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ABSTRACT

Carotid endarterectomy (CEA) is a procedure that has reliably decreased the risk
of cerebrovascular events and death in patients with severe carotid stenosis. In this
chapter, important concepts in the preoperative assessment of patients undergoing
CEA will be reviewed. An overview of the clinical trials highlighting current
indications will be provided, followed by a discussion of the surgical technique,
complications, and controversies related to CEA.
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INTRODUCTION

Stroke is the third leading cause of death in the United States, and the second
leading cause of death worldwide (7). It is the most common cause of death as a
result of a neurological disorder. About 750,000 patients are diagnosed with this
entity yearly in the United States and more than 15 million around the globe (2),
which corresponds to an incidence of new stroke of approximately 160 per 100,000
population per year (3, 4).
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PREOPERATIVE ASSESSMENT

The patient with carotid stenosis may be asymptomatic or symptomatic with
different stroke syndromes. The stroke syndromes include transient ischemic attack
(TTA), stroke (with or without recovery), stroke in evolution, crescendo TIA, and,
as considered by some, progressive intellectual dysfunction. The patient suffering
from a stroke syndrome will usually undergo work-up with one or more radiological
modalities. The causes of stroke are generally classified as atherosclerotic
(20-30%), cardioembolic (30%), or other origin (40%). Several diseases or pre-
sentations may come into play, including changes in hemodynamic parameters,
hematologic diagnosis, hereditary or degenerative disorders, inflammatory
diseases, infectious problems, metabolic issues, intoxications (e.g., amphetamine),
and vasospasm seen with migraine, trauma, or dissection. Hence, it is essential that
investigations rule out other causes for the presenting stroke syndrome. Depending
on the clinical presentation, potential investigations include ECG, telemetry,
carotid duplex ultrasound, echocardiography, CT scan of the head, and basic
laboratory blood tests.

With respect to carotid stenosis and specifically carotid bifurcation disease,
angiography and duplex ultrasound are established methods of investigation. In
view of the rapidly changing radiological diagnostic tools and the emergence of
computed tomography angiogram (CTA) and magnetic resonance angiogram
(MRA), familiarity with interpretation, limitations, and advantages of these mod-
alities is important. In addition to defining the presence of carotid stenosis, other
anatomic details are important to guide therapeutic alternatives and approaches.
For example, anatomy which is known to complicate CEA and which may warrant
consideration for CAS include low lesions, high lesions (above C2), prior CEA,
history of other major neck operation (radical neck, laryngectomy, tracheostomy,
etc.), cervical fusion or immobility, and prior neck radiation (5).

In the preoperative work-up of a patient, it is also important to consider if the
patient is at “physiological” high risk for surgery, which may also warrant con-
sideration for other alternatives such as carotid artery stenting or medical
management. These factors include, but are not restricted to, advanced age, con-
tralateral carotid occlusion, cardiac disease, and renal insufficiency (6 ).

It is of utmost importance in the evaluation of the patient who has recently
suffered a stroke and has not recovered completely to assess whether he or she is a
candidate for surgery. This requires considerable experience and judgment. Like-
wise, the timing of surgery is another controversial topic. It has been suggested that
patients should wait 4-6 weeks after the event prior to proceeding with CEA (7, 8).
However, the patient may be at high risk of a recurrent neurologic event during that
period (9-11). After an ischemic event, the 30-day risk of stroke is 4.9% in the
presence of severe carotid stenosis (/2 ). On the other hand, the mortality and risk of
stroke at CEA is 20% in the presence of stroke in evolution or crescendo TIA (173).
Hence, this remains a subject of debate.

Particular steps in the preoperative management of patients planning to
undergo CEA include the appropriate antiplatelet medication. Aspirin therapy
is continued in the perioperative period. Anticoagulation with heparin should be
considered prior to CEA for high-grade stenosis and symptoms (acute stroke or
crescendo TIA) to prevent another ischemic episode or complete arterial
occlusion (14, 15).
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INDICATIONS FOR CEA

The objective of CEA is the prevention of strokes. Carotid artery operations
should be considered for patients where surgery will improve the natural history of
the disease more than the corresponding medical treatment, if it can be done in a
safe manner. The section below reviews conclusions made from the randomized
trials conducted to compare CEA and medical management in patients with symp-
tomatic and asymptomatic carotid stenosis.

Symptomatic Carotid Artery Stenosis

The first study involving patients with symptomatic carotid stenosis was the Joint
Study of Extracranial Arterial Occlusion (16), which began in 1959. This study
randomized 1,225 patients to either CEA (621 patients) or medical management
(604 patients). The survival rate at 43 months follow-up was significantly different,
being 80% in the surgical group and 50% in the medical group. There were also less
neurological events among the surgical group. This was the first strong evidence of
the advantage of CEA over medical therapy in symptomatic carotid stenosis patients.

In the 1990s, three major studies were published which furthered the evidence for
CEA: the North American Symptomatic Carotid Endarterectomy Trial NASCET), the
European Carotid Surgery Trial (ECST), and the Veterans Affairs Symptomatic Trial
(VAST). Several problems remain with comparison of these studies because of the
diagnostic measures used. For example, ultrasound exams were not standardized and
the criteria used for severity of the carotid lesion were based on different catheter
angiographic criteria.

NASCET enrolled from 50 centers in North America and segregated patients
according to stenosis of 30-69% and 70-99% (angiographically). To be eligible to
enter the study, the centers had to demonstrate CEA combined mortality and
morbidity of <5%. Patients were eligible if they had a TIA or minor stroke within
3 months of randomization. In the group with 70-99% stenosis, 328 were randomized
to CEA and 331 to medical therapy (which included aspirin and control of other risk
factors). The study was stopped prematurely because of the superiority of CEA over
medical therapy, and patients in the medical therapy group were advised to undergo
CEA. Overall, the cumulative ipsilateral stroke risk was 9% in the surgical group and
26% in the medical group at 2 years (p<0.001). This corresponded to an absolute risk
reduction of 17% and relative risk reduction of 65%. Numbers needed to treat were
six patients at 2 years (/2). For the group with 50-70% stenosis, there was moderate
benefit of CEA over medical treatment (/7). This corresponded to a relative risk
reduction of 39%. The study however demonstrated no definite survival benefits for
women and patients with retinal symptoms over hemispheric symptoms.

The ECST trial took place over 10 years and recruited 2,518 patients from 14
countries within 6 months of a stroke, TTA, or retinal infarction (/8 ). Patients were
divided into three groups, including carotid stenosis of 70-99, 30-69, and 0-29%,
respectively. Randomization ratio was 1:2 for medical vs. surgical, and medical
management was left to the treating physician. Patients with 70-99% stenosis had a
lower risk of ipsilateral stroke (2.8% for CEA vs. 16.8% medical management) and
lower risk of combined death, ipsilateral stroke, or any other stroke (12.3% CEA vs.
21.9% medical treatment) at 3 years with CEA. There was no significant advantage
with CEA among the mild or moderate stenosis groups (18, 19).
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The VAST trial was published in 1991 and included 189 symptomatic patients
with carotid stenosis >50% from 16 centers. TIA was included in the primary end
point (which also consisted of death and stroke). Overall, the risk of neurological
event among patients randomized to CEA was 7.7 vs. 19.4% in the medical group at
12 months (p=0.011) (20). A subgroup analysis of patients with greater severity of
carotid stenosis >70% showed a larger proportional reduction in neurologic events
with CEA. Thus, the study investigators concluded that CEA was more effective
than medical management for patients with high-grade stenosis.

Asymptomatic Carotid Stenosis Trials

Overall, five randomized trials had addressed the role of CEA among patients
with asymptomatic carotid stenosis. These are the Carotid Surgery versus Medical
Therapy in the Asymptomatic Carotid Stenosis (CASANOVA) trial, the Mayo
Clinic Asymptomatic Carotid Endarterectomy trial, the Veterans Affairs Asympto-
matic Trial (VAAT), the Asymptomatic Carotid Atherosclerosis Study (ACAS),
and the Asymptomatic Carotid Surgery Trial (ACST) Collaborative Study.

The CASANOVA trial randomized patients with asymptomatic carotid stenosis
(50-90%) to CEA (260 patients) or medical management (204 patients) which
included aspirin. One hundred and eighteen patients in the medical arm crossed
over to CEA because of pre-elected criteria of treating patients with bilateral
stenosis >50% or unilateral stenosis >90% surgically. The analysis, which was
done in an intention-to-treat manner, demonstrated no benefit of CEA over medical
management (27 ). The study raised several criticisms related to the trial design, and
thus the results should be interpreted with caution.

The Mayo Clinic study was a small study that randomized 71 patients with
asymptomatic carotid stenosis. The study was terminated early because of high
number of cardiac events among patients undergoing CEA, which had been attrib-
uted to the absence of aspirin in the surgical group (22). Too few neurological
events occurred in the study, which prevented any meaningful conclusions.

The VAAT study included 444 men with internal carotid stenosis >50%. Two
hundred and eleven patients were randomized to surgery and 233 to medical
therapy alone (23). The combined ipsilateral neurological events were 8% among
surgical patients and 20.6% among medically treated patients on Kaplan—-Meier
analysis (p<0.001). The incidence of ipsilateral stroke alone was 4.7% in the surgical
group and 9.4% in the medical group, with borderline significance (p=0.056).

The ACAS study was the first influential trial for asymptomatic carotid stenosis up
until the most recent ACST trial (79). This study randomized 1,662 men and women
with asymptomatic (>60%) carotid stenosis to medical or surgical management.
Overall, the ipsilateral stroke rate at 5 years from Kaplan—Meier analysis was 5.1%
in the surgical group and 11% in the medical group (p=0.004), which corresponded to
a relative risk reduction of 53% and an absolute risk reduction of 1% per year.

The most recent and largest asymptomatic carotid stenosis randomized trial
published is the Asymptomatic Carotid Surgery Trial (ACST) Collaborative
Study (24). In this study, 3,120 asymptomatic patients with substantial carotid
narrowing (>60%) were randomized between immediate CEA and indefinite defer-
ral of any CEA. They were followed for up to 5 years. In the surgical group, the
S-year all-stroke risk was 6.4% compared to 11.8% in the deferral group
(p<0.0001), reducing the net 5-year risk of stroke by half in the population studied.



Chapter 2 / Carotid Revascularization: Carotid Endarterectomy 25

Lesions that may cause particular surgical dilemma are bilateral carotid lesions,
contralateral carotid occlusion (with ipsilateral stenosis), and tandem lesions. At the
present time, if bilateral carotid stenoses are found, two options are present. The first is
to repair only the symptomatic side and follow the contralateral side. The other option
is to treat both (usually at 6 weeks interval), proceeding first with CEA on the side with
the higher degree of stenosis. It is not considered a safe option to address both sides
simultaneously because of increased mortality and morbidity, particularly in the pre-
sence of tissue swelling, airway obstruction, or possibilities of bilateral palsies of the
recurrent laryngeal nerve (25). In the presence of one occluded carotid artery and a
contralateral carotid stenosis, the occluded side should obviously be left alone and the
stenotic side addressed only if the intervention is thought to impact natural history (as
the risk of surgery is increased with contralateral occlusion). Lastly, it is felt that in the
presence of a tandem lesion, if the intracranial portion has a higher degree of stenosis
than the extracranial portion, then it is best to treat it medically.

Ulcerated lesions are also a controversial issue. They are classified as type A if the
length is <10 mm?, type B if 10-40 mm?, and type C if >40 mm? (26). Type C
lesions are thought to have an associated risk of stroke of 7.5%/year (27). At the
present time, it is thought that asymptomatic type A should be left alone. If a type C
is present and the patient has acceptable risk, this may warrant prophylactic CEA.
The decision for type B relies much on the surgeon’s individual conviction and the
experience of the operating team (26). These criteria for ulcerated lesions have not
been subject to the same scientific scrutiny as the criteria for symptomatic and
asymptomatic stenosis; hence, considerable surgical judgment is required.

Summary of the Indications
The general indications for CEA are thus summarized in Table 1, adapted from
reference (28).

Table 1
Indications for CEA in Patients with Carotid Artery Stenosis

Symptomatic patients (CEA morbidity and mortality <6% )
Proven indications  >TIA in the last 6 months and carotid stenosis >70%
Mild stroke with carotid stenosis >70%
Acceptable TIA in the past 6 months with stenosis 50-69%
indications
Progressive stroke and stenosis >70%
Mild or moderate stroke in the past 6 months and stenosis 50-69%
CEA ipsilateral to TIA and stenosis >70%, combined with required
coronary artery bypass grafting
Uncertain TIA with stenosis <50%
indications
Mild stroke with stenosis <50%
Symptomatic acute carotid artery thrombosis
Inappropriate Moderate stroke with stenosis <50%, not receiving aspirin
indications
Single TIA, stenosis <50%, not receiving aspirin
High-risk patient, mild or moderate stroke, stenosis <50%, not
receiving aspirin
Global ischemic symptoms with stenosis <50%
Acute internal carotid dissection, asymptomatic, receiving heparin

(Continued)
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Table 1
(Continued)

Asymptomatic patients (CEA morbidity and mortality <3% )

Proven indications  Stenosis >60%

Acceptable None defined

indications
Uncertain High-risk patient or surgeon with a morbidity—mortality risk >3%

indications Combined CEA and coronary artery bypass surgery

Non-stenotic ulcerative lesions

Inappropriate CEA combined stroke morbidity—mortality rate >5%

indications

SURGICAL TECHNIQUE

Patients undergoing CEA are kept NPO after midnight the day before surgery.
They are taken to the operating room where a cervical block is done if local
anesthesia is planned, or alternatively, they are placed under general anesthesia
(see below for “CEA Under Local Anesthesia vs. General Anesthesia”). The patient is
positioned with the neck slightly hyperextended and the head slightly turned away
from the side to be operated on. The endarterectomy site is prepped and draped
from the midline, in an area encompassing the clavicle, sternal notch, and mandible.
The incision can be vertical along the anterior border of the sternocleidomastoid
(SCM), on an imaginary line connecting the sternoclavicular junction and the
mastoid process, or an oblique incision (across the skin crease over the side of the
neck). The subcutaneous tissues are divided and the anterior border of the SCM
identified. The dissection continues anterior to SCM until the facial vein, a tributary
of the internal jugular vein, is encountered and ligated. The internal jugular vein is
then usually retracted laterally and the carotid artery is identified (Fig. 1). Proximal
control is obtained at the common carotid artery (CCA) proximal to the level
of disease (usually at the level of the omohyoid muscle) by surrounding it with a
vessel loop. If sinus bradycardia arises, 1-2 ml of 1% lidocaine is injected in
the tissues between the external carotid artery (ECA) and the internal carotid
artery (ICA).

Once proximal control is obtained, dissection is continued more distally around
the ECA where vascular control is gained of the external carotid artery and its first
branch, the superior thyroid artery. Subsequently, control should be gained distally
at the ICA. Careful attention throughout the dissection is important to minimize
manipulation of the carotid artery. Extreme care must be exerted during the
dissection not to injure surrounding nerves, such as the vagus or hypoglossal nerves
(Fig. 2). Dissection may lead to division of the ansa cervicalis, a branch of the
hypoglossal nerve, which is acceptable. Some challenges may be encountered during
the case, such as high ending of the plaque in the ICA or high bifurcation. If
additional exposure is needed of the ICA, the first maneuver is to extend the skin
incision all the way up to the mastoid process, which will allow division of the
posterior belly of the digastric muscle. If further exposure is needed, the styloid
process can be divided and the mandible displaced anteriorly.
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Fig. 1. (A) Normal bifurcation of the left internal carotid artery at C4 as shown on angiography

and (B) surgical appearance of the carotid bifurcation after cut-down during carotid
endarterectomy.
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Fig. 2. Surrounding nerves of the carotid artery.

Once proximal and distal control of the vessel is obtained, heparin is given
intravenously (5,000 units). If it is decided to use shunting, the type and size of
shunt should be decided upon prior to clamping the vessel. The vessel is clamped
and/or loops tightened proximally and distally. A longitudinal arteriotomy is made
from the CCA to the ICA. The plaque is endarterectomized using a small flat
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surgical instrument by elevating the diseased plaque off the normal remaining
arterial wall in a transmedial plane. It is critical to choose the optimal plane of
dissection between the diseased intima and the circular fibers of the media. It is
recommended to complete the endarterectomy proximally first (sharply), then to
proceed to the distal portion of the vessel, which will often “flake away”. The vessel
is then closed primarily or with a patch (see below, “Patch vs. Primary Closure™)
using 6.0 polypropylene suture. Prior to unclamping, it is important to flush. The
ICA is unclamped last.

Completion study may be performed as per the surgeons’ preference. This may
include a completion angiogram or B-mode ultrasound with waveform analysis and
continuous Doppler. If a defect or intimal flap is found, it should be corrected to
prevent any thromboembolic complications. Once hemostasis is achieved, a soft
drain may be left in place (to be removed the day after surgery). Protamine may be
given at the surgeon’s discretion, keeping in mind possible hypotension and ana-
phylactic reactions. The platysma is closed with a running suture and the skin is
approximated with clips or a subcuticular suture.

Patients are awakened in the operating room, where the surgeon ensures that no
neurological deficit is present. They are then transferred to the recovery room where
they are observed for a period of approximately 6 hours. Patients are usually
discharged home on the first or second postoperative day if no complication occurs.
They are continued on their antiplatelet and secondary preventative therapy.

Postoperatively, a carotid duplex should be performed at 2—6 weeks after CEA. If
satisfactory, another duplex should be done 6 months to 1 year later, then every year
subsequently. If there is evidence of moderate contralateral disease or recurrent
stenosis, scanning may be performed at 612 month intervals (29).

Shunting or Not

No randomized trials have been conducted that demonstrate superiority of
shunting (30 ), although routine shunt insertion is known to have low perioperative
death and stroke rates (3/). Even though some centers and surgeons recommend
routine shunting, it is important to be aware that a shunt may be cumbersome
during performance of the endarterectomy and closure of the vessel. Furthermore,
there is a risk of plaque dislodgement and air embolization distal in the ICA. For
those who do not perform routine shunting, the tolerance to cerebral clamping may
be evaluated in several ways. If the operation is done under local anesthesia, 1-3
minutes after clamping is performed, the patient is asked to talk and perform a few
mathematical tasks. Another approach is electroencephalographic monitoring,
which has resurged recently after a period of disfavor. Lastly, others have advocated
the assessment of back-bleeding, which may require considerable experience and
judgment. Parameters that are evaluated include a back-bleeding pressure less than
25mmHg (32).

CEA Under Local Anesthesia vs. General Anesthesia

CEA under local anesthesia allows evaluation of cerebral tolerance to clamping;
however, it does add challenges to the operation. For example, anxious patients
may add to the stress of the surgical team, especially if the case is protracted. Hence,
it should be reserved for patients who are felt to be able to tolerate the psychological
stress of the procedure. If the local anesthesia approach is chosen, collaboration is
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needed between the anesthetist and the surgical team. A superficial cervical plexus
block or a combination of superficial and deep cervical block may be used (33, 34)
in combination with local anesthesia. Studies have suggested that stroke and death
rates may be reduced by local anesthesia (35, 36). The frequency of arrhythmias
and acute myocardial infarction also appears to be reduced (37). A randomized
controlled trial (The General Anaesthetic versus Local Anaesthetic for Carotid
Surgery Trial —- GALA) is presently enrolling patients to assess this question.

In contrast, CEA under general anesthesia is felt to provide better control of the
airway and ventilator mechanics. Furthermore, there may be improved cerebral
blood flow and better tolerance to clamping with halogenated anesthetic agents
(38). Lastly, it results in less stress to the surgical team compared to an awake
patient, with easier control of intra-operative complications.

Patch vs. Primary Closure

Once endarterectomy is performed, the surgeon is confronted with the choice of
primary closure of the carotid artery or the use of a patch material. The traditional
approach is to patch patients believed to be at high risk of recurrence, such as
women and those with small carotid arteries. Several randomized controlled trials
(39-46) and meta-analyses (47—49) have been conducted that evaluated the
outcomes of patch closure vs. primary closure during CEA. In a meta-analysis
conducted in 2,000, patching was superior to primary closure (47). An update of
the analysis performed by Bond in 2004 demonstrated that patching, with vein or
prosthetic materials, significantly reduced the risk of ipsilateral stroke (1.6 vs. 4.5%)
at 30 days (48). This benefit persisted over the long term, with a lower risk of
carotid restenosis (18.6 vs. 4.8%). With regard to selective or “discretionary”
patching, there have been a few reports to date (50-52). Pappas et al. (50) reported
lower rates of stroke among primary closure patients but no long-term difference in
restenosis. The authors concluded that selective patching was advocated. The other
two studies reported no significant difference between patch closure and primary
closure. These studies remain retrospective in nature. Based on these data, it
appears that perhaps more evidence exists for routine patching, although it remains
justifiable to use primary closure in large-caliber ICA (>6 mm diameter) (53).

Type of Patch

The different materials available for patching include autologous vein graft,
Dacron, ePTFE, and bovine pericardium. Surgeons may have their preference
based on the malleability or other characteristics of the material. A meta-analysis
of seven randomized controlled trials reported little difference between the types of
patch material (54). Hence, at the present moment, there is no consensus that any
particular type of patch material is better than the other. A possible disadvantage of
vein patch is patch disruption (55-58 ), and that of prosthetic material is infection.

A Variant Approach: Eversion Endarterectomy

Although most surgeons perform open CEA, some prefer the eversion endarter-
ectomy technique. This involves a similar dissection as the standard endarterectomy.
However, the origin of the ICA is then transected and the ICA is “rolled” up distally
while removing the diseased plaque in the transmedial plane. At the end of the
diseased plaque, the artery is “rolled back” and sewn to the carotid bifurcation.
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This suture line is purported to be less prone to restenosis compared to closure of a
longitudinal arteriotomy as is performed in a standard CEA. A randomized study has
been conducted, followed by a Cochrane database review, which suggested that
eversion endarterectomy may carry equivalent death and stroke rate (59-62). Down-
falls of the technique are that not all patients are suitable, and the insertion of a shunt
may be more difficult if it is needed. At the present time, however, it is still felt that the
evidence is uncertain to firmly recommend one technique or another.

COMPLICATIONS

Complications related to CEA can be classified as early or late, and local or
systemic (Table 2). Some of the most devastating complications involve the neuro-
logical system. These tend to occur early, within the first 30 days after surgery.

Early Complications
STROKE OR DEATH

Although most strokes are delayed (the patient initially wakes up postoperatively
with normal neurological function), they tend to happen within the first 24 hours of
surgery. These are usually due to endarterectomy site thrombosis and/or embolism.
Death can also result from surgery, often in combination with a neurological event.
Studies have reported a 30-day mortality of 1-3% in patients with symptomatic
carotid stenosis (20, 63, 64) and 0.1-2% in patients with asymptomatic carotid
stenosis (64, 65). The combined incidence of stroke and death in the same time
period is 5.5-7.0% in the symptomatic patients and 1.5-4.5% in the asymptomatic
patients. Community-based surveys follow these results closely (6673 ).

HYPERPERFUSION / CEREBRAL HEMORRHAGE

The classic presentation of hyperperfusion and cerebral hemorrhage syndrome is
unilateral headache, seizure, and cerebral hemorrhage, which peaks at postoperative

Table 2
Complications Related to CEA
Early complications Incidence
Stroke or death 5.5-7% symptomatic patients
1.5-4.5% asymptomatic patients
Hyperperfusion syndrome 2-3%
Cerebral hemorrhage 0.2-0.8%
Cranial nerve injury 8.6%
Hemorrhage requiring surgery 1-3%
Cardiac events
— Cardiac death 0.4%
— Non-fatal myocardial infarction 0.8%
— Cardiac arrhythmias 1.6%
— Congestive heart failure 1.0%
— Angina 1.3%

Late complications
Recurrent stenosis 10% at 2 years, 17% at 10 years
False ancurysm Rare
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days 2-7. The incidence of hyperperfusion is 2-3% (74-76), which in 0.2-0.8%
progresses to cerebral hemorrhage (64, 77-79). The syndrome is thought to be
secondary to changes in autoregulation in the cerebral territory of the endarterecto-
mized carotid stenosis. It is critical to promptly and aggressively investigate and treat
this complication.

CRANIAL NERVE INJURIES

In the NASCET trial, the incidence of cranial nerve injury was 8.6%, with the
hypoglossal being injured in 3.7% of cases, the vagus in 2.5%, and the marginal
mandibular branch of the facial nerve in 2.2% (12, 80). Injury to the vagus nerve
usually manifests as dysfunction of the recurrent laryngeal nerve and is noted by
ipsilateral vocal cord paralysis with hoarseness of the voice, impaired phonation,
and ineffective cough. Although the ansa cervicalis, a branch of the hypoglossal
nerve, can be divided without much noticeable neurological deficit, division of the
hypoglossal nerve itself will result in tongue palsy with impaired annunciation and
deglutition. Injury to the marginal branch of the facial nerve will lead to drooping of
the corner of the mouth and drooling.

Cranial nerve injuries that are less common include injury to the superior lar-
yngeal nerve, spinal accessory nerve, glossopharyngeal nerve, and the sympathetic
chain. Injury to the superior laryngeal nerve may result in voice fatigue and altera-
tion, although it is mostly asymptomatic. Injury to the sympathetic chain may lead
to Horner’s syndrome. If the glossopharyngeal nerve is affected, impairment in
swallowing and recurrent aspiration may occur. Spinal accessory injury may lead to
shoulder pain and dropping and winging of the scapula. The greater auricular nerve
may also be injured during the superficial part of the dissection. This will usually
result in paresthesia and hyperesthesia around the ear.

HEMORRHAGE AND INFECTION

Hemorrhage requiring surgical intervention occurs in about 1-3% of patients
(64, 72, 81, 82). 1t is critical to be aware of this complication in order to avoid
airway compromise. Disruption of the venous patch may happen in 0.1-0.7% of
cases (55-58) and is usually due to poor quality of vein which leads to necrosis.
Infection rarely occurs, but could lead to hemorrhage if situated in the deep tissues.

SYSTEMIC COMPLICATIONS

Hemodynamic instability may be seen after CEA. Hypotension and bradycardia
are usually related to hyperactivity of the carotid baroreceptor because of restora-
tion of compliance of the vessel wall. Hypertension is secondary to absent or
decreased baroreceptor activity. Cardiac complications reported in the NASCET
trial (80) include perioperative cardiac deaths (0.4%), non-fatal myocardial infarc-
tions (0.8%), arrhythmias (1.6%), congestive heart failure (1.0%), or angina
(1.3%).

Late Complications
RECURRENT STENOSIS

The meta-analysis by Frericks et al. demonstrated a rate of recurrence of 10% at
2 years and 17% at 10 years (83). It is important to distinguish recurrent stenosis
from residual stenosis in the early postoperative period. During the first 2 years
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post-CEA, the cause of recurrent stenosis is intimal hyperplasia, which often
regresses. After several years post-CEA, progressive atherosclerosis is the usual
cause.

FALSE ANEURYSM

False aneurysms at the endarterectomy sites are extremely rare. Their incidence
has decreased since monofilament sutures have been used for arteriotomy closure,
which decrease the risk of infection.

CONCLUSIONS

Carotid stenosis remains a major public health issue with an important burden on
the population. Although CEA has demonstrated its efficacy over several decades
now, a few controversies still remain with regard to the technical approaches. It will
be interesting to see future long-term outcomes in comparison to carotid artery
stenting. At the moment, it remains the gold standard to treat most patients with a
high-grade carotid stenosis.
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