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Abstract

Carotid artery disease is the result of atherosclerosis, if the obstruction of common carotid and the
bifurcation of the common carotid artery or internal carotid artery occurred. The embolic phenomenon is the
main cause of this obstruction. The role of collateral blood flow (circle of Willis and exracranial anastomosis
channels) is very important. During endoarterctomy, the degree of ischemia and postoperative complications
depends on the degree of the dependency of cerebral circulation on the ipsi lateral internal carotid artery, and
the efficiency of the collateral circulation. There is five folds increase in the incidence of perioperative stroke,
with the presence of good cerebral blood flow during the surgery. The aim of this study is to review the
anesthetic choices between general anesthesia and regional anesthesia displaying the merits of local anesthetic
methods in achieving a reduced hospital stay, patient satisfaction, and fewer complications. Carotid artery
disease is defined by the narrowing or lockage of the artery due to laque build-up. The process hat blocks these
arteries (atherosclerosis) are basically the same as that which causes coronary artery disease and peripheral
artery disease (PAD). The slow build-up of plague (which is a deposit of cholesterol, calcium, and other cells in
the artery wall) is caused by high blood pressure, diabetes, tobacco use, high blood cholesterol and other
modifiable risk factors. Carotid endarterectomy is surgery to remove fatty deposits (plaque) that are narrowing
the arteries in neck. These are called the carotid arteries.

Keywords: Carotid Artery Disease, Atherosclerosis, Endoarterctomy, Ischemia, Plaque, Collateral Circulation.

1. Introduction

Carotid artery disease is the result of
atherosclerosis, if the obstruction of common
carotid and the bifurcation of the common carotid
artery or internal carotid artery occurred. The
embolic phenomenon is the main cause of this
obstruction. The role of collateral blood flow
[circle of Willis and exracranial anastomosis
channels] is very important.

During endoarterctomy, the degree of ischemia
and postoperative complications depends on the
degree of the dependency of cerebral circulation on
the ipsi lateral internal carotid artery, and the
efficiency of the collateral circulation. There is five
folds increase in the incidence of perioperative
stroke, with the presence of good cerebral blood
flow during the surgery [1].

Ultrasonography-guided local anesthesia for
CEA may be the gold standard, and when local
anesthesia is used, re-operation can be performed
without additional anesthetic [2] .

for patients who received cervical block
anesthesia rather than general anesthesiawas
reported previously, the difference did not reach
statistical significance . In another paper dealing
with carotid endarterectomy under
generalanesthesia, only 50% of patients had one
day postoperative stay, the othersleft the hospital
later. Since early discharge is multifactorial, we
studied riskfactors for staying longer than one day,
including type of anesthesia [3].

However, benefit requires a low operative risk,
which may depend on the type of anesthetic used.
In our previous Cochrane review of several small,
randomized control trials [RCT] of carotid
endarterectomyusing local anesthesia [LA] vs
general anesthesia published during 1966 to 2007,
there was a trend toward lower operative mortality

with LA and no difference in risk of strokebut
statistical power was limited [4].

2. Anatomy of carotid artery

The common carotid artery is a paired structure,
meaning that there are two in the body, one for
each half. The left and right common carotid
arteries follow the same course with the exception
of their origin. The right common carotid originates
in the neck from the brachiocephalic trunk. The left
arises from the aortic arch in the thoracic region
and can be thought of as having two parts: a
thoracic [chest] part and a cervical [neck] part. But
the right originates in or close to the neck, so
contains a small thoracic portion [5].

2.1 Carotid sinus

A localized dilatation is present at the
bifurcation of common carotid artery or the
beginning of internal carotid artery, known as the
carotid sinus. The tunica adventitia is thick while
the tunica media is thinner, as compared to other
parts. A number of nerve endings of the
glossopharyngeal nerve are also found in the tunica
adventitia. Thus carotid sinus serves as a receptor,
detecting changes in the blood pressure. A rise
causes vasodilatation and reduces the heart rate [5].

2.2 The carotid body

It is located within the neck, and in close
approximation to the carotid bifurcation. It is
composed of a number of chemoreceptor cells and
supporting matrix and detects changes in the
composition of blood in the common carotid as it
forms the internal and external carotid arteries. It
predomintly detects the partial pressue of oxygen,
but is also sensitive to the partial pressure of CO2,
pH and temperature [6].
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3. Carotid artery diseases

Carotid artery disease is defined by the
narrowing or lockage of the artery due to laque
build-up. The process hat blocks this artery
[atherosclerosis] is basically the same as that which
causes coronary artery disease and peripheral artery
disease [PAD]. The slow build-up of plaque [which
is a deposit of cholesterol, calcium, and other cells
in the artery wall] is caused by high blood pressure,
diabetes, tobacco use, high blood cholesterol and
other modifiable risk factors [7].

Over time, this narrowing may eventually
become so severe that a blockage decreases blood
flow to the brain and may tragically ause a stroke.
A stroke can also occur if a piece of plaque or a
blood clot breaks off from the wall of the carotid
artery and travels to the smaller arteries of the brain

[71.

3.1 Risk factors

Carotid artery disease is part of the arterial
circulatory system and has similar risk factors as
PAD and coronary heart disease: Family history of
atherosclerosis  [build-up of plaque in the
peripheral, coronary or carotid arteries], Age [men
have a higher risk before age 75, women have a
higher risk after age 75], Smoking, Hypertension,
Diabetes and High cholesterol, and especially high
amounts of “low density lipoprotein” [or LDL, the
bad form of cholesterol]; although this risk factor
appears to be less strong for stroke than it is for
coronary artery disease [7].

3.2 Symptoms

As for all artery diseases, there are usually no
advanced warning signs for early forms of carotid
artery disease. For many individuals, the first
obvious sign often is a TIA or mini-stroke.
Symptoms for a stroke or TIA are similar and may
include blurring, dimming, or loss of vision;
tingling around the mouth, difficulty with speech,
the inability to normally move an arm or leg, the
inability to feel [numbness] in a part of the body
and rarely, a sudden severe headache. [7].

3.3 Diagnosis

Proteins in the wall of the aorta, called elastin
and collagen the diagnosis of carotid artery disease
is usually based on an ultrasound examination of
the neck arteries [a carotid artery duplex scan].
Alternatively, the artery can be visualized by a
magnetic resonance angiogram [MRA] or standard
angiogram [7].

3.4 Treatment

Treatment for carotid artery disease normally
consists of normalization of those risk factors that
cause artery blockages, specific medications
[usually antiplatelet medications], and sometimes
treatment to open the narrowed carotid artery with

an angioplasty and stent, or by a surgical
procedure.

Health care providers will want to reduce risk
for developing blood clots in order to prevent
stroke or heart attack. A daily antiplatelet
medication, such as aspirin, Plavix [clopidogrel],
Aggrenox [aspirin combined with dipyridamole],
or warfarin may be prescribed. The choice of
medication is one that is best made by your own
health care provider. Individuals with severe
blockages of the carotid artery [usually at least 60-
70 percent blockage] may be recommended for a
surgical treatment called carotid endarterectomy
[71.

A new “nonsurgical” endovascular treatment
uses angioplasty and stents to open blocked carotid
arteries. This procedure’s safety and efficacy
continues to be studied in several medical centers.
This procedure involves the placement of a small
flexible tube [catheter] into an artery from the
groin. The catheter is then directed to the neck to
reach the carotid artery blockage. A balloon pushes
open the artery wall and a stent [a small metallic
coil] is often left to keep the artery open [7].

3.4.1 Medical treatment

Lowering blood pressure to a target below
120/80 mm Hg by life style interventions and
antihypertensive treatment is recommended in
persons who have had an ischemic stroke or
transient ischemic attack [TIA] and are beyond the
hyperacute period. Angiotensin-converting
enzymes and angiotensin receptor blockers are
recommended as first-choice medications for
patients with diabetes. Glucose control to near-
normoglycemic levels [target hemoglobin A1C
7%] is recommended among diabetics to reduce
microvascular complications and, with lesser
certainty, macrovascular complications. Counseling
and smoking cessation medications have been
found to be effective in helping smokers to quit.
Lower quality evidence suggested possible benefits
of avoiding environmental tobacco smoke,
reduction of alcohol consumption by heavy
drinkers, weight reduction for obese patients, and
increasing physical activity. Antiplatelet agents are
recommended for patients with noncardioembolic
ischemic stroke or TIA. Aspirin [50 to 325 mg/d],
the combination of aspirin and extended-release
dipyridamole, and clopidogrel are all acceptable
options for initial therapy [8].

3.4.2 Carotid endareterectomy

The endarterectomy is begun by carefully
developing a subadvential plane with a freer
dissector in the common carotid artery, completed
circumferentially, feathered to a good end-point
proximally and continued distally, everting the
plaque out of the external carotid artery and then
completed in the internal carotid artery where the
plaque transitions into normal intima. Today, most
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evidence strongly supports arteriotomy closure
with an  autogenous vein, Dacron, or
polytetrafluoroethylene patch using a running 6-0
polypropylene suture [9].

Alternatively, eversion endarterectomy is
performed by obliquely amputating the internal
carotid artery at the common carotid bifurcation
and rolling back the adventitial layer until normal
intima is recognized distally at the distal endpoint.
Residual plaque in the common and external
carotid arteries is endarterectomized at this time.
After completion of the endarterectomy, the
internal carotid artery is re-anastomosed to the
common carotid artery with a running 6-0
polypropylene suture [9].

3.4.3 Carotid artery stenting

Carotid artery stenting is performed under local
anesthesia with mild or no sedation. Patients are
placed on clopidogrel and aspirin. Arterial access is
achieved through a retrograde femoral artery
approach. Brachial, radial, or direct CCA
approaches have been used in some instances.
Noninvasive or angiographic arch assessment
assists in guiding the optimal approach to the CCA.
Patients are heparinized to an activated clotting
time [ACT] of 250300 seconds.

Post-stenting angioplasty is performed with a
balloon undersized by 20% to 40% of CA diameter
and the stent length. A moderate residual stenosis
[20% to 30%] is generally acceptable since
continued expansion of nitinol stents may show
additional luminal recruitment over time. Finally,
the EPD is removed over a retrieval catheter. The
completion angiogram must visualize the extra-and
intracranial circulation in two or more views. The
sheath is removed when the ACT is 150 seconds;
arterial closure devices can be used to obviate the
need for normalization of the ACT. Patients are
placed on clopidogrel for at least 4 weeks and on
aspirin indefinitely [9].

4. Carotid endarterectomy

Carotid endarterectomy is surgery to remove
fatty deposits [plaque] that are narrowing the
arteries in neck. These are called the carotid
arteries. They supply blood and oxygen to brain. If
plaque and other fatty materials block an artery, it
slows or blocks the blood flow [10].

The asymptomatic carotid surgery trial [ACST]
recruited patients with a carotid artery diameter
reduction of at least 60% on ultrasound and no
symptoms in the previous 6 months. This study
showed a net reduction of 5.4% in the combined
outcome of stroke within 5 yr and death within 30
days of surgery [11].

The benefits were mainly seen in younger
patients and were uncertain for patients older than
75 yr. The American Academy of Neurology
documented that there is a significant difference
between the primary endpoint of the ACAS and
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ACST studies. ACAS took ipsilateral stroke as the
primary endpoint, whereas ACST included contra-
lateral and vertebrobasilar strokes. If ACST
analysis was limited to ipsilateral stroke, the
absolute benefit would be reduced [12].

CEA should be performed sooner rather than
later in symptomatic patients. A pooled analysis of
data from NASCET and ESCT demonstrated that
the greatest absolute risk reduction for ipsilateral
stroke, any stroke, and death within 30 days of
surgery was found in patients who underwent
surgery within 2 weeks of their last event. This
decrease in benefit from surgery was significantly
more rapid in women than in men. The benefit of
early surgery is explained by the natural history of
carotid plaque in symptomatic patients [13].

In a study conducted by Harrison and Marshall
[14], 66% of patients undergoing CEA within 4
weeks of their most recent event had thrombus
overlying the carotid stenosis compared with 21%
of patients waiting for a longer period. Plaque
morphology studies have shown that patients with
recent symptoms are more likely to have acute
plaque disruption, spontaneous embolization,
overlying thrombus formation, and abnormal levels
of metalloproteinases within the plaque. Ideally,
patients presenting with a suspected TIA should
have undergone investigation and, if appropriate,
surgery within 2 weeks of presentation. Rothwell et
al. [13] found that only 50% of patients had
undergone a duplex scan within 12 weeks of
presentation, let alone surgery.

The best care of a patient with a progressing
stroke of less than 24 h duration is less clear.
Chaturvedi et al. [12] identified four studies that
examined this issue. Three of the studies found
benefit from surgery, but one reported a
postoperative stroke and death rate of 20%.

Practice varies widely between surgeons; some
routinely insert shunts in all patients, whereas
others eschew their use altogether. A middle way is
a policy of selective shunting based on one or
another monitor of cerebral function or blood flow.
The technologies used to monitor for cerebral
ischaemia are discussed below. There are limited
high quality data to guide practice. The issue is
made complex by the number of different options
to be compared [15].

Studies may compare a policy of shunting vs
not shunting, shunting vs selective shunting based
on the use of a cerebral monitor, or selective
shunting vs not shunting. [16] systematically
reviewed the evidence for and against shunting.
They found only three studies that were sufficiently
rigorous for inclusion in a systematic review. Royal
College of Physicians of London [17] compared
routine shunting with no shunting; there was no
significant difference in the rate of all strokes,
ipsilateral stroke, or death up to 30 days after
surgery. [18] compared shunting on the basis of
EEG monitoring and carotid pressure measurement
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with pressure measurement alone. There was no
significant difference between the risks of
ipsilateral stroke between the two groups.

4.1 Perioperative complications

The two most feared major perioperative
complications of CEA are cerebrovascular accident
and myocardial infarction. The pooled data from
the NASCET, ESCT, and Veteran’s Administration
Trial provide an insight into the incidence of
cerebrovascular accident after CEA. Data are
presented on 3248 patients who underwent surgery.
Of 35 deaths [1.1%] within 30 days of surgery, 20
deaths were from operative strokes. Two hundred
and twenty-nine patients suffered the combined
outcome stroke or death within 30 days of surgery
[13].

The majority of perioperative events become
manifest within 8 h of surgery. In a retrospective
review of 771 CEAs, 26 patients developed a
neurological deficit after surgery. Nineteen of the
neurological deficits were diagnosed in the
operating theatre or recovery room and a further
five within 8 h of surgery [19].

5. Anesthetic considerations for carotid
endarterectomy

Carotid endarterectomy [CEA] has shown a
significant benefit in preventing ipsilateral stroke
when it is compared to conservative management.
Surgical morbidity and mortality must be kept to a
minimum to achieve this benefit. Neurological
status of the CEA patients can be monitored easily
during regional anesthesia depending on the awake
testing [neurocognitive assessment] method, and
completely monitored, most medical centers
consider awake testing as an essential method. [20].

5.1 Anesthesia

The awake patient's response test is a superior
technique for monitoring patient's need for
shunting during CEA. Because the awake
assessment method used during regional anesthesia
can avoid any shunts malfunction incidence [shunt-
related stroke] that may occur in GA with routinely
shunt using protocol during CEA procedures.
Besides, CEA procedures using GA increases
postoperative complications in those patients with
myocardial issues [21].

5.1.1 General anesthesia

The main advantages of GA are a safe airway
throughout the procedure  with  controlled
ventilation and  arterial carbon  dioxide
concentrations. Anesthesia can be maintained using
inhalational or i.v. agents. There are theoretical
neuroprotective effects of GA agents [inhalational
and i.v.] and some hemodynamic advantage of
propofol anesthesia during carotid clamping.
However, there is no outcome-based evidence

favoring any particular general anesthetic agent
during carotid clamping [22].

In a report by Stoughton et al. [23], 208
consecutive  carotid  endarterectomies  were
prospectively evaluated for cerebral function
during surgery under regional anesthesia with
simultaneous mental status evaluation and
intraoperative  electroencephalographic  [EEG]
monitoring. They found a high incidence of false
positive [6.7%] and false negative [4.5%] EEG
results in the detection of neurologic deficits when
compared to an awake mental status evaluation. If
the correlation is so bad in an awake patient, one
must wonder what the utility is in an anesthetized
patient. Assessment of neurologic function in the
awake individual avoids all ambiguity in other
surrogate testing modalities.

5.1.2 Local anesthetic techniques

Blockade of the second, third and possibly
fourth cervical dermatomes is required for surgery.
This can be achieved by various techniques;
cervical epidural, superficial and deep cervical
plexus blocks [alone or in combination] and local
infiltration by the surgeon. There have been no
differences in outcome demonstrated between these
techniques [24].

5.1.3 Cervical epidural

Although this technique is not familiar to most
anaesthetists, it has found favour in a few areas, in
particular France. Commonly observed problems
are hypotension, bradycardia and alterations in
respiratory function. The reported dural puncture
rate is 0.5% and respiratory failure requiring
intubation occurs in around 1%. These risks are
unacceptable when safer techniques are available
[24].

5.1.4 Superficial cervical plexus block

Conventional teaching is that local anaesthetic
injected deep to the investing fascia of the neck
cannot block the roots of the cervical plexus due to
the impenetrable layer of deep cervical fascia.
However, a recent cadaveric study demonstrated
that an injection of methylene blue deep to the
investing fascia did reach the nerve roots. This
supports the observation that carotid surgery can be
performed with the intermediate cervical plexus
alone [24].

5.1.5 Local anesthetic infiltration
The operation can be performed under local
anaesthetic infiltration by the surgeon [24].

5.2 Monitoring techniques

Almost all practitioners agree that there is a
need to monitor CBF during CEA, particularly
during the period of arterial crossclamping. It is
also agreed that the ‘gold standard’ in cerebral
monitoring is to keep the patient awake during
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surgery so that sensory, motor, and higher mental
functions can be assessed continuously. Any
symptoms from reduced CBF or embolization are
immediately apparent and this is one of the major
benefits of performing surgery under local or
regional anaesthesia [RA]. Several other monitors
of cerebral perfusion are available including
transcranial Doppler [which also detects the
occurrence of microemboli], stump pressure
measurement, EEG, somatosensory evoked
potentials, and near-infrared spectroscopy. These
electromechanical monitors are often used to
determine the need for a temporary shunt, though
their reliability in this regard varies [15].

5.2.1  Vascular evaluations using stump
pressure

Stump pressure is a technique used to evaluate
the need for shunting during CEA surgeries; this
method is depending on measuring the back
pressure in the distal part of the internal carotid
artery after clamping. As the recorded reading of
the back pressure in the targeted artery, the need
for shunting was decided. Stump pressure values
>25 mmHg shows the safe level as it was thought
in the past years, later it was revised to mean of 40
mmHg as the safe level [25].

5.2.2 Somatosensory evoked potentials

Somatosensory evoked potentials [SSEPs] offer
theoretical advantages over the EEG for cerebral
ischaemia monitoring. This type of monitoring
examines not only the cortex but the deeper
structures of the brain. [26].

5.2.5 Near-infrared spectroscopy

Near infrared spectroscopy [NIRS] gives a
value for regional cerebral oxygenation [rSOZ2]
which is a composite measure of arterial venous
and capillary  oxygenation, although the
predominant influence is the venous blood. Carotid
cross-clamping produces a decrease in rSO2.
Unfortunately, this change is not consistently
related to changes in other measures of cerebral
blood flow [27].

There is no well-defined ‘normal’ range for
rSO2 during surgery and the change in rSO2 during
a carbon dioxide challenge differs between two
commercially available monitors [28]. Finally,
there is not a well-defined biologic zero and studies
in dead subjects give an average rSO2 value of
51%, compared with a value of 68% in normal
controlled subjects [29].

5.2.5 Transcranial Doppler monitoring

TCD ultrasonography was introduced in clinics
in the early eighties for the first time. TCD is a
noninvasive monitoring technique involving the
use of <2 MHz transducers, placed on the skull of
the patient, through temporal bone windows
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[relatively thin bone] to measure the cerebral blood
flow velocity and its alterations. [30].

5.2.6 INVOS™ cerebral oximeter monitoring

INVOS™  monitoring is an adjunctive
noninvasive method which is intended for regional
rSO2 monitoring in the brain or other targeted
tissue through a sensor. The INVOS monitoring
can be considered as an initial diagnostic method
only but not used for confirming diagnostic
purposes. [31].

5.3 Issues beyond stroke, myocardial infarction,
and death rates

Although there were no significant differences
between the two types of anesthesia in regard to
stroke, MI and death, it may be appropriate to
consider other additional parameters when
comparing the outcomes of these two techniques.
Thus, it analyzed the stress response that may be
associated with adverse systemic effects and
showed that patients under RA were exposed to
higher stress levels, reflected as a rapid and
significant increase in intraoperative values of
cortisol and adrenocorticotropic hormone [ACTH].
However, in the early and late postoperative
periods, the anesthetic modality no longer has an
impact on surgical stress [32].

6. General anesthesia or regional anesthesia

A large number of studies compare RA and GA
techniques in CEA surgery patients. The primary
outcome was the proportion of patients with stroke
[including  retinal infarction], myocardial
infarction, or death. One of the first major
published studies included 803 consecutive CEAS
[632 were performed under RA and 171 under GA]
and showed that there was no statistically
significant  difference in the incidence of
perioperative stroke or perioperative death between
the two groups. However, the incidence of non-
neurologic, nonfatal complications [eg, MI and
postoperative  mechanical  ventilation;  neck
hematomas and cranial nerve injuries; and urinary
retention] was significantly lower in the RA group
[33].

In an attempt to solve the dilemma which
anesthetic technique is superior, the randomized
GALA trial recruited over 3500 patients with
symptomatic or asymptomatic carotid stenosis from
95 centers between 1999 and 2007 to undergo CEA
under GA or RA. Despite the enormity of the
undertaking, the GALA trial results have not
silenced the debate as to which anesthetic
technique gives the best results. This study showed
that there was no statistically significant difference
in the incidence of stroke, MI, or death between
randomization and 30 days after surgery. Actually,
the trial was not powerful enough to detect a
significant difference between GA and RA in major
outcome [incidence of stroke and death]. The
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GALA trial showed significant differences between
the 2 groups in terms of shunt insertion rate [14%
RA vs. 49% GA], but shunting was used purely at
the discretion of the clinicians [at least in the GA
group] rather than because of detected neurological
deficit [34].

The choice of anaesthetic techniques remains
guided by local clinical practice [surgeon and
anaesthetist preference] as well as patient condition
and motivation. With technical advances in
ultrasonic imaging, evidence to support the
widespread application of ultrasonic guidance for
regional anaesthesia in orthopaedic and vascular
interventions has been growing [35].

Several anaesthetic agents have also been
incriminated in the reverse ‘Robin Hood’ syndrome
in which abnormal cerebral vasodilation causes
blood flow to be ‘stolen’ from active metabolic
areas and diverted towards areas with lesser aerobic
needs [36].

Disadvantages of regional anaesthesia are the
need for patient collaboration, remote access to the
upper airways and procedural complications such
as temporary unilateral diaphragmatic and vocal
cord paralysis, neural injuries and epidural, and
subarachnoid or intravascular injection of local
anaesthetic. Awvailability and experience with
laryngeal mask airways offer new opportunities to
maintain upper airways and satisfactory gas
exchange under a moderate depth of anaesthesia
while avoiding tracheal intubation [37].

Preoperative consultation plays a key role in
identifying those patients unable to tolerate a 2-
hour procedure with the face and the neck covered
by surgical drapes. Patients should be thoroughly
informed regarding the anaesthetic and surgical
approaches and emphasis should be placed on the
importance of the ‘awake’ condition with verbal
communication that contributes to the success of
the intervention and offers the potential of
preventing early neurocognitive  dysfunction
following CEA [38].

Maintenance of the ‘awake’ state offers the
unique opportunity to detect almost instantaneously
any intraoperative mismatch in regional brain
oxygen supply. In addition, the release of stress
hormones and arousal of the sympathetic system
are helpful in preventing or mitigating brain
ischaemia by keeping arterial blood pressure in the
upper normal range, while avoiding the
administration of vasopressive agents [39].

As viable cerebral tissues within the ischaemic
penumbra are very sensitive to variations in blood
pressure, improved early subclinical cognitive
function after awake CEA [compared with general
anaesthesia] could be attributed to better systemic
haemodynamic control and preserved
autoregulation of cerebral blood flow [40].
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