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Carotid Revascularization: An Update
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ABSTRACT: Symptomatic extracranial internal carotid artery stenosis poses a high short-time risk of
ischemic cerebral stroke, as high as 20% to 30% in the first three months. Timely performed carotid
endarterectomy (CEA) has been shown to be highly effective in reducing this risk although, in recent
years, there has been great interest in replacing this procedure with less invasive carotid angioplasty and
stenting (CAS). In this update we review recent studies and provide recommendations regarding the
indications, methods and timing of surgical intervention as well as the anaesthetic management of CEA,
and we report on recently published randomized controlled trials comparing CEA to CAS. We also
provide recommendations regarding the sometime neglected but important medical management of
patients undergoing carotid intervention, including antithrombotic and antihypertension therapy, lipid
lowering agents, assistance with smoking cessation, and diabetes control.

RESUME: Mise a jour sur la revascularisation carotidienne. La sténose symptomatique de la partie
extracranienne de la carotide interne comporte un risque élevé d’accident vasculaire cérébral ischémique a court
terme, de 1’ordre de 20 % a 30 % au cours des trois premiers mois. L’endartérectomie carotidienne (EAC) effectuée
en temps opportun diminue efficacement ce risque, bien qu’il y ait un intérét croissant depuis quelques années pour
remplacer cette intervention par 1’angioplastie carotidienne et la mise en place d’un stent (ACS), une intervention
moins effractive. Dans cette mise a jour, nous revoyons les études récentes et nous faisons des recommandations sur
les indications, les méthodes et le moment choisi pour I’intervention chirurgicale ainsi qu’au sujet de 1’anesthésie
pour ’EAC et nous rapportons les essais contr6lés randomisés publiés récemment qui comparent I’EAC et I’ACS.
Nous formulons des recommandations concernant le traitement médical des patients qui subissent une intervention
carotidienne, un aspect important mais souvent négligé du traitement de ces patients, dont la thérapie
antithrombotique et antihypertensive, les agents hypolipidémiants, le soutien pour I’arrét du tabagisme et le controle
du diabete.

Can. J. Neurol. Sci. 2010; 37: 320-335

In 1953, Bill Lougheed, a research fellow from the University
of Toronto, and Dr. Hannibal Hamlin, an attending neurosurgeon
at the Massachusetts General Hospital in Boston, excised the
atherosclerotic origin of an internal carotid artery in a middle-
aged woman who had suffered an ipsilateral stroke, and then tied
together the proximal and distal artery ends with an “end-to-end”
vascular anastomosis. The ensuing case report did not appear in
the Journal of Neurosurgery until 1958!, four years after the
same operation, a segmental arterectomy and reanastomosis, was
both performed and reported by Eastcott, Pickering and Rob
from St. Mary’s Hospital in London, England (the New England
Journal of Medicine had a remarkably fast submission to
publication time even then).> Denton Cooley, an American
cardiovascular surgeon, provided the first description of an
actual carotid endarterectomy, which is plaque removal through
an arterial opening, or “arteriotomy”, in 1956.% That same year
the first carotid endarterectomies were performed in Canada, the
first three patients diagnosed and referred for surgery by Henry
Barnett, a neurologist then newly on staff at the Toronto General
Hospital (TGH) with an emerging interest in cerebrovascular
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disease. These first three patients had their surgeries performed
by cardiovascular surgeons at TGH, but when Harry Botterell,
Chief of Neurosurgery at TGH at the time, returned from a trip
abroad and learned of these events he “raised the roof” (HIM
Barnett, personal communication). Along with Bill Bigelow,
Chief of Cardiovascular Surgery, he laid down a rule at TGH that
arteries north of the clavicle were the domain of the
neurosurgeons, and those beneath would be looked after by
cardiovascular surgeons. Bill Lougheed, by then a junior staff
neurosurgeon at TGH with a special interest in vascular diseases
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of the brain, performed the first large series of carotid
endarterectomies (CEAs) in Canada, many of them referred by
his colleague Henry Barnett. Indeed those two men along with
Robert Elgie described this early experience (a total of 109
patients) in the Canadian Medical Association Journal in 1966.
Dr. Lougheed went on to teach generations of Canadian
neurosurgeons when and how to repair atherosclerosis at the
origin of the internal carotid artery, an operation he had helped
invent and later perfected. Dr. Barnett went on to contribute
probably more than any other single person ever has or will to
the scientific understanding of carotid disease and its best
treatment.>

Carotid endarterectomy was reviewed in this journal in 2004,
including the investigation of carotid stenosis, indications for
CEA, various surgical techniques, intraoperative monitoring and
anaesthetic considerations, and what was known at that time
about carotid angioplasty and stenting.” Carotid surgery
continues to be the most studied surgical procedure in the history
of medicine, and in this update we will review developments and
new published information over the past five years.

Symptomatic stenosis: Indications and Timing

Now over a decade since publication of the randomized trials
evaluating the benefit and risk of CEA compared to medical
(mainly aspirin) treatment alone ®!? the indications for CEA for
symptomatic internal carotid artery stenosis are well established.
As auditing studies have shown, referring physicians and
surgeons should periodically evaluate their practices in order to
offer the most appropriate care.'*!> Carotid endarterectomy
should be considered for patients with significant carotid
stenosis (50% or greater, comparing the narrowest diameter of
the stenosed lumen to the diameter of the normal internal carotid
artery beyond the plaque) causing either transient ischemic
attack (TIAs) or nondisabling stroke. Patients with 70% or
greater symptomatic stenosis are particularly appropriate
candidates for CEA. Patients should be in stable medical
condition (excluding patients with recent myocardial infarction,
unstable angina or severe congestive heart failure, for example),
and accept the major risk associated with surgical revascular-
ization, namely stroke or death, which in the hands of individual
surgeons should be no higher than 5% at 30 days.

Transient ischemic attack has recently been redefined: TIAs
are brief and transient episodes of neurological dysfunction
caused by focal brain, spinal cord or retinal ischemia, without
acute infarction.'® The majority of TIAs last less than one hour,
but a specific time criterion (such as “lasting less than 24 hours”,
part of the former definition) is no longer felt to be helpful for a
number of reasons, including the fact that there is no strict
correlation between clinical symptoms and signs of tissue
infarction on neuroimaging, the most sensitive being diffusion
weighted imaging (DWI) lesions on magnetic resonance imaging
(MRI)."7

Risk factors for secondary stroke, and therefore indicators of
enhanced benefit from CEA, that emerged from the
aforementioned randomized trials include male gender, and, at
presentation: a hemispheric as opposed to retinal (amaurosis
fugax) event, a stroke as opposed to TIA (excluding extensive
infarcts), and more advanced patient age.'®!? An evaluation of
the North American Symptomatic Carotid Endarterectomy Trial
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(NASCET) and the ASA and Carotid Endarterectomy (ACE)
trial patients concluded that women and men with severe
symptomatic stenosis had similar long-term benefit from CEA,
although the perioperative risks were higher for women.?
Carotid endarterectomy was not beneficial for women with 50%
to 69% stenosis without other risk factors for stroke, mentioned
above.

Vascular risk factors that also appear to enhance the benefit of
CEA include a higher degree of stenosis (until “near occlusion”,
approaching 99%, when the risk declines)?'?? plaque irregularity
or ulceration,”>?* contralateral carotid occlusion,'® the presence
of intraluminal thrombus,? the presence of intracranial
(“tandem”) atherosclerosis distal to the symptomatic stenosis,?
the absence of good collateral pathways to the distal internal
carotid artery,”’” and the presence of leukoaraiosis (white-matter
changes) on brain computed tomography (CT) scanning.?® It was
found in a prospective study of 200 patients with symptomatic
carotid stenosis of at least 50% that asymptomatic cerebral
emboli detected by transcranial Doppler ultrasound (TCD) in a
one hour recording was associated with a significantly higher
risk of stroke prior to either surgical intervention or study end at
90 days (0% risk when no emboli were detected vs. 7.5% risk
when audio signals of emboli were detected).? This reflects the
fact that the mechanism of stroke secondary to carotid stenosis is
most often artery-to-artery embolism, following plaque rupture
and not related to flow limitation.

Patients with recent ischemic symptoms who are in unstable
medical condition or who are found to have an anatomically
distal stenosis difficult to expose surgically should be considered
for carotid angioplasty and stenting (CAS, to be discussed in the
next section).

A number of studies have shown that the risk of stroke after
first TIA is between 10% and 20% in the first 90 days, many
occurring in the first several days.*-3 Factors particularly
predictive of early stroke include lateralizing symptoms or signs
and an infarct identified on CT scan, probably because their
presence narrows the patient population down even further to
those with symptomatic carotid stenosis as the underlying cause
of the neurological deficit. In a smaller study of 83 patients
suffering classical, clinically reversible TIAs, it was found that
those with DWI abnormalities and symptoms lasting more than
one hour had a significantly higher risk of experiencing a
subsequent fixed stroke.?

Patients with recent TIA symptoms or a nondisabling stroke
should undergo urgent investigation®® and recommendations
from the Canadian Stroke Strategy (a joint initiative of the
Canadian Stroke Network and the Heart and Stroke Foundation
of Canada) state that those found to have an ipsilateral 70% -
99% internal carotid artery stenosis should be offered CEA
within two weeks of the incident TIA or stroke unless
contraindicated (Evidence Level A) .7 There is evidence that this
target is not currently being achieved in Canada; of 105 patients
who underwent CEA within six months of their first ischemic
event at 12 stroke centres in Ontario between 2003 and 2006,
only 38 (one-third) had surgery within the recommended two-
week timeframe, and 26 (one-quarter), surgery was delayed more
than three months.*® Large strokes accompanied by major and/or
clinically progressing deficits have a high surgical risk and
should not undergo early CEA. Clinical stabilization and then
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recovery over several months is recommended before CEA is
reconsidered for future cerebral protection.

Asymptomatic Stenosis

Asymptomatic patients benefit substantially less from CEA
and, for any benefit at all, surgery must be performed with
especially low perioperative stroke rates, in the range of 2 or 3%.
Since our last review another large randomized trial of CEA vs.
initial medical management for asymptomatic carotid stenosis,
the Asymptomatic Carotid Surgery Trial (ACST) has been
published.® Similar to results of the Asymptomatic Carotid
Atherosclerosis Study (ACAS),* CEA roughly halved the five-
year stroke risk from 12% to 6% for patients with stenosis 60%
or greater (amounting to an absolute risk reduction 6.6%),

however this reduction was accomplished with a 3.5% 30-day
perioperative major stroke or death risk, as opposed to the very
low 1.2% risk seen in ACAS.

Asymptomatic carotid stenosis of at least moderate severity
(50% or greater) is prevalent in the aging population, increasing
among men and women, respectively, from 4.8% and 2.2% for
persons less than 70 years-of-age, to 12.5% and 6.9% for those
70 years-of-age or older*! Asymptomatic carotid stenosis is an
independent predictor of vascular death, ischemic stroke and
myocardial infarction,*> and the risk is highest in males with
higher degrees of stenosis.** The risk of ipsilateral ischemic
stroke is in the order of several percent per year, based on the
reported prognosis of medically-treated patients enrolled in CEA
trials for asymptomatic disease,**° or long-term observations in
the territory of an asymptomatic stenosis in symptomatic CEA
trials 444
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The decision to offer CEA to asymptomatic patients remains
uncertain, given the relatively benign natural history of the
condition and modest absolute risk reduction for ipsilateral
stroke provided by surgery with very low stroke risk. In balance,
it can be stated that the majority of patients with asymptomatic
carotid stenosis do not require CEA. Younger patient age, male

Figures 1-3: A 65-year-old man experienced a series of right hemisphere
TIAs over a 48-hour period, the episodes of left-sided hand and face
weakness becoming increasingly severe and longer (“crescendo TIAS™).
CT-angiography revealed an underlying 70% stenosis of the right internal
carotid right at its origin (Figure 1), while his opposite, left carotid artery
(Figure 2) showed no significant stenosis, and coronal cuts through the
circle of Willis (Figure 3)) indicated good caliber vessels and a patent
anterior circle. CT-angiography requires examination of multiple ““source”
slices, not all shown here, for full understanding of the anatomy. The
patient’s TIAs stopped after systemic heparinization and he underwent a
successful carotid endarterectomy the following day.
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gender, higher degree of stenosis, evidence of brain infarction on
CT or MR imaging, contralateral carotid occlusion and evidence
of plaque progression are some of the proposed risk factors
favoring carotid repair.” Canadian Best Practice guidelines state
that CEA may be considered for selected patients with
asymptomatic 60% - 99% carotid stenosis, providing patients are
less than 75 years-of-age, have a surgical risk less than 3%, a life
expectancy of greater than five years and are evaluated by
a physician with expertise in stroke management (Evidence
Level A).%7

Evaluation of Carotid Stenosis

Patients with suspected TIA or minor stroke require
immediate brain imaging with CT or MRI, which may reveal an
unsuspected cause of a transient neurological deficit, such as a
brain tumor, subdural hematoma or small intracerebral
hemorrhage (TTA mimics). There may also be evidence of acute
infarction even if the patient has recovered from a TIA,
particularly on DWI MRI.

If carotid stenosis is the suspected underlying cause
neurovascular imaging is indicated as soon as possible,
preferably within 24 hours of symptom onset. Patients who may
be candidates for carotid revascularization should undergo
carotid duplex ultrasonography (CUS), CT angiography (CTA)
or magnetic resonance angiography (MRA) of the cervico-
cephalic vessels, and in the case of CTA and MRA imaging of the
intracranial vasculature as well.'®37 The choice of tests usually
reflects local practice and interests, as well as other medical
considerations such as the presence of a pacemaker or renal
insufficiency. The first investigation in many centers is CUS,

Figure 4: When the common facial vein bridges over the carotid arteries
distal to the common carotid bifurcation it may be contiguous to the
hypoglossal nerve, as shown in this case. Great care must be taken not to
include the hypoglossal nerve when isolating and dividing the common
facial vein.
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which has a sensitivity approaching 90% for carotid stenosis
over 50%, although this is highly operator dependent A
common strategy is to further investigate an abnormal CUS
result with a second noninvasive study, either CTA or MRA.
Multidetector CTA*’ and contrast-enhanced MRA* both
accurately identify carotid occlusion and provide sufficient
information regarding plaque severity and morphology to allow
selection of CEA candidates (Figures 1-3). Only on those rare
occasions when CUS results are discordant with CTA or MRA
should invasive catheter angiography be considered.

Plaque ulceration and thrombosis is associated with
symptoms,* and there is an ongoing interest in further
characterizing plaque composition to determine what
constituents or features might predict plaque instability,
symptoms and prognosis. Plaque echogenicity, heterogeneity
and fibrous cap thickness as determined by CUS and intraplaque
hemorrhage detected on MRI have been proposed as risk factors,
as have certain plaque biomarkers,”*3® however at present there
is no defined clinical role for these findings.

Surgical Technique

As discussed in our previous review, there are a number of
variations in the technical performance of CEA, but common
principles important to the procedure include: (1) an adequate
exposure of the internal carotid artery distal to the diseased
segment; (2) a meticulous and complete plaque removal leaving

Figure 5: When the hypoglossal nerve is low-lying, as shown in this
case, it must be mobilized forward to gain exposure of the distal internal
carotid artery. Two structures which tether the hypoglossal nerve in its
anatomical position have to be recognized and divided to allow this: the
occipital artery branch of the external carotid artery (closed arrow) or
its sternocleidomastoid branch (which has already been ligated with a
clip in this intraoperative photograph), and the descendens hypoglossi
branch of the hypoglossal (open arrow), a contributor to the cervical
plexus serving the strap muscles that can be divided without
consequence.
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in particular a smooth distal end where the plaque bed meets
normal intima; (3) a careful arteriotomy closure or patch
angioplasty ensuring that it does not cause a stenosis or flow
disturbance that might lead to postoperative thrombosis or
embolism; and (4) declamping the internal carotid artery after
the external carotid and common carotid clamps are first
removed so as to avoid air or debris being sent into the cerebral
circulation (Figures 4-14).

The hypoglossal nerve is located lateral to the carotid sheath
above the carotid bifurcation and is vulnerable to injury when
dissecting vessels or dividing a bridging facial vein in this
location. The genu of the nerve is tethered overtop the carotid
arteries by its descendens hypoglossi branch that separates at this
point, as well as a small muscular branch of the occipital artery,
and both of these structures can be divided in order to mobilize
the nerve anteriorly and improve exposure of the distal internal
carotid artery. The importance of distal internal carotid artery
exposure and control cannot be overstated.

Magnification facilitates adherence to all of the principles
mentioned above, and modern surgical microscopes, with
superior flexibility and optics, variable magnification and
brilliant Xenon illumination, provide unparallel visualization for
the actual arterial repair and closure. Although complications
after CEA will be discussed in the next section, it should be
mentioned that there is evidence that left-sided CEA is
consistently associated with higher postoperative stroke rates,
and it is speculated that this is due to the less favorable
ergonomics of right-handed surgeons performing a left-sided
repair where the distal exposure and plaque is relatively more
difficult to reach (requiring internal rotation of the surgeon’s
dominant right hand) and therefore make perfect. Use of the

Figure 6: Following division of both the occipital artery and the
descendens hypoglossi nerve (arrow), the internal carotid artery is now
clearly visible. Vessel loops now encircle it, the external carotid artery,
the superior thyroidal artery and the common carotid artery.
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operating microscope as a diploscope, where the surgeon and
assistant are at 180° from each other, requires an almost flat
operating field achievable only with general anaesthetic. This not
only allows best visualization of the distal exposure, but also
allows the primary surgeon to work from either the right or left
side for either a right or left CEA, depending on which side
proves most physically comfortable for plaque removal and
artery repair.

Nearly all randomized or cohort studies comparing primary
carotid closure to patch angioplasty have suggested some benefit
from patching, either in terms of a reduced incidence of

Figure 7: A 180°, diploscopic, or “face to face” use of the operating
microscope requires general anaesthetia for maximum head-turning and
positioning that provides a relatively flat operating field. The primary
surgeon can repair the artery from either side, and right-handed
surgeons may find it more comfortable repairing a left carotid artery
from the patient’s right side (see text for details).

perioperative stroke or long-term restenosis.®*%* Although the
evidence is not sufficient to warrant a strong recommendation,
patching seems particularly advantageous in the setting of a
small appearing internal carotid artery, a particularly long plaque
and arteriotomy, a relatively young patient to receive a CEA (i.e.
< 60 years-of-age), a repeat CEA following restenosis (although
most of such patients will currently undergo CAS), and finally
whenever the repair becomes complicated and primary repair
will cause a focal stenosis and/or flow disturbance (albeit many
of these variables being somewhat arbitrary). The disadvantage
of patch closure is the added technical difficulty and surgical
cross-clamp time required for the patch insertion, as well as the
tendency for the suture lines to bleed. This latter problem may be
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Figure 8: When opening the carotid artery it is important to stay away
from the ““crotch” of the bifurcation, staying in the middle of the lateral
surface of the common and internal carotid arteries.

greater when synthetic patch materials are used,® but a
systematic review found no clinically significant differences
between the materials that have been most commonly used for
patches, namely autologous vein (usually saphenous),
polytetrafluoroethylene (PTFE, or Gore-Tex) and Dacron®.5
Dacron® can become infected leading to the formation of a false
aneurysm at the endarterectomy site 5768

Shunting during CEA is unnecessary in most patients who
undergo CEA. Shunt insertion risks arterial injury (a potential
cause of postoperative thrombosis and stroke), and finally the

Figure 10: After establishing a plane between the plaque and the outer
adventitia, the distal plaque is rolled out of the artery leaving as clean a
transition as possible between the plaque bed and the distal, normal intima,
leaving no residual plaque or loose intimal shelf prone to dissection.
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Figure 9: It is important to be able to glimpse normal intima beyond the
plaque after the arteriotomy is completed (arrow); this constitutes
adequate distal exposure.

presence of an indwelling shunt interferes with plaque removal.
While there is no clear evidence that any shunting strategy or
monitoring technique guiding selective shunting is superior,%
selective shunting based on intraoperative monitoring is
intuitively sensible and practiced by many.”

Complications of Carotid Endarterectomy

The major risks of CEA include ischemic stroke, myocardial
infarction and congestive heart failure, neck hematomas and

Figure 11: Proximally, the plague should be resected along a clean, even
shelf of proximal intima which is left firmly adherent to the outer
adventitial layer, here facilitated by the use of a small Mixter inserted
between the plaque and outer adventitia.
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Figure 12: Careful cleansing of the plaque bed, stripping off loose bits
of residual plague under a gentle stream of heparinized saline solution.

cranial nerve injuries. Nerve injuries (hypoglossal > marginal
mandibular > recurrent laryngeal > accessory) are usually mild
and temporary’! but the remaining complications are major and
potentially life threatening.

As outlined in our previous review a number of studies have
correlated clinical and angiographic variables with outcome in
order to stratify patient risk for CEA.” Surgical outcome of over
9,000 CEAs performed on Medicare patients in New York State
in 1998 and 1999 has recently been reported.”” Multivariable
logistic regression analysis identified the following risk factors
for stroke or death within 30 days of the procedure: symptomatic
stenosis (2.7% for asymptomatic patients, 5.6% for recent TIA,
7.9% for recent stroke and 13.3% for crescendo TIA or stroke-in-
evolution), age 80 years or older, admission through the
emergency department, contralateral carotid stenosis of at least
50%, coronary artery disease, insulin-dependent diabetes and a
deep carotid ulcer. The dependency of risk on clinical indication
is particularly important and lends support to a previous
systematic review on the subject.”®

Already mentioned is the higher peri-operative stroke risk
associated with a left, as opposed to right, CEA.> Although the
cause for this side discrepancy seen in several large trials is
speculative, the authors suggest that surgeon handedness and
intraoperative ergonomics might account for their findings. The
implications of this with respect to the surgical procedure are
discussed in the preceding section.

It has long been appreciated that some risk factors for surgical
complications also predict a higher natural history risk of stroke
or death and, in balance, indicate an even higher benefit from
CEA. Recognizing these risk factors enables clinicians to better
weigh the risks and benefits of CEA for an individual patient and
also allows outcomes among different patients and patient
groups to be compared fairly. For example, a recent retrospective
review of urban CEA patients found a higher than expected
preoperative stroke rate (3.1% expected vs. 4.7% found), but this
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Figure 13: “Double-armed™ suture start of a patch angioplasty, here
using a collagen-impregnated Dacron patch: the *““toe” of the patch is
being sutured to the distal arteriotomy.

was due to the high number of hypertensives, diabetics, smokers,
elderly patients and patients of African descent in that urban
population.”

Cerebral hyperperfusion following carotid artery repair is
defined as a major increase in ipsilateral cerebral blood flow well
above the metabolic demands of the brain tissue, and cerebral

Figure 14: The primary arm of the suture is used to sew the patch down
continuously to its heel and back up on the opposite side towards its toe,
but before reaching the toe the opposite arm is sewn down to meet it,
avoiding another suture knot near the distal repair. Following arterial
repair, it is important to unclamp the external carotid artery first,
followed by the common carotid artery, and the internal carotid artery
last.
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hyperperfusion syndrome can rarely develop under these
circumstances, characterized by ipsilateral head, face and eye
pain, seizures and focal deficits secondary to cerebral edema or
intracerebral hemorrhage. The underlying pathophysiology of
this transient disorder is widely believed to be impaired
autoregulation caused by a chronic flow-limiting carotid stenosis
and chronic ischemia, and risk factors are thought to be critical
internal carotid artery stenosis and pre-existing hypertension. It
should be emphasized that increased cerebral perfusion
following carotid repair is only rarely accompanied by
symptoms and signs of the syndrome, and progression to
intracerebral hemorrhage is rarer still. As the bulk of the
literature on this topic has come from Japan it may be that
Japanese populations are at greater risk of this condition. In a
series of 4494 patients who underwent either CEA or CAS in
Nagasaki, Japan, cerebral hyperperfusion syndrome was
diagnosed in 1.4% and intracerebral hemorrhage occurred in
0.6%.> A number of Japanese groups have sought to predict
hyperperfusion using imaging techniques such as single photon
emission CT,’®7® transcranial Doppler” and MRI®, and prevent
it by pharmacologically reducing blood pressure %2 At least in
North American populations it seems sufficient to be aware of
the condition, recognize the clinical features of the syndrome
that can develop, and consider it in the differential diagnosis of a
delayed neurological deficit or seizure following carotid repair
(either CEA or CAS) which might occur post-discharge from
hospital. Magnetic resonance imaging should be performed®* and
treatment of a confirmed hyperperfusion syndrome consists of
aggressive blood pressure control and antiepileptic medications,
if seizures do occur.

There have been reports of neurocognitive impairment
following carotid artery repair, potentially related to
hypoperfusion during cross-clamp or microemboli,?*# or
postoperative hyperperfusion in some patients.3%87 The
significance of subtle neuropsychological changes immediately
following carotid repair is unclear, particularly in routine clinical
practice

Anaesthesia and Monitoring

The intra- and peri-operative anesthetic management of
patients undergoing CEA represents a significant challenge.
Larger numbers of increasingly elderly and medically fragile
patients are presenting for this procedure. Thorough preoperative
evaluation and optimization of co-morbidities is essential. The
anesthetic technique selected must provide the surgeon with the
operative conditions that facilitate a technically excellent result
and also provide the patient with a painless, stress-free
experience. Both local/regional (LA) and general anesthesia
(GA) have been successfully utilized for CEA.

Local/regional anesthesia may include one or more of the
following: local wound infiltration by the surgeon, superficial
cervical plexus block, deep cervical plexus block, and cervical
epidural block. Complications are rare but include: local
anesthetic toxicity which may result in a seizure, block failure
with conversion to GA, respiratory distress due to phrenic or
vocal cord paralysis and inadvertent intravascular or intrathecal
injection. Cervical plexus block (superficial, deep or combined)
appears to be the most commonly utilized. A recent review of
complications indicated a higher complication rate when deep
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cervical plexus block was used either alone or in combination.®
The use of ultrasound guidance in brachial plexus block is
relatively new and has the potential to improve accuracy of
needle placement and possibly increase safety.”® Successful LA
requires that the patient is cooperative, is able to remain
immobile for the duration of the procedure, can tolerate the
position required and that there are no communication
impediments. The major advantage of LA is that it enables the
use of direct neurologic assessment to detect cerebral ischemia
during the period of carotid clamping, thereby permitting highly
selective shunt placement.

General anesthesia ensures patient comfort, provides
excellent operating conditions and enables good control of
oxygenation and ventilation. Disadvantages include the tendency
to intra-operative hypotension, with requirement for vasopressor
support and the inability to confidently assess the adequacy of
cerebral perfusion during carotid clamping. In addition,
anesthetic emergence issues such as delirium and delayed
awakening occasionally occur, complicating post operative
neurologic assessment. If the practice of the surgeon is to employ
selective  shunting during carotid clamping, several
neurophysiologic monitoring modalities are available to aid
decision making. These include: EEG, somatosensory evoked
potentials (SSEP), transcranial Doppler (TCD), cerebral
oximetry (also termed near infrared spectroscopy or NIRS) and
stump pressure. Limitations of these monitoring modalities have
been well described.”’ EEG, SSEP and TCD monitoring all
require specialized equipment and expert interpretation. NIRS
and stump pressure have the advantage of ease of application,
insensitivity to anesthetic agents and relatively low cost. These
features of NIRS and stump pressure may account for the
numerous recent publications examining their utility for CEA %>
100 Moritz et al compared multiple monitoring modalities to
neurologic assessment in 48 patients having CEA under LA.
There were no statistical differences in an analysis combining
sensitivity and specificity when stump pressure < 40 mmHg,
50% reduction in middle cerebral artery flow velocity on TCD
and 20% reduction in oxygen saturation with NIRS were
compared.!®! To date no monitoring modality has been shown to
be clearly superior in the setting of CEA and the devices chosen
are likely to be driven by availability of resources and
institutional practice.

The debate as to whether the selection of regional versus
general anesthesia influences outcomes after CEA is
longstanding. While several published case series have
suggested improved outcomes when LA is used, there have been
very few prospective randomized trials and meta analyses have
drawn attention to the lack of sufficient data available to resolve
this question.'>!9 The recent GALA (General Anaesthesia
versus Local Anaesthesia for carotid surgery) trial has been very
helpful in this regard.'®* In GALA, a large European multicenter
trial, 3526 patients with symptomatic or asymptomatic carotid
stenosis were randomized to LA or GA for CEA between 1999
and 2007. The incidence of primary outcomes defined as stroke
death or myocardial infarction within 30 days was 4.8% in the
GA group and 4.5% in the LA group. This was not statistically
significant. Minor complications included cranial nerve injury,
wound hematoma and chest infection. Again there were no
significant differences in GA versus LA groups. Duration of
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intensive care unit stay, hospital stay and quality of life at one
month was not different between groups.

In summary, the best data currently available indicate that
effects of anesthesia technique and cerebral monitoring have
little effect on overall outcome following CEA, so choices can
and should be individualized to provide favorable conditions for
both surgeon and patient.

Carotid Angioplasty and Stenting

Paralleling the general trend towards minimally invasive
approaches, carotid angioplasty and stenting has emerged as an
alternative to CEA over the last 10-15 years (Figure 15). Using a
trans-femoral artery approach, a metallic stent is placed across
the stenotic segment, compressing and trapping the plaque
against the arterial wall. Balloon angioplasty is used to dilate the
stenosis. This can be performed prior to stent deployment to
facilitate passage of the device and after stent deployment to
augment apposition of the stent to the vessel wall. Meanwhile,
some centers forego angioplasty in selected cases, relying on
gradual remodeling of the vessel due to the self-expanding
nature of the stent'%1% CAS is generally performed under local
anaesthetic, permitting intra-procedural neurological assessment.
Patients are pre-medicated with ASA and clopidogrel which are

continued for six to eight weeks post-operatively. The primary
complication is stroke, which can be secondary to emboli, vessel
injury, or reperfusion hemorrhage. Other specific complications
of CAS include hemodynamic depression, femoral artery injury,
and contrast reactions.

To mitigate the risk of intraprocedural stroke, most
interventionalists advocate the use of embolic protection devices
during CAS. Distal protection devices employ a semi-permeable
basket to catch potential embolic debris. Alternatively, proximal
flow arrest can be achieved by inflating balloons in the common
and external carotid arteries. This avoids traversing the stenosis
with a bulky device but removes the advantage of maintained
blood flow. Retrospective analyses have suggested fewer
procedural infarctions with embolic protection;'%” however the
increased use of these devices corresponds directly with
increased CAS experience. Paradoxically, a single randomized
study found increased DWI changes with the use of distal
protection.!® Numbers in this trial were small, nevertheless it
may be that the deployment maneuver causes more emboli than
the devices prevent.

The most broadly accepted indication for CAS is the
treatment of symptomatic carotid stenosis in patients with a
contraindication to CEA, in particular previous carotid or neck

Figure 15-16: This 74-year-old man presented with an acute left hemispheric stroke causing aphasia and right hemiparesis, and was treated with
intravenous tissue plasminogen activator. His symptoms improved but did not entirely resolve, with a subtotal left anterior cerebral artery (ACA)
infarction evident on follow-up cranial CT. Vascular imaging revealed an irregular, severe (greater than 70%) and long left ICA atherosclerotic plaque
(A & D) as well as a hypoplastic A1 segment of the right ACA and absent right posterior communicating artery (not shown; a situation known as an
"isolated" left ICA circulation due to an incomplete Circle of Willis). Carotid angioplasty and stenting was selected for revascularization because of the
high probability of a shunt requirement during cross-clamp and repair in combination with the very long segment of ICA atherosclerosis--making not
only exposure of the distal plaque difficult but shunt use especially challenging. Panels A, B & C demonstrate the lateral projection and D, E & F the
anteroposterior projection before, during and following angioplasty and stenting. Unsubtracted imaging (B & E) demonstrate the deployed stents
overlapping to maximize plaque coverale (black arrow), and the distal "protection device" is visible on its tethering guidewire (white arrow). Panels C
& F show reasonable solution of the stenosis following treatment; the patient suffered no complications and his condition improved over three months
of follow-up.
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surgery, previous neck irradiation, a high carotid bifurcation, an
especially long stenosis segment, tandem stenoses, contralateral
recurrent laryngeal or hypoglossal nerve palsy, and severe
medical co-morbidity. Given that flow is maintained during the
procedure, contralateral occlusion or high grade stenosis has
been considered a relative indication for CAS.

There have been 12 published randomized trials comparing
CAS and CEA, with another recently reported in abstract form.
In a Cochrane meta-analysis of the 30 day results, the rate of any
stroke or death is slightly increased in CAS versus CEA patients
(8.6% vs 6.1%).'%° This is largely attributable to an excess of
non-disabling stroke at 30 days, as the rates of disabling stroke
or death are similar at 30 days. The review concludes that the
evidence “... does not support a change in clinical practice away
from recommending carotid endarter-ectomy as the treatment of
choice ...”1%

The primary results of the five largest trials are summarized
in the Table. The Carotid and Vertebral Artery Transluminal
Angioplasty Study (CAVATAS) found no difference between
CEA and CAS at 30 days, although the relatively high 30-day
stroke and mortality rates in both groups likely precluded any
potential benefit versus conservative management.''® Similar
results were found in the Stent-Protected Angioplasty versus
Carotid Endarterectomy in symptomatic patients (SPACE).!!!
This trial, however, failed in its goal to demonstrate non-
inferiority of CAS versus CEA. The Stenting and Angioplasty
with Protection in Patients at High Risk for Endarterectomy
(SAPPHIRE) trial''? analyzed a population of primarily
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asymptomatic patients at high risk for CEA. The trial favoured
CAS, however the benefit was largely attributable to an excess of
non ¢-wave myocardial infarcts among surgical patients.
Endarterectomy Versus Angioplasty in Patients with
Symptomatic Severe Carotid Stenosis (EVA-3S)''? and the ICSS
- International Carotid Stenting Study (ICSS)''* both found
significant increased adverse outcomes at 30 days with CAS
versus CEA. In both studies, the major difference is an excess of
non-disabling stroke for stented patients at 30 days. The major
criticism of these two studies is the differential experience
requirements. Unlike the other three studies, these trials
compared experienced surgeons with relatively inexperienced
interventionalists potentially accounting for the excess
complication rate in the stenting arm.

Four of the five studies have now published long-term results
(Table). Three of the studies — CAVATAS, SAPPHIRE, and
SPACE!015:116 _ found no significant difference in the stroke
rates through extended follow-up. In EVA-3S, the initial
advantage for CEA persisted through four years follow-up,
however the magnitude of the absolute risk reduction remained
similar (5.4% vs 4.9%)."'7 This implies that the risk of stroke
after 30-days was similar between groups. Taken together the
long-term follow-up from the trials indicate that if a carotid stent
can be deployed without an early complication, this may provide
durable stroke prevention, similar to endarterectomy.

Despite this, the inferior 30 day stroke and death rate noted in
EVA-3S and ICSS remains a concern. The published trials,
however, reflect the initial use of CAS with minimal experience

Table: Large randomized trials comparing carotid endarterectomy and carotid angioplasty and stenting. CAVATAS - Carotid

and vertebral artery transluminal angioplasty

Primary outcome Disabling stroke / Long term outcome*

Trial N Symp death
Definition | CEA | CAS CEA | CAS |p Years | CEA | CAS p
Any stroke

CAVATAS 504 97% or death 9.9% | 10% 59% | 6.4% | NS 3yrs NR NR NS**
Any stroke,

SAPPHIRE | 334 |20% | deathorMiy oo 1400, 75% |51% |NS | 3yrs | 9% |84% |NS
Ipsilateral
stroke or

SPACE 1200 | 100% death 6.3% | 6.8% 3.8% | 4.7% | NS 2yrs 8.8% | 9.5% NS
Any stroke

EVA 3S 527 100% | or death 39% | 9.6% | 0.008 | 15 34 0.007 | 4yrs 6.2% | 11.1% | 0.03
Any stroke,

ICSS 1710 | 100% | deathorMI | 5.1% | 85% | 0.004 | 3.1% | 4.0% | 0.28 - - - -

Study?®; SAPPHIRE - Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy’-!' SPACE - Stent-protected angioplasty
versus carotid endarterectomy in symptomatic patients®!’; EVA-3S - Endarterectomy Versus Angioplasty in Patients with Symptomatic Severe
Carotid Stenosis®!*; ICSS — International Carotid Stenting Study®; CEA carotid endarterectomy; CAS carotid angioplasty and stenting; NS — not sig-
nificant; NR — not reported. * long-term outcome is any stroke or death less than 30 days or ipsilateral stroke after 30 days, except for CAVATAS
which looked only at ipsilateral stroke rate. ** Trial reported the hazard ratio for stenting at 1.04 which was non-significant.
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requirements for participating interventionalists. This raises the
question whether, in more expert hands CAS can compete with
CEA. There are three major ongoing clinical trials which are
seeking to answer this question. In North America, the Carotid
Revascularization Endarterectomy versus, Stenting Trial
(CREST) recently completed randomization with early results
expected later this year. Data from a 750 patient lead-in phase for
this study suggests that CAS will be competitive with a 30 day
stroke or death rate of 4.4%.!"® Two other ongoing trials will
compare CEA and CAS in asymptomatic patients.'®”

There is a sense among the neurovascular community that the
CREST trial will provide important direction. If one treatment is
clearly superior this result will be clearly influential. If, however,
minimal difference is detected between the treatments, other
local and patient factors will have greater influence in the
decision making process. Subgroup analyses may identify
patients more likely to derive benefit from a particular
intervention. In studies to date, age is emerging as an important
predictor, with elderly patients having higher complication rates
with CAS.!"'® Undoubtedly, as a minimally invasive procedure,
patient preference will drive interest in CAS. More importantly,
local center and individual surgeon or interventionalist morbidity
and mortality statistics may factor into therapeutic decision
making.

Medical Management

All patients with ischemic stroke or TIA should have maximal
medical therapy, irrespective of carotid interventions. It is
important to note that patients in whom carotid stenosis is not
severe enough to warrant endarterectomy or stenting,
atherosclerotic plaque may still be present. Similarly, even in
patients with no carotid disease, medical therapy is effective in
preventing recurrent stroke secondary to other pathologies
including intracranial small vessel disease.

Antithrombotic Therapy

Antithrombotic therapy consists of antiplatelet agents and
anticoagulants. In non-cardioembolic stroke, antiplatelet agents
are first line prevention agents. The most commonly used drug is
ASA and the recommended daily dose ranges from 50-325
mg.'1121 There is no evidence that efficacy increases with the
dose of ASA and the side effect profile is progressively worse
with increased dosage. In North America, the most readily
available preparation is the 81 mg dose, which has the additional
advantage of being enteric coated.

Alternatives to ASA include the ASA-extended release
dipyridamole combination (Aggrenox) and clopidogrel.
Considerable debate surrounds the relative merits of these
agents. Dipyridamole+ASA have been shown to be superior to
ASA in secondary stroke prevention.'?? Although clopidogrel has
been shown to be more effective than ASA in preventing
composite cardiovascular outcome events, it has never actually
been directly demonstrated to be superior in terms of stroke
prevention.'”* Nonetheless, a recent large secondary stroke
prevention trial revealed that dipyridamole+ASA and
clopidogrel are essentially equivalent.'?*

Given the success with ASA and clopidogrel combination
therapy in secondary prevention of recurrent cardiac ischemia
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following acute coronary syndromes,'? this approach was also
trialed in stroke. Unfortunately, the combination of ASA and
clopidogrel has been proven in two large trials to be an
ineffective stroke prevention strategy.'?®!'?” Although the
combination does appear to result in a reduction in the number of
ischemic events, this benefit is offset by a similar increase in the
rate of serious hemorrhagic events, including intracerebral
hemorrhage. Thus, outside of the setting of cardiac or carotid
stenting, this combination is not recommended.

The question then remains, what is the optimal antiplatelet
agent in stroke and TIA patients? In rare patients with ASA
allergy, the choice of clopidogrel is obvious. Clopidogrel is often
used in patients with gastrointestinal intolerance to ASA;
although low dose ASA and a proton pump inhibitor may also be
used in patients with peptic ulcer disease.'?® The dipyridamole
+ASA combination is less expensive and is therefore more often
covered under drug benefit plans. Disadvantages include the side
effect of headache, which can be avoided by starting the drug
once daily and increasing to full dose (twice daily) after two
weeks. The twice-daily dosing requirement does however lead to
lower compliance rates.

While all three antiplatelet options are reasonable, ASA
remains the agent of choice in most patients and is certainly the
most cost effective therapy. It must be recognized that the
incremental benefits of the more costly alternative drugs are
rather small. The absolute stroke risk reduction associated with
clopidogrel and dipyridamole+ASA over ASA alone is only 0.6
and 0.9% per year respectively.!?®!?2 Thus, 111-167 patients
must be treated with these agents to prevent one additional stroke
each year. Many clinicians will view recurrent events in patients
already taking ASA as a treatment “failure” and therefore a basis
for a change in therapy. Again, it is important to recognize that
the absolute risk reduction provided by any ASA is only about
1% per year,'” and thus many patients will continue to
experience events after taking aspirin, suggesting “failure” is a
misnomer. A more effective strategy is to ensure the patient is
compliant with one antiplatelet agent, and to direct attention to
additional secondary prevention measures.

Antihypertensive Therapy

Relative to other clinical factors, hypertension carries the
largest population attributable risk for stroke. Control of both
systolic and diastolic blood pressure has been shown to reduce
the risk of recurrent stroke. The most direct evidence for stroke
prevention comes from trials utilizing angiotensin converting
enzyme (ACE) inhibitors, diuretics and angiotensin receptor
blockers (ARBs). The ACE inhibitor perindopril (4 mg/day) in
combination with the diuretic indapamide (1.25 mg/day) has
been shown to reduce the absolute risk of recurrent stroke by
1.5% per year.!* More recently, the ARB telmisartan (80
mg/day) has been shown to be equivalent to treatment with an
ACE inhibitor in the prevention of vascular events in a high risk
population.”' The combination of ARB and ACE inhibitors is
generally not recommended, as it does result in creatinine
elevations in some patients.

Adequate treatment of hypertension is more important than
the actual agents used. Treatment targets are <140/90 mmHg in
non-diabetics and <130/80 mmHg in diabetic patients.'?! Most
patients will require an ACE inhibitor and diuretic initially. Long
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acting calcium channel blockers and beta-blockers should be
added sequentially in order to achieve recommended blood
pressure targets, unless patients become symptomatically
hypotensive. Therapy should begin immediately after TIA and
within days of stroke. Carotid stenosis is not a contraindication
to antihypertensive therapy, as the mechanism of stroke in most
patients is artery-to-artery embolization secondary to unstable
atherosclerotic plaque and not hemodynamic compromise.

Lipid Lowering Agents

Although hypercholesterolemia has never been shown to be
an independent risk factor for ischemic stroke, there is evidence
that treatment with the HMG CoA reductase inhibitors, also
known as “statins” does reduce recurrence rates, although the
effects are not as immediate as those associated with antiplatelet
and antihypertensive agents. The best evidence comes from a
recently completed trial, indicating that high dose atorvastatin
(80 mg/day) was associated with a modest 2.2% absolute
reduction in the risk of recurrent stroke over five years.'3?> This
trial did include a “‘run-in” phase in which patients who were
intolerant of the statin were excluded. In practice, lower doses
and alternative statins are often required in individual patients
due to the relatively common occurrence of myalgias. As with
hypertension, it is more important to effectively treat the
hypercholesterolemia, utilizing both statins and dietary
modification. In non-cardioembolic stroke and TIA patients, an
LDL treatment target of < 2 mmol/l is recommended.'?!

Smoking Cessation

It is unfortunately very common for patients to continue to
smoke following a stroke and even carotid endarterectomy.
Symptomatic carotid stenosis, TIA and stroke are not contrain-
dications to any of the smoking cessation aids, including nicotine
agonists, buproprion, nortriptyline and varenicline (Champix).
These agents along with behavioural and supportive therapy
should be employed aggressively prior to and following carotid
surgery.

Diabetes

All patients with stroke/TTA and carotid stenosis should be
screened for diabetes, with a fasting blood glucose level.
Although definitive evidence that glycemic control reduces the
rate of recurrent stroke/TIA is lacking, treatment with diet and
oral hypoglycemic agents is recommended to prevent
microvascular diabetic complications. The goal of therapy is to
achieve an Hb, | of <7.0%.

SUMMARY

Medical therapy in patients with carotid stenosis is too often
restricted to antiplatelet agents. In all patients, consideration
should be given to adequate treatment of hypertension and
hyperlipidemia. Addressing all cardiovascular risk factors is
critical to prevention of the underlying atherosclerosis in carotid
disease.

CONCLUSION

Carotid surgeons have become indoctrinated with the results
of the randomized trials of CEA, along with patient subgroup
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analyses, expected outcomes and maximum allowable
complication rates. No single surgical procedure has been the
focus of more study than CEA. Carotid repair is no longer part
of general surgical practice, performed now by specialists in both
neurosurgery and vascular surgery. In the most recent Royal
College Specialty Training Requirements in Neurosurgery it
remains a procedure which graduates of all Canadian
neurosurgical training programs are required to be proficient at.
Higher case volumes and greater experience lowers complication
rates.!3%134 The results of CEA have measurably improved in the
past 20 years, and indeed it is a procedure with little morbidity
and almost no mortality when performed with an intent for
perfection. It has become a difficult procedure to improve upon,
yet minimally invasive CAS offers that very potential. Carotid
artery angioplasty and stenting avoids not only a trip to the
operating room but also a neck incision and dissection with the
accompanying risks of neck hematomas and cranial nerve
injuries. Thus far trials comparing CEA to CAS have not shown
that the less invasive option is as safe as CEA with respect to the
key outcome measures, namely peri-procedural and long-term
stroke and death. We await the results of yet more randomized
controlled trials to determine if CAS is either equal or superior
to CEA when performed in selected patients by an experienced
therapist.
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