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+ Abstract

In this review we discuss carotid endarterectomy, focusing on mainly its timing and procedure

technique. We conducted computerized search among electronic databases; MEDLINE,

EMBASE, and SciELO for literature available in the databases to October, 2017. Carotid
endarterectomy is a surgical procedure used to reduce the risk of stroke by correcting stenosis
in the common carotid artery or internal carotid artery. The procedure requires careful
diagnosis and preparation. Selection of proper timing is crucially important in order to reduce

the postoperative complications and gain a well functioning artery.
£ Introduction

Stroke is the third leading cause of death in the United States, and the second leading cause of
death worldwide [1]. 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, which corresponds to an incidence of new stroke of
approximately 160 per 100,000 population per year [2].

The aim of carotid endarterectomy is to reduce the risk of stroke and death in patients with
carotid artery disease. The benefit to society of surgeons undertaking this operation lies in the

balance between the risks of the natural history of the carotid disease and the risks of the
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surgical treatment. Carotid endarterectomy is probably the vascular surgical procedure with
the most scientific evidence in its favour [3].

The natural history of carotid disease is quite different for patients with symptomatic and
asymptomatic carotid arterial stenoses. Symptomatic stenoses include those causing transient
ischaemic attack and amaurosis fugax. Also included are patients who have had a previous
completed stroke [4]. Asymptomatic patients may have a significant carotid stenosis found
incidentally, they may have a moderate stenosis that progresses on duplex follow-up, or
finally they may have a stenosis identified as part of a routine preoperative work-up before
major surgery such as coronary artery bypass grafting [5].

Patients with no significant carotid disease have a less than 2% chance of perioperative stroke
during and after coronary artery bypass, whereas patients with a unilateral occlusion have an
approximately 10% chance. However, only 40% of these strokes occur within 24 hours of
surgery and are thus likely to be preventable [6].

The endarterectomy procedure was developed and first done by the Portuguese surgeon Joao
Cid dos Santos in 1946, when he operated an occluded superficial femoral artery, at
the University of Lisbon. In 1951 an Argentinian surgeon repaired a carotid artery occlusion
using a bypass procedure. The first endarterectomy was successfully performed by Michael
DeBakey around 1953, at the Methodist Hospital in Houston, TX, although the technique was
not reported in the medical literature until 1975 [7]. The first case to be recorded in the
medical literature was in The Lancet in 1954; the surgeon was Felix Eastcott, a consultant
surgeon and deputy director of the surgical unit at St Mary's Hospital, London, UK
[8]. Eastcott's procedure was not strictly an endarterectomy as we now understand it; he

excised the diseased part of the artery and then resutured the healthy ends together [9].
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£+ Methodology:
We performed an electronic search of MEDLINE, EMBASE, and SciELO databases.
These databases were searched for eligible studies discussing the carotid
endarterectomy for carotid stenosis. Our search had no limit period of studies
publication, therefore, we searched through October, 2017 Relevant references and
historical quotes, as well as extremely important studies within the context of the

review were analyzed in the same way, regardless of the publication dates.

%+ Discussion

Diagnositic procedures:
Brain imaging with CT or MRI should be obtained in patients considered for CEA, in order to
document infarction and rule out mass lesions. Carotid investigation begins with ultrasound
and, if results agree with subsequent, good-quality MRA or CT angiography (Figure 1),
treatment can be planned and catheter angiography avoided. An equally acceptable approach
is to proceed directly from ultrasound to catheter angiography, which is still the gold-standard

in carotid artery assessment [10].
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Figure 1: Carotid stenosis
Source: https://hu.pinterest.com/pin/502995852109250901/

Indications of surgery:

CEA should be considered for any patient with carotid artery stenosis in whom surgery will
improve the natural history of the disease to a greater degree than the corresponding medical
treatment would [11].
In symptomatic good-risk patients with surgical morbidity and mortality (stroke and death) of
less than 6%, proven indications for CEA include the following:
One or more transient ischemic attacks (TI1As) in the preceding 6 months and carotid
artery stenosis exceeding 50% [12].
In asymptomatic good-risk patients treated by surgeons with surgical mortality and morbidity

of less than 3%, the proven indication for CEA is stenosis exceeding 60% [13].
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The 2014 American Heart Association (AHA)/American Stroke Association (ASA)
guidelines for the prevention of stroke in patients with stroke or TIA contained the following
new or updated recommendations relevant to CEA [14] :
Carotid angioplasty and stenting (CAS) is indicated as an alternative to CEA for
symptomatic patients at average or low risk for complications associated with
endovascular intervention when the diameter of the lumen of the internal carotid artery
is reduced by >70% by noninvasive imaging or >50% by catheter-based imaging or
noninvasive imaging with corroboration and the anticipated rate of periprocedural
stroke or death is <6% (class lla; evidence level B)
It is reasonable to consider patient age in choosing between CAS and CEA; for
patients older than about 70 years, CEA may be associated with improved outcome
CAS, particularly when the arterial anatomy does not favor endovascular intervention;
for younger patients, CAS is equivalent to CEA in terms of risk for periprocedural
complications and long-term risk for ipsilateral stroke (class Ila; evidence level B)
CAS and CEA in the above settings should be performed by operators with established
periprocedural stroke and mortality rates of < 6% for symptomatic patients (class I;
evidence level B)
Routine, long term follow-up imaging of the extracranial carotid circulation with

carotid duplex ultrasonography is not recommended (class I11; evidence level B)

Contraindications

CEA is contraindicated if the patient’s general condition includes a serious illness that will

substantially increase perioperative risk or shorten life expectancy. It is also contraindicated in
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patients who present acutely with a major stroke or in patients who experienced a major
devastating stroke with minimal recovery or a significantly altered level of consciousness [15].
In a study of perioperative and long-term outcomes after CEA in hemodialysis patients,
Cooper et al found that the risks of CEA in asymptomatic dialysis-dependent patients were
high, possibly outweighing the benefits. They also found the risk to be high in symptomatic
patients and suggested that it should be offered only to a small and carefully selected cohort

of these patients [16].

Timing

Contemporary literature argues that neurologically unstable patients, presenting repetitive
transient ischaemic attacks or progressing stroke, should be managed by urgent (within 24 to
72 hours) carotid endarterectomy, even if the peri-operative stroke-death rate is slightly higher
than in the elective setting. Despite an inherent increased operative morbidity-mortality,
urgent carotid endarterectomy seems to be justified by the fact that waiting for the surgery
may lead to the development of a more profound stroke in these neurologically unstable
patients. Their only chance for neurological recovery (partial or complete) is in the early
phase (12 to 60 hours after the acute onset of the neurological syndrome of crescendo-TIAs or
stroke-in-evolution). For patients presenting a minor stroke, with limited brain infarction,
carotid endarterectomy should preferentially be done in a semi-urgent fashion, within two

weeks [17].

Preoperative assessment
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In the preoperative work-up of a patient, it is important to consider if the patient is at
““physiological’’ high risk for surgery, which may warrant consideration for other alternatives
such as carotid artery stenting or medical management. These factors include, but are not
restricted to, advanced age, contralateral carotid occlusion, cardiac disease, and renal
insufficiency [18].

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. It has been suggested that patients should
wait 4—6 weeks after the event prior to proceeding with CEA [19] [20]. However, the patient
may be at high risk of a recurrent neurologic event during that period [21]. After an ischemic
event, the 30-day risk of stroke is 4.9% in the presence of severe carotid stenosis [22]. On the
other hand, the mortality and risk of stroke at CEA is 20% in the presence of stroke in
evolution or crescendo TIA [23].

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 [24] [25].

Anatomical and technical considerations

The aortic arch provides the great vessels, including the innominate artery, the left common
carotid artery (CCA), and the subclavian artery. (Figure 2) In the most common configuration,
the innominate artery branches into the right subclavian artery and the right CCA. Vertebral

arteries branch off the subclavian arteries bilaterally [26].
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Figure 2: Anatomy of internal carotid and vertebral arteries
Source: https://emedicine.medscape.com/article/1895291-overview#ab

On each side, the CCA travels within the carotid sheath before branching into the ipsilateral
internal carotid artery (ICA) and external carotid artery (ECA). The ECA primarily supplies
blood to the face and includes branches of the superior thyroid and ascending pharyngeal
arteries. The ICA has no extracranial branches [26].

The carotid sinus is a baroreceptor located at the carotid bifurcation (where the CCA
bifurcates into the ICA and the ECA) and is innervated by the nerve of Hering, a branch from
cranial nerve IX (the glossopharyngeal nerve). The carotid bifurcation also contains the
carotid body, which functions as a chemoreceptor responding to low oxygen levels or high

carbon dioxide levels [27].
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The ICA has an intracranial branch called the ophthalmic artery, which collateralizes and
communicates with the external carotid blood supply. The ophthalmic artery is a common
location for carotid emboli, which may result in transient monocular blindness (TMB) if they
dissolve quickly or central retinal artery occlusion and blindness if they do not. The
intracranial circle of Willis provides further communication between the ICA, the ECA, and

the vertebrobasilar system [28].

Operative techniques

Carotid endarterectomy (Figure 3) can be performed with either regional or general
anaesthesia and, for the latter, there are a number of monitoring techniques available to assess
cerebral perfusion during carotid cross-clamping. While monitoring cannot be considered
mandatory and no single monitoring technique has emerged as being clearly superior, EEG is
most commonly used. "Eversion” endarterectomy is a variation in surgical technique, and
there is some evidence that more widely practiced patch closure may reduce the acute risk of

operative stroke and the longer-term risk of recurrent stenosis [29].
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Figure 3: Carotid endarterectomy

Source: https://hu.pinterest.com/pin/502995852109250901/

The procedure of carotid endarterectomy consists of the following steps:

An incision is made on the midline side of the sternocleidomastoid muscle. The incision is
between 5 and 10 cm in length. The internal, common and external carotid arteries are
carefully identified, controlled with vessel loops, and clamped. The lumen of the internal
carotid artery is opened, and the atheromatous plaque substance removed. The artery is closed

using suture and a patch to increase the size of the lumen. Hemostasis is achieved, and the
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overlying layers closed with suture. The skin can be closed with suture which may be visible
or invisible (absorbable). Many surgeons place a temporary shunt to ensure blood supply to
the brain during the procedure [30].

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 [31].

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 [32]. 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, and that of prosthetic material is infection [33].

Carotid angioplasty and stenting:

Experience with this endovascular and less invasive procedure grows, and its technology
continues to evolve. Some experienced therapists have reported excellent results in case series
and a number of randomized trials are now underway comparing CAS to CEA [34]. CAS is
cheaper, reduces hospital stay, avoids surgical complications and is more comfortable and
tolerable for patients. However, at this time it is premature to incorporate CAS into routine

practice replacing CEA [35].

Complications

For patients to benefit from revascularization, the surgeon's complication rate (30 day stroke

and death) must remain < 3% for asymptomatic and < 6% of symptomatic patients. Other
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surgical complications include hemorrhage of the wound bed, which is potentially life-
threatening, as swelling of the neck due to hematoma could compress the trachea. Rarely,
the hypoglossal nerve can be damaged during surgery. This is likely to result
in fasciculations developing on the tongue and paralysis of the affected side: on sticking it out,
the patient's tongue will deviate toward the affected side. Another rare but potentially serious
complication is hyperperfusion syndrome because of the sudden increase in perfusion of the

vasculature distal to stenosis [36].

4+ Conclusion

Contemporary literature argues that neurologically unstable patients, presenting repetitive
transient ischaemic attacks or progressing stroke, should be managed by urgent (within 24 to
72 hours) carotid endarterectomy, even if the peri-operative stroke-death rate is slightly higher
than in the elective setting. Despite an inherent increased operative morbidity-mortality,
urgent carotid endarterectomy seems to us justified by the fact that waiting for the surgery
may lead to the development of a more profound stroke in these neurologically unstable
patients. Their only chance for neurological recovery (partial or complete) is in the early
phase (12 to 60 hours after the acute onset of the neurological syndrome of crescendo-TIAs or
stroke-in-evolution). For patients presenting a minor stroke, with limited brain infarction,
carotid endarterectomy should preferentially be done in a semi-urgent fashion, within two

weeks.
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