que biology in the carotid artery. In a population-based
study of 4657 men in Sweden, a greater than 50% inter-
nal carotid stenosis was identified by duplex examina-
tion in 5%, 2%, and 1% of current, former, and never
smokers, respectively.106 In a pooled analysis of four
population-based cohort studies (Malmö Diet and Can-
cer Study, Tromsø Study, Carotid Atherosclerosis Progres-
sion Study, and Cardiovascular Health Study) that
included a total of 23,706 participants, there was a signif-
icant association between cigarette smoking and a
greater than 50% ICA stenosis (OR, 2.3; 95% CI, 1.8-2.8)
and greater than 70% ICA stenosis (OR, 3.0; 95% CI, 2.1-
4.4).107 More recently, in the Chinese intracranial athero-
sclerosis study of 2656 patients with acute ischemic
stroke and 208 patients with TIA, current smoking was
associated with extracranial carotid artery disease (OR,
1.47; 95% CI, 1.09-1.99, P < .001). With each additional
year of smoking, the risk of extracranial carotid disease
increased by 1.1% (OR, 1.011; 95% CI, 1.003-1.019; P ¼
.005). Even low levels of smoking increase risk: With
one cigarette smoked per day increment, the risk of
extracranial carotid disease increased by 1.0% (OR,
1.010; 95% CI, 1.001-1.020; P ¼ .03). Finally, with one
pack-year of smoking increment, the risk of extracranial
carotid disease increased by 0.7% (OR, 1.007; 95% CI,
1.002-1.012; P < .01).108 Cigarette smoking has been
demonstrated to be associated with plaque progres-
sion,109 but no significant association was identified be-
tween cigarette smoking and intracranial carotid
disease.108

As comprehensive vascular specialists, vascular sur-
geons should counsel patients regarding the deleterious
impact of smoking on overall health as well as cerebro-
vascular well-being. There is clear evidence that coun-
seling is an efficacious strategy that can be supported
by a number of pharmacologic adjuncts.110 In an analysis
of 12 reviews including 267 studies and more than
101,000 participants, nicotine replacement therapy was
superior to placebo (OR, 1.84; 95% CI, 1.71-1.99) and bupro-
pion (Wellbutrin/Zyban) was also superior to placebo
(OR, 1.82; 95% CI, 1.60-2.06). Varenicline (Chantix) was also
superior to placebo in achieving quitting (OR, 2.88; 95%
CI, 2.40-3.47). Bupropion and nicotine replacement ther-
apy were found to be equally efficacious. Conversely, var-
enicline was superior to single forms of nicotine
replacement therapy (OR, 1.57; 95% CI, 1.29-1.91), but was
not superior to combination nicotine replacement ther-
apy (OR, 1.06; 95% CI, 0.75-1.48). Nortriptyline was also
effective in increasing smoking cessation (RR 1.26; 95%
CI, 0.62-2.56).111

Antiplatelet and antithrombotic therapy
Although there is no compelling evidence to support a

benefit of aspirin among patients with asymptomatic ca-
rotid artery disease, the US Preventive Services Task Force
recommends initiating low-dose aspirin for primary pre-
vention of cardiovascular disease in adults aged 50 to
59 years who have a 10-year risk of greater than 10% for
cardiovascular disease, have a life expectancy 10 years
or more, and are not at increased risk of bleeding. For in-
dividuals aged 60 to 69 years, the decision should be
individualized. There is insufficient evidence to support
aspirin recommendations for individuals less than
50 years of age.112

Aspirin studies focusing on individuals with asymptomatic
carotid stenoses also show conflicting results. In the Asymp-
tomatic Cervical Bruit study, 372 patients with asymptom-
atic stenosis greater than 50% internal carotid stenoses
were randomized to daily aspirin (325 mg) or placebo. At a
median follow-upof 2.3 years, therewasno significantdiffer-
encesbetweengroups in incidenceof any ischemicevent or
death.113 Conversely, in the Asymptomatic Carotid Emboli
Study that focused on patients with a 70-99% asymptom-
atic stenosis, antiplatelet therapy was associated with lower
rates of ipsilateral stroke/TIA and any stroke/cardiovascular
death.114 Inaddition, amulticenter stroke registryof 10,433 in-
dividuals of whom 1914 (18.3%) were taking aspirin, aspirin
use was associated with reduced stroke severity and
improved functional outcome.115

Several studies offer strong evidence supporting the ef-
ficacy of antiplatelet therapy for secondary prevention
among patients with symptomatic carotid artery dis-
ease116-122 and a meta-regression analysis of 11 trials
demonstrated an approximate 15% reduction in stroke
risk associated with aspirin use.123 Because patients
who have experienced a symptomatic episode are at
greatest risk of a second event in the first few days after
the initial event, it is important to initiate antiplatelet
therapy as soon as possible. In a meta-analysis
comparing aspirin vs control that included 12 random-
ized clinical trials with nearly 16,000 patients, at 6 weeks
there was a 60% decrease in the risk of recurrent stroke
(hazard ratio [HR], 0.42; 95% CI, 0.32-0.55, P < .0001)
and a 70% decrease in the risk of a fatal stroke (HR,
0.29; 95% CI, 0.2-0.42; P < .0001).124
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Breakthrough ischemic events may occur in some pa-
tients who are compliant with aspirin therapy owing to
aspirin resistance. There is some evidence that aspirin’s
reduced antithrombotic efficacy may be more common
in patients who take enteric coated aspirin or lower dose
therapy (81 mg) compared with those taking uncoated
aspirin (325 mg).125 However, routine laboratory testing
for platelet reactivity is not supported by the evidence.126

Three randomized clinical trials compared aspirin with
anticoagulation with warfarin among patients with non-
cardioembolic TIA or stroke. These studies failed to
demonstrate superiority of anticoagulation over anti-
platelet therapy in reducing the incidence of ischemic
events, although there was an increased incidence of
bleeding complications associated with anticoagula-
tion.127-129 A recent meta-analysis of eight clinical trials
comparing anticoagulation with antiplatelet therapy for
secondary prevention of stroke identified no difference
in prevention of vascular events.130

In addition to aspirin, clopidogrel, the combination
agent aspirin þ dipyridamole, and dual antiplatelet ther-
apy have all been investigated in this clinical scenario but
the optimal regimen is not clear. In the Clopidogrel vs
Aspirin in Patients at Risk of Ischemic Events (CAPRIE)
trial, there was a small advantage of clopidogrel over
aspirin in reducing overall ischemic events.131 However,
analysis of a subset of patients with a prior history of
stroke in the CAPRIE trial demonstrated no difference
in incidence of vascular events.131 In the European/Aus-
tralasian Stroke Prevention in Reversible Ischemia Trial,
patients were randomized to aspirin or aspirin þ
extended release dipyridamole therapy within 6 months
of a TIA or stroke. The study showed a statistically signif-
icant lower rate of vascular events in patients who
received the combination regimen.132

In the Prevention Regimen for Effectively Avoiding Sec-
ond Strokes trial, patients received either clopidogrel or
aspirin þ extended release dipyridamole. This trial
showed no difference in the rate of recurrent strokes,
but there was a lower incidence of major hemorrhagic
events in the clopidogrel group.133 In a recent meta-
analysis of 13 randomized clinical trials of patients with
cerebral infarction, patients who received aspirin þ dipyr-
idamole had lower mortality compared with those who
received aspirin þ clopidogrel (OR , 0.46; 95% CI, 0.18-
0.99).134

There is considerable evidence supportingdual antiplate-
let therapy in secondary strokeprevention. In theClopidog-
rel in High Risk Patients with Acute Nondisabling
Cerebrovascular events (CHANCE) trial, patients were ran-
domized to aspirin þ clopidogrel or aspirin alone within
24 hours of experiencing a TIA or minor stroke. Stroke
occurred in 8.2% of patients in the aspirin þ clopidogrel
group, compared with 11.7% of patients who took aspirin
alone (HR, 0.68; 95%CI, 0.57-0.81; P< .001). Moderate or se-
vere hemorrhage occurred in seven patients (0.3%) in the
clopidogrel-aspirin group and in eight (0.3%) in the aspirin
group (P¼ .73) and the rateofhemorrhagic strokewas0.3%
in each group.135 A subsequent meta-analysis assessed tri-
als including the following regimens: Aspirinþ clopidogrel
vs aspirin; aspirin þ clopidogrel vs clopidogrel; aspirin þ
dipyridamole vs aspirin; aspirinþ dipyridamole vs dipyrida-
mole; aspirin þ dipyridamole vs clopidogrel; and
cilostazolþ aspirin vs aspirin. Thismeta-analysis concluded
that dual antiplatelet therapy was associated with a 31%
relative risk reduction in stroke incidence compared with
monotherapy.136 Finally, consistent with recognition that
plaque instability is greatest early after an ischemic event,
dual antiplatelet therapy appears clinically beneficial in
the early weeks following these events. A meta-analysis of
eight randomized clinical trials including 20,728 patients
demonstrated that short-term (<3months) dual antiplate-
let therapy with aspirin and clopidogrel compared with
aspirin alone significantly decreased riskof recurrent stroke
but it did not increase risk of hemorrhagic complications.
Relative to monotherapy with aspirin, dual therapy with
aspirin and clopidogrel reduced risk of stroke recurrence
(RR, 0.69; 95% CI, 0.59-0.81; P < .01) and did not increase
the risk of hemorrhagic stroke (RR, 1.23; 95% CI, 0.50-3.04;
P ¼ .65) or major bleeding events (RR, 2.17; 95% CI, 0.18-
25.71; P ¼ .54). However, short-term combination therapy
was associated with a significantly lower risk of major
vascular events (RR, 0.70; 95% CI, 0.69-0.82; P < .01). Long-
term, however, dual antiplatelet therapy did not decrease
the risk of stroke recurrence (RR, 0.92; 95% CI, 0.83-1.03;
P ¼ .15), but it was associated with a significantly higher
risk of hemorrhagic stroke (RR, 1.67; 95% CI, 1.10-2.56; P ¼
.02) and major bleeding events (RR, 1.90; 95% CI, 1.46-2.48;
P < .01). Long-term combination therapy also failed to
reduce the risk of major vascular events (RR, 0.92; 95% CI,
0.84-1.03; P ¼ .09).137

Alternate antiplatelet agents are also being investi-
gated for secondary prevention among patients with
symptomatic carotid disease. In a recent meta-analysis
of 36 randomized clinical trials, the efficacy of conven-
tional antiplatelet agents (aspirin; clopidogrel) was
compared with newer agents (cilostazol; triflusal). The
major finding was a trend indicating cilostazol was asso-
ciated with reduced risk of recurrent stroke compared
with low-dose aspirin þ dipyridamole (OR, 0.75; 95% CI,
0.52-1.02) and clopidogrel (OR, 0.76; 95% CI, 0.51-1.05),
but these differences were not statistically significant.138

Finally, some surgeons selectively use dextran 40 in the
immediate postoperative period after CEA. The rationale
for use relates to case series that identified transcranial
Doppler (TCD)-detected microembolization which oc-
curs during CEA and immediately postoperatively, and
the reduced number of microemboli with dextran 40
infusion. For example, in a series of 163 patients who un-
derwent CEA, dextran 40 was infused for any patient
who manifested more than 25 emboli within 10 minutes.
It was infused in nine patients (5%) and rapidly
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controlled embolization.139 In a similar study, 156 patients
undergoing CEA were randomized to receive dextran 40
or placebo. TCD detected embolic signals in 57% of pla-
cebo and 42% of dextran patients. At 2 to 3 hours postop-
eratively, embolic signals were detected in 45% of
placebo and 27% of dextran patients, with embolic
signal counts 64% lower for dextran patients (P ¼
.040).140 In a report of 400 patients monitored with
TCD during CEA, more than 25 emboli in 10minutes after
unclamping were detected in 216 patients (54%).
Following initiation of dextran 40, embolization ceased
in all cases and there were no strokes or acute carotid
thromboses in these patients.141 Another review reported
a 46% decrease in emboli when dextran was adminis-
tered during CEA.142

Previous work demonstrated increased platelet activa-
tion during CEA. In a study of 38 CEA patients who
were taking aspirin and who received heparin intraoper-
atively, P-selectin binding index was assessed as a mea-
sure of platelet activation. P-selectin levels rose after
incision, during carotid clamping, after clamp release,
and at 1 hour and 24 hours postoperatively. Likewise,
TCD revealed an increase in embolic signals compared
with the rate of preoperative signals during the dissec-
tion, after clamp release, and during recovery. Six pa-
tients who had greater than 50 high intensity signals
per 30 minutes received dextran 40 and a significant
reduction in P-selectin levels (P < .05) was noted after
dextran therapy in these patients.143 These findings indi-
cate that platelet aggregation occurs during CEA despite
conventional antiplatelet therapy with aspirin and hepa-
rin administration, and that it may be ameliorated with
dextran 40.144 Recent work suggested that dextran may
exert a combined therapeutic effect by enhancing
endogenous fibrinolysis as well as reducing platelet
adhesion to von Willebrand factor and platelet activation
by thrombin.145

Although these observations make a compelling case
for the efficacy of dextran use among patients under-
going CEA, objective clinical benefit has not been
definitively demonstrated. Further, in a recent review
of the Vascular Study Group of New England, including
89 surgeons and 66641 CEA procedures performed
from 2003 to 2020, intraoperative dextran administra-
tion did not decrease the rate of perioperative stroke,
but it was associated with an increased incidence of
postoperative MI and congestive heart failure.146

Because this study investigated intraoperative dextran
use, an objective assessment of the clinical risk/benefit
ratio of postoperative dextran is not possible. There is
clearly no Level 1 evidence to recommend for or against
use of dextran among patients undergoing CEA, so this
should be a clinical judgment made by the operating
surgeon.
Perioperative medical management for patients un-
dergoing CEA and carotid stenting
Carotid endarterectomy. Perioperative medical man-

agement of patients undergoing CEA should include
blood pressure control, and beta blocker, statin, and an-
tiplatelet therapy.
Postoperative hypertension is a well-recognized risk

factor for stroke and TIAs, wound bleeding, and intracra-
nial hemorrhage.60,147-150 Therefore, strict attention to
preoperative blood pressure control, as noted elsewhere
in this article, is important in optimizing postoperative
outcomes. Postoperative fluctuations of hypertension
and hypotension are not uncommon.
If hypotension does not respond to a fluid infusion,

phenylephrine is accepted therapy with the dose
adjusted to maintain systolic blood pressure within
20 mm Hg of the preoperative level. Conversely, hyper-
tensive episodes should be treated with an infusion of
nitroprusside. The effect is immediate, and can be
quickly removed with cessation of the infusion. Intrave-
nous nitroglycerin may be administered for myocardial
ischemia.
MI is the most frequent non-neurologic complication

of CEA. Beta blockers should be continued in patients
undergoing noncardiac surgery who have been on
these drugs chronically. It may be reasonable to begin
perioperative beta blockers for patients with interme-
diate or high risk for myocardial ischemia, or for pa-
tients with three or more Revised Cardiac Risk Index
risk factors such as heart failure, coronary artery dis-
ease, renal insufficiency, diabetes mellitus, or cerebro-
vascular accident. It is important to recognize that
initiation of any beta blocker therapy should be suffi-
ciently in advance of surgery to assess safety and
tolerability.151 Perioperative beta blockade started
within 1 day or less before noncardiac surgery prevents
nonfatal MI, but increases risk of stroke, death, hypo-
tension, and bradycardia.151

Several series have demonstrated that perioperative
statins are associated with significant reductions in 30-
day stroke and death rates among patients undergoing
CEA.90-92 These findings are consistent with other studies
of patients undergoing an array of other vascular proced-
ures. In a randomized clinical trial of patients undergoing
vascular surgical procedures, atorvastatin use was associ-
ated with a lower rate of perioperative stroke, MI, and
death152 and a meta-analysis identified a reduced rate
of perioperative mortality among vascular surgery pa-
tients who were on statins.153 In addition, an observa-
tional study of 780,591 patients undergoing noncardiac
surgery showed that risk-adjusted mortality was signifi-
cantly lower among patients taking a perioperative
statin.154 There is also some recent evidence suggesting
that patients taking statin medications at the time of
C-
EA
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may have reduced rates of perioperative spontaneous
embolization compared with those not taking sta-
tins.155 These clinical benefits may be partly due to
the anti-inflammatory and plaque-stabilizing pleio-
tropic effects of statin medications,156,157 but is not clear
how soon before surgery one should start a patient on
statins to achieve these beneficial effects. However, the
sudden withdrawal of statin medications in the periop-
erative period should be avoided, because there is evi-
dence that sudden cessation may be associated with
increased perioperative cardiovascular morbidity and
mortality.158

Patients should remain on aspirin therapy periopera-
tively,159 and low-dose aspirin (81 mg or 325 mg) seems
to be as effective as higher dose aspirin.160 The benefit
of aspirin in reducing the rate of perioperative stroke
without increasing bleeding complications was
demonstrated in a randomized trial.161 However, some
previous work also suggested that sudden cessation
of chronic aspirin therapy may be associated with a
rebound increased incidence of ischemic events but
recent data do not support this observation.162,163

Continuation of dual antiplatelet therapy in the peri-
operative period should be individualized. In a meta-
analysis of three randomized clinical trials including
36,881 patients undergoing CEA, dual antiplatelet ther-
apy was not associated with reduced risk of periopera-
tive stroke, TIA, or death, but it was associated with
increased risk of neck hematoma and major bleeding
complications.164 Conversely, in a review of 10,46 pa-
tients undergoing vascular surgerydincluding 5264 un-
dergoing CEAdthere was no difference in the risk of
bleeding complications among patients on aspirin, clo-
pidogrel, or dual aspirin þ clopidogrel therapy, or no
antiplatelet therapy.165 Clearly, among those patients
with a specific indication for clopidogrel such as symp-
tomatic carotid disease or recent stent placement, dual
antiplatelet therapy is indicated. Intraoperative antico-
agulation, and protamine reversal, is discussed in Sec-
tion on Anticoagulation and protamine reversal.
Carotid stenting. Perioperative medical management

of CAS patients is similar to those undergoing CEA,
including blood pressure control and beta blocker use.
Similarly, although there is currently no Level 1 evidence
to inform on the efficacy of statins among patients un-
dergoing CAS, individual case series support this
approach. For example, in a series of 180 patients under-
going CAS, the 30-day risk of stroke, death, and MI was
4% among statin users vs 15% among nonusers (P <

.05).94 In another series of 344 CAS patients, multivariate
analysis demonstrated that statin use was a significant
predictor of reduced peri-interventional incidence of
ischemic stroke, MI, or death (OR, 0.31; P ¼ .006).95

Further, in the largest series reported to dated1083 pa-
tients undergoing CASdmultivariable analysis showed
that statin use was associated with a reduction in the
incidence of perioperative stroke and death (OR, 0.327,
95% CI, 0.13-0.80; P ¼ .016).96

With respect to antiplatelet therapy, there also are no
randomized clinical trials assessing the benefit of aspirin
vs dual therapy with aspirin and clopidogrel for patients
undergoing CAS. Current recommendations are there-
fore largely based on experience with coronary artery
stents. Dual antiplatelet therapy including aspirin
(325 mg) and clopidogrel (75 mg) should be initiated
before CAS, and continued for 4 weeks after the proced-
ure.166 There is no evidence to indicate that continuing
clopidogrel beyond four weeks improves coronary
outcomes.167

Summary and recommendations

1. In patients with arteriosclerotic arterial disease, we
recommend aggressive antihypertensive therapy.

2. In severely hypertensive patients undergoing CEA, we
recommend aggressive blood pressure lowering.

3. In severely hypertensive patients undergoing carotid
artery stent procedures, we recommend aggressive
blood pressure lowering.

4. In patients with known atherosclerotic disease, we
recommend reducing LDL levels with lipid-lowering
agents.

5. In patients with a prior history of stroke or TIA, we
recommend statin therapy.

6. In patients without a prior history of cardiovascular
disease, we recommend statins in the primary preven-
tion of fatal and nonfatal strokes.

7. In active smokers, we recommend complete smoking
cessation.

8. In active smokers, we recommend pharmacologic
treatment in addition to counseling to achieve smok-
ing cessation.

9. In patients with symptomatic carotid artery disease,
we recommend antiplatelet therapy with aspirin for
secondary prevention.

10. In patients with a history of noncardiogenic TIAs or
stroke, we do not recommend anticoagulation over
aspirin therapy.

11. In patients with a history of stroke or TIAs within
6 months, we recommend dual antiplatelet therapy
with aspirin and dipyridamole.

12. In patients with a history of TIAs or minor stroke within
24 hours, we also recommend dual antiplatelet ther-
apy with aspirin and clopidogrel over aspirin alone
as an alternative to aspirin and dipyridamole.

13. In patients with increased cardiac risk factors under-
going noncardiac surgery, we recommend starting
beta blockade therapy. If not currently on themedica-
tion, it should be started as soon as possible preoper-
atively so that one has an opportunity to assess its
hemodynamic effect. Therefore, beta blockers should
not be started on the day of or 1 day before the
procedure.
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14. In patients undergoing CEA, we recommend statin
therapy.

15. In patients undergoing CEA, we recommend

continuing aspirin therapy.

16. In patients undergoing CEA, during the perioperative
period we recommend individualizing the continued
use of dual antiplatelet therapy based on specific indi-
cations (eg, cardiac).

17. In patients with increased cardiac risk factors under-
going carotid stent procedures, we recommend start-
ing beta blockade therapy. If not currently on the
medication, it should be started as soon as possible
preoperatively so that one has an opportunity to
assess its hemodynamic effect. Therefore, beta
blockers should not be started on the day of or 1 day
before the procedure.

18. In patients undergoing CAS, we recommend statin
use.

19. In patients undergoing CAS, we recommend dual an-
tiplatelet therapy with aspirin (325 mg) and clopidog-
rel (75 mg) initiated before the procedure and
continued for 4 weeks after the procedure.
CAROTID INTERVENTION INDICATIONS

A. Is CEA recommended over maximal medical therapy
in low surgical risk patients?

See the Clinical Practice Guidelines document.3

B. Is CEA recommended over transfemoral CAS in low
surgical risk patients with symptomatic carotid artery
stenosis of greater than 50%?

See the Clinical Practice Guidelines document.3

Once a patient with clinically significant carotid steno-
sis is identified, appropriate treatment must be selected.
Treatment is primarily directed at reducing stroke risk.
The risks associated with an interventional treatment
must be compared with those of optimal medical ther-
apy when treatment choices are made. In general, risk
of stroke, MI, and death are used when comparing trans-
femoral CAS with CEA. In most clinical trials comparing
transfemoral CAS with CEA, stroke, MI, and death have
been given equal weight in determining a composite
end point to test overall efficacy. Data from the Carotid
Revascularization Endarterectomy vs Stenting Trial
(CREST),5 however, indicate that stroke has a more signif-
icant effect on quality of life at 1 year than nonfatal MI. In
developing its recommendations, the committee placed
greater emphasis on stroke prevention and procedurally
related death than periprocedural MI because the pri-
mary goal of intervention in carotid stenosis is stroke pre-
vention. This may result in committee recommendations
that differ from the published results of some trials in
which these three outcomes were allocated equal ana-
lytic weight.
The major determinants of the clinical course of pa-
tients with carotid bifurcation stenosis are the presence
or absence of neurologic symptoms and the severity of
stenosis. Treatment is chosen based on assessment of
risk associated with the intervention and the likelihood
that a particular intervention will favorably alter the
course of disease.

The threat of stroke in asymptomatic patients with less
than 60% ICA stenosis and in symptomatic patients
with less than 50% stenosis is generally considered to
be small and does not warrant intervention. ECST and
NASCET demonstrated that CEA did not significantly
reduce subsequent neurologic event rates in patients
with symptoms of cerebral ischemia and bifurcation
stenosis of less than 50% diameter reduction and it
was actually associated with increased morbidity
compared with medical management.37,168 Notably,
stenoses of less than 60% diameter reduction were
excluded from the asymptomatic studies,28,169

assuming that asymptomatic patients with stenosis
less than 60% would not benefit from carotid recon-
struction. Given findings of the symptomatic trials, this
exclusion proved to be an appropriate decision. There
have been no studies supporting either CEA or transfe-
moral CAS for asymptomatic patients with less than
60% ICA stenosis.170
Assessing the risk associated with carotid intervention
There are certain anatomic and physiologic conditions

that can increase risk of specific carotid revascularization
methodologies regardless of the patient’s symptomatic
status. For instance, high bifurcation or high cervical
lesion above C2 may increase risk of CEA171 and aortic
arch tortuosity can increase risk of transfemoral
CAS.172,173 Accordingly, risk stratification can generally
be divided into two categories: Anatomic (including the
lesion) characteristics and patient-specific or physiologic
characteristics.
Risk stratification based on anatomic and lesion
characteristics
Lesion location and vessel tortuosity.
High risk for CEA. CEA provides excellent access to the

cervical carotid artery, but lesions that extend outside
this zone can be difficult to treat surgically. It is generally
understood that lesions at or above the level of the C2
cervical vertebra or at or below the clavicle are generally
more difficult to expose surgically during CEA without
increasing the morbidity associated with the proced-
ure.171 Lesions of the distal cervical carotid artery can be
exposed by division of the posterior belly of the digastric
muscle and subluxation or division of the mandible, as
required.171,174 Although rarely required, these high ca-
rotid exposures may be associated with increased diffi-
culty in directly visualizing the end point of the
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endarterectomy as well as increased risk of cranial
nerve injury (CNI), particularly cranial nerve IX.171,174 Le-
sions of the very proximal CCA are difficult or impos-
sible to expose without extending the incision into the
chest. This must be considered when evaluating the
morbidity of the procedure. There are no extracranial
carotid lesion locations that increase risk of trans-
femoral CAS
High risk for transfemoral CAS. Tortuosity of the aortic

arch and target vessel can decrease the technical suc-
cess rate and increase risk of stroke and death among
patients who undergo transfemoral CAS.175 For
example, increased aortic arch tortuosity in a type III
arch can make sheath or guide catheter placement
difficult or impossible.172,173 In addition, significant CCA
and/or ICA tortuosity can increase the risk of technical
failure and stroke. In particular, the presence of ICA
tortuosity can make crossing the lesion and positioning
a distal embolic protection filter difficult. In the
tortuous ICA it may be difficult to find a sufficient
length of carotid artery above the lesion with parallel
walls, a challenge that may decrease the effectiveness
of distal embolic protection filters in trapping gener-
ated debris that can occur during the procedure.172

Atherosclerotic disease burden in the arch can directly
impact stroke risk during transfemoral CAS because of
catheter manipulations that need to be performed in
the aortic arch to engage the target vessel. This risk can
be best identified on preprocedure CTA.172

The presence of iliac artery occlusion, severe stenosis
or tortuosity can make sheath placement into the
aortic arch difficult if not impossible. Alternative access
sites that traverse the aortic arch have been reported,
such as brachial or radial arterial access. Limited data
render assessment of the efficacy of these approaches
unclear.
High risk for transcervical carotid stent. There are

limited data examining the efficacy of transcarotid artery
revascularization (TCAR) in symptomatic and asymptom-
atic patients with severe carotid occlusive disease. Since
this procedure accesses the CCA above the clavicle, rela-
tive contraindications include lesions that are less than
5 cm cranial to the clavicle.176 In addition, severe target
vessel tortuosity and small (<6 mm) CCA, significantly
diseased CCA (excess calcification or thrombus) and/or
depth of CCA which make access difficult are also rela-
tive contraindications.177,178

Lesion morphology
Lesion morphology such as echolucency, calcification,

long irregular plaques, the presence of fresh thrombus
or a string sign can affect outcomes and alter decision
making concerning carotid revascularization.172,175 This
section examines the impact of lesion morphology on
outcome following carotid revascularization techniques.
High risk for CEA. Lesion-specific morphology generally
does not have a significant impact on CEA outcome. The
degree of lesion calcification, echolucency, and the pres-
ence of fresh thrombus have not been shown to impact
risk of neurologic events following CEA as these lesions
can be removed en bloc. Long complex lesions can also
be treated with no increase in complication if they do
not extend above the lower endplate of the C2 vertebral
body. The presence of a carotid string sign in which the
extra and intracranial ICA is diminutive may be a relative
contraindication. In most instances the carotid artery is
small because it is under pressurized, and patients with
a proximal ICA atherosclerotic lesion can be treated
safely.179 However, it is important to acknowledge that
there is little clinical evidence guiding treatment in-
dications for patients with a carotid string sign, nor is there
guidance on whether CEA or carotid stenting are equally
effective in this setting. In a small series of patients un-
dergoing intervention, the 30-day stroke risk for CEA was
2.1% vs 2.4% for CAS. Restenosis risk was 5% for both
groups over 1 to 5 years of follow-up.180

High risk for transfemoral CAS. Lesion morphology
has a significant impact on outcomes for patients un-
dergoing transfemoral CAS. Very tight stenosis, irregular
calcified stenosis, and long lesions can limit the ability
to deliver the stent across the lesion.172,175 Carotid
bifurcation stent placement in heavily or circum-
ferentially calcified lesions has been associated with a
significant risk of stent fracture and deformation.181

Fresh thrombus within the carotid bifurcation is a
contraindication to carotid stent placement with distal
embolic protection devices (EPDs) because of risk of
embolization while crossing the lesion as well
thrombus disruption and embolization after stent
placement. Similarly, long, complex lesions can in-
crease risk of embolization during placement of the
distal EPD and should, therefore, be approached
cautiously when considering transfemoral CAS.175 It is
unclear how the presence of a carotid string sign im-
pacts patient outcomes after transfemoral CAS.
High risk for TCAR. Similar to transfemoral CAS,

circumferential or large bulky carotid bifurcation pla-
ques can limit the ability to deliver the stent across
the lesion. Carotid bifurcation stent placement in
heavily or circumferentially calcified lesions has been
associated with significant risk of stent fracture and
deformation. As a result, heavily calcified carotid bifur-
cation lesions are a relative contraindication to stent
placement. Early data suggest that long, complex,
and echolucent lesions may be treated safely with
TCAR because of proximal flow reversal before crossing
the stenosis. However, the level of evidence to support
this observation is much lower than that for CEA and
transfemoral CAS.
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Risk stratification based on patient-specific
characteristics
Patient-specific factors can influence outcome

following carotid revascularization. These factors include
nonvascular hostile anatomy such as previous neck sur-
gery or radiation. The second category of patient-
specific factors includes physiologic comorbidities such
as congestive heart failure, chronic obstructive lung dis-
ease, and renal insufficiency. This section examines the
influence of patient-specific factors on outcomes after
various revascularization options.

High risk for CEA.
Hostile nonvascular anatomy. Several anatomic situa-

tions may increase the difficulty of CEA. These include
reoperation after prior CEA, existence of a cervical stoma,
history of neck radiotherapy with resultant local fibrotic
changes of the skin and soft tissues, and previous abla-
tive neck surgery such as radical neck dissection and lar-
yngectomy.171,182-184 Previous cervical fusion or severe
cervical kyphosis or immobility owing to arthritis can also
make CEA more technically challenging. Although CEA
can be performed successfully in these situations,
particularly when the tissues of the ipsilateral neck are
not scarred and fibrotic, these circumstances can in-
crease risk of wound infection, difficulty of dissection,
and potentially, risk of CNI. Among obese patients, the
presence of a short neck may make dissection more
tedious but has not been associated with increased
operative risk.
Medical high risk. It seems intuitive that the risk of peri-

procedural events after CEA or CAS might be increased
in patients presenting with severe comorbid conditions,
including dialysis-dependent renal failure, New York
Heart Association functional class III or IV heart disease, a
left ventricular ejection fraction of less than 30%, class III
or IV angina pectoris, left main or multivessel coronary
disease, severe aortic valvular disease, oxygen- or steroid-
dependent pulmonary disease, contralateral carotid oc-
clusion, and advanced age. However, few data exist to
support one therapy over another in these patients.7,185 In
fact, defining a high-risk patient is much more subjective
than defining a high-risk lesion.182,183,186,187 CAS is associ-
ated with a lower risk of cardiac events than CEA.
Assuming appropriate anatomy for either procedure,
CAS is therefore preferred over CEA when severe cardiac
comorbidities exist in neurologically symptomatic
patients.
Chronic renal insufficiency has been associated with

increased risk of stroke and death after transfemoral
CAS188,189 and CEA.190,191 Univariate and multivariate ana-
lyses both show that among patients with chronic kid-
ney disease, 6-month risk of death, stroke, and MI after
transfemoral CAS were associated with HRs of greater
than 2.5.188 Chronic renal insufficiency also increases
the risk of stroke after CEA (1.08%-5.56%). Among asymp-
tomatic patients with cardiac or renal insufficiency, best
medical therapy may be preferable to transfemoral
CAS or CEA. CEA or transfemoral CAS may be considered
among symptomatic high-risk patients with moderate
to severe carotid stenosis, but the effectiveness over
medical therapy is not well-established.
There are conflicting data on the influence of contralat-

eral occlusion on CEA or transfemoral CAS outcomes.
NASCET reported that a contralateral occlusion
increased risk of stroke after CEA from 5.8% to approxi-
mately 14%.33 However, most reports on contralateral oc-
clusion do not support this observation, and a meta-
analysis suggested a much more modest increase, from
2.4% to 3.7%.192,193 Although this increase in stroke risk
was statistically significant, the results remain within
AHA recommended guidelines. Several single-center
studies have shown excellent results in patients with
contralateral carotid occlusion.194,195 A possible explana-
tion for this discrepancy may be linked to inadequate
sample sizes in the single-center studies. Alternatively,
more consistent intraoperative management tech-
niques, including algorithms for maintaining intraopera-
tive cerebral perfusion, are more likely to occur in a
single-center experience than in multicentered studies.5

AbuRahma et al196 reported on perioperative and late
stroke rates of CEA contralateral to carotid artery occlu-
sion. In a trial of 399 CEAs with randomization done by
arterial closure method, 49 patients had contralateral
carotid artery occlusion (group A) and 350 patients
did not (group B). Strokes were designated as contralat-
eral if they arose from the occluded side and ipsilateral
if they arose from the same CEA side. Risk of all strokes
(operative and late) and perioperative strokes was 4.1%
and 2% (2% contralateral and 2% ipsilateral) for group
A and 3.4% (all ipsilateral) and 2.9% for group B (P ¼
.85 and P ¼.60, respectively). The risk of all neurologic
events (stroke and TIA) and perioperative events was
18.4% and 2% for group A and 9.7% and 5.4% for group
B (P ¼ .113 and P ¼.27, respectively). At 5 years, the cu-
mulative stroke-free survival was 84% in group A and
77% in group B (P > .1). Notably, all patients were
routinely shunted. In this report, survival rates and risk
of perioperative and all late strokes were comparable
in patients with contralateral occlusion and to those
without.196

Because there is a demonstrable risk of CNI after CEA
that is absent after transfemoral CAS, patients with a his-
tory of a contralateral vocal cord paralysis are at
increased risk with CEA vs transfemoral CAS. Thus, trans-
femoral CAS may be preferred in these patients.

High risk for transfemoral CAS.
Hostile nonvascular anatomy. Because of the remote

location in which the carotid bifurcation is accessed,
the impact of hostile nonvascular anatomy on
transfemoral-CAS stroke risk is minimal and in many in-
stances is the preferred approach for treating these
patients.
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Medical high risk. Transfemoral CAS is associated with
higher stroke risk than CEA in patients aged more than
80 years,5,197-199 and in the CREST study, transfemoral
CAS was associated with increased stroke risk in patients
aged more than 70 years.5 This was confirmed in a meta-
analysis of four randomized trials comparing CEA and
transfemoral CAS.199 Similarly, a study by Hicks et al200

using VQI data demonstrated a higher risk of stroke
and death in patients meeting Medicare high-risk criteria
(HR, 1.65; 95% CI, 1.05-2.60; P ¼ .03) undergoing trans-
femoral CAS vs CEA.

High risk for TCAR.
Hostile nonvascular anatomy. Although similar to

CEA, several anatomic considerations that may increase
the difficulty of CEA may not be as prohibitive for
TCAR. For example, if the proximal CCA is not exposed
during the primary CEA, there may be no increased risk
for TCAR in the treatment of carotid restenosis after
CEA. Additionally, because the magnitude of surgical
exposure is less than standard CEA (carotid bifurcation
exposure), exposure of the proximal CCA is not as prone
to nerve injury. Nonetheless, cervical stoma, history of
neck radiotherapy with resultant local fibrotic changes
of the skin and soft tissues, and previous ablative neck
surgery, such as radical neck dissection and laryngec-
tomy,171,182-184 would be relative contraindications for
TCAR. Similar to CEA, TCAR can be performed success-
fully in these situations. However, it can be associated
with an increased risk of wound infection, difficulty of
dissection, and potentially, the incidence of vagus nerve
injury (group consensus).

Neurologic symptoms.
Symptomatic with a greater than 50% ICA stenosis.

CEA in symptomatic stenosis. Both NASCET and ECST
demonstrated the benefit of CEA in neurologically symp-
tomatic patients with carotid stenosis that reduced
diameter of greater than 50%.28,37,168 NASCET demon-
strated an absolute risk reduction of stroke of 17% at
2 years (24% in medical arm vs 7% in surgical arm) for
patients with a greater than 70% carotid stenosis. The
ECST demonstrated a similar decrease in stroke risk in
symptomatic patients after 3 years. The stroke risk in the
medical arm was 26.5%, compared with 14.9% in the
surgical group, an absolute reduction of 11.6%.37 In both
studies, the risk of stroke in the medical arm, and
therefore the benefit of CEA, increased with degree of
stenosis. The results of these trials established CEA as the
treatment of choice for patients with severe carotid ste-
nosis, and they are widely accepted throughout the
medical community. At 5 years, the benefit of CEA
among patients with stenosis of 50% to 69% was more
moderate, but still statistically significantda 15.7% stroke
rate after CEA vs 22.2% with medical therapy.168 Stenoses
of less than 50% do not benefit from CEA.
Transfemoral CAS in symptomatic stenosis. A num-

ber of trials examined transfemoral CAS in management
of neurologically symptomatic patients with a greater
than 50% diameter stenosis. Several early trials in high
surgical risk patients such as Stenting and Angioplasty
with Protection in Patients at High Risk for Endarterec-
tomy (SAPPHIRE), demonstrated overall equivalence of
transfemoral CAS and CEA in management of carotid
stenosis, although the number of symptomatic patients
was too small for subgroup analysis.201 Two large ran-
domized European trials, Endarterectomy vs Angioplasty
in Patients with Symptomatic Severe Carotid Stenosis
(EVA-3S)7 and Stent Protected Angioplasty vs CEA
(SPACE1),8 examined CAS vs CEA in neurologically
symptomatic patients. EVA-3S showed a statistically
inferior 30-day outcome for transfemoral CAS compared
with CEA (stroke death, 9.5% vs 3.8%) in these patients.
However, this study was criticized because of the rela-
tively low level of operator experience (minimum of 12
transfemoral CAS cases or 35 supra-aortic trunk cases, of
which 5 had to be transfemoral CAS procedures)
required in the CAS arm. The Stent-Supported Percuta-
neous Angioplasty of the Carotid Artery vs Endarterec-
tomy (SPACE) trial was designed to test “equivalence”
between CEA and CAS in patients with neurologic
symptoms but the trial was stopped after recruitment of
1200 patients owing to the futility of proving equivalence
between the two treatments. The 30-day risk of death or
ipsilateral stroke was 6.84% for CAS and 6.34% for CEA in
1183 randomized patients. However, the study was not
powered appropriately and failed to show noninferiority
of transfemoral CAS compared with CEA (P < .09).
More recently, two large, randomized trials have been

completed. The International Carotid Stenting Study
Trial (ICST)6 enrolled 1713 patients and demonstrated
significantly increased periprocedural stroke risk for
transfemoral CAS (7.7%) compared with CEA (4.1%) in
neurologically symptomatic patients (P < .002). The risk
of any stroke or death less than 30 days after treatment
in the stenting group was more than twice that in the
endarterectomy group (7.4% vs 3.4%; P < .0004). In addi-
tion, the composite end point of stroke, death, and MI
significantly favored CEA (5.2%) vs transfemoral CAS
(8.5%; P < .006). These findings are similar to those of
the symptomatic patients in the CREST Trial. Periproce-
dural risk of stroke and death was significantly higher
in transfemoral CAS vs CEA among symptomatic pa-
tients (6.0% 6 0.9% vs 3.2% 6 0.7%; HR, 1.89; 95% CI,
1.11-3.21; P < .02). The risk of MI was lower after transfe-
moral CAS vs CEA among symptomatic patients
(1.0% 6 0.4% vs 2.3% 6 0.6%; HR, 0.45; 95% CI, 0.18-1.11;
P < .08); however, these differences were not significant.
If CREST patients older than 80 years are removed to
allow CREST to be compared with other trials, results
from the symptomatic cohort demonstrated that
30-day stroke and death risk was significantly lower
among the patients undergoing CEA (2.6%þ0.7% for
CEA and 5.6%þ1.0% for transfemoral CAS; P ¼ .006). A
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2020 Cochrane Review showed that in symptomatic pa-
tients, transfemoral CAS was associated with higher risk
of periprocedural death or stroke than CEA, (OR, 1.70;
95% CI, 1.31-2.19; P < .0001, I2 ¼ 5%; 10 trials; 5396 partici-
pants; high certainty evidence).202

Long-term outcomes of transfemoral CAS vs CEA in
symptomatic patients have been examined in a pre-
planned pooled analysis of data from the EVA-3S, SPACE,
International Carotid Stenting Study (ICSS), and CREST
Trials. Together, these trials randomized 4754 symptom-
atic patients with a greater than 50% ICA stenosis with
median follow-upof 2.0 to 6.9 years. Risk of strokeor death
within 120 days of the index procedure was 5.5% for CEA
and 8.7% for transfemoral CAS (risk difference, 3.2%; 95%
CI, 1.7-4.7). Beyond the periprocedural period of 120 days,
there was no difference in annual risk of late ipsilateral
stroke (annual event rate of 0.60% for CEA vs 0.64% for
transfemoral CAS),9 lending support to the conclusion
that both procedures have similar midterm outcomes.
However, long-term outcomes continue to favor CEA
because of its lower periprocedural stroke and death
rate. In addition, 10-year outcomes comparing CEA and
transfemoral CAS have been published. In symptomatic
patients from CREST, a combined end point of periproce-
dural stroke and death and 10-year ipsilateral stroke was
7.9% (95% CI, 5.9-10.0) in patients treated with CEA vs
11% (95% CI, 8.5-13.9; HR, 1.37; 95% CI, 1.01-1.86) in patients
treated with CAS (P ¼ .04).203 A 2020 Cochrane Review
also showed the combination endpoint of periprocedural
death or stroke or ipsilateral stroke during follow-up was
significantly lower with CEA.202

Despite the evidence, there is concern regarding
whether data from randomized controlled trials of CAS
can be extrapolated to real-world experience. In general,
physicians who performed carotid stenting in these trials
were highly experienced and their outcomes were rigor-
ously assessed before they were allowed to enroll pa-
tients.204 By contrast, in a review of physicians treating
Medicare beneficiaries with CAS, fewer than 10% would
meet criteria to participate in CREST based on low vol-
ume or high complication rate.205 It is unclear if similar
results will be obtained for CAS among clinicians who
are less experienced or among patients who would not
meet inclusion criteria for the clinical trial. Nolan
et al206 reviewed data from the Northern New England
Vascular Registry and showed a higher risk of stroke
and death in symptomatic patients treated with CAS
compared with CEA (5.1% CAS vs 1.6% CEA; P ¼ .001).
Last, in a study by Hicks et al200 looking at almost
52,000 carotid procedures in the VQI, symptomatic
high risk patients defined using Medicare criteria) had a
2.3% risk of stroke and death following CEA vs 3.6% for
CAS (P < .001). The difference in stroke was two-fold
higher for CAS in the general population as well as in
propensity-matched patient cohorts (HR, 2.23; 95% CI,
1.58-3.15; P < .001).
Transcarotid artery revascularization. Early data sug-
gest that TCAR may have a role in treatment of patients
with symptomatic carotid occlusive disease. Numerous
studies have shown that TCAR has a similar rate of
diffusion-weighted infarcts (DWI) on postprocedure MRI
compared with CEA while transfemoral CAS is associ-
ated with a two-to three-fold higher risk of DWI. Up to
50% of DWI and strokes that occur after transfemoral
CAS are contralateral, suggesting arch pathology as the
etiology. In two recently completed trials, Safety and Ef-
ficacy Study for Reverse Flow Used during CAS Proced-
ure (ROADSTER-1) and (ROADSTER-2), the risk of
periprocedural stroke in symptomatic patients from the
two trials combined was 0.6% while mortality risk was
0.6% for a combined risk of stroke and death of
1.2%.177,178 A more recent study comparing TCAR and
transfemoral CAS examined 1829 propensity score-
matched patients from the VQI with symptomatic ca-
rotid disease. This study demonstrated that TCAR was
associated with significantly lower risk of in-hospital
stroke or death compared with transfemoral CAS (2.1%
vs 4.2%; absolute difference, �2.02% [95% CI, �3.21%
to �0.83%]; RR, 0.51 [95% CI, 0.35 to 0.75]; P < .001).207

There was no difference in MI between the groups. Last,
Malas et al208 examined a more recent cohort of patient
from the VQI Trans-carotid Revascularization Project.
These investigators propensity score-matched 6384 pairs
of patients who had undergone either TCAR or CEA. In
this cohort there were 3333 symptomatic patients that
were compared. There was no difference in in-hospital
stroke and death between symptomatic patients un-
dergoing TCAR vs CEA (2.2% vs 2.6%; P ¼ .46) and TCAR
was associated with a lower incidence of CNI and shorter
hospital stay. The impact of developing a TCAR program
on overall carotid revascularization outcomes was
examined by Columbo et al.209 These investigators
compared the risk of MACE defined as stroke, death and
MI in centers who performed only CEA vs those centers
that performed both CEA and TCAR. At 1 year, the inci-
dence of MACE was 10% lower at centers that performed
both TCAR and CEA vs CEA alone (OR, 0.9; 95% CI, 0.81-
0.99; P ¼ .04).209 These studies seem to be promising and
have been supported by a clinical competency state-
ment from the SVS210 and although it is important to
remember that to date the vast majority of TCAR pro-
cedures have been performed in patients at high
anatomic or medical risk for CEA the procedure appears
promising and further data in low-risk symptomatic pa-
tients are awaited.
Asymptomatic with a greater than 70% stenosis.
CEA for asymptomatic lesions. Patients with asymp-

tomatic lesions currently account for a majority of carotid
interventions performed in the United States.1 As dis-
cussed elsewhere in this article, randomized controlled
trials such as ACAS and ACST that compared CEA with
best medical therapy showed favorable results for
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CEA.28,169 ACAS demonstrated superiority of CEA over
antiplatelet therapy alone for asymptomatic patients
with carotid stenosis of greater than 60%, and these in-
vestigators recommended CEA for patients aged less
than 80 years as long as the expected combined stroke
and mortality risk for the surgeon was not more than 3%.
The long-term effectiveness of CEA in asymptomatic
patients was confirmed by ACST I, as reported by Halli-
day et al194 compared with patients randomized to the
medical arm which primarily involved antithrombotic
and antihypertensive therapy, patients aged less than
75 years in the CEA arm had significantly lower 10-year
stroke risk (13.3% vs 17.9%).
Some authorities suggest that CEA should be consid-

ered in average surgical risk patients with 60% to 99%
asymptomatic carotid stenosis only in the presence of
one or more risk factors that increase risk of late ipsilat-
eral stroke. Those factors include stenosis progression, si-
lent infarction on CTA/MRI, plaque echolucency,
intraplaque hemorrhage on MRI, large plaque area or
spontaneous embolization using TCD.10

Transfemoral CAS in asymptomatic lesions. Many
CAS studies have been in the form of “high-risk” regis-
tries.185,211-216 In 2004, the SAPPHIRE trial, which
included “high-risk” patients (70% of whom were
asymptomatic) demonstrated that stenting with cere-
bral protection devices was not inferior to CEA.201 The
primary end point of the study was 30-day cumulative
incidence of death/stroke/MI, which was 5.4% for
asymptomatic patients who underwent CAS and 10.2%
for CEA (P ¼.20). Critics of this study raised several
important issues, including the criteria used to define
high-risk patients for CEA, the failure to randomize more
than 50% of eligible patients, the unexpectedly high
incidence of postoperative strokedparticularly in
asymptomatic patientsdand questions about reporting
bias. Notably, MI was defined only by enzymatic eleva-
tion. A number of critics suggested that the absolute
complication rates of both CAS and CEA in this study
could not be used to justify either intervention in
asymptomatic patients.217,218

CREST and Asymptomatic Carotid Trial (ACT-1) are two
recent multicenter randomized trials that enrolled signif-
icant numbers of individuals with asymptomatic carotid
artery stenosis. CREST showed that although stroke risk
with CAS was greater than that for CEA in asymptomatic
patients, the difference was not statistically significant.
The actual risk between CAS and CEA in asymptomatic
patients for any periprocedural stroke was 2.5% vs 1.4%,
respectively, and any periprocedural stroke, death, or
postprocedural ipsilateral stroke was 2.5% vs 1.4%,
respectively. Results for transfemoral CAS and CEA
were both within the AHA recommended guidelines.219

In addition, the primary composite end point of the
study, which included any periprocedural stroke, death,
MI, or postprocedural ipsilateral stroke, was similar in
the two groups: 3.5% for transfemoral CAS and 3.6% for
CEA (P ¼ .96).
The recently completed ACT-1 Trial randomized 1453 pa-

tients 3:1 transfemoral CAS (1089) and CEA (364) in a nonin-
feriority design.220 There was no difference in the
composite primary end point of death, stroke and MI be-
tween the transfemoral CAS group (3.8% 6 0.59% vs CEA
3.4%60.98% (2.27%confidence interval [CI], P¼ .01 nonin-
ferior). Stroke anddeath riskwas 2.9% for transfemoral CAS
and 1.7% for CEA (P¼ .33), andmajor stroke and death was
identical inbothgroups at0.6%. These results are consider-
ably better than any other large study, including ACAS and
ACST, for both procedures. CREST and ACT-1 results
confirm thatCEAandCAS canbeperformed safely in care-
fully selected asymptomatic patients.
Similar to patients with symptomatic carotid stenosis,

concerns remain whether the latter data can be trans-
lated into “real-world” experience in asymptomatic pa-
tients. In a 2009 study of asymptomatic patients using
VQI data, transfemoral CAS was associated with a signif-
icantly higher risk of major complications compared
with CEA.221 The 30-day outcome analysis of CAS and
CEA in 2,818 patients revealed the combined risk of
death, stroke, or MI for 1450 CAS patients was 4.6% vs
1.97% for 1368 CEA patients. However, the recent VQI
report by Hicks et al showed transfemoral CAS was not
associated with a significant difference in stroke and
death when compared with CEA among low-risk, pro-
pensity-matched patients (HR, 1.49; 95% CI, 0.76-2.90;
P ¼ .24).200

Transcarotid artery revascularization. The 30-day inci-
dence of stroke and death in 485 asymptomatic patients
from the ROADSTER 1 and 2 trials was 1% and the 30-day
incidence of any stroke was 0.6%. Although these early
results are promising, further studies are needed to deter-
mine if these results are robust in larger populations.177,178 A
recent study of VQI data compared propensity score
matched asymptomatic patients and showed no differ-
ence in stroke and death risk between TCAR and trans-
femoral CAS (1.0% vs 1.5%; absolute difference, �0.42%
[95%CI,�1.30% to 0.47%]; RR, 0.71 [95%CI, 0.37 to1.39]; P¼
.32).207 A more recent study propensity scored patients
from the VQI that hadundergone either TCARor CEAwere
compared. Of this cohort 9435 were asymptomatic. There
was no difference in stroke and death between CEA and
TCAR (1.3% vs 1.4%; P¼ .49), although TCARwas associated
with a lower incidence of MI and CNI, as well as a shorter
length of stay.208
Summary and recommendations

1. For neurologically symptomatic patients with stenosis
less than 50% or asymptomatic patients with stenosis
less than 60% diameter reduction, optimal medical
therapy is indicated. There are no data to support
transfemoral CAS, TCAR, or CEA in this patient group.



Table II. High-risk surgical risk for carotid endarterectomy
(CEA) based on the Medicare National Coverage Decision
(20.7) on PTA including carotid artery stenting (CAS)

Physiologic risks Anatomic risks

Age $75 Prior head/neck
surgery or irradiation

Congestive heart failure Spinal immobility

Left ventricular ejection
fraction #35%

Restenosis after CEA

Two diseased coronaries
with $70% stenosis

Surgically inaccessible lesion

Unstable angina Laryngeal palsy; laryngectomy;
permanent contralateral CNI

MI within 6 weeks Contralateral occlusion

Abnormal stress test Severe tandem lesions

Need for open heart surgery

Need for major surgery
(including vascular)

Uncontrolled diabetes

Severe pulmonary disease

CNI, Cranial nerve injury; MI, myocardial infarction.

Table I. Revascularization techniques with high-risk
criteria

Revascularization
techniques

High-risk criteria (based on clinical
judgement)

CEA Neck irradiation
Previous CEA
Previous neck surgery
Tracheal stoma
Lesion above C2
Contralateral vocal cord injury
Hostile neck owing to obesity,
immobility, or kyphosis

Medical high risk

TCAR Heavily calcified carotid lesion
Lesion within 5 cm of clavicle
CCA diameter <6 mm
Neck irradiation
Tracheal stoma
Hostile neck owing to obesity,
immobility or kyphosis

Medical high risk

TF-CAS Age > 75 years old
Heavily calcified carotid stenosis
Complex bifurcation stenosis
>15 mm length

Tortuous ICA
Tortuous CCA
Type 3 or tortuous aortic arch
Heavy atherosclerotic burden of arch

CCA, Common carotid artery; CEA, carotid endarterectomy; ICA, in-
ternal carotid artery; TCAR, transcervical carotid stent; TF-CAS, trans-
femoral carotid stent.
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2. Neurologically asymptomatic patients with a 70% or
greater diameter stenosis should be considered for
CEA, TCAR, or transfemoral CAS for reduction of
long-term risk of stroke, provided the patient has a
3- to 5-year life expectancy and perioperative stroke/
death rates can be 3% or less. Perhaps future models
to help estimate life expectancy based on calculating
various physiologic comorbidities such as cardiac, pul-
monary, renal, malignancy, will be available in the
future. The determination for which technique to
use should be based on the presence or absence of
high risk criteria for CEA, TCAR, or transfemoral CAS
(Table I).

3. CEA is preferred over transfemoral CAS in symptom-
atic patients with 50% or greater stenosis who are
candidates for both procedures. TCAR is preferred
over transfemoral CAS but not CEA in symptomatic
patients with 50% or greater stenosis.

4. Transfemoral CAS is preferred over CEA in symptom-
atic patients with 50% or greater stenosis and
tracheal stoma, situation where local tissues are
scarred and fibrotic from prior ipsilateral surgery or
external beam radiotherapy. CEA or TCAR may be
preferable in situations where ipsilateral tissue planes
remain relatively intact (Table II).

5. TCAR is preferred over CEA and transfemoral CAS in
symptomatic patients with 50% or greater stenosis
and lesion above C2 (Table II).
6. TCAR is preferred over CEA and transfemoral CAS in
high surgical risk (both anatomically and
physiologically).

7. CAS is preferred over CEA in symptomatic patients
with 50% or greater stenosis and severe uncorrect-
able coronary artery disease, congestive heart fail-
ure, or chronic obstructive pulmonary disease. The
committee recognized the difficulty in clearly
defining this group of individuals, both in symptom-
atology and risk assessment, and acknowledged the
potential increased role of aggressive medical man-
agement as primary therapy in this high-risk group
(Table II).

8. Neurologically asymptomatic patients deemed high
risk for CEA, TCAR, and transfemoral CAS should be
considered for primary medical management. Inter-
vention can be considered in these patients only
with evidence that perioperative morbidity and mor-
tality is less than 3%. CAS should not be performed
in these patients except as part of an ongoing clinical
trial.

9. There are insufficient data to recommend transfe-
moral CAS as primary therapy for neurologically
asymptomatic patients with 70% to 99% diameter
stenosis. Data from CREST, ACT, and the VQI suggest
that in properly selected asymptomatic patients,
CAS may be equivalent to CEA in the hands of expe-
rienced interventionalists. Operators and institutions
performing CAS must exhibit expertise sufficient to
meet the previously established AHA guidelines for
treatment of patients with asymptomatic carotid ste-
nosis. Specifically, the combined stroke and death
rate must be less than 3% to ensure benefit for the
patient.



Table III. Local vs general anesthesia for carotid endarterectomy (CEA)

Study Patient population/comparison Outcome Design

GALA Trial
Collaborative
Group, 2008228

3526 patients
1753 (general)
1773 (local)

Primary outcome was proportion of pa-
tients with stroke/MI/death between
randomization & 30 days after surgery.
Composite end point was 4.8% (general)
vs 4.5% (local).

RCT

Rerkasem
et al, 2009244

(Cochrane Database)

9 RCTs (812 procedures)
47 Nonrandomized
studies (24,181 procedures)

RCTs
No evidence of reduction in operative
strokes (2.7% local vs 2.7% general; P ¼
.99)
Nonrandomized studies:
Local associated with significant reduc-
tion in:
Risk of early 30-day perioperative stroke
(38 studies)
Stroke/death (27 studies)
Death (42 studies)
MI (27 studies)
To be noted, methodologic quality of
nonrandomized studies were felt to be
questionable; concluded insufficient evi-
dence from RCT to indicate superiority of
local over general.

Systematic review of
RCTs and
nonrandomized
studies

Vaniyapong
et al, 2013236

(Cochrane Database)

14 RCTs (4596 procedures) No statistically difference in:
30-day stroke rate (3.2% local vs 3.5%
general)
30-day stroke/death (3.6% local vs 4.2%
general)
Concluded stroke/death rates were
similar

Systematic review of
RCT

Aridi et al, 2018238 Retrospective analysis of VQI Database
2003-2017 (75,319 procures)

Compared real-world outcome of CEA
under local vs general.
No difference in perioperative death/
stroke.
CEA with general was associated with:
4 times the odds of acute CHF (OR, 3.92,
95% CI, 1.84-8.34; P < .001)
1.5 times the odds of hemodynamic
instability (OR, 1.54; 95% CI, 1.44-1.66; P <
.001)
Noted differences were clinically irrele-
vant, as overall risk of cardiac adverse
events were low.
Approach to choosing anesthesia should
be based on patient risk factors, prefer-
ence and team experience.

CI, Confidence interval; MI, myocardial infarction; OR, odds ratio; RCT, randomized controlled trial; VQI, Vascular Quality Initiative.
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CEA TECHNICAL CONSIDERATIONS

Local vs general anesthesia
An advantage of performing CEA on awake patients

under local/regional anesthesia is the ability to perform
an accurate neurologic assessment during the operation
and in the immediate postoperative period. Local/
regional anesthesia also attenuates the hemodynamic
swings both during induction of general anesthesia
and upon awakening. It has been postulated that local
anesthesia also has the benefit of increasing systemic
blood pressure that may occur after carotid clamping,222

helping to maintain cerebral perfusion. However, oppo-
nents of CEA under local anesthesia highlight that pain
or anxiety during the procedure may increase stress,
potentially resulting in increased risk of perioperative
MI. However, this stress can be minimized by premedica-
tion and intraoperative sedation/analgesia. The patient’s
heightened stress level may also impact the perfor-
mance of some surgeons. In addition, the ability to train
fellows or residents in performing CEA may also be nega-
tively impacted by use of local/regional anesthesia. This
approach may also result in needle damage to impor-
tant structures such as the vertebral artery during deep
cervical plexus block, phrenic nerve block, or may result
in intravascular injection with associated hematoma.223

Therefore, many clinics use only superficial cervical
plexus block for CEA.224 It has also been suggested that
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general anesthetics decrease the cerebral metabolic rate
and may therefore have a neuroprotective effect in the
presence of cerebral ischemia.225

Over the past several decades, a number of publica-
tions have shown conflicting results about anesthesia,
some favoring general anesthesia, while others favor
local anesthesia. Halm et al226 conducted a retrospective
analysis of 1972 patients undergoing CEA by 64 surgeons
in six New York hospitals in 1997 and 1998. Death or
stroke occurred in 2.3% in patients without carotid symp-
toms, 2.9% among those with carotid TIA, and 7.1%
among patients with perioperative stroke. Two surgical
techniques reduced the adjusted odds of death or
stroke: Use of local anesthesia (OR, 0.3; 95% CI, 0.16-
0.58) and patch closure (OR, 0.43; 95% CI, 0.24-0.76).
Stoner et al227 also reported outcome of 13,622 CEAs per-
formed during a 3-year period at 123 Veteran’s Adminis-
tration and 13 private academic medical centers. The
combined risk of stroke, death, or cardiac event was 4%
and stroke/death risk was 3.4%. Regional anesthesia
was used in 18% of cases with the following relative risk
reductions: stroke 17%, death 24%, cardiac events 33%,
and the composite outcome 31% (OR, 0.69; P ¼ .008).
The authors concluded that the use of regional anes-
thesia significantly reduced perioperative complications,
however did admit the low use of regional anesthesia
may represent selection bias.
Results from randomized controlled trials, meta-

analyses, and registries. One of the strongest Level 1 ev-
idence sources on anesthesia is the General Anesthesia
vs Local Anesthesia for Carotid Surgery (GALA) trial.228

The two groups did not show any significant differ-
ences regarding primary outcome (stroke, MI, or death)
(Table III), length of hospital stay, and quality of life.
Additionally, there was no difference in the primary
outcome in the subgroup analysis of age and baseline
surgical risk. The primary outcome rate for patients over
the age of 75 was 5.3% for general anesthesia vs 4.6% for
local anesthesia (P ¼ .741). This is in contrast with 4.5% for
local anesthesia vs 4.6% for general anesthesia for pa-
tients younger than the age of 75 (P ¼ .741). The primary
outcome rate for patients with high surgical risk was
4.6% for local anesthesia vs 4.1% for general anesthesia, in
contrast with 4.2% for local anesthesia vs 4.7% for general
anesthesia in patients with low surgical risk (P ¼ .933).
These results suggest that local anesthesia may be more
effective than general anesthesia for patients with
contralateral carotid occlusion. The primary outcome for
stroke, MI, or death at 30 days was 5% for local anesthesia
vs 10% for general anesthesia in patients with contralat-
eral carotid occlusion (OR, 0.47; P ¼ .098) in contrast with
4.3% for general anesthesia and 4.5% for local anesthesia
in patients without contralateral carotid occlusion.
A Cochrane Review of the several randomized tri-

als229-235 looking at anesthesia showed no evidence of
decreased perioperative strokes (2.7% for local
anesthesia vs 2.7% for general anesthesia; P ¼ .99). Use
of local anesthesia was also associated with a significant
reduction in risk of 30-day perioperative local hemor-
rhage (OR, 0.3; 95% CI, 0.12-0.77; Table III).
A more recent Cochrane Review by Vaniyapong et al236

reported results comparing local vs general anesthesia
for CEA from 14 RCTs, concluding that risk of stroke or
death within 30 days of surgery did not differ significantly
between the two anesthetic techniques (Table III).
More recently, Hye et al237 reported on anesthesia tech-

nique and risk of MI after CEA in the CREST trial. Between
2000 and 2008, 1151 patients underwent CEA (anesthetic
type available for 1149 patients), and 1123 patients under-
went CAS within 30 days of randomization in CREST.
CEA patients were categorized by anesthetic type
(regional anesthesia vs general anesthesia). The results
showed that CREST patients undergoing CEA with
regional anesthesia had a similar risk of periprocedural
MI as those undergoing CAS, whereas the risk for CEA
with general anesthesia was twice that of patients under-
going CAS.
Dakour Aridi et al238 used VQI data for 2003 to 2017 to

compare real-world outcomes of CEA under regional or
local anesthesia vs general anesthesia. A retrospective
analysis showed that compared with patients undergo-
ing CEA with general anesthesia, the 6684 (9%) CEA
cases of 75,319 that were were performed under local
anesthesia/regional anesthesia were more likely to have
a higher American Society of Anesthesiologists class
(class 3-5, 94% vs 93%) and more likely to be older (me-
dian age, 72 years vs 71 years) (all P < .001). CEA with gen-
eral anesthesia had higher crude rates of in-hospital
cardiac events including arrhythmia (1.6% vs 1.2%; P <

.001), hemodynamic instability (27% vs 20%; P < .001),
MI (0.5% vs 0.2%; P ¼ .01), and acute congestive heart fail-
ure (0.5% vs 0.2%; P < .001) compared with CEA with
local or regional anesthesia. However, there was no differ-
ence in perioperative death or stroke between the two
groups. CEA with general anesthesia was associated
with four times the odds of acute CHF (OR, 3.92; 95%
CI, 1.84-8.34; P < .001), 1.5 times the odds of hemody-
namic instability (OR, 1.54; 95% CI, 1.44-1.66; P < .001),
and twice the odds of in-hospital MI (OR, 1.95; 95% CI,
1.06-3.59; P ¼ .03). Patients who underwent CEA with
general anesthesia had 1.8 times the odds of staying in
the hospital for more than 1 day (OR, 1.80; 95% CI, 1.67-
1.93; P < .001). These authors noted that differences
were clinically irrelevant, because the overall risk of car-
diac adverse events after CEA was low. Others felt that
the approach to choosing anesthesia for CEA should be
based on patient risk factors and preference, and by
the team’s experience.239-241

Local and regional anesthesia and the use of anti-
platelet agents. Because many patients who undergo
CEA take aspirin antiplatelet monotherapy and some
also take dual antiplatelet therapy, there is some concern
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about hematoma formation. In a systemic reviewof 10,081
patients in 69 studies, the combined superficial and deep
cervical plexus blockade was associated with a signifi-
cantly higher risk of major complications (OR, 2.13; P ¼
.006), when compared with superficial/intermediate
blockade.224 Most of the major complications reported
were inadvertent intravascular injection and respiratory
distress or failure secondary to phrenic nerve and/or
recurrent laryngeal nerve paralysis. In most scenarios, the
general guidelines recommend cessation of antiplatelet
therapy, specifically clopidogrel, whenever possible.242

Presently, there are no published guidelines regarding
whether it is safe to perform deep cervical plexus
blockade in CEA patients who are taking dual antiplatelet
therapy.243 Therefore, because many symptomatic pa-
tientswill undergoCEAwhile ondual antiplatelet therapy,
surgeons and anesthesiologists who perform this proced-
ure must consider the risks and benefits of doing surgery
under regional/local anesthesia while the patient is on
perioperative antiplatelet therapy. It is generally not rec-
ommended to stop antiplatelet therapy and/or delay
CEA for the usual recommendation of 7 days, as this may
increase the risk of early recurrent embolic stroke.
Summary and recommendations. The choice of anes-

thesia local/regional vs general anesthesia is equivalent
and should be left to surgeon’s/anesthesiologist’s prefer-
ence because both techniques have similar outcomes
and should be based on availability of expertise for effec-
tive block (Table III).

Decision for longitudinal versus transverse incision for
CEA
Although the traditional approach to thecarotidbifurca-

tion is through a longitudinal incision just medial to the
anterior border of the sternocleidomastoid muscle, a
transverse incision can be performed. However, a key
concern with a transverse incision is the cephalad extent
of the atherosclerotic disease. As shown by Ascher
et al,245 if one were to undertake the transverse incision,
the bifurcation should be analyzed by duplex ultrasound
examination not only before surgery, but also at the time
of surgery. This allows the surgeon to identify where the
bifurcation is, aswell as to confirm the extent of disease.245

Other investigatorshavedemonstrated that transverse in-
cisions givebetter cosmetic resultswith fewer cranial nerve
injuries.246 However, Marcucci et al247 reported that it is
more difficult to shunt using the transverse incision, and
saw no difference in the presence of cranial nerve injuries.
Summary and recommendations. In the absence of

Level 1 data, a transverse crease incision may give the
best cosmetic results if there is a focal stenosis with a
relatively low bifurcation.

Anticoagulation and protamine reversal
In the last decade, numerous reports have documented

increased use of anticoagulation reversal with protamine
sulfate after CEA. The Vascular Study Group of Northern
New England first noted safe use of protamine to reduce
bleeding complication without increased stroke risk.248 In
2013, the same group noted an increase in anticoagulation
reversal among their surgeon cohort with decreased inci-
dence of bleeding and no difference with respect to MI or
stroke risk.249 A meta-analysis by Kakisis et al250 reported
a 64% risk reduction in wound hematoma without an in-
crease in stroke riskwith anticoagulation reversal. These re-
sults were corroborated by a contemporaneous meta-
analysis by Newhall et al,251 showing similar favorable find-
ings for use of protamine. Although there is no new Level 1
evidence in this area, the abundance of literature supports
reasonable use of anticoagulation reversal at the end of
CEA without an increase in perioperative stroke risk.
Summary and recommendations. In patients under-

going CEA, we suggest use of protamine sulfate
(depending on heparin dose) to reduce risk of postoper-
ative bleeding without an increase in other perioperative
risk.

Intraoperative cerebral monitoring
The purpose of intraoperative cerebral monitoring is

to assess the need for temporary arterial shunting dur-
ing the ischemic portion of the procedure while the ca-
rotid artery flow is interrupted and to attempt to
predict those patients who are most likely to suffer an
ischemic postoperative event. Options for cerebral
perfusion assessment include awake testing with
local/regional anesthesia, somatosensory evoked po-
tentials, measurement of stump pressures, TCD and
infrared spectroscopy. Although numerous reports
advocate for the overall effectiveness of each tech-
nique,59 a comprehensive review in 2011 by AbuRahma
et al,252 and review of the recent literature has not iden-
tified a predominant technique to predict adequate
cerebral perfusion.253-255

Summary and recommendations. We suggest judi-
cious use of cerebral monitoring based on practitioner
expertise and institutional standards, particularly if no
routine shunting is used.

Shunting: routine versus selective
Based on the current literature, the use of shunting dur-

ing CEA has not evolved. For many years, use of arterial
shunts was considered in three broad categories: Always,
never, or selective use with multiple alternatives available
to provide temporary flow during periods of carotid
clamping. These were mainly based on the preference
and training of the operating surgeon. AbuRahma
et al252 conducted a comprehensive review of available
approaches to cerebral monitoring and intraoperative
shunting methods and found no discernible advantage
with any technique. Since then, large series have also
failed to report definitive differences in outcomes with
any particular strategy.255-258 In the most recent reported



Table IV. Patch closure vs primary closure for carotid endarterectomy (CEA) (randomized trials)

Study

Patient population/
comparison Early outcome Late outcome

Design
No. patch/primary

comparison

Perioperative
stroke/death (%),
patch/primary OR (95% CI)

$50% restenosis
rate (%), patch/

primary OR (95% CI) Follow-up, mo

De
Vleeschauwer
et al, 1987272

90/84 0/0 ———
a 1.1/10.7 0.1 (0.0-0.8) 12 RCT

Eikelboom et al,
1988273

66/60 4.5/6.7 0.67 (0.15-3.06) 11.9/27.4 0.37 (0.16-0.89) 60 RCT

Lord et al,
1989278

90/50 1.1/6.0b 0.2 (0.0-1.7) ———a ———a Hospital discharge RCT

Ranaboldo et al,
1993283

96/91 3.2/7.7 0.41 (0.11-1.45) 5.5/16.3 0.33 (0.14-0.77) 12 RCT

Myers et al,
1994280

46/48 0/2.1 0.14 (0.00-7.12) 3.2/3.1 1.03 (0.14-7.51) 54 RCT

Katz et al,
1994276

43/44 2.3/4.5 0.52 (0.05-5.11) 0/5.9 0.14 (0.01-1.33) 29 RCT

AbuRahma
et al, 1996261

264/135 2.3/6.7 0.3 (0.10-0.88) 5.3/33.3 0.11 (0.06-0.19) 30 RCT

AbuRahma
et al, 1999264

74/74 0/4.0 ———a 7/45 0.09 (0.03-0.25) 29 RCT

Malas et al,
2015290

753/329
CEA Arm of CREST

1.2/4.0 0.35 (0.15-0.82) 3.1/10.7c 0.27 (0.15-0.48) 24 RCT

CI, Confidence interval; OR, odds ratio; RCT, randomized controlled trial.
aNot available or not applicable.
bOnly 30-day risk of ipsilateral stroke only.
cFor $70%.
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series, Wiske et al257 reviewed 28,457 CEAs in the VQI
from 2012 to 2015 and found no difference in in-
hospital death or stroke among the different types of ce-
rebral monitoring and shunt strategies. However, the au-
thors did report shorter length of stay among patients
undergoing awake assessment with local anesthesia.257

Summary and recommendations. Owing to the
paucity of suitable data on when to shunt or best shunt-
ing methods during CEA, specific recommendations
cannot be provided. The committee suggests consider-
ation of arterial shunting during CEA based on practi-
tioner expertise and institutional standards.

Carotid closure: primary versus patching
The type of closure after CEA, whether primary closure

vs patching remains somewhat controversial.259-285 How-
ever, most authorities agree that in a small carotid artery
(#4 mm), particularly in women, and in the presence of
technical difficulties at the ICA end of the arteriotomy,
patching may decrease the risk of future restenosis. It
has been suggested that a flow characteristic of patched
arteries may be superior to those of primary closure for
minimizing early perioperative carotid throm-
bosis.283,286,287 Other investigators have attributed this
improvement to widening the artery with a correspond-
ing reduction of intimal hyperplasia.288 Therefore, many
suggest that CEA with patch angioplasty decreases the
chance of technical errors. It has been shown to be
more effective than primary closure in multiple clinical
trials in decreasing the risk of perioperative
carotid thrombosis, perioperative stroke and late reste-
nosis.261-264,267,268,271-273,276,278,289 Others believe that in-
clusion of a patch prolongs the operative, shunt and
clamping time and makes the procedure more techni-
cally demanding and that it may also be unnecessary
in some patients.270

Results from randomized trials. Several randomized
controlled trials published over the past two decades
compared CEA with primary closure vs patch
angioplasty.261,263,264,266,267,271-273,276,278,280,283 As noted in
Table IV, most studies showed that patch closure was
superior to primary closure in all perioperative parame-
ters including risk of perioperative stroke, stroke/death,
and restenosis.
In contrast, Al-Rawi et al266 reported results supporting

primary (direct) closure. In this study, the 30-day periop-
erative stroke risk was similar for microscopic patch an-
gioplasty (3.9%) and direct arteriotomy closure (2.9%). In



Table V. Meta-analysis of primary closure vs carotid endarterectomy (CEA) with patching

Systemic/Meta-analysis
Patient

Population/Comparison Outcome Design

Bond et al, 2004269,292,a

(Cochrane review)
7 RCTs
1281 CEAs (1193 patients)

Patch angioplasty associated with reduction in:
Ipsilateral stroke (1.6% vs 4.8%; P ¼ .001)
Any stroke (1.6% v 4.5%; P ¼ .004)
Stroke/death (2.5% vs 6.1%; P ¼ .07)
Arterial occlusion (0.5% vs 3.6%; P ¼ .0001)
Long-term follow-up reduction in:
Ipsilateral stroke (1.6% vs 4.8%; P ¼ .001)
Any stroke (1.9% vs 5.9%; P ¼ .0009)
Stroke/death (14.6% vs 24%; P ¼ .004)
Late post-CEA stenosis (4.8% vs 18.6%; P <
.0001)

Systemic analysis
of RCTs

Rerkasem et al, 2011293 10 RCTs
2157 CEAs (1967 patients)

Routine patching associated with reduction in:
Ipsilateral stroke (1.5% vs 4.5%; P ¼ .001)
Carotid thrombosis (0.5% vs 3.1%; P < .0011)
Return to operating room (3.1% vs 1.1%; P ¼ .01)
Long-term outcome reduction in:
Ipsilateral stroke (1.6% vs 4.8%; P ¼ .001)
Any stroke (1.4% vs 4.6%; P ¼ .002)
Rate of restenosis (4.3% vs 13.8%; P < .01)

Systemic analysis
of RCTs

Cao et al, 2001294 5 RCTs
2,590 CEAs (2,465 patients)

ECEA vs CCEA:
Perioperative stroke/death rate of 2.1% (1.7% vs
2.6%)
No significant differences in rate of early carotid
thrombosis, MI and local complications:
Neck hematoma (4.2% vs 5.5%)
CNI (3.8% vs 5.6%)
No significant difference in restenosis at later
follow-up (1-69 months) or stroke rate (2.0% vs
2.4%)

RCS

Schneider et al, 2015295 2365 ECEAs
17155 CCEAs

ECEA vs CCEA:
Perioperative ipsilateral neuro events (1.3% vs
1.2%; P ¼ .86)
Any ipsilateral stroke (0.8% vs 0.9%; P ¼ .84)
Return to the operating room for bleeding (1.4%
vs 0.8%; P ¼ .002)
1-year freedom from recurrent stenosis >50%
(89% vs 94%; P < .001)
1-year freedom from reoperation (99.5% vs
99.6%; P ¼ .67)

VQI

Paraskevas et al, 2018296 25 studies (20 Observational
Studies, 5 RCTs)

49,500 CEAs (33,251
CCEAs/16,249 ECEAs)

RCT Data
CCEA, ECEA did not confer significant reduc-
tions in 30 day perioperative stroke, death,
stroke/death, stroke/death/MI or neck
hematoma
ECEA was associated with reduced late reste-
nosis (OR, 0.40; P ¼ .001)
OS Data
ECEA (compared with CCEA) associated with
significant reduction in:
30-day perioperative stroke (OR, 0.58; P < .0001)
Death (OR, 0.46; P < .0001)
Stroke/death (OR, 0.52; P < .0001)
Stroke/death/MI (OR, 0.50; P < .0001)
Late restenosis (OR, 0.49; P ¼ .032)
RCT and OS Data Combined
ECEA (compared with CCEA) associated with
significant reduction in:
30-day death (OR, 0.55; P < .0001)
Stroke (OR, 0.63; P ¼ .004)
Stroke/death (OR, 0.58; P < .0001)
Late restenosis (OR, 0.45; P ¼ .004)
ECEA vs patched CCEA: there were no differ-
ences between the two procedures, except for
neck hematoma, where ECEA was better than
patched CCEA

RCS and
observation
studies
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Table V. Continued.

Systemic/Meta-analysis
Patient

Population/Comparison Outcome Design

Huizing et al, 2019297 29 studies (20 Observational
Studies, 9 RCTs)

13,219 CEAs

PRC group had higher overall 30-day stroke risk
(OR, 1.9; 95% CI, 1.2-2.9)
Difference was not statistically significant
anymore, after exclusion of nonrandomized
studies (OR, 1.8; 95% CI, 0.8-3.9)
Restenosis rate was higher after PRC (OR, 2.2;
95% CI, 1.4-3.4)
Concluded that compared with PRC, perioper-
ative stroke rate was lower after patch closure
Restenosis rate was higher after PRC, although
the clinical significance of this finding remained
unclear in terms of long-term stroke prevention
To be noted, many of these primary closures
were selected in relatively larger arteries

RCS and
observation
studies

CCEA, Conventional carotid endarterectomy; CI, confidence interval; CNI, cranial nerve injury; ECEA, eversion carotid endarterectomy; MI, myocardial
infarction; OR, odds ratio; OS, overall survival; PRC, primary closure; RCT, randomized controlled trial; VQI, Vascular Quality Initiative.
aThis is meta-analysis of several randomized trials.

Journal of Vascular Surgery AbuRahma et al 51S

Volume 75, Number 1S
CREST, patching was also associated with a significant
reduction in 30-day risk of perioperative stroke (1.2% vs
4% for no patching; P ¼ .02), reduction in perioperative
stroke and death (1.2% vs 4%; P ¼ .02).290 At 4 years,
patching was associated with a significant reduction in
late stroke (3.5% vs 6.6% for no patching; P ¼ .047), and
stroke and death (3.5% vs 6.6%; P ¼ .047). Restenosis
risk was also significantly higher at 2 years in patients
with no patching (10.7% vs 3.1% with patching) (Table IV).
Recently, Edenfield et al291 reported on the long-term

impact of the Vascular Study Group of New England ca-
rotid patch quality initiative (14,636 CEA), showing that
patch use increased from 71% to 91% (P < .001) between
2003 and 2014. The rate of return to the operating room
for bleeding (P < .001), 1-year restenosis or occlusion (P <

.001), and 1-year stroke or TIA (P < .003) were statistically
lower with patch closure. High-volume surgeons
increased patch use from 50% to 90%, and decreased
their 1-year stroke or TIA risk from 4.9% to 1.9% (P <

.001) and restenosis risk from 9.0% to 1.2%. The VSGNE
carotid patch quality initiative successfully increased
CEA patch closure rates.
Meta-analysis of primary closure vs CEA with patch-

ing. A meta-analysis of randomized controlled trials
showed patching was superior to primary closure in
lowering risk of perioperative stroke, perioperative stroke
and death, late restenosis292,298,299 (Table V).
Role of selective patching. Selective patching has

been proposed for certain patients such as those with
tortuous or exceptionally small carotid artery. Although
there is no Level 1 evidence supporting selective patching
vs primary closure or routine patching. Golledge et al300

reported data for patients with selective patching of ca-
rotid arteries that were less than 5.5 to 6.0 mm. They
found no significant difference in stroke or restenosis and
advocated selective patching of carotid arteries. Cikrit
et al301 reported similar results, but patching was selec-
tively applied to small arteries.
Recently, Maertens et al302 reported complication rates

after CEA with selective patch angioplasty and primary
closure. Primary closure was performed when the carotid
artery had a diameter of greater than 5 mm or there was
a high carotid bifurcation, and when the contralateral ca-
rotid artery was occluded. The study concluded that pri-
mary closure was equivalent to patch angioplasty when
used in selected patients.
Avgerinos et al303 compared perioperative and long-

term outcomes of different CEA closure techniques in a
large single-center retrospective study (1737 CEA). One-
half of the patients had patch closure, with the rest
evenly distributed between eversion closure and primary
longitudinal arteriotomy closure. Although more men
had primary closure, other demographic characteristics
and baseline symptoms were similar among groups,
and risk of stroke and death were also similar.
Patch material during CEA. CEA patch material is

also controversial with supporters for both vein patches
(saphenous or neck veins) and synthetic patches (polyte-
trafluoroethylene [PTFE], Dacron) or pericardial patches.
Data from randomized controlled trials suggest that
the type of patch, whether vein or prosthetics, has no ef-
fect on short or long-term outcomes.269,271,281,304 Bond
et al304 reported from the Cochrane Database on several
randomized clinical trials,259,260,263,274,278,281,282,305,306 but
found insufficient data to enable a definitive conclusion
(Table VI) about optimal patch material because of the
small number of adverse events. In the early period, ca-
rotid patching was performed using conventional
Dacron or PTFE patches; however, a main criticism of the
conventional PTFE patch was a prolonged hemostasis
time. Thus, a modified PTFE patch was introduced
(ACUSEAL, W. L. Gore & Associates, Flagstaff, Ariz), which



52S AbuRahma et al Journal of Vascular Surgery
January Supplement 2022
claims to have better hemostatic properties. Similarly, a
new ultrathin Dacron graft patch was introduced to
minimize thrombosis (Finesse; Boston Scientific, Natick,
Mass). AbuRahma et al259,260 reported the results of a
randomized trial comparing conventional PTFE and
conventional collagen-impregnated Hemashield in CEA.
Perioperative stroke risk was 0% for PTFE vs 7% for
Dacron graft (P ¼ .02). There were five cases of periop-
erative carotid thrombosis in the Dacron group vs none
in the PTFE group, and restenosis risk was also higher in
patients with Dacron graft (P # .001). However, PTFE had
longer intraoperative needle hole bleeding time. Subse-
quently, AbuRahma et al265 reported the results of ran-
domized trial of 200 CEA patients, 100 ACUSEAL vs 100
Finesse Dacron patching, in which the perioperative
stroke risk (2%) and stroke-free survival rate were com-
parable for both patches. However, freedom from 70% or
greater restenosis at 1, 2, and 3 years for ACUSEAL was
98%, 96%, and 89% vs 92%, 85%, and 79%, respectively,
for the Finesse patch (P ¼ .04).
Satisfactory outcomes were also reported using pericar-

dial patching after CEA by Biasi et al.307 Stone et al308 re-
ported results of prospective randomized trial of
ACUSEAL vs Vascu-Guard patching in 200 CEA and
they concluded that there was no significant differences
in perioperative/late neurologic events and late resteno-
sis in the two groups.
Oldenburg et al309 reported on durability of CEA with a

bovine pericardial patch in a retrospective analysis of 874
consecutive patients who underwent CEA at the Mayo
Clinic in Florida. A bovine pericardial patch was used in
680 patients (group I) and other CEA techniques were
used in 194 patients (group II) (standard without patch,
78; standard with vein patch, 16; standard with Dacron,
74; and other techniques: bypasses, 26). There were no
significant differences in 30-day mortality or morbidity
between the 2 groups, except that group I had a lower
30-day stroke risk (0.1%) than group II (1.5%; P ¼ .03).
Ten-year freedom from stroke/TIA and freedom from
restenosis was also similar between groups. The authors
concluded that CEA with bovine pericardium angio-
plasty had excellent early and late outcomes with mini-
mal morbidity and mortality.
More recently, Texakalidis et al310 reported the results of a

meta-analysis of 18 randomized trials comparing bovine
pericardium and other patch materials for CEA, noting
similar findings when comparing synthetic patches vs
bovine pericardium. As noted in Table VI, the outcome
for various patches in CEA were also somewhat similar.

Carotid eversion: eversion CEA versus traditional
endarterectomy
Eversion CEA (ECEA) is a technique that can be used for

most carotid bifurcation disease. It may be best indi-
cated in patients with short bifurcation lesions, those
with elongated ICAs (coils and kinks) and in cases with
high bifurcations. The most commonly-accepted tech-
nique is that the ICA is transected while removing the
bulk of the plaque from the CCA as the ICA is transected.
This is followed by everting the distal media or the
external elastic lamina and the adventitia around the
core of atherosclerotic plaque until the end point is
reached. Visualization of the end point is mandatory
and in about 25% of cases, the ICA can be shortened as
it is reanastomosed to the CCA.294,311-318

Multiple studies have documented the numerous ad-
vantages of this technique. These include no risk of pros-
thetic infection, less operative time and cerebral
ischemic clamp time than patched CEA, preservation
of the anatomic and hemodynamic geometry of the
ICA/CCA, and possibly a decreased risk of restenosis.319

Although early studies reported decreased restenosis
risk, in meta-analyses it has been shown to be equivalent
to traditional patch angioplasty, and both patched and
eversion endarterectomies are superior to primary arte-
rial closure. Patients with small internal carotid arteries,
such as women, may benefit from eversion or patched
endarterectomy.320 Disadvantages of this approach are
that it may be difficult to evaluate the end point in exten-
sive and long ICA disease. If shunting in ECEA is neces-
sary, shunts are usually inserted after the
endarterectomy is performed. This technique can be
very useful in patients who have carotid kinks or coils
by shortening the ICA.
Several randomized trials compared conventional CEA

(CCEA) with eversion,311-317 and all provided Level 1 evi-
dence confirming the equivalence of ECEA and CCEA
with patching in regard to perioperative results. The
largest Level 1 study was a multicenter randomized trial
comparing CCEA and eversion came from the EVERsion
CEA vs Standard Trial (EVEREST) (1353 patients).314,315 Risk
of 30-day perioperative major stroke/death was similar
for both groups at 1.3%. The risk of 30-day all stroke was
also similar: 1.9% for CCEA vs 2.2% for ECEA (P ¼ .80).
At 33 months, carotid restenosis rate was noted in 2.8%
with eversion, 7.9% for primary closure and 1.5% for CEA
with patching. The cumulative, 4-year postcarotid steno-
sis was lower in the ECEA comparted to primary closure:
3.6% vs 9.2% (P ¼ .01). However, the difference in post-
CEA stenosis was comparable when eversion was
compared with patching (2.8% for eversion vs 1.5% for
patching). There was no significant difference in cumula-
tive risk of ipsilateral stroke (2.2% for standard vs 3.9% for
eversion; P ¼ .2) or death (13.1% vs 12.7%). Of 18 variables
that were analyzed for their effect on risk of post-CEA ste-
nosis, ECEA (HR, 0.3; P ¼ .0004) and patch CEA (HR, 0.2;
P ¼ .002) were negative predictors (protective) of post-
CEA stenosis. Also, in the CREST trial, patients undergo-
ing eversion endarterectomy had lower risk of cranial
nerve injuries than those with patched CEA.
Observational studies also show somewhat similar re-

sults. Shah et al321 reported data on one of the largest



Table VI. Comparing various patch closures after carotid endarterectomy (CEA) (randomized trials)
Study Comparison Early outcome Late outcome

DesignAuthor/Year/Ref

No. Perioperative stroke/death (%) OR (95% CI) $50% restenosis/occlusion rate (%) at 1 year OR (95% CI)

Dacron/vein patch Dacron/vein patch Dacron/vein patch Dacron/vein patch Dacron/vein patch

Katz et al, 1996306 107/100 2.8/1.0 2.9 (0.3->10) ———a ———a RCT

Hayes et al, 2001274 135/136 2.2/2.2 1.0 (0.2-5.1) ———
a

———
a RCT

O’Hara et al, 2002282 94/101 3.2/3.9 0.8 (0.2-3.7) 6.3/4.3 1.0 (0.3-3.1) RCT

Naylor et al, 2004281 136/137 2.2/3.7 0.6 (0.14-2.54) 12.4/7.2 1.8 (0.8-4.1) RCT

ePTFE/vein patch ePTFE/vein patch ePTFE/vein patch

Lord et al, 1989278 47/43 2.1/0 ———
a

———
a

———
a RCT

Gonzalez-Fajardo et al, 1994305 39/35 5.1/0 199 (0.0->10) 4/0 19.7 (0.0->50) RCT

AbuRahma et al, 1998263 134/130 2.2/2.3 1.0 (0.2-4.9) 2.2/8.5 0.2 (0.1-0.9) RCT

Dacron/ePTFE patch Dacron/ePTFE patch Dacron/ePTFE patch

AbuRahma et al, 2002260,b 100/100 7/0 ———
a 12/2 6.68 (1.46-30.69) RCT

AbuRahma et al, 2008265,c 100/100 2/2 1.0 (0.14-7.24) 4/0 ———
a RCT

ACUSEAL (PTFE)/Vascu-Guard patch

Stone et al, 2014308 100/100 3/1d ———
a 0/2e ———

a RCT

Systemic/meta-analysis Patch material during CEA

Bond et al, 2004304,c (Cochrane review) 1280 patients
7 RCTs

No obvious differences in perioperative stroke/death rate using synthetic or vein patch
No differences in long-term follow-up
Risk of major arterial complications (patch infection/rupture) <1% on vein and synthetic patches
3 of 348 (0.9%) had vein patch blowout, 1 fatal
2 of 359 (0.6%) had synthetic patch rupture, 1 fatal

Texakalidis et al, 2018310 3,234 patients
18 studies

30 day stroke, MI, wound infection, death, cranial nerve palsy, carotid artery
thrombosis and death, long-term stroke and restenosis were similar between
venous vs synthetic patch

No differences in 30-day stroke, death, TIA, carotid artery thrombosis and
long-term restenosis were detected between Dacron and synthetic polytetrafluoroethylene patch

CI, Confidence interval; ePTFE, expanded polytetrafluoroethylene; MI, myocardial infarction; OR, odds ratio; RCT, randomized controlled trial; TIA,
transient ischemic attack.
aNot available or not applicable.
bConventional PTFE vs collagen-impregnated Dacron patch (Hemashield).
cACUSEAL vs Finesse (Ultrathin Dacron) (PTFE).
dTransient ischemic attack/stroke.
eRestenosis of $70%.
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samples of eversion endarterectomy in which 1855 pa-
tients underwent 2244 CEAs using the eversion tech-
nique. In this study, 410 patients had 474 CEAs by the
standard technique. Operative mortality risk was 1% on
the eversion group vs 2.2% in the standard group and
incidence of perioperative stroke was 2.3% in standard
CEA vs 0.8% for ECEA. Risk of 60% or greater post-CEA
stenosis was 0.3% for ECEA vs 1.1% for standard CEA.
Schneider et al295 compared results with ECEA (2365) vs

CCEA (17,155) using data from the VQI and the Mid-
America Vascular Study Group. compared with eversion,
CCEA was more often performed with general anes-
thesia (92% vs 80%; P < .001) and with a shunt (59% vs
24%; P < .001). Perioperative ipsilateral neuro events
(ECEA, 1.3% vs CCEA, 1.2%; P ¼ .86) and any ipsilateral
stroke (ECEA, 0.8% vs CCEA, 0.9%; P ¼ .84) were similar
in the two groups. ECEA tended to take less time (me-
dian 99 minutes vs 114 minutes; P < .001). However,
ECEA was more like to require a return to the operating
room for bleeding (1.4% vs 0.8%; P ¼ .002). Estimated sur-
vival and freedom from stroke at 1 year were similar, but
the 1-year freedom from recurrent stenosis of greater
than 50% was lower for ECEA (89% vs 94%; P < .001).
The authors concluded that ECEA and CCEA appear to
yield similar outcomes.
Recently, Deser et al322 conducted a study to determine

whether there is a difference in postoperative blood pres-
sure changes, stroke risk and postoperative complica-
tions after CCEA and ECEA. Mean operative and
cross-clamping time were shorter for ECEA (72 6 14.3 mi-
nutes vs 115 6 17.4 minutes; P < .001) and (22 6 7.7 vs 34 6

6.3; P < .001), respectively. No significant difference was
noted between the groups in incidence of perioperative
stroke (P ¼ .501) or postoperative blood pressure differ-
ence at the 6th hour or 24th hour after surgery.
Meta-analysis of standard CEA vs ECEA. A Cochrane

Review316 of five randomized trials311-315,317 of 2465 pa-
tients (2590 arteries) also provided Level 1 evidence. In
this review (except for the EVEREST trial in which where
the ECEA was compared with both patch angioplasty
and primary closure), only CEA with patch angioplasty
was considered for comparison to ECEA. Results showed
an overall risk of any perioperative stroke/death of 2.1%
(1.7% for ECEA vs 2.6% for CCEA) with no significant dif-
ference between techniques. Nor were there significant
differences risk of early carotid thrombosis, MI, and local
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complications (neck hematoma 4.2% for eversion vs 5.5%
for CCEA; CNI 3.8% for eversion vs 5.6% for CCEA). Addi-
tionally, no differences were noted in restenosis at follow-
up ranging from 1 to 69months nor did stroke risk during
follow-up differ between groups (2% vs 2.4%). A meta-
analysis of randomized trials also reported that ECEA
was associated with significantly higher incidence of
post-CEA hypertension (OR, 2.75; 95% CI, 1.82-4.16),
compared with CCEA. However, CCEA was associated
with significantly higher incidence of perioperative hy-
potension (OR, 11.37; 95% CI, 1.95-66.46)323 (Table V).
Carotid artery bypass. If the distal end point cannot be

assessed adequately or is incomplete, a transverse inci-
sion in the ICA can be chosen for completion of the ever-
sion endarterectomy to evaluate the rest of the end point
and also to tack down the distal intima.318 Alternatively, if
the disease extends or the end point is not well tacked
down, a more commonly used approach is to transect
the ICA distally and perform a common carotid to ICA
bypass. This can be done in numerous ways.324-329 The
most common technique calls for transection of the ICA
at the distal end point and an anastomosis performed
with greater saphenous vein or appropriately sized
prosthetic, usually 6 mm. By performing a distal first, the
length of the bypass can be judged so there is no kinking.
One option is to close the arteriotomy on the CCA pre-
serving the external carotid artery into and end-to-side
anastomosis more proximally on the CCA. Alternatively,
one can use the area with which one did an endarter-
ectomy and place the heel of the bypass on the external
carotid artery and trying to preserve it.326 Last, in extreme
circumstances, the external carotid artery can be ligated.
Summary and recommendations.
1. There is Level 1 evidence to support a recommenda-

tion in favor of routine carotid patching.
2. Primary closure may be safely practiced in a large ICA

of greater than 6 mm.
3. There is also no difference between preferential use of

various patch materials, whether saphenous vein, ju-
gular vein or synthetic patches (ACUSEAL, PTFE,
Dacron, or pericardial patches).

4. Based on available data, there is no difference in
stroke/death rates between CCEA with patch closure
and ECEA.

5. The rate of significant post-CEA stenosis with CEA
with patching is somewhat similar with ECEA; howev-
er, ECEA had a lower post-CEA stenosis rate than pa-
tients undergoing CEA with primary closure.
Technical tips for high carotid lesions
Highbifurcation or stenosis extending aboveC2 canpre-

sent a technical challenge, as well as an increased risk of
cranial nerve injuries. Although this is not a commonprob-
lem, clinicians must be prepared to approach these high
lesions. The first indication of an unusually high lesion
could be inability to image above the lesion when
performing theultrasoundassessment. In these instances,
corroborative CTAand/orMR imagingmust beperformed
to fully evaluate operative approaches. In highly select
cases, the presence of distal disease extension may
prompt the surgeon to reconsider whether CAS is more
appropriate (especially in asymptomatic patients), or
whether medical therapy would be more appropriate.
In the presence of distal disease extension, advanced

planning is essential. Nasal pharyngeal intubation en-
ables the mouth to be closed which then opens up the
angle between the jaw and mastoid process to facilitate
distal access.330 Subluxation (not dislocation) of the tem-
poral mandible joint has to be undertaken preopera-
tively because it cannot be performed once the
operation is underway.171,331,332 An alternative strategy in-
volves extending the incision anterior to the ear and
mobilization of the superficial lobe of the parotid. This
greatly increases access to the upper ICA, but usually re-
quires assistance of an ENT specialist or parotid sur-
geon.330 Intraoperatively, there are several techniques
to optimize access to the more distal ICA. These include
division of the posterior belly of the digastric muscle, di-
vision of the occipital branch of the external carotid ar-
tery, which tethers the hypoglossal nerve; transection of
the ansa-cervicalis, which also tethers the hypoglossal
nerve; and transection of the styloid process. One simple
maneuver can be transection of the ansa-cervicalis with
division of the digastric and keeping a suture on the
ansa-cervicalis and using it as a retractor to move the hy-
poglossal nerve out of the field and protect it.171,330-332

Summary and recommendations.
1. Surgeons should anticipate the presence of distal dis-

ease extension preoperatively and plan for this in
advance in case a high exposure of the ICA is
necessary.

Wound drainage and hematoma after CEA
Stone et al165 reported that reexploration for neck he-

matomas were required in 1.3% of CEA patients on
aspirin, 0.9% on clopidogrel, and 1.5% of patients taking
aspirin and clopidogrel. There is no evidence that dual
antiplatelet therapy significantly increases hematoma
risk.165,333-335 In one study, protamine reversal demon-
strated a statistically significant reduction of neck hema-
toma formation after CEA. However, the amount of
heparin that was used was not mentioned, and this
may also be a mitigating factor. There are further data
for comparison. A vast majority of hematomas occur in
the first six hours after CEA, often after a period of poorly
controlled hypertension. The rationale for placing a
wound drain after CEA is that it should prevent hema-
toma formation as well as resultant, and potential major
complications such as respiratory compromise or poten-
tial nidus for abscess formation, which may cause patch
infection. Small caliber suction drains (#10F) do not
seem to decrease the incidence or prevalence of
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hematoma, whereas larger drains (14F) may help.336

Despite findings from this single randomized trial, there
are not enough convincing data to support mandating
drain or no drainage of CEA incisions. Any evidence of
stridor or tracheal deviation mandates immediate
wound exploration and hematoma evacuation.
Summary and recommendations.
1. The decision for use of drainage post CEA should be

left up to the operating surgeon.
2. Patients on heparin anticoagulation may benefit from

perioperative suction drainage; however, there are no
Level 1 data to confirm this.

Completion imaging
The previous carotid guideline document highlighted

uncertainty regarding use of completion imaging after
CEA toprevent restenosis or stroke.3 Despite numerous re-
ports of postendarterectomy intraoperative lesion detec-
tion with completion imaging,337-339 there were also
several series that reported favorable outcomes without
use of routine imaging.340,341 In 2013, a Vascular Study
Group of Northern New England report of 6115 CEAs
with variable use of completion imaging did not show
risk-adjusted improvement in outcome, with possible
deleterious effects on mortality and stroke with resultant
reexploration based on imaging findings.342 However, a
recent German study of 142,074 CEAs from 2009 to 2014
reported an independent risk reduction with use of
completion ultrasound examination orangiography.256

This finding has not been reproduced in a large series
and in the absence of a prospective trial, it remains diffi-
cult to advocate for compulsory completion imaging after
CEA for the purpose of reducing future events. However, if
there is concern about the end point, abnormal Doppler
findings or neurologic deterioration completion studies
should be performed.
Summary and recommendations. There is insufficient

evidence to recommend routine use of completion im-
aging after CEA.

Management of carotid coils and kinks
In the absence of significant stenosis, management of

patients with ICA coils and kinks remains controversial.
Incidental coils and kinks are found in up to 16% of pa-
tients, and one-half will have histologic features consis-
tent with fibromuscular dysplasia. One randomized trial
compared surgical correction and medical therapy in
182 patients with hemispheric/nonhemispheric symp-
toms in an isolated coil and kink in the ICA. At a mean
follow-up of almost 6 years, patients randomized to sur-
gical correction had 0% risk of occlusion compared with
5.5% of those randomized to medical treatment (P ¼
.002). Late stroke was 0% in surgically treated patients
compared with 6.6% in medically treated patients (P ¼
.01). Unfortunately, 41% of the medical patients crossed
over to surgical treatment because of recurrent hemi-
spheric or ongoing nonhemispheric symptoms, thus
making interpretation difficult.343 Despite these data, it
is difficult to recommend operative therapy of asymp-
tomatic patients with kinks or coils other than how clini-
cians would normally treat their underling
hemodynamically significant atherosclerotic disease.
Summary and recommendations.
1. Surgical intervention for asymptomatic isolated coils

or kinks of the ICA is not recommended.
2. Symptomatic patients with isolated coils and kinks

may be considered for surgical correction but only af-
ter all other etiologies for TIA or stroke symptoms can
be identified.
TIMING OF CAROTID INTERVENTION IN STROKE
Acute stroke. See the Clinical Practice Guidelines

document.3

Stroke in evolution. Stroke in evolution is a clinical syn-
drome that has been characterized as an evolving neuro-
logic condition associated with an acute precipitating
neurologic event. In these situations, initial medical man-
agement of stroke including antiplatelet therapy, volume
support and blood pressure management has not suc-
ceeded in stabilizing the patient’s neurologic outcome,
which may wax and wane over the early course of the
presentation. Patients may never return to normal and
their neurologic deficit will be mild to moderate in na-
ture. Often, there has been a permanent area of infarc-
tion, but the remaining ischemic penumbra is
significant and attention is directed at salvaging this
ischemic area as rapidly as possible.
Expeditious clinical evaluation, brain imaging, and

rapid evaluation of the carotid bifurcation is important
to optimize result. Brain imaging, most often by
diffusion-weighted MRI, allows rapid assessment of the
amount of brain infarcted and the amount at risk. After
brain imaging to exclude hemorrhage as an etiology
and to identify ischemic but viable brain, carotid imaging
by duplex ultrasound examination, CTA, or MRI should
be used to identify the offending lesion at the carotid
bifurcation. If other etiologies are excluded, urgent CEA
is warranted. In general, patients with preocclusive ICA
stenosis or carotid occlusion are considered for emer-
gency intervention, whereas those with less severe steno-
sis are initially medically optimized with urgent, but not
emergent, intervention, planned during the admis-
sion.344-349

The presumption is that optimizing hemispheric blood
flow will improve perfusion in the ischemic hemisphere
and decrease the ultimate extent of the neurologic
deficit. This must be balanced by concern that restoring
blood flow may result in hemorrhagic conversion of an
infarct or reperfusion injury.
There are no large series of patients treated in standard

manner from which to draw definitive conclusions
regarding optimal therapy in patients where
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hemorrhage has been excluded by brain imaging. Some
surgeons use a heparin infusion to try to stabilize these
patients and prevent propagation of thrombus as part
of the immediate management, although there are no
conclusive data supporting this approach. There are
scant reports outlining the outcomes of CEA among pa-
tients who present with stroke in evolution. In general,
risk of stroke/death have been reported from 9.2% to
26%. However, this reflects patient heterogeneity and
lack of standard selection criteria for intervention.350

The lack of high-quality data in the treatment of stroke
in evolution precludes any clear conclusions regarding
management of these patients. However, many extrapo-
late data for improved results with early CEA for stroke
because these patient populations may overlap.

Crescendo TIA. Patients with crescendo TIAs, by defini-
tion, have not experienced a significant volume of brain
infarcted. However, they do have a significant amount
of brain at risk from a very unstable lesion with multiple
small emboli or a large ischemic brain penumbra owing
to hemodynamic compromise and poor cerebral autore-
gulation. In these cases, attention is directed at the
source of the symptoms: the carotid bifurcation disease.
This relatively rare clinical syndrome is characterized by

repetitive episodes of transient neurologic ischemia fol-
lowed by return to normal neurologic status. The defini-
tion of crescendo varies, but generally includes multiple
events within a 24-hour period that do not respond to
antiplatelet therapy. High-grade stenosis of the carotid
bifurcation, often with associated ulceration or
thrombus, is a common finding. Brain imaging may not
reveal a significant area of infarcted brain and there
may not be a large ischemic penumbra. Symptoms are
thought to arise from unstable carotid plaque with recur-
rent emboli despite antiplatelet therapy, or from unsta-
ble cerebral hemodynamics. Therapy in these patients
is directed at removing the causative lesion at the carotid
bifurcation.351-354

Some surgeons advocate heparin therapy during the
preoperative period if intracranial hemorrhage has been
excluded. There are no randomized trial data for deter-
miningwhether intravenous heparin administration is su-
perior to antiplatelet therapy in preventing early recurrent
stroke in patients with stroke in evolution or crescendo
TIAs. Two trials compared low-molecular-weight heparin
vs aspirinmonotherapy in acute stroke patients where an-
tiplatelet/antithrombotic therapy was commenced
within 48hours of onset of symptoms. Therewas no signif-
icant difference in early outcomes between therapies in
either study. However, in one trial, the post hoc analysis
analyzed the incidence of neurologic deterioration at
10 days and found that low-molecular-weight heparin
therapy was associated with a significant decrease in
ischemic stroke progression (5%) compared with aspirin
(12.7%) without an excess risk of cerebral hemorrhage.353

Another study demonstrated that early administration
of aspirin and clopidogrel, once parenchymal hemor-
rhagewas excludedbyCT scanandorMRI,was associated
with significant reduction of spontaneous embolization
(21% to 5%) and a significant reduction of recurrent events
before CEA (13% to 3%). In the absence of high-quality ev-
idence, it may seem reasonable to offer heparin plus
aspirin or dual antiplatelet therapy in patients with a
recurrent TIAs or crescendo TIAs before urgent CEA.
Urgent CEA in these patients has been associated with

an increased risk of stroke compared with elective inter-
ventions. However, results of surgery in patients with cre-
scendo TIAs are better than those for stroke in
evolution.355,356 CEA in neurologically unstable patients
(ie, stroke in evolution, crescendo TIA) carries a higher
than average procedural risk when performed in the
elective setting. However, without surgery there is a sig-
nificant chance of another major neurologic event. A
meta-analysis reported that stroke and death risk after
CEA were 20.2% in patients undergoing CEA for stroke
in evolution and 11.4% in patients undergoing CEA for
crescendo TIA. However, in select patients with an area
of infarction volume less than 30% of the MCA territory,
emergency CEA can be performed with a 2% to 8%
risk of stroke/death among patients with stroke in evolu-
tion and 0% to 2% among patients presenting with cre-
scendo TIAs.357 Although there were no data comparing
CAS with CEA in these patients, the presumptive in-
crease in embolic potential of these plaques suggested
that CEA would be preferred to CAS when the former
is feasible.

Acute postoperative stroke or occlusion. Patients who
undergo carotid intervention may suffer stroke in the
early post intervention period. The goal of treatment is
to expeditiously restore intracranial blood flow to normal
levels and to identify the etiology of the stroke.
Until proven otherwise, a stroke that occurs immedi-

ately after CEA is considered secondary to a technical
defect at the operative site. Other etiologies of stroke in
the immediate postoperative period include emboliza-
tion, intraoperative watershed infarct and intracranial
hemorrhage. The status of the endarterectomy site
should be determined expeditiously, and in most cases,
this can be done by emergency bedside ultrasound im-
aging. If thrombosis is confirmed, operative exploration
with repair of defect is urgently indicated. Early reexplo-
ration of an occluded CEA site with successful repair may
reduce long-term neurologic sequelae.358 Although
there is no control group available for comparison, reex-
ploration for symptomatic thrombosis has been associ-
ated with resolution of neurologic defects in up to
three quarters of patients. Reconstructions include re-
endarterectomy and patch with extension of the



Journal of Vascular Surgery AbuRahma et al 57S

Volume 75, Number 1S
arteriotomy cephalad and caudad, as well as bypass of
the endarterectomized segment with a prosthetic or
vein conduit, especially in cases when platelet aggre-
gates have been seen.
If imaging shows the endarterectomy site is patent

without debris, other etiologies should be considered,
including distal embolization or intracranial hemor-
rhage. An emergency head CT scan to exclude hemor-
rhage followed by anticoagulation and angiography
with intracranial intervention according to acute stroke
guidelines is indicated. If capability for acute stroke inter-
vention is not available, then anticoagulation and blood
pressure support is indicated. Meticulous blood pressure
control in the periprocedure period has been identified
as an important predictor of positive outcomes for all
acute stroke interventions.60

Summary and recommendations for management of
acute neurologic syndrome.
1. Patients who present in less than 6 hours of onset of

stroke should be considered for acute intervention
to reduce the ultimate neurologic deficit. Interven-
tions may include local or systemic thrombolysis
(see Clinical Practice Guidelines).

2. Patients who present with fixed neurologic deficit
greater than 6 hours in duration should be considered
for CEA once their condition has been stabilized. CEA
should be performed less than 14 days after the index
neurologic event.

3. Patients who present with repetitive (crescendo epi-
sodes of transient cerebral ischemia) unresponsive
to antiplatelet therapy should be considered for ur-
gent CEA.

4. Patients with a stenosis or more than 50% who pre-
sent with stroke in evolution or crescendo TIAs should
be considered for urgent CEA, preferably within
24 hours. Early CEA within 14 days should be consid-
ered after intravenous thrombolysis in symptomatic
patients if they make a rapid neurologic recovery
(modified Rankin 0-2), the area of infarction is less
than 30% of the ipsilateral MCA territory, a previously
occluded MCA has been recanalized, there is a
greater than 50% carotid stenosis and no evidence
of parenchymal hemorrhage or significant brain
edema.

5. For acute strokes after CEA, immediate imaging ultra-
sound examination or CTA is indicated for the evalua-
tion of the endarterectomized site, if it can be done
expeditiously. When imaging suggests thrombosis or
is indeterminate, immediate operative re-
intervention is indicated. Immediate exploration is
mandated if imaging is delayed.

6. When the endarterectomy site is patent, other modal-
ities of CT scanning and angiography should be used
to better identify as a cause of stroke. If CT scanning
excludes intracranial hemorrhage, anticoagulation is
reasonable until definitive decision regarding the
appropriate diagnosis and therapy can be made.
7. Revascularization should not be considered in pa-
tients with any stenosis who suffered a disabling
stroke, modified Rankin score of greater than 3 whose
area of infarction exceeds 30% of the ipsilateral MCA
territory or who have altered consciousness to mini-
mize the risk of postoperative parenchymal
hemorrhage.

8. It is recommended that patients undergoing early ca-
rotid interventions after thrombolysis should have
postinterventional hypertension actively treated to
reduce the risk of parenchymal hemorrhage.
CAROTID ARTERY STENTING

Access: Femoral, radial, cervical (TCAR)
Appropriate patient selection for CAS was discussed in

prior sections of these guidelines. In summary, there is
strong evidence that aortic arch tortuosity (type III arch)
and severe atherosclerosis are associated with a significant
increase in risk of stroke during CAS.175,359 Moreover, longer
andmore extensive carotid lesions are associatedwithdra-
matic increase inadverseoutcomes.175Patientsoverage80
tend to have more tortuous anatomy andmore advanced
lesions. Prior studies showedbetter outcomes for these pa-
tientswithCEAvs transfemoralCAS.197,199,360,361 There is also
strong evidence that dual antiplatelet therapy, statins, beta
blockers, and tight diabetes control can reduce risk of
stroke and death during CAS.62,164,362,363

CAS has the advantage of percutaneous access and
should be performed under local anesthesia with
conscious sedation because local anesthesia reduces
risk of cardiac complications and allows for continuous
neurologic monitoring.238,364,365

Transfemoral access. CAS is commonly performed via
a retrograde transfemoral approach using 5F to 9F ac-
cess sheath in a right-handed operator. This approach
is advantageous in that the femoral artery can accom-
modate larger diameter devices. Duplex ultrasound ex-
amination should be used to guide access to the
common femoral artery. Micropuncture (5F) access is
used for initial access and exchanged to 0.035 access
with a 90-cm 6F sheath (Cook Medical, Bloomington,
Ind). The patient is subsequently heparinized before any
arch instrumentation to keep an activated clotting time
of greater than 250 and up to 300 seconds. An aortic
arch angiogram using long pigtail catheter and 45� left
anterior oblique projection is useful in identifying and
cannulating the ostia of the great vessels.366 Roadmap or
overlay techniques are useful to guide access into the
major vessels’ origin. An arch angiogram may not be
necessary when preoperative CTA or MRA is available.
Several catheters are available for selecting the CCA. The
most common are JB1 or vertebral shape catheters for
simple arch anatomy and VTEK or SIM2 catheters for
complex arch anatomy. In general, a double curved
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catheter is used for carotid cannulation. A cervical ca-
rotid angiogram is performed through the catheter to
confirm selection of the CCA. A glide wire is advanced
into the mid CCA. Some catheters are compatible with
the 6F guiding sheath, which allow for telescoping the
sheath over the catheter and the glide wire without ex-
change to dilator. The sheath is advanced into themid to
distal CCA, avoiding the lesion. The use of a stiff wire into
the ECA may facilitate advancing the sheath into the
mid/distal CCA. The sheath should be flushed carefully
with heparinized saline to avoid air embolization.367

Certain anatomic conditions such as severe aortoiliac
disease, unfavorable aortic arch configuration (type II or
III), bovine arch anatomy, and supra-aortic vessel take-
off can render Transfemoral CAS more difficult.175,359,368

Patients with complex aortic arch anatomy and patients
greater than 80 years of age are at high risk of cerebral
embolization during CAS owing to manipulation of the
aortic arch and major vessels before placement of an
EPD. In an MRI-based, prospective single-center study,
40% of patients undergoing transfemoral CAS had evi-
dence of cerebral embolization with 60% of the cerebral
infarcts being outside the vascular territory of the treated
lesion, observations suggesting that emboli originated
from the aortic arch.369 In the Carotid ACCULINK/ACCU-
NET Post Approval Trial to Uncover Unanticipated or
Rare Events (CAPTURE) postapproval study, nearly one
in five strokes occurred in a nonipsilateral distribution,
with the exception of intraprocedural events, which
were all ipsilateral to the stent being implanted.370

Radial and brachial access. CAS from upper extremity
approaches can be performed safely and is effective in
treating both left- and right-sided carotid lesions in pa-
tients with type III and bovine arch anatomy. These ap-
proaches are patient selective, and used based on the
operator’s experience. A preprocedural Allen’s test and
careful review of all imaging studies should be per-
formed before considering these approaches.371 Howev-
er, such access is technically difficult for catheterization
of a nonbovine left ICA take-off (owing to its sharp angle)
and does not solve the problem of ostial stenosis.372

Multiple studies analyzing large cohorts demonstrate
low complication risk from radial approaches, while
others have noted benefits of both radial and brachial
approaches.371,373-377 In particular, excellent results have
been achieved with right brachial approaches in patients
with left ICA lesions and bovine arch anatomy,373 and
with transradial access in patients undergoing CAS
with bovine and type III aortic arch anatomy.371 Although
some investigators have found it beneficial to approach
CAS from a contralateral radial access,371 others reserve
the left radial access to treat left-sided lesions in patients
with previous debranching procedures (eg, left
common-to-subclavian bypasses, because this method
allows access to the ipsilateral ICA). The latter avoids
crossing all three great vessels and minimizes arch
manipulation; therefore, decreasing risk of embolic
events. The RADCAR (Radial access for Carotid artery
stenting) study randomized patients to transradial (n ¼
130) and transfemoral (n ¼ 130) groups and showed no
differences in major adverse events and hospitalization
between the two approaches. However, with transradial
access, crossover and radiation dose were higher. More-
over, hospitalization was shorter with transradial access
in the per-protocol analysis.378

Technique for radial/brachial approach. Amicropunc-
ture access set is used for brachial artery access, whereas a
Glidesheath� hydrophilic-coated nitinol micropuncture
set (Terumo Medical, Somerset, NJ), is used for radial artery
access.378 Patientsundergoing radial artery access aregiven
both verapamil (0.075-0.15 mg/kg) and nitroglycerin (100-
200mg for a 70-kgpatient) asboluses through the sheathas
antispasmodics. Anticoagulation during the procedure is
achieved upon access to the target vessel with unfractio-
nated heparin with the goal of keeping activated clotting
time of greater than 250 up to 300 seconds. The target CCA
is initially cannulated using standard techniques, and an
angled catheter (ie, Cobra, Headhunter) is usually used. A
0.035-inch hydrophilic coated wire is then used to position
the catheter into the CCA or external carotid artery,
depending on anatomy. Once access is secured with a
medium body wire, the 5F sheath is exchanged for a 6F
shuttle sheath and advanced over the wire once the target
CCA or external carotid artery is engaged.
CAS is then performed using standard techniques.

Once the procedure is complete, the heparin is actively
reversed with protamine sulfate. Manual pressure is
applied for brachial access, and a TR Band assisted
compression device (Terumo Interventional Systems,
Irvine, Calif) is used for radial access.
Transcarotid artery revascularization. Direct open cer-

vical access of theCCAoffers the advantage of avoiding the
atherosclerotic arch and crossing the major vessels. It can
be performed under general, regional or local anesthesia
with conscious sedation. Preoperative duplex ultrasound
examination and/or CTA is needed to evaluate the CCA
and its bifurcations. The proximal cervical CCA must be
free of severe calcification and atheroma. A minimal 6-
mm luminal diameter is required. Proper distance be-
tween the clavicle and bifurcation (5-cm landing zone) is
required for TCAR. The depth of the CCA should be also
evaluated. The ratio of depth/landing zone should be less
than 1:2. In anatomies where the ratio is greater than one,
TCAR is not recommended. Details of this technique have
been described elsewhere.379 In brief, a 2- to 4-cm trans-
verse or longitudinal incision is made in the triangle be-
tween the two heads of the sternocleidomastoid muscle
and clavicle. The proximal CCA is dissected free and vessel
loop or umbilical tape is placed proximally. A purse-string
or U 5.0 Prolene pre-suture is placed and the CCA is
punctureddirectlywitha21Gmicropunctureneedle.Using
a standardapproach, theCCAaccess is securedandplaced
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at a 45� angle, and a 0.018-inch soft tip microwire is
advanced 3 to 4 cm into the external carotid artery. Next, a
5F soft microsheath is placed only 2 cm into the CCA over
themicrowire. Themicrowire and dilator are removed and
a cervical carotid angiography with road mapping or fade
in and out digital subtraction is performed with different
oblique views to delineate the bifurcation. If the external
carotid artery is open with no lesion at the bifurcation, the
wire is advanced into ECA followedby the 5-Fmicrosheath
withdilator (ECAengaging technique). The0.035-inchwire
is then advanced in the microsheath into the ECA. This
technique allows a for few additional centimeters of pur-
chase. If the lesion involves the bifurcation or if the ECA is
significantly narrowed, stay short technique is recom-
mended with advancing of the microsheath followed by
the0.035wire intodistalCCAbut staying short of the lesion.
Next, an 8F sheath is advanced over a 0.035 wire carefully
with gentle traction on the umbilical tape on the CCA. At
least two angiography views are performed through the
sheath to confirmproper position. Technical advantages of
this technique include ease of direct access, use of short
wire and catheters, and the ability to clamp the proximal
CCA providing CEA-like cerebral protection before lesion
manipulation. Prior studies demonstrate a significant
decrease in the incidence of silent ischemic lesions after
TCAR compared with transfemoral CAS using diffusion-
weighted MRI.380,381 The risk of DWI in the ICSS study was
17% in the CEA arm vs 73% in the transfemoral CAS arm.382

The PROOF study showed 18% risk of DWI after TCARwith
flow reversal and proximal CCA clamping.380

Summary and recommendations.
Access.

1. Proper imaging of the aortic arch and carotid bifurca-
tion are recommended preoperatively.

2. Transfemoral access can be used in younger patients
and aortic arch free of obvious disease.

3. Transradial and transbrachial access is especially
beneficial in left ICA lesions in patients with bovine
anatomy or prior carotid subclavian bypass.

4. TCAR has advantages of avoiding the diseased
tortuous arch and providing CEA like protection.

Technical considerations
Use of cerebral protection devices/TCAR. Cerebral

protection devices have resulted in lower risk of distal
embolization. The results from the EVA-3S reported
significantly lower 30-day stroke risk in patients under-
going transfemoral CAS with EPD compared with those
without EPD (7.5% vs 25%; P ¼ .03). An EPD was required
in all patients enrolled in the CREST, and the Centers for
Medicare and Medicaid Services requires an EPD in all
patients undergoing CAS to be considered for reim-
bursement. A meta-analysis of more than 15,000 CAS
procedures showed a 45% decrease in stroke and death
with an EPD.359 Currently, cerebral embolic protection
can be achieved via distal microporous filters, distal oc-
clusion devices, proximal occlusion with flow reversal,
and with the TCAR with the dynamic flow reversal neu-
roprotection system. The choice of device is often
dependent on physician preference and familiarity. The
distal ICA with minimal tortuosity and adequate diam-
eter and length must be available for suitable placement
of a distal EPD.
Evidence regarding the superiority of one protection

device over another is limited. The Prevention of Cere-
bral Embolization by Proximal Balloon Occlusion
compared with Filter Protection during Carotid Artery
Stenting (PROFI) study is the only randomized trial
that compared filter-protected vs proximal balloon-
protected transfemoral CAS. The study reported a
significantly lower incidence of ischemic lesions after
proximal occlusion compared with distal filters (6.5%
vs 29%; P ¼ .05) with a DWI risk of 87% with distal filters
vs 45% with proximal occlusion.383 In a meta-analysis of
eight studies comparing filter protection vs proximal
occlusion, Stabile et al384 a reported lower incidence
of newer ischemic lesions in patients undergoing prox-
imal occlusion.
Distal filter devices. Distal filter devices are most

commonly used for CAS, and they have the advantage
of smaller diameter and maintaining the antegrade ICA
flow throughout the procedure. Several distal filters are
available and each is compatible with a stent system
such as the Emboshield Nav6, Rx Accunet (Abott Labora-
tories, Abott Park, Ill), Angioguard Rx (Cordis, Melpitas,
Calif), and FilterWire EZ (Boston Scientific) and Spider
FX (Medtronic, Dublin, Ireland). However, there is no evi-
dence of the superiority of one distal filter over
another.385

The microporous filter must be deployed in a straight
segment of the ICA to allow apposition of the filter to
the vessel wall. It must be placed in the distal ICA at a
sufficient distance to allow safe deployment of the distal
end of the stents without trapping of the filter. Visualiza-
tion of the sheath should be maintained at all times to
prevent prolapse of the sheath into the arch, which could
dislodge the filter and pull it through the carotid
lesion.366

The main disadvantage of using distal filters is that the
lesion must be passed initially which increases risk of ce-
rebral embolization. The filters can also become
occluded if a large amount of debris is released. More-
over, small particulate debris (<100 mm) can pass
through the pores of the filter. Improper movement of
the device might damage the surrounding vessel wall
and lead to dislodgement of fragments and debris
around the filter. In the case of very tight or extremely
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tortuous lesions, systems that are advanced over an inde-
pendent wire and not attached to a wire itself may be
preferable. These systems first advance the guidewire
and then track the EPD over that wire. An angiogram is
usually obtained before completion and removal of the
EPD. If extensive amounts of debris are trapped within
the EPD, blood flow in the ICA might stop. In this case,
the resultant standing column of blood and any embolic
debris should be aspirated to prevent embolization
when the EPD is withdrawn.366 An aspiration catheter
with a side port might be needed to evacuate the stand-
ing column of debris.
Distal occlusion devices. Distal occlusion devices are

not commonly used and have largely been abandoned
in current practice. Similar to distal filters, a distal occlu-
sion device initially requires the crossing of the lesion,
which can result in increased embolization. Also, this de-
vice has the disadvantage of stopping blood flow during
stenting. However, it does have an advantage of smaller
diameter than proximal occlusion devices. If these de-
vices used, it is crucial to aspirate adequately after stent-
ing and before balloon deflation to remove all debris.
Vasospasm may be encountered before or just after filter
or occlusion balloon removal, and this is usually
managed by watchful waiting. Rarely, the administration
of a vasodilatordmost commonly nitroglycerine in 100-
mg aliquotsdis necessary to relieve flow-limiting
vasospasm.366

Proximal occlusion. Proximal occlusion with transfe-
moral CAS can be achieved with the MoMa device by
placement of two occlusion balloons in common and
external carotid artery (Medtronic). Disadvantages of
this system are the larger sheath size (9F), the need for
ECA selection and balloon placement.
TCAR with cerebral flow reversal. The ENROUTE sys-

tem for TCAR allows for dynamic cerebral flow reversal
by connecting the arterial sheath to a venous sheath
placed in the common femoral vein. The connecting
tubing allows for low and high flow reversal options. After
clamping of the proximal CCA, active flow reversal carries
embolic debris, released during or immediately after an-
gioplasty and stent placement, away from the cerebral
circulation. The main advantage of this technique, in
addition to avoiding the arch, is the ability to perform
the entire procedure (lesion crossing, ballooning, and
stenting) under complete protection. The disadvantages
of this technique include the need to cutdown
compared with the percutaneous approach, the inability
to use it in patients with calcified and atherosclerotic
proximal CCA and proximal CCA diameter of less than
6 mm or in patients with less than 5 cm distance from
the clavicle to the carotid bifurcation. Short-term re-
sults from the ROADSTER study of high-risk patients
undergoing TCAR with the ENROUTE neuroprotection
and stent system showed the lowest stroke risk (1.4%)
compared with all other prospective and randomized
clinical trials of endovascular carotid intervention.177

These findings persisted up to 1 year with a 0.6% inci-
dence of ipsilateral stroke and 3.7% overall mortality after
TCAR with dynamic flow reversal.178 A recent study by
Malas et al from the VQI/SVS TCAR Surveillance Project
(TSP) showed that transfemoral CAS is associated with
twice the odds of in-hospital neurologic events
compared with TCAR.207,386,387 Another study by Scher-
merhorn et al388 from the TSP, showed no significant
difference in stroke and death rate between TCAR and
CEA. A more recent and larger analysis by Malas et al208

from TSP showed a significant reduction in risk of CNI
and MI in TCAR in comparison with CEA.
Although the transfemoral approach remains the most

commonly used access in daily practice, advances in
endovascular technology may result in shifting the ac-
cess site to TCAR to optimize CAS safety, especially in
elderly patients and those with unfavorable aortic arch
anatomy. However, long-term follow-up is needed to
validate the benefits of these new technologies.

Summary and recommendations.
1. Transfemoral CAS should be performed with distal or

proximal protection devices.
2. There is no evidence of superiority of one DEP device

vs the others.
3. There is some evidence that proximal protection of-

fers advantage over DEP by avoiding unprotected
lesion crossing.

4. TCAR with cerebral flow reversal had the lowest re-
ported stroke rate to date compare to all transfemoral
CAS studies.

Timing of PTA during stenting. A key step during CAS,
percutaneous transluminal angioplasty (PTA) can be per-
formed after establishing distal or proximal protection.
Both prestent and poststent deployment PTA can be
performed. Pre-dilatation allows the stent delivery sys-
tem to be advanced without being constrained or trap-
ped. In pre-PTA, a balloon with 2- to 4-mm diameter and
15- to 20-mm length is used to prepare a stenosed vessel
for stent deployment. However, predilatation might in-
crease the risk for embolic stroke. Risk of perioperative
stroke in the CAPTURE study was significantly higher in
patients with pre-PTA vs without PTA (OR, 3.68, 95% CI,
2.26-6.0, P < .001).198 However, a real-world analysis of all
CAS cases in the VQI database between 2005 and 2016
showed a similar risk of stroke and death after primary
CAS without angioplasty compared with conventional
CAS with angioplasty, as long as an EPD is used.389

Balloon inflation should, therefore, be slow, bearing in
mind not to exceed the nominal pressure, which is then
followed by immediate gradual deflation. This practice
helps to prevent negative pressure formation and helps
to minimize embolic showering.
In contrast, post-PTA is largely user dependent. It is

commonly used to mitigate residual stenosis after stent
deployment. However, post-PTA is associated with an
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increased risk of intraoperative and postoperative hemo-
dynamic depression, and a significant increase in the risk
of stroke and death. The latter might be secondary to
fracturing of the atheromatous plaque and liberation
of a large amount of particulate debris.390 Obeid
et al391 compared pre-PTA vs post-PTA using the SVS-
VQI dataset and reported a 2-fold higher odds of peri-
procedural stroke/death rate following poststent PTA
compared with prestent PTA. However, patient selection
may be biased in this analysis. Nonetheless, PTA is gener-
ally reserved for select cases with severe residual stenosis.
Stents used in CAS are self-expanding and continue to
expand after the procedure.392 A mild to moderate re-
sidual stenosis (<30%) of the target lesion may be
accepted in an effort to avoid generating excessive
embolic debris and potentially severe embolic
complications.366

A recent systematic review/meta-analysis of predilation
and postdilation in transfemoral CAS by Ziapour et al393

showed avoiding post-PTA reduces the perioperative he-
modynamic instability which can last up to 30 days.
Regardless of the type, fewer PTA during CAS particularly
decreases neurologic events during and 30 days after the
procedure.

Summary and recommendations.
Pre-PTA and post-PTA.

1. Protection should be established before PTA during
CAS.

2. Prestent PTA can be performed safely with small
diameter balloon to nominal pressure.

3. Post-PTA should only be used for patients with signif-
icant residual stenosis.

Stent selection.
Open closed cells. Depending on the density of the

struts, carotid stents can be classified into open vs closed
cells. Generally, a free cell area of more than 7 mm2 is
considered an open cell and is thought to leave larger
gaps uncovered. Closed-cell design stents have small
cell areas and may provide effective plaque coverage,
reducing the risk of debris embolization. However, they
are less conformable to the carotid anatomy and thus
cannot be used in tortuous arteries. In contrast, open cell
designs are more flexible and can accommodate
tortuous carotid anatomy but have large cell sizes that
might increase risk of plaque protrusion and potential
embolization. Current evidence on specific stent design
remains controversial, but largely supports benefits of
close cell design. One small randomized clinical trial of
40 patients showed no difference in embolization be-
tween open and close cell design based on TCD and
DWI-MRI evaluations.394 A meta-analysis by Kouvelos
et al395 found no difference in 30-day cerebrovascular
complications after CAS using open vs closed cell
designs. Results from the SVS Registry also found no
association between perioperative stroke and stent
type.396 By contrast, a multicenter study looking at CAS
free cell area of greater than 7.5 mm2 found a higher
stroke risk compared with less than 7.5 mm2, suggesting
closed cells are more protective of stroke than open
cells.397 A recent pooled analysis of 1557 patients from
three large randomized trials (EVA-3S, SPACE, and ICSS)
showed an independent association between closed-cell
design and reduced risk of periprocedural stroke or
death.398 However, in a systemic review and compre-
hensive meta-analysis of 33 studies (including 2 ran-
domized trials), use of an open cell stent design in CAS
was associated with decreased risk of restenosis
compared with the closed-cell stent without significant
differences in periprocedural outcomes.399

Mesh-covered stents. A new generation of dual layered
carotid stents has been designed. These consist of thin
struts of nitinol wires covered with nitinol or polyethylene-
terephthalate mesh, which helps to stabilize the plaque
and reduce risk of distal embolization.400 The Roadsaver
Carotid Artery Stent System (Microvention/Terumo), the
GoreCarotidStent (W. L.Gore&Associates) and theCGuard
Carotid Stent System (InspireMD) feature different con-
structions, but all have a mesh covering with an open or
closed cell design, and a pore size that ranges from 180 to
500 mm. However, studies on the efficacy and safety of
these stents are still inconclusive. Assessment of 41 pro-
cedures of ICA and CCA stenting using the Roadsaver
double nitinol layermicromesh stent in 40nonconsecutive
patients with symptomatic or high-risk carotid artery ste-
nosis showed favorable outcomes with one minor stroke
occurring after CCA selection with a guiding catheter
(before stent deployment) and one transient post-
procedural TIA of the ipsilateral cerebral hemisphere. No
restenosis or thrombosis were observed. Angiographic
stenosis decreased from 82.9 6 9.1% (range, 61%-97%) to
19.36 7.3% (range, 0%-34%) (P < .05).401

The CGuard CARENET (Carotid Embolic Protection Us-
ing MicroNet) trial included 30 consecutive patients
from four centers in Germany and Poland. The 30-day
major adverse cardiac or cerebrovascular event risk was
0%. New silent ipsilateral ischemic lesions on diffusion-
weighted MRI at 48 hours occurred in 37.0% of patients.
Thirty-day diffusion-weighted MRI showed complete res-
olution of all but one periprocedural lesion and only one
new minor lesion in relation to the 48-hour scan.402 In
contrast, in patients at high risk for CEA, data from the
SCAFFOLD trial showed a low risk of major adverse
events at 30 days as well as a low risk of ipsilateral stroke
from 31 days to 1 year with the Gore carotid stent (W. L.
Gore & Associates). The trial enrolled 312 patients, but
only 265 were included in the primary analysis. Thirty-
daymortality risk was 0.6% (out of 265) and 30-day stroke
risk was 2.9% in the entire cohort. The two deaths re-
ported in the study were not stroke related.



62S AbuRahma et al Journal of Vascular Surgery
January Supplement 2022
Number of carotid stents. The number of stents used
are associated with risk of perioperative stroke, and this is
likely a surrogate for the length of the lesion and difficulty
of the case. Data from the CAPTURE trial demonstrated a
higher 30-day stroke risk of 9.7% after the use of multiple
stents compared with 4.5% in patients with only one
stent.198 In a secondary analysis from the CREST study, le-
sions longer than 12.85 mm had a 3.4-fold higher risk of
strokeanddeath inCAScomparedwithCEA.175 In contrast,
a recent study by AbuRahma et al403 of 409 patients who
underwent CAS between 2004 and 2015 found no signifi-
cant difference in stroke and major adverse events in
regards to the stent length, number of stents or stent
diameter after CAS.403 However, these results may be
explained by the small number of strokes/adverse events.
In summary, proper patient selection, careful preproce-

dural planning, including performing adequate imaging
studies to evaluate patient’s anatomy and lesion charac-
teristics and optimal medical management, are crucial
in improving CAS outcomes. Advances in protection de-
vices, membrane- and mesh-covered stents, alternative
hybrid approach such as TCAR and reversal of flow also
offer promising tools to improve outcomes.404

Summary and recommendations.
Pre-PTA and post-PTA.

1. Embolic protection should be established before
PTA/CAS

2. There is conflicting evidence on the risk of stroke
based on stent cell design.

3. Early studies of covered stents showed favorable re-
sults. Larger studies are needed.

4. An increased number of stents or longer lesions is
associated with a significant increase in the risk of
stroke.
EXTERNAL CEA INDICATIONS AND TECHNIQUES
Theexternal carotid artery is an integral part of the collat-

eral circulation in the setting of a known ICA occlusion. As
such, referable neurologic symptoms may arise from
embolization of the proximal aspect of the occluded ICA
or from external carotid artery stenosis via the usual
thromboembolic mechanism.405,406 For many decades,
external CEA has been discussed in the setting of new or
recurrent neurologic or ocular symptoms given the afore-
mentioned pathophysiology.407-413 Other than small se-
ries and case reports, there has been no new reporting in
the literature with respect to treatment recommenda-
tions.414-416 Treatment consists offlush ligation of the inter-
nal carotid and common and external CEA to remove the
embolic source. Despite the lack of confirmatory evi-
dence, use of this technique in the appropriate setting of
symptoms and relevant anatomy seems reasonable.
Summary and recommendations. In the appropriate
clinical setting, external CEA and flush ligation of the
ICA is suggested to minimize further neurologic
sequelae.
COMPLICATIONS OF CAROTID INTERVENTION

Early complications of carotid intervention

1. Stroke after CEA (intraoperative and immediate post-
operative stroke): therapy

2. Stroke after CAS
3. Hemodynamic instability: post CEA hypertension and

hypotension
4. Post-CAS hemodynamic depression
5. CNI after CEA
6. Myocardial infarction/renal insufficiency
7. Wound hematoma after CEA

Late complications after carotid intervention

1. Prosthetic patch infection
2. Restenosis following CEA
3. Restenosis following CAS

Early complications of CEA
Stroke after CEA. Stroke is one of the most serious

complications following CEA, and its incidence must be
minimized to achieve appropriate CEA efficacy in stroke
prevention, particularly among neurologically asymp-
tomatic patients. More than 20 different mechanisms
of perioperative stroke have been identified.417 The
most common mechanism of stroke is perioperative
arterial thrombosis and embolization, frequently related
to a technical deficit at the endarterectomy site.417,418

Examples of technical deficits can include inadvertently
leaving behind residual intimal flaps, atheromatous dis-
ease, or luminal thrombus.417,418 Additional examples of
technical complications include vascular clamp injuries
or damage caused by intra-arterial shunt placement.
Other potential causes of perioperative stoke include
cerebral ischemia during carotid clamping and intrace-
rebral hemorrhage (ICH),417,418 but these less common
etiologies of perioperative stroke are not typically
dependent on technical imperfections that may occur
during the operation itself.
Some authors have recommended intraoperative

completion imaging studies to minimize risk of leaving
technical imperfections at the endarterectomy site.3,417

These completion studies can include continuous wave
Doppler, duplex ultrasound examinaton, or intraopera-
tive arteriography, and they are operator and technique
dependent. There is controversy concerning what tech-
nical deficits noted on completion imaging studies war-
rant intraoperative reexploration of the artery because
not all technical imperfections will cause strokes.3,417

Additionally, attempts to revise lesions have the potential
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to cause additional morbidity from repeated manipula-
tion of the vessel. Some authors believe that intraopera-
tive completion studies may be particularly useful
following eversion endarterectomy, because the distal
end point may not be sufficiently visualized with this
technique. Other authors have found no significant
benefit to completion imaging, and report excellent re-
sults without routinely using any type of completion
studies.3,341,417 Therefore, the routine use of completion
imaging after CEA remains controversial. The clinical sig-
nificance of many observed abnormalities is uncertain,
and it has not been definitively proven that routine per-
formance of completion studies reduces perioperative
stroke risk. The decision generally remains a matter of
surgeon experience and preference.3

When a patient sustains a stroke during or immediately
following CEA, the chance ofmaximizing recovery depends
on early recognition of the neurologic event, establishing its
likely etiology, and immediate institution of appropriate
therapy or rescuemeasures.358,417 Establishing the diagnosis
of a perioperative stroke is typically a clinical diagnosis, but
may be supported by appropriate imaging studies.
Intraoperative stroke recognized upon awakening

from general anesthesia. When CEA is performed under
general anesthesia, a stroke is typically recognized when
the patient awakes after wound closure. If a new focal ipsi-
lateral neurologic deficit is identified, the incision shouldbe
reopened immediately.417 The ICA can be assessed with
intraoperative Doppler in addition to visual inspection and
palpation. If thearteryseemstobepatentwithflowpresent,
further evaluation for technical deficits should be per-
formed with either intraoperative duplex ultrasound
examinatonorarteriographyto identifycorrectabledeficits.
Angiography should include intracranial imaging to eval-
uate for distal intracerebral embolization. If the ICA is
without flow, completely thrombosed, or an imaging study
reveals a significant technical deficit, the endarterectomy
site itselfmustbe reexplored.417 Thedistal ICAshouldnotbe
clamped initially to appropriately perform repeat throm-
boendarterectomy without causing fracturing and intra-
cerebral embolization of any local thrombus or debris. The
clot is carefully extracted with the hope that existing
backpressure will help to achieve complete removal of the
existing thrombus from the cervical ICA. If there is no back
bleeding, gentle meticulous balloon catheter thrombec-
tomy can be performed, but there is a risk of causing a
carotid-cavernous sinusfistula.419Once thrombushas been
extracted and back bleeding occurs, the ICA can be safely
clamped. The endarterectomy site must be meticulously
inspected for any technical deficits that may have caused
the thrombosis or embolization and these should be
repaired as necessary.358,417,418 Most surgeons recommend
shunt insertion during reexploration for a perioperative
stroke to limit the ischemic event during repair, but this
must be done extremely carefully under direct
visualization.358
If no defect or thrombosis is noted at the endarterec-
tomy site, the stroke is likely related to either ischemia
that occurred while the carotid artery was clamped or
intraoperative embolization during the dissection. Intra-
operative arteriography may demonstrate an intracere-
bral embolus. Catheter-directed thrombolysis or other
neurologic rescue techniques can be used to salvage
these situations and restore flow to the intracerebral ves-
sels. However, if the ICA seems to be normal at reexplora-
tion, and no large intracerebral embolus can be
identified, this finding suggests that the patient may
have experienced either embolization before carotid
clamping or sustained a significant period of ischemia
during the clamping period. These etiologies may not
be formally treatable with surgical or endovascular tech-
niques. Therefore, treatment is primarily medical,
including supportive care, hemodynamic monitoring,
and anticoagulation or antiplatelet agents as deemed
clinically appropriate.

Intraoperative stroke recognized during regional
anesthesia. If a perioperative stroke or TIA occurs during
CEA while the patient is awake under local/regional
anesthesia, stroke etiology can typically be elucidated
based on its timing during the operation. A neurologic
deficit that occurs during dissection of the carotid bulb
before carotid clamping is almost certainly related to
embolization of atheromatous debris. This deficit can
be minimized by avoiding significant manipulation of
the bulb during dissection of the carotid artery until hep-
arinization and control of the ICA has been established. If
a neurologic deficit does occur during the preclamping
period, the patient should be expeditiously heparinized,
and the operation should be completed in an expedient
fashion with the placement of an intra-arterial shunt. If
the deficit does not reverse with shunt placement and
completion of the surgery, additional assessment should
proceed as above, including intracerebral arteriography.
If, during local/regional anesthesia, neurologic changes
occur with test clamping of the artery, this is an indica-
tion for placement of an intra-arterial shunt. Neurologic
changes that occur during initial carotid clamping will
typically reverse with successful shunt placement. If they
do not, one must again consider the possibility that
intracerebral embolization has occurred.
Perioperative stroke recognized in the postoperative

period. If a patient awakens neurologically intact after
CEA under general anesthesia, or is initially neurologi-
cally intact during and after CEA under local anes-
thesia, and subsequently develops a new neurologic
deficit in the postoperative period, the differential
diagnosis may be more complex. The likely etiology
and treatment may depend on the timing of the
deficit. Neurologic deficits that occur within the first
few hours after completion of CEA after an initially
normal period are typically related to thromboemboli-
zation and technical defects at the endarterectomy
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site. If the operation was performed under locoregional
anesthesia with the patient being tolerant of carotid
clamping, it is almost certain that an early deficit is
related to embolization, and not complete thrombosis
of the artery. Although duplex scanning can be consid-
ered if it can be performed expeditiously, these pa-
tients will likely benefit from immediate return to the
operating room for reexploration and assessment of
the ICA and endarterectomy site, as described else-
where in this article. Alternatively, a neurologic deficit
that occurs later in the postoperative course (1-3 days)
is more likely to be related to ICH or another cause of
stroke. A CT scan of the brain should be performed in
these patients to rule out ICH, particularly in patients
at increased risk.
As reported in an analysis of 2024 CEAs from a single

institution, the causes of 38 (1.9%) perioperative neuro-
logic deficits were clamping ischemia (13.2%), thrombo-
embolic events (63.2%), ICH (13.2%), and miscellaneous
etiologies not directly related to the operated artery
(10.5%).358 Neurologic events that occurred in the initial
24 hours after surgery were significantly more likely to
be caused by thromboembolic events, most commonly
related to technical imperfections at the endarterectomy
site. Most patients who experienced early events postop-
eratively underwent reexploration and intraluminal
thrombus was noted in 83.3% of these cases. After reex-
ploration, there was either complete resolution of, or sig-
nificant improvement in the neurologic deficit that
prompted reexploration.358

Cerebral hyperperfusion syndrome is a rare and poten-
tially fatal cause of perioperative stroke after CEA. It is
characterized by severe ipsilateral headache, seizures,
and possible intracranial hemorrhage.420 A recent anal-
ysis showed that the overall risk of this syndrome was
an extremely low 0.18% of 51,001 CEAs.420 However, the
associated mortality was 38.2%. Multivariate analysis
revealed that female sex, recent ipsilateral stroke, and
contralateral stenosis of 70% or greater, postoperative
hypertension and postoperative hypotension were all
independently associated with cerebral hyperperfusion
syndrome, but postoperative blood pressure lability had
the strongest association.420

Summary and recommendations for the manage-
ment of intraoperative or perioperative stroke with
CEA.
1. If a patient awakens from CEA under general anes-
thesia with a new focal neurologic deficit related to
the ipsilateral cerebral hemisphere, immediate
reopening of the incision and evaluation of the ICA
is indicated.

2. If a patient awakens from CEA under general anes-
thesia, and reexploration and evaluation of the ICA re-
veals either thrombosis of the ICA or a technical
deficit, the artery must be reexplored and repaired
as clinically warranted.
3. If technically feasible, a shunt should be inserted care-
fully and at the appropriate time during reexploration
of the artery for a perioperative stroke to limit the
extent of cerebral ischemia.

4. Treatment of the artery at reexploration can include
thrombectomy, thromboendarterectomy, correction
of any noted technical deficits and/or intracerebral
arteriography based on the operative findings.

5. If there are no relevant findings at the endarterectomy
site on reexploration, and cerebral arteriography re-
veals intracerebral embolization, catheter directed
thrombolysis and/or other intracranial endovascular
“neurologic rescue” techniques can be considered as
deemed clinically warranted.

6. If a patient who is initially normal after CEA under
general anesthesia develops a new neurologic deficit
in the early postoperative period, immediate evalua-
tion and reexploration of the artery is indicated, unless
another cause of stroke is confirmed.

7. If a patient who is initially normal after CEA under
general anesthesia develops a new neurologic deficit
later in the postoperative period, additional evalua-
tion including a CT scan of the brain to rule out ICH
is indicated before consideration of reexploration.

8. If reexploration for an intraoperative or perioperative
stroke following CEA does not reveal any cause at
the endarterectomy site or on intracerebral arterial
imaging, medical management is indicated.

9. If a patient develops a new neurologic deficit intrao-
peratively during CEA under locoregional anesthesia,
surgical management should proceed as appropriate
based upon the timing of the event as related to the
intraoperative course of the operation.

10. If a patient who is initially normal after CEA under
locoregional anesthesia with tolerance of carotid
clamping develops an ipsilateral focal neurologic
deficit, immediate reexploration of the artery and
appropriate treatment is indicated, unless another
cause of stroke can be strongly considered.

11. For early acute stroke (1-2 days) after CEA, immediate
imaging (ultrasound examination or CTA) is indicated
to evaluate the endarterectomy site. When imaging
suggests thrombosis, is indeterminate, or not avail-
able, immediate operative reexploration is indicated.

12. For early acute stroke after CEA, if the endarterectomy
site is found to be patent without abnormalities, other
modalities such as a CT scan and/or arteriography
should be used to better identify the cause of the
stroke. If no definitive cause of stroke is found, antico-
agulation is appropriate if a CT scan has excluded
intracranial hemorrhage.

Stroke after CAS
Stroke after stenting: the role of thrombectomy and

thrombolysis. The most feared complication after CAS is
stroke, which can be due to cerebral embolism or intra-
cranial hemorrhage. In most clinical trials, stroke presen-
tation occurred in the first 24 hours following CAS. It is for
this reason that it is imperative to monitor all CAS
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patients in the intensive care setting postoperatively.
Stroke diagnosis is usually clinical. In patients with post-
operative neurologic changes, carotid ultrasound exami-
nation, CTA, or MRI/MRA should be obtained
immediately to evaluate stent patency, and determine
if there is distal embolization or ICH. Management of
acute stroke is described in the Acute Stroke section of
these guidelines. However, acute stroke during or imme-
diately after CAS might require immediate
reintervention.
Distal embolization. If the embolic material is large

enough to cause MCA occlusion, catheter-based throm-
bolysiswith recombinant tissueplasminogenactivator (tPA),
GPIIB/IIIA inhibitor, and thrombectomy with stent retrieval
should be considered. There is strong evidence that recan-
alizing the MCA with mechanical thrombectomy dramati-
cally increases survival andfunctionaloutcomes.421However,
the latter studies included patients with acute stroke in
general, not after CAS specifically. Updated AHA guidelines
recommend endovascular intervention with stent retriever/
aspiration within 6 hours of onset of stroke for patients with
an occluded ICA or middle MCA.422

Intracranial hemorrhage. This complication of CAS is
rare. In the National Impatient Sample database, the risk
of intracranial hemorrhage is 6-fold higher in CAS
compared with CEA.423 However, these results have not
been confirmed in large clinical trials.8 Hypertensive pa-
tients with symptomatic and bilateral carotid artery ste-
noses have been shown to have increased risk of
developing intracranial hemorrhage after CAS.424 One
study showed that patients on beta blockers before CAS
had 65% lower risk of stroke and death if they developed
hypertension postoperatively.62 Before the initiation of the
CAS procedure, all patients should be fully anticoagulated
with intravenous unfractionated heparin, preferably at 80
to 100 U/kg of dose. The activated clotting time should be
followed not to exceed 300 seconds to prevent risk of
hemorrhagic stroke secondary to reperfusion after CAS.425

Acute stent thrombosis. This complication is an acute
emergency with an increased risk of embolic stroke, and
it can be due to carotid artery recoiling, stent misplace-
ment, poor sizing or massive plaque protrusion through
stent struts. Treatment of acute stent thrombosis usually
involves conversion to CEA. However, because many of
these patients are at high risk for CEA, endovascular
intervention with catheter-based thrombolysis and
thrombectomy may be considered. This allows use of
cerebral angiography to evaluate distal embolization as
well as the use of stent retrieval thrombectomy.

Carotid artery dissection
Dissection can be largely avoided with meticulous

techniques. This complication should be identified on
the completion angiogram. If the dissection occurs
distally and is flow limiting, a second stent can be
placed in the true lumen overlapping with the initial
stent. In CCA dissection after TCAR, the same stent or
an additional stent can be extended as proximal as
possible to the tip of the sheath. Conversion to CEA
is rarely needed. Engaging the ECA when possible, dila-
tation of the anterior wall of CCA with a 9F dilator as
well as maintaining the 0.035 wire access, reduce risk
of dissection during insertion of the arterial sheath dur-
ing TCAR.

Cerebral hyperperfusion
This complication is rare, occurring in 1% to 2% of pa-

tients undergoing CAS. Patients typically present with
headache. Diagnosis can be made on CT imaging
revealing ipsilateral cerebral edema without any evi-
dence of stroke. Treatment is largely supportive, focusing
on controlling blood pressure and maintaining adequate
cerebral perfusion. Additional details concerning man-
agement of hyperperfusion syndrome are discussed in
other sections of these guidelines.
Summary and recommendations for treatment of

stroke after CAS.
Acute CAS complication.

1. Stroke owing to MCA occlusion owing to emboliza-
tion after CAS should be treated with mechanical
thrombectomy and thrombolysis.
2. Acute carotid stent occlusion should be treated with
immediate recanalization and cerebral angiography
with potential mechanical thrombectomy and
thrombolysis, which may include thrombus aspiration
and filter removal.

3. Aggressive post-PTA should be avoided when
possible to decrease hemodynamic depression and
the risk of stroke.

Hemodynamic instability: Post-CEA hypertension and
hypotension
Blood pressure instability after CEA is a risk factor for ce-

rebrovascular and cardiovascular complications.323 Ca-
rotid baroreceptors are mainly localized in the
adventitial layer of the proximal ICA,323,426 and these re-
ceptors play a significant role in moderating increases
and decreases in blood pressure.427 Denervation of the
carotid sinus nerve during CEA can significantly increase
risk of postoperative hypertension.323 Hypertension in the
postoperative period is much more common than hypo-
tension. ECEA has been shown to increase risk of hyper-
tension, while CCEA may increase overall risk of
hypotension.323

Hemodynamic instability is common after CEA, and
can result either from significant cardiac-related com-
plications or, more commonly, from disordered barore-
ceptor function.417 Both hypertension and hypotension
can be associated with impaired clinical
outcome.227,323,428,429 Hypotension is less common and
is often accompanied by bradycardia. Removal of
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plaque from the carotid bifurcation has been hypothe-
sized to impair normal baroreceptor mechanisms. Re-
flex hypotension following endarterectomy can persist
until the carotid sinus mechanisms has readjusted.
CEA can result in direct surgical damage to the barore-
ceptor nerves located at the carotid bifurcation323,430 or
to the compensatory restoration of the baroreflex
mechanism caused by removal of the bifurcation pla-
que.323,430,431 Significant hypotension can result in post-
operative global cerebral ischemia in predisposed
patients. A recent meta-analysis found that post-CEA
hypertension requiring vasodilator therapy was 53.8%
after ECEA and 40.3% after conventional
endarterectomy.323

Postoperative hypertension is closely related to pres-
ence of preoperative hypertension, but its mechanism
following CEA is not well-characterized. Significant post-
operative hypertension can increase risk of other post-
CEA complications, including myocardial ischemia, ICH,
and wound hematoma.432 Appropriate management of
both postoperative hypertension and hypotension can
help decrease the incidence of other associated postop-
erative morbidities.
To appropriately treat hemodynamic instability after

CEA, patient observation in a monitored unit with either
an indwelling radial artery catheter of systemic blood
pressure monitoring is generally recommended in the
initial postoperative period.417 Hypotension should be
treated initially with fluid administration to achieve a
euvolemic state. If hypotension persists without other he-
modynamic causes, blood pressure support with an
intravenous infusion of phenylephrine is generally rec-
ommended.417 Vasoconstrictors can typically be weaned
within 24 hours after surgery.
Postoperative hypertension is generally treated with

intravenous sodium nitroprusside.417 Associated
myocardial ischemia should be treated as appro-
priate. Most patients can resume their preoperative
oral antihypertensive medications within 24 hours
following surgery, and this often reduces the need
for additional intravenous pharmacological
management.417

Summary and recommendations for the manage-
ment of postoperative hemodynamic instability after
CEA.
1. Significant postoperative hypertension or hypoten-

sion should be evaluated carefully by appropriate he-
modynamic monitoring during the initial post-CEA
period.

2. Postoperative hypotension without other obvious he-
modynamic etiologies should be treated with intrave-
nous vasoconstrictors, typically phenylephrine, to
achieve a normal blood pressure until hypotension
resolves.

3. Postoperative hypertension should be treated with
intravenous vasodilators, typically sodium
nitroprusside, to achieve a normal blood pressure un-
til hypertension resolves.

4. Selected patients with significant hemodynamic
instability post-CEA should be carefully monitored
for associated complications including myocardial
ischemia and ICH.

Post-CAS hemodynamic depression
Hypotension with bradycardia is not uncommon after

CAS owing to stretching of the carotid baroreceptors with
angioplasty and stenting. This complication is increased
four-fold with poststent balloon dilatation.390 Therefore,
careful monitoring of the patient’s blood pressure and
heart rate is necessary. An arterial pressure monitor con-
nected to the intervention sheath or a separate arterial
line allows for continuous blood pressure monitoring.366

Hemodynamic depression can increase stroke risk owing
to cerebral hypoperfusion in general and inadequate flow
reversal in TCARspecifically.Atropine (0.4 to 1.0mg) is often
used to prevent hemodynamic depression during angio-
plasty of the carotid bulb. Glycopyrrolate (0.4 mg) is an
alternative to atropine because it is associated with fewer
coronary side effects. Volume resuscitation followed by
epinephrine or dopamine can be used in patients with
persistent or refractory postoperative hypotension. Some
risk factors for persistent hypotension include type of ste-
nosis, echogenic plaque morphology, carotid calcification
and distance from carotid bifurcation to maximum ste-
notic lesion (#10 mm).433 It is unusual for patients who
havehadpriorCEAtohavesignificantbradycardiabecause
the normal innervation of the carotid baroreceptor is inter-
ruptedduringthe initialprocedure.434 In thesecases, glyco-
pyrrolate or atropine is administered only if hypotension or
bradycardia ensue.366

CNI after CEA
Although a CNI is likely the most common complica-

tion after CEA, it is typically mild, self-limited, and
without prolonged or significant clinical sequelae. The
reported incidence ranges from 5% to 20%.417,435-438 In
a prospective study of patients who underwent CEA
and postoperative laryngoscopy evaluations, cranial
nerve injuries were found in 11.4% of 656 carotid opera-
tions.436 However, approximately one-third of the pa-
tients with documented cranial nerve injuries
diagnosed by otolaryngology examination were clinically
asymptomatic. In the CREST trial, the incidence of CNI
was 4.7%. However, there was no significant adverse
impact of CNI on patient quality of life at 1 year after sur-
gery.5,439 The most commonly injured nerves include, in
decreasing order of incidence, the hypoglossal, recurrent
laryngeal, superior laryngeal, marginal mandibular, glos-
sopharyngeal, and spinal accessory nerves.417,435

In another study, a vast majority of CNIs were transient.
Only 47 patients (0.7%) had a persistent CNI at their
follow-up visit (median, 10.0 months; range, 0.3-
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15.6 months). Predictors for CNI included urgent proced-
ures (OR, 1.6), immediate reexploration after closure un-
der the same anesthetic (OR, 2.0), and return to the
operating room for a neurologic event or bleeding (OR,
2.3).435

The most appropriate way to avoid CNI is with appro-
priate knowledge of the relevant anatomy and meticu-
lous identification and protection of the nervous
structures during the conduct of the operation. Sharp
dissection close to the arterial wall, and strict adherence
to somegeneral surgical rules, including careful use of for-
ceps, retractors, cautery, and arterial clamps ismandatory.
Perioperative dexamethasone administration has been
shown to reduce risk of temporary CNIs during CEA
without reducing the prevalence of permanent CNIs.440

However, there is a remarkablepaucity of data concerning
treatment of CNIs once they have happened.250

Nerve injury is most often caused by blunt stretch injury
to the nerves, which can occur with excessive traction;
frank nerve transection is extremely rare. Injury can also
result from electrocautery damage, inadvertent clamp-
ing, or from direct nerve transection.417 Nerve injury
may be more common during reoperative carotid sur-
gery. Use of an intraoperative vagal nerve stimulator
may be helpful during reoperative carotid surgery to try
to avoid injury related to scar tissue.417

Iatrogenic CNI that occurs during CEA is most often
managed expectantly. Unilateral hypoglossal injury is
rarely serious.417 Vagus or recurrent laryngeal nerve
injury can result in paralysis of the ipsilateral vocal
cord, and typically manifests as hoarseness. Superior
laryngeal nerve injury can manifest by voice fatigue
and difficulty with voice modulation. The marginal
mandibular branch of the facial nerve may be injured
from traction during surgery or from administration of
cervical block anesthetic, and manifests as dropping
of the ipsilateral lip.417 Importantly, this should not be
confused with a postoperative stroke that may produce
facial asymmetry. Transient paresthesia of the marginal
mandibular nerve can be cosmetically upsetting to the
affected patient.
Summary and recommendations for the manage-

ment of CNI after CEA. Cranial nerve injuries are best
avoided by meticulous knowledge of the relevant anat-
omy and careful dissection to prevent injury to contig-
uous nervous structures.

1. Once a CNI is diagnosed, expectant management is
typically indicated.

2. In rare cases, vocal cord paralysis may require otolar-
yngologic intervention, and bilateral vocal cord paral-
ysis may require tracheotomy.

3. Vocal cord evaluation might be advisable in patients
with bilateral carotid stenosis post first CEA and
before contralateral CEA.

4. In rare cases, critical glossopharyngeal nerve injury
may produce severe dysphagia and/or aspiration
and may require placement of a feeding gastrostomy
tube.

Myocardial infarction and renal insufficiency
Patients undergoing CEA have a high prevalence of

concomitant coronary artery disease. Although frank MI
is unusual after CEA, MI is responsible for 25% to 50%
of perioperative deaths following CEA.441,442 The inci-
dence of perioperative MI and resultant mortality has
likely decreased in the past several decades owing to
improved screening and treatment of pre-existing coro-
nary disease as well as improved perioperative medical
management.417 Appropriate medical management of
the CEA patient is critical to reduce risk of perioperative
MI and cardiac mortality, and should include standard
antihypertensive medications, statin medications, and
antiplatelet therapy.417 Although beta blockers should
be continued in patients who have been on the medica-
tion chronically, routine use of routine beta blockers is
controversial. It may be reasonable to begin periopera-
tive beta blockers in specific patient groups (see section
on the perioperative management of patients undergo-
ing CEA).
Either single or dual antiplatelet therapy should be

continued in the perioperative period for CEA to
decrease the risk of both stroke and perioperative MI,
particularly in patients with known preexisting coronary
artery disease or prior percutaneous coronary proced-
ures. The American College of Cardiology Perioperative
Guidelines endorses continuation of aspirin during the
period surrounding CEA.443 The risk of periprocedural
MI from aspirin withdrawal likely outweighs risk of severe
bleeding from aspirin continuation.3 Patients on clopi-
dogrel may require individualized management. Clopi-
dogrel may be safely continued through the
perioperative period without a significantly increased
risk of major bleeding.165 Discontinuation of dual anti-
platelet therapy may significantly increase risk of coro-
nary stent thrombosis and MI, particularly in the setting
of drug-eluting stents.444

Preoperative statin therapy can significantly reduce
perioperative mortality and MI after CEA.152,153 In a sys-
tematic review and meta-analysis, statin users undergo-
ing CEA were at significantly lower risk of perioperative
death compared with statin-naïve patients.445 However,
a corresponding difference in risk of perioperative MI
was not observed. Nevertheless, use of perioperative
statin medications is generally recommended.
Labile blood pressure is common in the postoperative

period following CEA. Aggressive monitoring and appro-
priate pharmacologic treatment of both hypotension
and hypertension is recommended to reduce risk of
related morbidity, including myocardial ischemia. For
patients with known severe preexisting coronary artery
disease, obtaining routine postoperative electrocardio-
grams and cardiac enzymes may be considered.446
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Patients with clinical, electrocardiogram or other evi-
dence of myocardial ischemia or infarction in the post-
operative period following CEA should be treated by
accepted pharmacologic techniques, and urgent cardiac
catheterization should be considered in appropriate
patients.447

The risk of cardiovascular complications after CAS is
very minimal compared with CEA. Data from random-
ized trials demonstrate significantly lower numbers of
periprocedural MIs after stenting.5,7,8 Performing CAS un-
der local anesthesia is associated with significantly lower
risk of MI and other cardiac complications.365

The use of a higher contrast load with CAS, as opposed
to CEA, can lead to contrast-induced nephropathy, espe-
cially in CKD patients. The amount of contrast used dur-
ing the procedure should be minimized and not exceed
60 mL. Adequate fluid resuscitation should be provided
to minimize risk of acute kidney failure.
Summary and recommendations for the manage-

ment of perioperative MI risk after CEA.
1. Perioperative MI after CEA is best avoided by appro-

priate preoperative treatment of relevant atheroscle-
rotic risk factors, screening for coronary artery
disease when appropriate, and standard pharmaco-
logic management of atherosclerosis during the peri-
operative period.

2. All patients undergoing CEA should be treated with a
statin medication, unless a contraindication exists.

3. All patients undergoing CEA should be maintained
on either single or dual antiplatelet medication
throughout the perioperative period, unless a contra-
indication exists.

4. Patient with a coronary drug-eluting stent should be
maintained on dual antiplatelet medications when-
ever feasible.

5. Early recognition of perioperative MI should occur to
allow appropriate individualized therapy including
medical or pharmacologic interventions, or urgent
cardiac catheterization/percutaneous coronary inter-
vention when deemed appropriate.

Wound hematoma after CEA
The reported incidence of significant perioperative

bleeding after CEA is 0.7% to 3.0%.417 Most cases of clin-
ically significant bleeding result from diffuse capillary or
soft tissue oozing owing to intraoperative heparinization
and/or antiplatelet agents. At the completion of CEA,
administration of protamine to achieve heparin reversal
seems to decrease the incidence of significant wound
hematoma.248 Although many vascular surgeons
routinely use drains after CEA, there has been no demon-
strable decrease in risk of reexploration for bleeding
when drains are used.45

In a retrospective study of 384 patients, preoperative
clopidogrel therapy and not using protamine sulfate af-
ter heparin were identified as risk factors for hema-
toma.448 Upon reexploration, venous bleeding or
capillary oozing were more common findings than arte-
rial bleeding from the site of vascular repair, and difficulty
with intubation because of tracheal deviation was preva-
lent. The authors recommend that airway management
for reexploration should include a laryngeal mask airway,
partial wound reexploration with hematoma evacuation
under initial local anesthesia, subsequent intubation for
general anesthesia, and finally complete wound explora-
tion to achieve hemostasis.448

Although small asymptomatic wound hematomas or
ecchymosis may be carefully observed, larger hema-
tomas that result from frank surgical bleeding can be
catastrophic. The presence of an enlarging hematoma
may result in stridor and airway compromise, and man-
dates emergency evacuation to avoid respiratory arrest.
A relatively small amount of blood in the closed space
of the neck may cause airway compromise. If the pa-
tient is in clear respiratory distress, opening the incision
at the bedside to evacuate the hematoma and relieve
airway obstruction can be lifesaving. Under more
controlled circumstances, emergency transport to the
operating room is advised. Awake fiberoptic endotra-
cheal intubation may be required to safely intubate
the patient in the presence of a compressed airway.
Rarely, emergency cricothyroidotomy may be required.
Once the airway has been secured, reexploration
should proceed in an organized fashion with assess-
ment and appropriate surgical treatment of any hemor-
rhage sources.
Summary and recommendations for the manage-

ment of wound hematoma after CEA. Avoidance of
wound hematoma is best accomplished using meticu-
lous surgical technique and appropriate methods of
achieving hemostasis.

1. Protamine should be considered to reverse heparin-
ization; decisions on its use may depend on how
much heparin was administered, clinical examination
of the wound for appropriate hemostasis, and other
factors including the use of antiplatelet medications.

2. Small, asymptomatic hematomas in the perioperative
period may be safely observed.

3. Symptomatic or enlarging hematomas should un-
dergo operative reexploration and treatment to avoid
airway compromise.

4. Patients with large hematomas in respiratory distress
may require reopening of the incision at the bedside
to evacuate the hematoma and prevent respiratory
arrest.

5. Intubation in the setting of a large neck hematoma
may require awake fiberoptic intubation or other
techniques to manage airway compromise.

Late complications after CEA
Prosthetic patch infection. Infectious complications

are extremely rare after CEA. The reported risk of wound
infection or cellulitis ranges from 0.09% to 0.15%.417



Journal of Vascular Surgery AbuRahma et al 69S

Volume 75, Number 1S
Prosthetic patch infection is even rarer, but true inci-
dence is unknown. In a systematic review, 77 cases of
graft infection were reported.449 There are reported as-
sociations between postoperative wound hematoma
and early prosthetic patch infections.449 In one series,
80% of patients who presented with prosthetic patch
infection within 9 weeks of surgery had documented
wound complications in the perioperative period.450

Other patient-related factors that may increase risk of
patch infection include immunosuppression, and poor
general or dental hygiene. Patch infection has been re-
ported after dental or other procedures, which may carry
a risk of transient bacteremia.451 As a result, some prac-
titioners recommend routine antibiotic prophylaxis for
patients with prosthetic carotid patches before under-
going invasive or dental procedures.452

There seems to be a bimodal distribution of time to
presentation.449,451 Early patch infections may present
with typical wound cellulitis. The signs associated with
late patch infection may be more insidious, and can
include localized edema, facial swelling, the appearance
of a draining sinus tract, or a neck mass owing to inflam-
mation or phlegmonous changes, or the formation of a
related pseudoaneurysm. The most commonly involved
organisms are Staphylococcus epidermidis and Staphy-
lococcus aureus.449,451

Untreated prosthetic patch infections can result in
localized sepsis and ultimately in pseudoaneurysm for-
mation with rupture of the patch and uncontrolled hem-
orrhage. Therefore, surgical management is imperative
when a documented prosthetic patch infection has
been diagnosed. Preoperative imaging studies should
include appropriate blood cultures and imaging, typi-
cally with duplex scanning and CTA. Presumptive antibi-
otics directed toward common organisms should be
started.
Surgical intervention should include removal of all

infected prosthetic material and establishing revascular-
ization with autologous materials. Autologous vein patch
angioplasty or interposition vein graft reconstruction are
commonly used. Rarely, carotid artery ligation may be
required. Surgical management can be challenging,
and it is complicated by inflammation and scar tissue
related to the primary surgical procedure, as well as
localized sepsis and inflammatory changes. In some
cases where the soft tissue or skin is severely compro-
mised, a rotational muscle or myocutaneous flap should
be considered to achieve adequate coverage of the
vascular reconstruction or ligated vessels.
Summary and recommendations for the manage-
ment of prosthetic patch infection after CEA.
1. In patients who have undergone CEA with prosthetic

patch angioplasty reconstruction, empirical prophy-
lactic antibiotics should be considered during dental
and other procedures with a reasonable risk of tran-
sient bacteremia.

2. Perioperative antibiotics should be administered
routinely during primary CEA.

3. Wound cellulitis in the immediate perioperative
period should be treated with appropriate antibiotic
therapy and close monitoring.

4. The presence of atypical wound edema, swelling, a
mass, or sinus in the neck should be evaluated
promptly in patients with prior CEA.

5. Investigative studies for suspected prosthetic patch
infection should include duplex scanning and CTA,
as well as appropriate laboratory and infectious dis-
ease studies.

6. Presumptive antibiotics directed toward common
pathogens should be started in patients with sus-
pected prosthetic patch infection.

7. In patients with a documented patch infection, oper-
ative management is indicated. Prosthetic material
must be excised, and arterial reconstruction per-
formed using autologous material. Appropriate soft
tissue coverage must be assured, using rotational
muscle flaps or myocutaneous flaps if necessary.

8. Temporary use of covered stent in cases of infection
and patch blowout as a bridge to a more controlled
operation may be considered.

Restenosis after CEA
Recurrent carotid artery stenosis following CEA is re-

ported to occur in 5% to 22% of patients.417 However,
very few (3%) of these recurrent stenoses are symptom-
atic, and few typically require reintervention.417,453-455 As
reported in the CREST study, the risk of significant reste-
nosis or occlusion was 6.3% at 2 years.453

Recurrent stenosis is more likely to occur in certain
patient subgroups, including women, active smokers,
patients who undergo initial endarterectomy at a
young age, and in patients with hypercholesterolemia,
diabetes, and hypertension.455-458 Additionally, some
technical factors at the time of the initial CEA may
contribute to the development of residual stenosis or
subsequent restenosis. These include clamp injury,
use of an intraluminal shunt, or placement of tacking
sutures at the distal end point of the endarterectomy
site.459

With regard to decreasing the incidence of significant
restenosis, there are significant data in the literature to
substantiate a recommendation for patch angioplasty
or eversion endarterectomy over standard endarterec-
tomy with primary closure of the artery.3 A meta-
analysis of randomized trials comparing bovine pericar-
dium and other patch materials for CEA did not find
any significant differences in the rates of late resteno-
sis.310 A systematic review of randomized controlled trials
of patch angioplasty vs primary closure found that patch
angioplasty seemed to decrease the risk of perioperative
death or stroke, late ipsilateral stroke, and late recurrent
stenosis.269
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Recurrent stenosis after CEA seems to have two distinct
patterns of presentation. Early recurrent stenosis usually
develops within two years of primary CEA and typically
results from neointimal hyperplasia.3,417,455 This usually
develops at the site of endarterectomy and is felt to
have a lower thromboembolic potential to cause stroke
than recurrent frank atherosclerotic disease. Therefore,
the threshold for reintervention is high, and these lesions
are typically observed unless they become pre-occlusive
or symptomatic, which is infrequent. Restenoses that
occur after 2 to 3 years after primary CEA typically repre-
sent recurrent atherosclerotic lesions.417,455 Indications
for treatment of late recurrent carotid stenosis owing to
atherosclerotic disease are typically similar to those for
de novo carotid lesions.
Before the advent of carotid stenting, repeat carotid

surgery was the standard treatment for symptomatic or
severe recurrent stenosis that required reintervention
for stroke prevention. However, scar tissue in the reoper-
ative field can make the operation more technically
demanding, and a higher incidence of CNI and other
complications have been reported.417 However, in gen-
eral, reoperative carotid surgery can be performed safely,
and has good durability.455

Nevertheless, the increased technical difficulty with reo-
perative carotid surgery has led many to recommend
CAS as the preferred procedure for recurrent carotid ste-
nosis.417 A recent systematic review and meta-analysis of
4399 patients who underwent either redo carotid surgery
or CAS for recurrent carotid stenosis found no differences
in risk of perioperative mortality or stroke.460 Patients
who underwent redo CEA had higher risk of cranial nerve
injuries, but most recovered in three months. However,
risk of a secondary episode of recurrent stenosis was
greater in patients whose initial restenosis was treated
with CAS.
Several studies addressed perioperative and late out-

comes of open surgical and endovascular treatment of
post-CEA restenosis, and demonstrated acceptable re-
sults with either technique.461 However, in many of these
studies, CAS was typically used for early lesions related to
neointimal hyperplasia, while redo CEA was preferred in
cases of late restenosis owing to recurrent atherosclerotic
lesions. Early restenosis is typically a fibrous lesion that is
thought to have a low potential for embolization and
stroke. By contrast, late recurrent stenoses owing to
atherosclerotic lesions are typically associated with a
higher embolic risk. Many authors recommend reinter-
vention in cases of moderate and severe symptomatic
recurrent stenosis, as well as severe preocclusive or pro-
gressive asymptomatic restenosis.
There seems to be an established relationship between

restenosis and late ipsilateral stroke.461,462 In a systematic
review and meta-analysis of studies with a mean of
37 months of surveillance, 13 of 141 CEA patients (9.2%)
with a restenosis of greater than 70% or occlusion suf-
fered a late ipsilateral stroke compared with 33 of 2669
patients (1.2%) who did not have a restenosis of greater
than 70% or occlusion. Nevertheless, 97% of all late ipsi-
lateral strokes after CAS and 85% after CEA occurred in
patients without evidence of significant restenosis or
occlusion.462

Summary and recommendations for the manage-
ment of restenosis after CEA.
1. The use of patch angioplasty or eversion endarterec-

tomy is generally preferred over conventional endar-
terectomy with primary closure to reduce the
incidence of recurrent carotid stenosis, particularly in
women or patients with small diameter ICAs.

2. Early recurrent stenosis after CEA can generally be
managed expectantly unless it is symptomatic, pro-
gressive or a very high grade/preocclusive lesion
($80%).

3. Late recurrent stenosis after CEA should be consid-
ered for reintervention with similar parameters as pri-
mary CEA in both symptomatic and asymptomatic
cases.

4. Reintervention for recurrent stenosis after CEA can
involve either redo endarterectomy/carotid artery
reconstruction or carotid stenting procedures based
upon the particular patient, clinical scenario and rele-
vant anatomy.
Restenosis after CAS
Incidence. In-stent restenosis can be identified on

routine follow-up by duplex ultrasound examination.
Factors predisposing to in-stent restenosis are both me-
chanical and patient-related, but the most important is
the neointimal thickening within stent struts, leading to
lumen reduction.463 Late de novo atherosclerosis or
progressive atherosclerosis is also a common cause.
Available data on incidence, predictors, diagnostic
approach, and therapeutic strategies of restenosis after
CAS are poor and inconsistent.463 The incidence of ca-
rotid in-stent stenosis has been reported to vary between
1% and 30%, and might be slightly overestimated by
conventional duplex ultrasound examination.464,465 In
the EVA-3S trial, recurrent carotid stenosis (>70% as
defined by duplex ultrasound examination), was 11.1% at
2 years after CAS, significantly higher than after CEA
(4.6%; P ¼ .001).465 In contrast, a secondary analysis of the
Carotid Revascularization Endarterectomy vs Stenting
Trial (CREST) trial showed no significant difference in
restenosis or revascularization risk at 2 or 10 years after
CAS (12.2%) and CEA (9.7%).453 The systematic review and
meta-analysis done by Kumar et al462 on restenosis after
carotid intervention and its relationship with recurrent
ipsilateral stroke showed that in 11 randomized trials
(4249 patients) of CEA that followed patients over a
mean of 47 months, the occurrence of greater than 70%
restenosis or occlusion was 5.8% (95% CI, 4.1-8.2). In five



Journal of Vascular Surgery AbuRahma et al 71S

Volume 75, Number 1S
randomized trials (1078 patients), restenosis risk of
greater than 70%/occlusion after patch CEA over a mean
of 32 months was 4.1% (95% CI, 2-8.4).462 In six random-
ized trials (2916 patients) over a mean follow-up of
60 months, the occurrence of restenosis greater than
70%/occlusion in patients undergoing CAS or PTA was
10.3% (95% CI, 6.0-16.4). In five trials (2,716 patients) and
over a mean follow-up of 62 months restenosis risk
greater than 70%/occlusion was 10% (95% CI, 6.0-16.3) in
patients having CAS. The same study showed that over a
mean of 50 months of surveillance, 1 of 125 CAS patients
(0.8%) with restenosis greater than 70%/occlusion suf-
fered a late ipsilateral stroke compared with 37 of 1839
CAS patients (2%) who did not have greater than 70%
restenosis. Female sex, diabetes, and dyslipidemia were
independent predictors of restenosis or occlusion after
the two procedures.453

Diagnosis
Duplex ultrasound examination is frequently used for

routine follow-up after CAS. The degree of lumen diam-
eter reduction, peak systolic velocity, end-diastolic veloc-
ity, and the ratio of peak ICA to CCA velocity (ICA/CCA
ratio) are the most common parameters used to quantify
stenosis. In selected cases when results of duplex ultra-
sound examination are inconclusive, CTA is required. Dis-
crepancies in results with either of these techniques
should be confirmed using DSA.463

However, definitive criteria for diagnosis of restenosis af-
ter CAS have not yet been established and there are few
data on the natural history of in-stent restenosis. Evi-
dence from recent studies suggests that criteria used
for diagnosing an atherosclerotic stenosis of the carotid
artery cannot be easily applied to in-stent restenosis.464

This is due to the distinct biomechanical properties of
the stented artery and its enhanced stiffness which re-
sults in increased flow velocity. Recent analysis proposed
adjusted criteria for defining stenosis in stented ar-
teries.464,466,467 A review of 14 studies suggested
recording Doppler parameters of the recently stented
vessel soon after CAS and using these values as the pa-
tient’s reference point. This new reference point will
guide future routine surveillance scans.468

Clinical impact
The clinical impact of significant restenosis after CAS is

uncertain, but neointimal hyperplasia seems to be asso-
ciated with reduced potential for embolization
compared with native lesions.467,469 In most trials, a
higher incidence of in-stent restenosis during follow-up
did not impact complication rates, suggesting that it
might be a relatively benign disease.465,470,471 However,
analysis of the CREST trial showed greater risk for
ipsilateral stroke after the periprocedural period up to
the end of follow-up period in patients who had resteno-
sis or occlusion within 2 years compared with those who
did not have restenosis (HR, 4.37; 95% CI, 1.91-10.03; P ¼
.0005, adjusted for age, sex, and symptomatic status).453

A meta-analysis of surveillance data from a randomized
trial involving CEA/CAS demonstrated that patients who
had CAS had a 10% incidence of greater than 70% steno-
sis/occlusion at mean follow-up of 62 months. Notably,
only 1 of 125 were associated with an ipsilateral stroke.462

Management
Themanagement of patients with recurrent stenosis af-

ter CAS is clinically challenging, and no consensus on the
best treatment modality is currently available.472 Owing
to its low incidence, no prospective study has compared
treatment options for in-stent restenosis. The choice
should therefore be made on a case-by-case basis with
careful analysis of lesion features and the patient’s profile.
In the future, adequately powered trials using a uniform
definition and standardized workup for in-stent resteno-
sis are s necessary to determine the appropriateness of
interventions for in-stent restenosis.
According to the available literature, in-stent restenosis

can be successfully treated with surgical interventions
(endarterectomy with stent removal in some cases) as
well as with endovascular techniques.472 Tight manage-
ment of diabetes, dyslipidemia, and smoking cessation
remain potent targets for preventing and improving out-
comes for patients with in-stent restenosis.473 However,
medical therapy alone should be chosen only in asymp-
tomatic patients and patients with high-risk lesions
where invasive treatment is high-risk based on the pa-
tient’s clinical status and comorbidities.
Endovascular treatment, such as PTA with simple

balloon, cutting-balloon, drug-eluting balloon, and stent-
ing, is recommended as the first choice wherever
possible, mainly because it is the less invasive option
and has good results. Although PTA is a common treat-
ment for in-stent restenosis, recurrent restenosis seems
to limit the durability, leading to recurrent interventions
and associated cost implications.472 An analysis of the
VQI database showed no significant differences in 1-
year stroke, death, and stroke/death between primary
CAS and redo CAS. Moreover, the odds of bradycardia
and hypotension were lower after redo CAS compared
with primary CAS.434 Drug-eluting techniques are
emerging and may become the preferred treatment op-
tion, but long-term follow-up is needed to evaluate their
efficacy.472

In contrast, CEA should be avoided in asymptomatic
patients with serious systemic disease. Analysis of 645 pa-
tients with in-stent restenosis in the VQI database
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showed no significant differences in perioperative and 1-
year outcomes between CEA vs restenting or PTA. How-
ever, CEA was offered to patients who are more severely
ill than redo CAS, resulting in significantly higher mortal-
ity (3.7% vs 0.9%; P ¼ .02).473

Summary and recommendations for treatment of
restenosis following CAS.
1. Most asymptomatic patients (>70% restenosis)

should be treated with aggressive medical
management.

2. Symptomatic patients and progressive lesions should
be offered an endovascular option first.

3. Evidence on PTA vs drug-coated balloon vs re-
stenting is lacking.
MISCELLANEOUS

Acute carotid occlusion
Acute carotid occlusion commonly presents with cere-

bral or retinal ischemia, and is associated with poor clin-
ical outcomes.474-476 Acute carotid occlusion represents
6% to 15% of patients with acute ischemic stroke.477 Pa-
tients usually bear high National Institutes of Health
Stroke Scale scores because of severe neurologic deficits,
with only 2% to 12% achieving good recovery, 40% to
69% having a severe deficit, and 16% to 55% dying from
infarction.478-480 Carotid occlusion can occur after ca-
rotid stenting or endarterectomy owing to technical
problems or it may result from underlying cardiac pa-
thology such as atrial fibrillation. Female sex, age, history
of embolism, and higher B-type natriuretic peptide levels
have been identified as risk factors for proximal carotid
axis occlusion in patients with atrial fibrillation.481

Acute ICA occlusion is a therapeutic challenge because
of poor neurologic outcome and paucity of effective
therapeutic options.482 Treatment of acute ICA occlusion
needs to be individualized. No large, controlled trials
have examined the efficacy of any treatment approach.
Patients presenting with stroke should be admitted to
a stroke unit. Hypotension should be avoided because
it might severely compromise cerebral perfusion in the
context of ICA occlusion. In contrast, hypertension
should not be corrected in the acute phase unless it is
in a malignant range. Short-term (approximately
6 weeks) anticoagulation with heparin and warfarin fol-
lowed by antiplatelet drugs might be used to decrease
embolization from the fresh clot. However, evidence for
this strategy is unavailable.482

In patients presenting early (<3 hours) and up to 5 to
6 hours after the onset of stroke with no evidence of ce-
rebral hemorrhage or a large infarction on brain imaging,
intravenous thrombolysis using recombinant tPA may be
considered. Thrombolytic treatment using a combina-
tion of intravenous and intra-arterial routes or using the
intra-arterial only route has been reported to be effective
in distal ICA occlusion, particularly when given soon after
the onset of stroke. However, the efficacy of IV tPA has
been debated because it is associated with poor recana-
lization in the case of large clots and secondary to the
slow distal flow in patients with acute ICA occlu-
sion.475,477,483 Several factors may influence IV tPA treat-
ment outcomes among patients with ICA occlusion.
First, because the rate of fibrinolysis depends on the pres-
sure gradient to which the clot is exposed, effective deliv-
ery and distribution of thrombolytic drug into the clot is
needed to accelerate fibrinolysis.484 Second, the pres-
ence of an ipsilateral MCA occlusion along with the ICA
occlusion, is generally caused by artery-to-artery embo-
lism, with a platelet-rich, lytic-resistant clot proceeding
from the carotid plaque. These clots have a poorer pro-
pensity for lysis with tPA compared with fibrin-rich
clots.485 Third, because of the high clot burden and
poor collateral circulation, functional ICA occlusions
show poor response to IV thrombolysis.486

With advances in stent retrievers, recanalization rates in
patients with ICA occlusion are increasing. Optimal
endovascular strategies for patients with acute carotid
occlusion are being elucidated. Despite the complex
classification of occlusion sites, different underlying etiol-
ogies, huge clot burden and high risk of ICH, endovascu-
lar treatment of acute ICA occlusion seems to be
effective and safe.487 However, the time to treatment
should be as short as possible.
A high revascularization rate has been reported with

angioplasty and stenting (endovascular treatment) for
acute carotid occlusions. Sugg et al488 reported a 64%
immediate recanalization risk with endovascular treat-
ment in patients with ICA occlusion treated within
3 hours of onset of stroke. The most challenging step in-
volves catheterization of the lumen of the total occluded
artery. In a large case series involving stenting of the prox-
imal ICA followed by thrombectomy, Cohen et al re-
ported successful reperfusion in 79% of patients. These
data supported use of this approach because most acute
occlusion lesions are due to atherosclerotic lesions with
fresh thrombus.489

Summary and recommendations.
1. Intravenous thrombolysis should be administered as

first-line treatment in symptomatic patients with
early acute ICA occlusion.

2. Endovascular treatment might be considered and
has acceptable clinical outcomes.
Carotid artery dissection
Carotid dissection may occur spontaneously, or it may

result from traumatic or iatrogenic injury. Diagnosis is
made with contrast-enhanced CTA, MRA or catheter-
based angiography. The choice of appropriate therapy
remains controversial because most carotid dissections
heal on their own and there are no randomized trials
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to compare treatment options.490 Antithrombotic treat-
ment with either an anticoagulant (heparin, low molecu-
lar weight heparin or warfarin) or a platelet inhibitor
(aspirin, clopidogrel or the combination of extended-
release dipyridamole plus aspirin) for at least 3 to
6 months is reasonable in patients with carotid artery
dissection associated with ischemic stroke or TIA. The
number of adverse events does not significantly differ
based on the medical therapy.491 The safety and effec-
tiveness of therapy with alpha-adrenergic antagonist,
angiotensin inhibitor, or nondihydropyridine calcium
channel antagonist to lower blood pressure to normal
and reduce arterial wall stress are not well-established.
By contrast, intervention is reserved for symptomatic

patients with recurrent neurologic symptoms whose
symptoms have not responded to antithrombotic ther-
apy after acute carotid dissection. Although open surgi-
cal repair with saphenous vein interposition graft is the
therapy of choice, it is associated with increased risk of
perioperative cerebrovascular events and CNI.492

With recent advances in endovascular technology,
percutaneous therapy with stent placement has become
increasingly common. The indications for stent place-
ment are poorly defined. Failure or contraindications to
medical therapy is the most common reason for endo-
vascular management. In a retrospective review of 53 pa-
tients who underwent endovascular treatment for
symptomatic traumatic carotid dissection, risk of postop-
erative symptoms, luminal narrowing, and asymptom-
atic stent occlusion were 6.4%, 2.1% and 2.0%,
respectively.493 Although there are no studies comparing
open vs endovascular repair, endovascular treatment of
patients who failed medical management seems to be
justified.

TREATMENT OF PROXIMAL VERTEBRAL ARTERY
DISEASE
Proximal vertebral artery disease (V1 segment) is a less

common cause of cerebrovascular pathology than inter-
nal carotid stenosis, but atherosclerosis of the vertebral
artery may occur in up to 30% of patients presenting
with TIA or stroke.494-498 In addition, these patients may
have concomitant ICA disease. Less common etiologies
include dissection, trauma, fibromuscular dysplasia,
Takayasu’s disease, spinous bony compression, aneu-
rysms, and arteritis. Patients with vertebral-basilar TIAs
with a diseased vertebral artery have a 5-year stroke risk
of 22% to 35%.495,499-501 In addition, patients with poste-
rior circulation strokes have higher mortality (20%-30%)
than patients with anterior circulation strokes.502-504

The proximal vertebral artery origin (V1 segment) is the
most common site of atherosclerotic stenosis (20%-
40% of patients), but lesions are typically smooth with
low embolic risk.505

Despite the relatively high stroke risk, only 5%-8% of op-
erations for cerebrovascular disease are performed for
proximal vertebral disease.506 Before treatment of symp-
tomatic vertebral artery lesions, other overlapping causes
of symptoms, such as orthostatic hypotension, aggressive
use of antihypertensive medications, inner ear pathology,
and cardiac causes must be excluded. The most com-
mon open surgical treatment is vertebral artery to CCA
transposition, with a low morbidity and mortality akin
to CEA. However, these procedures are reserved for
symptomatic patients.506-508 Outcomes of combined
stroke and death are less than 1% for vertebral artery
operation alone, but 5.7% when combined with carotid
disease intervention.507 Endovascular treatment for prox-
imal vertebral artery disease has been reported in multi-
ple small case series, often with a high risk of restenosis
(40%-50%)498,509-512 Distal embolic protection is often
difficult because of the small size of the vertebral ar-
tery,494,513 and both angioplasty alone and in combina-
tion with stent has been described.494,509-512 The
randomized series (CAVATAS)510 and other small
descriptive series494,509,511 failed to demonstrate superior
outcome in the endovascular management of vertebral
artery disease, with a higher incidence of carotid territory
stroke, MI, and restenosis in patients having stent
placement.

Summary and recommendations. In patients present-
ing with symptomatic vertebral disease causing verte-
brobasilar TIA or stroke, open surgical treatment with
vertebral artery to common carotid transposition is rec-
ommended in low-risk surgical candidates.
TREATMENT OF BRACHIOCEPHALIC DISEASE
AND PROXIMAL CCA OCCLUSIVE DISEASE
Significant stenosis or occlusion of the great vessel ori-

gins is rare with an incidence of 0.5% to 6.4%. Disease oc-
curs in the innominate or left subclavian artery more
frequently than the left carotid.514 Many of these arch le-
sions are asymptomatic, although tandem lesions in the
carotid bifurcation can occur in up to 17% of patients
with arch origin lesions.514,515 Although the indications
for intervention in patients with great vessel branch dis-
ease are similar to those for CEA, there is no evidence
supporting treatment in asymptomatic patients. The
treatment of symptomatic patients with stroke/TIA or
arm ischemia is logical, but in patients without symp-
toms the natural history of the disease is unknown.
Intervention can be performed by open direct repair

with possible sternotomy (mini), cervical extra-anatomic
bypass or transposition, hybrid open/endovascular, or
endovascular intervention alone. Endarterectomy and
bypass procedures with sternotomy or trap-door inci-
sions may be considered with equally excellent long-
term patency, although small series suggest direct
reconstruction with endarterectomy may be superior to
bypass.516,517 In some cases, when all three arch vessels
are diseased, the ascending aorta must be used as
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inflow, requiring sternotomy. In general, a transthoracic
approach provides significantly better long-term patency
than the cervical approach.518 However, these recon-
structions require invasive incisions and longer recovery.
When there is a patent arch vessel to act as inflow, cervi-
cal open reconstructions may be less invasive, but they
also carry a risk of nerve or thoracic duct injury. Prosthetic
conduit can be used with excellent long term patency if
direct transposition of vessels is not possible.519 If grafts
are tunneled from the contralateral side, a retroesopha-
geal tunnel can be used to avoid a graft in the anterior
neck.520 Because of the decreased morbidity compared
with the transthoracic approach, cervical reconstruction
is recommended in patients with multiple
comorbidities.520

Endovascular options include antegrade and retro-
grade angioplasty and stent with bare and covered
stents, as well as hybrid procedures of cervical endarter-
ectomy with retrograde stenting.514 In the series from van
de Weijer et al,514 144 lesions in 114 patients were treated,
including 117 undergoing primary stenting for symptom-
atic arch lesions. The authors reported a technical suc-
cess rate of 94% and no stroke or death at 30 days. At
a mean follow-up of 52 months, symptom-free survival
was 95% and 78% at 12 and 60 months, respectively.514

Embolic protection should be used if anatomically
feasible.
Tandem lesions include patients with significant ICA

stenosis in combination with proximal ipsilateral com-
mon carotid or innominate stenosis of greater than
50%. Although open reconstructions may be technically
feasible, small case series suggest that a hybrid approach
with CEA and retrograde CCA/innominate stent may
have improved morbidity and mortality compared with
an open approach.521-523

Summary and recommendations.
1. Interventions (open or endovascular) to treat proximal

CCA or innominate artery critical lesions are not sug-
gested in asymptomatic patients.

2. In symptomatic patients, the choice of open (cervical
vs transthoracic), hybrid, or endovascular treatment is
dependent on patient anatomy and comorbidities.
Embolic protection is suggested for endovascular
intervention if feasible.
THERAPY OF CONCURRENT CORONARY AND
CAROTID DISEASE
(See also Clinical Practice Guidelines document.)
Carotid stenosis of greater than 50% occurs in 9% of

coronary artery bypass (CABG) patients, and carotid ste-
nosis of greater than 80% stenosis occurs in 7% of
CABG patients.524 Although overall perioperative stroke
prevalence with CABG is 1% to 2%, stroke risk increases
as high as 7% to 9% in patients with 50% to 100% carotid
stenosis,524,525 and 18% and 26% after CABG in patients
with symptomatic unilateral and bilateral carotid steno-
sis, respectively.526 If carotid occlusion is present, risk of
perioperative stroke increases to 7% to 12%.527-530 It is un-
known whether carotid stenosis itself specifically in-
creases stroke risk in patients undergoing CABG or
whether carotid stenosis is a marker of diffuse athero-
sclerotic disease. Even the presence of a bruit increases
the risk of stroke to 1.6% to 5.5%.524,531,532

If possible, patients with coronary disease amenable to
percutaneous coronary intervention should be treated in
that manner, followed by treatment of the carotid steno-
sis. Options for management of both carotid and coro-
nary disease include staged CEA followed by CABG,
CABG followed by CEA, simultaneous CABG and CEA,
staged CAS followed by CABG, or even CAS with CABG
or coronary percutaneous intervention the same
day.533,534 A review of the current literature suggests
that the lowest stroke risk occurs when CEA is performed
first, followed by staged CABG. Understandably, com-
bined CEA and CABG has the highest mortality risk,
whereas CABG first followed by CEA has the lowest mor-
tality risk, but the highest stroke risk, as suggested by
older studies.535,536 However, these studies were not pro-
spectively randomized because of the complex decision-
making involved in caring for these patients. A
meta-analysis, however, by Naylor et al527 reported the
total stroke/MI/death risk with any combination CEA
and CABG ranges from 9% to 12%. In addition, Klarin
et al537 reviewed the Society of Thoracic Surgeons Adult
Cardiac database, assessing 22,355 patients with CABG
between 2011 and 2016. Results showed that concomi-
tant CEA did not reduce stroke risk regardless of the pa-
tient having an off-pump or on-pump CABG, although a
directly comparison to a staged approach was not
possible.537 An additional meta-analysis of 21,710 syn-
chronous CABG-CEA patients and 23,185 staged patients,
found that the simultaneous CABG-CEA group had
higher 30-day mortality and stroke, but a lower risk of
MI compared with the staged group.538 These large
meta-analyses suggest that combined CABG-CEA may
not be indicated in most patients (see Clinical Practice
Guidelines document).
Although one may consider intervention in patients

with asymptomatic disease in some cases, a logical
follow-up question is whether all CABG patients should
be preoperatively screened for carotid disease. The prev-
alence of asymptomatic carotid artery disease (>70%) is
5% to 10% in patients undergoing CABG, but it is less
clear whether identifying the stenosis before CABG will
affect patient outcomes.539,540 However, when assessing
the literature in aggregate, screening for carotid stenosis
results in improvedmortality (see Clinical Practice Guide-
lines). Several society guidelines, including those from
the American College of Cardiology Foundation, recom-
mend screening among asymptomatic patients with
planned CABG. In addition, patients with clinical factors
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that may increase the likelihood of identifying severe ca-
rotid stenosis including increased age, carotid bruit, his-
tory of prior stroke/TIA, and left main stem disease,
should undergo carotid imaging.525,541,542

CAS may be an option to reduce stroke risk before
CABG. Several studies demonstrate a trend toward
decreased stroke risk in patients treated with CAS before
CABG.543-545 A review of the Nationwide Inpatient Sam-
ple found a 62% higher perioperative stroke risk after
combined CEA and CABG (3.9%) compared with com-
bined CAS and CABG (2.4%), with an OR of 1.62 (95% CI,
1.1-2.5).543 A more recent meta-analysis from Paraskevas
et al included 2,727 patients who had staged or same-
day CAS-CABG with an overall 30-day combined stroke/
death risk of 7.9%. However, 80% had asymptomatic uni-
lateral carotid artery stenosis.533 Shishehbor et al546

assessed three groups in mostly asymptomatic patients:
staged CEA-CABG, staged CAS-CABG, and combined
CEA-CABG. Staged CEA-CABG had the least favorable
risks of death, stroke and MI compared with the other
2 groups, which were similar. Overall, CAS-CABG was
favored for long-term outcomes after 1 year.546

Summary and recommendations. See Clinical Practice
Guidelines.
THERAPY OF CAROTID DISEASE AND OTHER
MAJOR NONCARDIAC SURGERY
Overall, less than 0.1% to 4.3% of patients undergoing

noncardiac surgery will have a clinically overt periopera-
tive stroke.547-550 Stroke risks range from 0.08% to 0.7%
of patients undergoing general surgery, 0.2% to 0.9%
with orthopaedic surgery, 0.6% to 0.9% lung operations,
and 0.8% to 3.0% of patients undergoing peripheral
vascular procedures.551,552 However, perioperative stroke
in these circumstances have devastating effects with as
high as 32% 30-day mortality and 58% major disability
in the POISE trial.550 Multivariate analysis of 523,059 pa-
tients identified age, history of MI within 6 months, acute
renal failure, a history of stroke or TIA, dialysis, hyperten-
sion, chronic obstructive pulmonary disease, and current
tobacco use to be independent predictors of stroke.549 A
high body mass index corresponded with a lower stroke
risk.549

Patients scheduled for noncardiac surgery should be
queried about stoke or TIA symptoms. If there is clinical
evidence of a symptomatic cerebrovascular event
within the last 6 months, the patient should have imag-
ing of the carotid and brain and undergo carotid revas-
cularization, thereby postponing the noncardiac
surgery.549,553 In patients with peripheral arterial dis-
ease, the rate of asymptomatic carotid stenosis of
greater than 70% is 14%.554,555 Therefore, clinical judge-
ment may dictate the need for preoperative imaging in
patients with peripheral arterial disease underdoing
noncardiac surgery. Most important, carotid stenosis
may be just one sign that the patient has diffuse athero-
sclerosis, in particular, coronary disease. In a prospective
series of 390 patients undergoing elective carotid stent-
ing, 22% had three-vessel disease, and 7% had left main
disease, emphasizing the importance of risk factor
reduction and optimal medical management with anti-
platelet agents, statins, and blood pressure control.151,556

However, there are other predictors of postoperative
stroke, such as female gender or renal failure that are
nonmodifiable.557 If not absolutely contraindicated,
statin and antiplatelet therapy should continue in the
perioperative period of noncardiac surgery in patients
with asymptomatic moderate to severe carotid stenosis,
as long as bleeding risk is not excessive.554 Although
most literature assesses symptomatic stroke and TIA,
there is also an ongoing trial to identify covert stroke af-
ter noncardiac surgery by evaluation of MRI and cogni-
tive assessments.558

Summary and recommendations.
1. Before noncardiac surgery, preoperative carotid and

cerebral imaging is suggested in patients with stroke
or TIA within preceding 6 months.

2. Patients with carotid artery disease undergoing
noncardiac surgery should have the same indications
for intervention as the general population.

3. If possible, statin and antiplatelet therapy should be
continued perioperatively in patients with 50% to
99% asymptomatic stenosis.

4. If a patient has asymptomatic carotid stenosis and
critical limb ischemia, the limb ischemia should be
addressed first.
OPERATIVE VOLUME AND SPECIALTY AND
CAROTID INTERVENTION: CEA AND CAS

Carotid endarterectomy
Several studies concluded that higher surgeon volume

is associated with lower complication rates after
CEA,2,559-562 and others have noted high-volume centers
are associated with better outcomes.563-565 It has also
been reported that surgeon specialty may play a role in
perioperative outcomes after CEA, with some studies
noting advantages of one surgical specialty over
another.559,566,567 Only a few studies have examined the
combined impact of the surgeon’s specialty and volume
as they relate to CEA outcomes.559,567 Healthcare reform
and related issues concerning comparative and cost-
effectiveness are driving the need to define outcome-
related interventions. This is especially true for asymp-
tomatic CEA because some authorities question the
value of stroke prevention vs optimal medical therapy.
A meta-analysis of 25 studies (936,436 CEA) noted a sig-

nificant correlation between CEA in higher-volume cen-
ters and lower risk of 30-day perioperative death,
stroke, and stroke/death. The critical threshold was 79



76S AbuRahma et al Journal of Vascular Surgery
January Supplement 2022
cases per year per center.568 Similarly, a British study of
18,248 CEAs showed there was a significant relationship
between volume and outcomes that favored higher vol-
ume centers. These were associated with a lower mortal-
ity risk and shorter length of stay.569 In this study, the
critical threshold was 35 CEA per center per year.
Enomoto et al570 reported on surgical specialty and

outcomes for CEA using data for 34,493 CEAs from
2005 to 2010 in the NSQIP database. After controlling
for patient/surgical characteristics, patients treated by
general surgeons did not have significant differences in
length of stay or 30-day mortality than those treated by
vascular surgeons. However, general surgery patients
had nearly twice the risk of acquiring a surgical site infec-
tion (OR, 1.9; P ¼ .012) and greater than 1.5 times the risk
of stroke (OR, 1.6; P ¼ .008) than vascular surgery patients.
But general surgery patients had less than half the risk of
MI (OR, 0.34; P ¼ .031) compared with vascular surgery
patient. The authors concluded that surgical specialty
was associated with a wide range of postoperative clin-
ical outcomes after CEA.570

Lieber et al571 reported on the impact of surgical spe-
cialty on outcomes following CEA. using the National
Surgical Quality Inpatient database that included
42,369 patients across all specialties. Patient demo-
graphics were similar between the specialty groups. Re-
sults showed that compared with vascular surgeons,
general surgery patients had significantly a higher post-
operative stroke risk (2.3% vs 1.5%; OR, 1.6; 95% CI, 1.17-
2.21). However, surgical specialty was not a significant
risk factor for 30-day postoperative mortality (0% for
cardiothoracic surgeons; 0.8% for vascular surgeons;
1.1% for general surgeons; and 1.8% for neurosurgeons;
P ¼ .995). Length of stay (P < .001), operative duration
(P < .001), and postoperative requirement for a ventilator
greater than 48 hours (P ¼ .004) were all greatest among
neurosurgeons. The authors concluded that although
there was a difference in postoperative stroke and other
secondary outcomes, no differences in mortality risk
were observed among specialties after CEA.571

AbuRahma et al572 reported on the effect of surgeon’s
specialty and volume on CEA perioperative outcomes
in a retrospective analysis of 953 CEA during a 2-year
period. Surgeons were classified into general surgeons,
cardiothoracic surgeons, and vascular surgeons, and their
volume was categorized into low volume (<10 CEAs),
medium volume (10 to <30 CEAs) and high volume
($30 CEAs). Perioperative stroke and death risk were
1.3%, 2.9%, and 4.1% for vascular surgeons, cardiothoracic
surgeons, and general surgeons, respectively (P ¼ .126). A
subgroup analysis showed that perioperative stroke risks
for asymptomatic patients were 0.7%, 3%, and 3.6% (P ¼
.099) and for symptomatic patients were 2.3%, 2.3%, and
5.3% (P ¼ .511) for vascular surgeons, cardiothoracic sur-
geons, and general surgeons, respectively. Perioperative
stroke risks were higher for nonvascular surgeons
(general surgeons and cardiothoracic surgeons com-
bined) vs vascular surgeons in asymptomatic patients
(3.2% vs 0.7%; P ¼ .033). Additionally, perioperative
stroke/death was also significantly lower for high-
volume surgeons: 1.3% vs 4.1% and 4.3% for medium-
and low-volume surgeons (P ¼ .019) (1.3% vs 4.15% for
high vs low/medium combined; P ¼ .005). A univariate
logistic analysis showed that the OR of having a periop-
erative stroke was 0.4 (95% CI, 0.16-1.07; P ¼ .069) for
vascular surgeons vs cardiothoracic surgeons and gen-
eral surgeons, 0.3 for high-volume surgeons vs low-/me-
dium-volume surgeons (95% CI, 0.1-0.7; P ¼ .008), and
0.2 (95% CI, 0.06-0.45; P ¼ .0004) when patching was
used. A multivariate analysis showed that the OR of hav-
ing a perioperative stroke for low-volume surgeons (vs
high-volume) was 3.4 (95% CI, 0.96-11.8; P ¼ .0581). The au-
thors concluded that high-volume surgeons had signifi-
cantly better perioperative stroke/death rate for CEA
than low-/medium-volume surgeons. The perioperative
stroke/death rate were also higher for nonvascular sur-
geons in asymptomatic patients.572

Recently, Meltzer et al573 analyzed the impact of pro-
vider characteristics on outcomes of CEA for asymptom-
atic carotid stenosis in New York State. In this study,
36,495 patients underwent CEA for asymptomatic dis-
ease performed by vascular surgeons (76%), general sur-
geons (16%), cardiac surgeons (6%), and neurosurgeons
(2%). Unadjusted outcomes improved with increasing
surgeon annual CEA volume. Patients of mid-career sur-
geons had lower stroke and mortality risk than those of
early or late-career surgeons. The odds of mortality
were increased when surgery was performed by the
lowest volume providers (quintile 1, 0-11 CEA/year; OR,
2.61; 95% CI, 1.3-5.3) or a nonspecialty trained general sur-
geon (OR, 1.64; 95% CI, 1.0-2.7). After adjustment for all
patient-level factors, provider volume remained an inde-
pendent predictor of outcome, with significantly
increased odds of mortality for volume quintile 1 (OR,
2.6; 95% CI, 1.3-5.2) and quintile 2 (12-22 CEA/year) (OR,
2.1; 95% CI, 1-4.3) surgeons. The authors concluded that
surgeon characteristics impact outcomes, with the best
results offered by high-volume, mid-career, specialty
trained surgeons.573

Kuehnl et al574 also reported on the association of
annual hospital volume with risk of in-hospital stroke or
death following CEA and carotid stenting by analyzing
the Statutory German Carotid Quality Assurance data-
base. Hospitals were categorized into empirically deter-
mined quintiles according to annual case volume. The
resulting volume thresholds were 10, 25, 46, and 79 for
CEA and 2, 6, 12, and 26 for CAS procedures, and the anal-
ysis included 17,575 CAS procedures and 161,448 CEA. For
CEA patients, the crude risk of stroke or death decreased
from 4.2% (95% CI, 3.6%-4.9%) in low-volume hospitals
(first quintile 1-10 CEA per year) to 2.1% (2.0%-2.2%) in
hospitals providing 80 or more CEA per year (fifth
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quintile; P < .001 for trend). The overall risk of any death
or stroke in CAS patients was 3.7% (3.5%-4%), but no
trend was observed for annual volume (P ¼ .304). Risk-
adjusted analysis confirmed a significant inverse relation-
ship between hospital volume and risk of stroke or death
after CEA but not CAS.574

Using administrative claims databases, Hussain et al575

reported on the association between operator specialty
and outcome after carotid artery revascularization in a
population-based, observational cohort study of all pa-
tients who underwent CEA or CAS in Ontario, Canada,
between 2002 and 2015. In this report, 16,544 patients
were analyzed (14,301 CEA and 2243 CAS). Vascular sur-
geons performed a majority of CEA (56%) followed by
neurosurgeons (21%), general surgeons (15%), cardiac sur-
geons (8%), radiologists (82.5%), and neurosurgeons
(17.5%) performed CAS. In the CEA group, risk of stroke
or death was higher among patients treated by nonvas-
cular surgeons (4%) compared with vascular surgeons
(2.9%; adjusted OR, 1.3; 95% CI, 1.1-1.6; P ¼ .008) but risk
of death was similar in the two groups. The 30-day risk
of stroke or death was higher in CEA patients treated
by neurosurgeons (4.1%; adjusted OR, 1.3; 95% CI, 1.00-
1.6) and cardiac surgeons (4.4%; adjusted OR, 1.5; 95%
CI, 1.0-2.3) compared with vascular surgeons (2.9%). Pa-
tients who underwent CAS by radiologists and neurosur-
geons experienced similar 30-day stroke or death risk
(8% vs 7.9%, respectively; adjusted OR, 1.1; 95% CI, 0.7-
1.7; P ¼ .79).575
Carotid artery stenting
CAS volume. Several prospective multicenter studies

evaluated operator experience to determine if it predicts
outcomes after CAS, yielding mixed results.5,198,576-580

The Carotid ACCULINK/ACCUNET Post Approval Trial to
Uncover Rare Events (CAPTURE 2) Study which included
5297 patients and CHOICE (Evaluating Outcomes
Through the Collection of Clinical Evidence) Study of
5841 patients both showed that physician experience
impacted CAS outcomes.577,580 However, neither the
CABANA (Carotid Stenting Boston Scientific Surveillance
Program) Study of 1025 patients nor the CAPTURE Study
of 3500 patients found that operator experience affected
outcomes.198,578 The CHOICE Study found that increased
time interval between the first CAS and subsequent CAS
procedures was the only independent predictor of 30-
day perioperative stroke, death, and MI after CAS.580

The CAPTURE 2 Study showed an inverse relationship
between operator volume and adverse events.577 Other
studies used regional and national database to evaluate
if annual CAS volume impacts outcome and demon-
strated decreased complication risk when CAS was per-
formed by high-volume surgeons.205,581,582 However, a
study of 4001 CAS procedures by Steppacher et al583 did
not show a difference in in-patient stroke/death risk
based on operator volume. However physician categories
were defined as low (<10 cases/year), medium (9-23
cases/year) and high (>23 cases/year), although other
studies defined this factor differently.
Calvert et al576 reported the results of pooled analysis

from the Carotid Stenting Trialists Collaboration. This
included the EVA-3S trial, the SPACE trial, and the ICSS.
In this study of 1546 CAS patients, neither lifetime stent-
ing experience excluding the carotid nor lifetime CAS
experience impacted 30-day risk of death or stroke. How-
ever, annual in-trial CAS operator volume significantly
impacted outcomes such that low-volume providers
(mean of #3.2 CAS/year) had a 30-day stroke/death risk
of 10%, intermediate-volume providers (3.2-5.6 CAS/
year) had a 30-day stroke/death risk of 8.4%, and with
high-volume providers (>5.6 CAS/year), had 30-day
stroke/death risk of 5.1%.
In a systematic review of outcomes from a registry and

four large case series, it was noted that in active CAS cen-
ters it took almost 2 years of experience before 30-day
stroke/death risk fell below 5%.584 A large high-risk for
CEA registry, showed that a lifetime experience of 72
CAS procedures was needed to achieve 30-day stroke/
death risk of less than 3% in asymptomatic patients
less than 80 years of age.577 In an analysis of Medicare
beneficiaries, Nallamothu et al205 showed that 30-day
mortality was significantly higher when practitioners per-
formed fewer than six CAS procedures per year,
compared with more than 24 (OR, 1.9; 95% CI, 1.4-2.7;
P < .001). Setacci et al585 reported data from a large
single-center series involving 2124 CAS procedures and
showed that a lifetime experience of more than 100
CAS procedures was associated with significantly fewer
perioperative strokes (OR, 0.81; 95% CI, 0.7-0.95), whereas
a lifetime experience of fewer than 50 CAS procedures
was a significant predictor of increased risk of periopera-
tive stroke (P < .001).
As noted elsewhere in this article, Calvet et al576

concluded that CAS practitioners should be performing
at least six CAS procedures each year. The Society for Car-
diovascular Angiography and Interventions and the Soci-
ety for Vascular Medicine both advise that in the setting
of low CAS volumes, 25 lifetime CAS procedures is
reasonable to achieve competence, along with annual
10 to 15 CAS procedures to maintain competency.586

These numbers assume that 3% asymptomatic and 6%
for symptomatic thresholds are maintained.
CAS provider specialty
The CREST study noted no differences in outcome for

CAS based on operator specialty.5 The CAPTURE 2 study
noted that patients of interventional cardiologists
tended to have a lower 30-day stroke/death risk than
those of other specialties, but the difference was not sta-
tistically significant.577 The CHOICE study, which
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separated specialties into surgery, radiology/neurology,
and cardiology,580 demonstrated that cardiologists had
reduced EPD dwell times (the time during which the ce-
rebral protection devices were deployed in place),
compared with surgery and radiology/neurology. Howev-
er, the 30-day stroke/death/MI risk did not differ among
the three specialties. Similarly, the CAPTURE study found
no difference in 30-day stroke/death/MI based on spe-
cialty.577 Vogel et al587 evaluated the State Inpatient
Database for New Jersey and found that in 625 CAS pa-
tients, stroke risk was not significantly different between
specialties. Interestingly, vascular surgeons did have a
lower mean hospital cost with radiology and cardiology.
Similarly, Steppacher et al583 used the State In-Patent
Databases from New York and Florida to evaluate 4001
CAS procedures, demonstrating no difference in in-
patient stroke or death risk between interventional cardi-
ology, interventional radiology, and vascular surgery.
Additionally, Sgroi et al588 evaluated 20,663 CAS patients
from the National Impatient Sample database, where
operators were classified into surgeons and intervention-
alists, and demonstrated that the 30-day stroke/death/MI
risks were not significantly different between the two
groups.588 However, the study showed that the interven-
tionalists did have increased hospital charges and length
of stay compared with the surgeons.
Recently, AbuRahma et al589 reported on the clinical

outcome of CAS according to provider specialty and vol-
ume. Four hundred fourteen CAS procedures (44% for
symptomatic indications) were analyzed. Clinical charac-
teristics and demographics were similar between spe-
cialties. Major adverse events rates (stroke/MI/death)
were not significantly different between specialties:
7.1% for interventional radiologists, 6.7% for interventional
vascular medicine, 6.3% for vascular surgeons, and 3.1%
for interventional cardiologists (P ¼ .3121; 6.3% for vascular
surgeons and 3.8% for others combined; P ¼ .2469).
When physicians with less than 5 CAS/year were
excluded: the major adverse event rates were 6.7% for
interventional vascular medicine, 4.7% for vascular sur-
geons, and 3.1% for interventional cardiologists (P ¼
.5633). When physicians performing fewer than five CAS
per year were excluded, and the vascular surgeons alone
were compared with others, the MAE rates were 3.6% for
non-vascular surgeons vs 4.7% for vascular surgeons (P ¼
.5958). The major adverse event rate for high-volume pro-
viders was 4.0% vs 9.5% for low-volume providers, regard-
less of their specialty (P ¼ .1002). Logistic regression
analysis showed that for high-volume providers, the OR
of major adverse event rate was 0.4 (95% CI, 0.15-1.1; P ¼
.0674). The authors concluded that perioperative major
adverse event risks for CAS, regardless of specialties,
were similar across various providers, particularly for
vascular surgeons with similar volumes as nonvascular
surgeons. Low-volume providers had higher major
adverse event rates.
POSTCAROTID INTERVENTION SURVEILLANCE:
POST CEA AND POST STENTING
Surveillance after a carotid intervention is common

practice established on historical ipsilateral restenosis,
contralateral disease progression and associated stroke
risk. Traditional surveillance protocols for both CEA and
CAS have been very rigorous, including ultrasound exam-
ination follow-up at 1, 3, 6, 12, and 18 months and annually
thereafter, with some variation in early postoperative sur-
veillance.590-593

Early surveillance (eg, at 1-3 months), particularly when
intraoperative completion imaging has not been per-
formed, helps to identify technical errors and establishes
a baseline for subsequent comparisons. Follow-up can
detect ipsilateral carotid restenosis and contralateral dis-
ease progression, thereby providing an opportunity for
timely intervention to reduce stroke risk. This notion,
however, is increasingly challenged because of the
decreasing and selective role for intervention in other-
wise asymptomatic patients.462,590,594-596 A surveillance
protocol is meaningful when anticipated results are likely
to alter a medical or interventional treatment plan in a
cost-effective manner.
Duplex ultrasound examination is the standard tech-

nique to observe patients treated with CEA or CAS. The
advantages of duplex ultrasound examination for
follow-up of patients undergoing carotid revasculariza-
tion are well recognized. It is noninvasive, free of compli-
cations, and readily available in vascular laboratories. CTA
and MR angiography are alternative methods for deter-
mining restenosis after carotid procedures. The atten-
dant radiation, nephrotoxic contrast agents, and
expense incurred with these modalities means that
they are more frequently used to confirm a suspected se-
vere restenosis after CEA or CAS when a therapeutic
intervention is being considered.597

Surveillance for restenosis
As described in Section COMPLICATIONS OF CAROTID

INTERVENTION, carotid restenosis occurs in a bimodal
distribution. Restenosis is generally attributed to neointi-
mal hyperplasia when occurring within the first 2 years
after revascularization or to recurrence of underlying
atherosclerotic disease thereafter. As demonstrated in a
recent meta-analysis of randomized trials, the antici-
pated, clinically relevant incidence of restenosis 70% or
more is 5.8% after any CEA and 10% after CAS within 4
to 5 years of follow-up.462

Although an increased risk of stroke has been shown in
patients with at least moderate ($50%) stenosis, the
mechanism of the stroke is not clear and may be of car-
diac origin or a lacunar stroke.595,598 Without high-quality
evidence, that patients who suffer a stroke or TIA in the
presence of carotid restenosis 50% to 99% should be
considered for CEA or CAS. For asymptomatic stenoses
however, intervention should not be considered before
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restenosis exceeds 70%, because the value is uncertain
and the associated risk is high (see Section
COMPLICATIONS OF CAROTID INTERVENTION).
A vast majority of the few patients who develop reste-

nosis will remain asymptomatic. In the meta-analysis
cited above, 1.5% and 5.2% of CEA patients with 0% to
69% and 70% to 99% stenosis, respectively, developed
a late ipsilateral stroke. The corresponding stroke risks
for CAS were 2.2% and 0.8%, suggesting a lower
restenosis-mediated risk compared with CEA.462 Even
with the higher restenosis-mediated risk of CEA, the ab-
solute risk reduction in late ipsilateral stroke is small. The
2% to 3% stroke risk of reintervention (CEA or CAS)460,599

needs to be considered in the cost of any surveillance
protocol, given that the annual risk of ipsilateral (non-
procedure-related) stroke is only about 1% to 2%.600

A cost-effectiveness analysis of post-CEA ultrasound ex-
amination surveillance estimated total hospital charges
of $1,408,320 with a reimbursement of $702,400 for 489
CEAs followed up at 24 hours, 1, 6, and 12 months, and
annually thereafter. This surveillance protocol detected
only four patients with a greater than 80% restenosis,
raising concerns about overuse of surveillance ultrasound
assessments. The authors challenged the need for sur-
veillance as not cost-effective and suggested decision
making based on severity of the contralateral carotid.596

Surveillance for contralateral carotid disease
Contralateral carotid disease progression after CEA and

its clinical significance have been controversial in terms
of the need and frequency of surveillance as well as the
need for prophylactic surgical management among
asymptomatic patients.590,593,601-604

Irrespective of baseline contralateral ICA stenosis, by
2 years, 5% to 15% of patients will progress by one duplex
defined categorical range (from <50% to 50%-69% or
from 50%-69% to >70%).590,593,603,605,606 More important
than the progression itself is the associated risk of stroke
with higher grades of stenosis. Many studies have
confirmed associations between disease progression
and stroke. However, the low overall risk, partly related to
the protective role of the index CEA and partly to optimi-
zation of medical treatment, challenge the need for ca-
rotid intervention in patients with asymptomatic carotid
stenosis with prior contralateral CEA.590,593,602,603,605,606

In the most recent retrospective study, late stroke risk in
patients with disease progression of the contralateral
ICA was almost double that of those without progression
(7.0% vs 3.3%). However, the difference did not reach sig-
nificance even when only progression to severe stenosis
was considered, an observation that points to other stroke
sources (eg, cardiac origin or a lacunar stroke). The authors
concluded that 95% of patients who undergo CEA will
take at least 2 years to progress to clinically relevant severe
($70%) ipsilateral or contralateral stenosis and that risk of
stroke, even for those who progress is very low.590
There are no robust data regarding intervals for follow-
up imaging, and existing recommendations vary from
“no surveillance” to selective to rigorous follow-up.607 Tar-
geted imaging surveillance programs based on a pa-
tient’s individual risk factors may be more cost effective.
Female gender, diabetes, renal insufficiency, continued
smoking, and impaired cerebrovascular reactivity (eg,
electrophysiological changes during clamping or neuro-
logic symptoms during balloon inflation) have been
associated with disease progression and/or symptomatic
conversion.453,590,595,608,609

If cost effectiveness is considered in developing policies
to guide perioperative duplex scan surveillance, it is
reasonable to scan at 1 year and annually thereafter until
disease seems to be stable, defined as no restenosis is
observed in two consecutive annual scans. Annual
follow-up also allows careful reassessment of risk factors
and medical treatment optimization. More frequent
follow-up can be considered for higher risk groups.
Summary and recommendations.
1. After CEA or CAS, we recommend surveillance with

duplex ultrasound examination at baseline
(#3 months) and annually thereafter until stable (ie,
until no restenosis observed in two consecutive
annual scans). Subsequent interval or regular surveil-
lance (eg, every 2 years) can be selectively maintained
based on the stenosis of the contralateral ICA, the risk
profile and life expectancy of the patient.

2. For patients combining multiple risk factors for reste-
nosis after CEA or CAS (eg, female gender, diabetes,
renal insufficiency, continued smoking, and impaired
cerebrovascular reactivity) we recommend surveil-
lance with duplex ultrasound examination every
6 months until a stable clinical pattern is established
and annually thereafter.

CAROTID INTERVENTION: CEA OR CAS AND
COGNITIVE FUNCTION

Carotid disease and cognitive function. As medical ad-
vances increase the average lifespan of the world popu-
lation, the prevalence of dementia will increase and
place additional economic burdens on caregivers and
the healthcare system as a whole.610,611 Many factors in-
fluence dementia risk.612 Current literature suggests an
association between carotid occlusive disease and
increased risk for cognitive deterioration.613-615 Both
chronic hypoperfusion and embolization are implicated
in cognitive deterioration.616

The association between stroke and cognitive dysfunc-
tion has been clearly documented, Cognitive impair-
ment following stroke ranges from 20% to 40%.617,618

The relationship between asymptomatic carotid stenosis
and cognitive function is still controversial. Multiple large
population-based cross-sectional and cohort studies
including the Tromsø Study, Rotterdam Study, Framing-
ham Study, and Cardiovascular Health Study show that
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subjects with asymptomatic carotid stenosis preform
significantly worse on cognitive measures than control
subjects without carotid stenosis.614-616,619 These
population-based studies show an overall trend of
decreased cerebral blood flow and increased silent in-
farcts on the hemisphere of the brain ipsilateral to the
carotid artery with various degree of asymptomatic ste-
nosis. More specifically, decreased cerebral blood flow
and decreased brain volume have been associated with
deterioration in various cognitive domains.620-622 In addi-
tion, studies have shown that 10% to 20% of asymptom-
atic patients with severe carotid stenosis have embolic
signals and these signals are higher for symptomatic pa-
tients.623,624 A linear relationship between the process of
mechanically unstable areas of carotid plaques and
cognitive decline suggests a contributory role of micro-
embolization in silent strokes.613 Several studies showed
that embolic signals are associated with faster cognitive
deterioration and dementia in elderly despite an
absence of neurologic symptoms.625-627 Although pa-
tients with evidence of carotid stenosis have impaired
cognitive function compared with healthy controls inde-
pendent of common vascular risk factors,615,628 vascular
disease shares common risk factors with cognitive
decline. These common factors include hypertension,
diabetes, and smoking, making it difficult to differentiate
between causation and correlation.

The effects of revascularization procedures on cogni-
tion. Both CEA and stenting, particularly CEA, decrease
stroke risk,5,203 but the effect of carotid intervention on
cognitive function has been long debated.629

Many studies show an improvement in cognitive func-
tion after carotid revascularization procedures. Presum-
ably, improved cerebral perfusion and removal of
embolic source have a positive impact on brain health.
Qu et al630 showed that CEA for severe carotid stenosis
following a minor stroke improved neurocognitive,
ophthalmic, and acoustic functions compared with
those did not receive treatment. Several prospective
case-control studies showed that successful revasculari-
zation improves long-term cognitive performance
measured by cognitive batteries compared with those
who did not receive treatment,631,632 and by P300 audi-
tory evoked potentials.633 Auditory evoked potentials
present changes of brain electrical activity caused by
auditory stimulus and the P300 wave is a measurable
direct reaction of the brain to a certain sensory, cognitive,
or mechanical stimulus.634,635

Fierstra et al636 also showed increased cerebral blood
flow and cortical thickness measured by MRI for those
who received successful revascularization for severe
occlusive cerebrovascular disease in whom affected
brain areas exhibited “steal physiology.” However, owing
to rich intracranial collaterals, unilateral severe carotid
stenosis may not correspond with severe cortical
ischemia.637 Therefore, the benefit of improved perfusion
cannot be generalized. Although the aforementioned
prospective longitudinal studies followed relatively
vigorous study protocols, the cognitive benefit of carotid
intervention has not been definitely established and
thus, cannot be recommended owing to relatively small
sample sizes.
In addition, procedure-related subclinical microemboli-

zation is common and carotid stenting is associated with
a higher incidence of microembolization.382,638-641 The
cognitive impact of microembolization may be signifi-
cant, but the effects are difficult to decipher.642-645

Although many studies show procedure-related micro-
embolization is associated with deterioration in cognitive
domains after carotid revascularization procedures;
others do not.639,642-645 Owing to differing sizes of
embolic particles, locations of these micro-embolic le-
sions, it is challenging to select the appropriate cognitive
batteries to test the true cognitive impacts of embolic le-
sions.646 Studies have shown improved cognitive func-
tion despite an evidence of microembolization and
that size of emboli play a significant role in neuronal
death and long-term cognitive outcomes.646,647

It is important to recognize that the confluence of fac-
tors contributing to poorer vascular health may also
affect cognition, and many other factors may also
contribute to which patients experience procedure-
related cognitive changes. Baseline brain connectivity648

and inflammatory status649 have been shown to
contribute to cognitive changes following carotid inter-
ventions. Physical activity650,651 also contributes to cogni-
tive health.

COST ANALYSIS OF CEA AND CAS
Although health insurance coverage has been

extended to millions of previously uninsured individuals
in the United States, out of pocket expenses have risen
more rapidly than at any time in our history. From 2004
through 2014, for example, deductibles increased by
256% and coinsurance has increased by 106%.652 As a
result, many healthcare facilities are asking patients to
pay out-of-pocket expenses up front.653 In fact, there is
evidence that many patients are delaying or foregoing
medical/surgical treatment because of out-of-pocket
costs.654 Massachusetts became the first state in the
United States to require hospitals to post healthcare pri-
ces.655 Of particular relevance to vascular surgeons, the
Centers for Medicare and Medicaid Services proposed
that hospitals post prices online.656 It seems undeniable
that patients will be increasingly focused on the cost of
proposed procedures as well as the potential clinical
benefits and risks. As a result, several organizations
have determined that it is now appropriate for clinical
practice guidelines to factor in cost in determining best
practices.657,658 The respective costs of CEA vs CAS have
been studied in several institutional series, population
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database studies, meta-analyses, randomized clinical tri-
als, and through models of cost efficacy.
In an early institutional series, 45 patientswith symptom-

atic carotid stenoses whowere considered high risk (NAS-
CET-ineligible) for CEA underwent CAS between 1996 and
2002, and their costs were comparedwith a control series
of 391 patients with comparable risk factors who under-
went CEA. Median total costs were $10,628 vs $10,148
(P¼ .495) for CAS andCEApatients, respectively. However,
these results are confounded by a length of stay of 4.1 days
for CEA, which is not the standard of care in current do-
mestic practice, compared with a length of stay of
1.6 days for CAS. When data were adjusted for length of
stay, CEAwas less costly thanCAS.659 In another early insti-
tutional series of 46 patients undergoing CAS and 48 pa-
tients undergoing CEA, CAS was associated with higher
total procedural costs ($17,402 vs $12,112; P ¼ .029) and
direct costs ($10,522 vs $7227; P¼ .017). Of note, the hospi-
tal length of stay was 1.2 days for CAS and 2.1 days for CEA.
Themajor driver of thedifferencewas supply costs for CAS
and CEA ($15,407 vs $1953; P ¼ .001), respectively.660 In a
similar institutional study from Korea (in which costs are
expressed in thousands of Koreanwon, TW) that included
28 patients who underwent CEA and 19 patients who un-
derwent CAS, procedure and resource costs were higher
in CAS patients (5122 6 674 TW vs 2622 6 332 TW; P <

.001), although total hospital costs were similar owing to
higher postprocedure costs among CEA cases. This re-
flected the excessive length of stay for both procedures,
but especially CEA patients, compared with contempo-
rary American standards (9.4 6 3.0 for CEA vs 4.8 6

3.2 days for CAS).661 In another single institution study of
31 patients undergoing CAS and 31 patients undergoing
CEA, total direct costs for CAS and CEA were $8219 6

$2958 and $3765 6 $2170 (P < .001), respectively.662 The
largest single institution study reported to date included
174 patients who underwent CEA and 132 patients who
underwent CAS. Data showed that mean hospital costs
were $9426 6 5775 for CAS and $6734 6 3935 for CEA
(P < .0001). As in other reports, the major driver of this dif-
ferential was supply costs which were $5634 for CAS vs
$1967 for CEA (P < .0001). Hospital length of stay was
2.1 days for both groups.663

Population database analyses provide generally compa-
rable results. In themost recent analysis from the Premier
Perspective Database that used propensity score match-
ing, total hospital costs among asymptomatic patients
were 40% higher for CAS compared with CEA ($11,814 vs
$8378; P< .001); and 37% higher among symptomatic pa-
tients $19,426 vs $14,190; P < .001).664 These findings paral-
lel an earlier study from the National Inpatient Sample of
404,256 patients who underwent either CEA or CAS from
2005 through 2007. Median charges were significantly
higher for patients who underwent CAS (P < .0001).1

Conversely, a recent meta-analysis of 17 studies found
that procedure costs were 51% higher for CAS compared
with CEA, largely owing to the costs of devices and sup-
plies. However, costs of the index admission in total were
comparable owing to higher postprocedure CEA costs.665

The relative costs of CAS and CEA will clearly impact
hospital profitability. An analysis of the National Inpatient
Sample from 2001 through 2008 identified 181,200 CEA
and 12,485 CAS procedures. Median costs for uncompli-
cated CEA and CAS cases were $1466 and $3272 higher
than the average Medicare reimbursement, respectively.
Median costs for patients with intermediate levels of co-
morbid conditions for CEA and CAS cases were $2847
and $4926 higher than Medicare reimbursements,
respectively. For patients with the highest levels of co-
morbid conditions, the median costs for CEA and CAS
were $23,399 and $21,750 higher than Medicare reim-
bursements, respectively.666 These findings were sup-
ported by a single institution study of 169 patients
undergoing CEA and 132 patients undergoing CAS. Hos-
pital reimbursement was 16% higher for CAS compared
with CEA ($12,000 6 $7372 vs $10,160 6 6840; P ¼ .02).
However, hospital net revenue was 29% higher ($3487
vs $2603) among patients undergoing CEA compared
with CAS owing to much higher CAS supply costs.667

Several investigators have reported long-term cost effi-
cacy analyses of CAS and CEA. In one report, outcomes of
447 patients undergoing CEA in a single institution were
compared with CAS outcomes in the literature. A Markov
decision model was constructed that included proce-
dural costs and long-term cost of morbidities such as
stroke. Procedural costs of CEA and CAS were $7871
and $10,133, respectively. Assuming a procedural stroke
rate of 0.9% for CEA and 5.0% for CAS, and a 30-day mor-
tality rate of 0% for CEA and 1.2% for CAS, CEA was found
to be associated with a lifetime saving of $7017 per pa-
tient and an increase in quality-adjusted life years saved
of 0.16.668 In another report, a cost utility analysis using a
Markov model was carried out using a Korean database
which included 346 CAS and 331 CEA procedures per-
formed for symptomatic disease. CAS produced 6.49
quality-adjusted life-years compared with 6.71 quality-
adjusted life-years for CEA, with significantly higher costs
for CAS.669 Similarly, the Canadian health system data-
base was used to carry out a cost utility analysis among
symptomatic patients using a Markov analytical model.
In the base case analysis, CAS was noted to be more
costly (incremental cost of $6107) and have a lower utility
(e0.12 quality-adjusted life-years). The drivers of these re-
sults were the costs of the procedures and the incidence
of periprocedural complications. CAS was only cost effec-
tive among high-surgical risk patients.670

In the CREST, estimated net costs were $18,335 and
$13,276 for CAS and CEA, respectively.671 However, in
another report, a Markov disease simulation model was
used to analyze CREST data to project 10-year costs
and quality-adjusted life-year expectancy for the two pa-
tient populations. CAS was associated with a mean



82S AbuRahma et al Journal of Vascular Surgery
January Supplement 2022
incremental cost of $524 per patient and a reduction in
quality-adjusted life expectancy of 0.008 years. It is un-
clear whether the practitioners who participated in
CREST through a rigorous selection process reflect
what can be expected in general practice of CAS and
CEA.672 The authors of the latter study also noted that
although CEA and CAS provided comparable overall re-
sults, more widespread performance of CAS may be
limited by the costs associated with CAS.672 Other inves-
tigators also conducted a cost utility analysis of the re-
sults of the ICSS over a 5-year horizon. This analysis
found that there were no significant differences in
adjusted costs between the two procedures or in
adjusted outcomes. However, the authors of this report
noted that the study was limited by failure to capture
the costs of managing strokes in the study, and the fact
that the costs of supplies may not apply to other
countries.673

Although the clinical results of CAS continue to
improve, it seems clear from objective evidence accumu-
lated to date that more broad-based applicability may
be limited by economic considerations. This should be
considered by clinicians when electing how to treat pa-
tients with carotid artery disease, and it may also influ-
ence patient decision-making. It seems clear that a
reduction in the costs associated with carotid stents
and associated other necessary endovascular tools may
be necessary,674 and/or reimbursement by payors will
need to match associated costs.
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