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Summary

Carotid Artery Stenting (CAS) has evolved as a valid alternative for patients with severe
carotid artery stenosis, particularly those who are at high risk for surgery. Intense
medical therapy has also shown significant benefits for stroke reduction in recent years.
With improved medical management and excellent outcome of carotid endarterectomy,
the indication for CAS is under fierce debate. Several societies have published
guidelines on treatment strategies for carotid stenosis. Deciphering these guideline
recommendations can be confusing. It is clear that symptomatic patients with a >50%
carotid stenosis should be aggressively treated with surgical intervention and CAS
reserved for high-risk patients. The consensus on asymptomatic patients is still lacking
largely due to the data on the role medical therapy, which is limited. With currently
improved medical therapy, it is reasonable to consider operative intervention in
symptomatic patients with a >60% carotid stenosis and asymptomatic patients with a
>80% stenosis if a 3-year life expectancy is reasonable. CAS should be reserved for
high-risk patients. Asymptomatic patients who are offered carotid endarterectomy
(CEA) should be informed their absolute risk reduction of stroke is only about 1% per
year, and there is a small but non-negligible risk of perioperative stroke. Patients offered
CAS should be informed that the risk profile remains higher than CEA, particularly in
older patients. It is possible that with future advancements in technology, better patient
selection, and operator proficiency, the difference in CAS and CEA will be less.

1. Carotid Disease
Stroke is one of the most common causes of permanent disability in industrialized
countries, and is becoming increasingly prevalent around the world, and continues to be

the third leading cause of death in the United States. Management of stroke consumes
$45 billion annually, and is responsible for greater than one million hospital admissions
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each year in the U.S. (Thom et al., 2006). Neurologic sequelae related to stroke, such as
paraplegia/paralysis, aphasia/dysphasia, and blindness, severely limit a patient’s ability
to carry out activities of daily living, which invariably create an enormous burden on
our health care system. Extra-cranial carotid occlusive disease is one of the most
common causes of stroke. Consequently, prevention of stroke with safe treatment of
carotid occlusive disease becomes an important health care goal.

Atherosclerotic plaque buildup in the lumen of carotid arteries can lead carotid luminal
narrowing, plaque ulceration or rupture, and arterial occlusion. Debris from the carotid
plague embolized distally into the brain is frequently the etiology for ischemic stroke or
Transient Ischemic Attack (TIA). Similar to stroke, TIAs cause focal neurologic
symptoms, such as contralateral paresis, paralysis, and/or paresthesia. Additional
symptoms include vision disturbance and/or speech difficulties. Unlike stroke, TIA is a
transit episode of neurologic dysfunction caused by ischemia without acute tissue death
(infarction), and the symptoms typically last a few minutes and resolve within 24 hours.
Having a TIA is a significant risk factor for another TIA episode or eventually a stroke.
Statistically, up to 30% of patients will suffer a stroke within 90 days of the initial TIA
symptoms. However, only 15% of patients who are at risk of devastating stroke present
with sentinel events such as TIAs or amaurosix fugax (unilateral blindness). Nearly
75% of previously asymptomatic patients present to clinical attention with an
unheralded stroke in a carotid artery distribution. Several well-designed and well-
executed trials have demonstrated the benefit and superiority of carotid artery
interventions in the management of carotid artery stenosis in patients who are
symptomatic North American symptomatic carotid endarterectomy trial collaborators
1991; Goldstein et al., 1995). Similarly, clinical trials have also investigated the role of
surgical intervention in patients with asymptomatic carotid artery stenosis (Goldstein
LB, Hasselblad V, Matchar DB, McCrory DC, 1995; The European carotid surgery
trialists collaborative group, 1995). However, with the reported annual stroke risk of 2-
5% stroke in asymptomatic patients with moderate to severe carotid artery stenoses, and
much less in patients with mild carotid stenosis, the management of asymptomatic
carotid artery stenosis has in recent years become an area of great interest as well as
debate (Abbott, 2009).

2. Carotid Artery Stenting

Carotid artery endarterectomy has proven to be an effective treatment strategy to
decrease the incidence of stroke and death in both symptomatic and asymptomatic
patients with _high-grade carotid stenosis (North American symptomatic carotid
endarterectomy trial collaborators, 1991; Executive committee for the asymptomatic
carotid atherosclerosis study, 1995). However, significant cardiopulmonary morbidities,
such as New York Class Il or IV congestive heart failure (CHF), chronic obstruction
pulmonary disease (COPD) with forced expiratory volume in 1 second (FEV1) <50%,
unstable angina, and recent myocardial infarction (MI) can potentially increase peri-
operative cardiopulmonary complications in a subset of patients who undergo CEA.
Furthermore, difficult surgical anatomies, such as recurrent stenosis following CEA,
prior neck radiation or dissection, and inaccessible lesions above C2 level can also
increase procedure-related complications. Based on the recommended guideline by the
American Heart Association and Society of Vascular Surgery, CEA should only be
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performed if the combined rate of perioperative stroke and death rate is less than 3% in
asymptomatic patients and 6% in symptomatic patients with high-grade extracranial
carotid stenosis (Brott et al., 2011; Ricotta et al., 2011). Consequently, alternative
treatment strategies, such as carotid stenting (CAS) and medical management of carotid
disease, have kindled significant enthusiasm in the medical community for patients with
carotid stenosis. With perceived less invasiveness and short convalescence, new and
innovative endovascular techniques, i.e. CAS, is considered an alternative for the
treatment of carotid artery disease. It is increasingly adapted as the treatment of choice
for asymptomatic patients, despite continuous concern for procedure-related cerebral
embolization. Restriction of payment from Center for Medicare & Medicaid Services
(CMS) has tempered the surge of CAS, and encouraged intense research on patient
selection and evaluations on the benefits of aggressive medical management in high risk
asymptomatic patients.

Although the indication for various treatment strategies is still debatable, several
societies have published guidelines on treating patients with carotid stenosis. The
Society for Vascular Surgery (SVS) recommends CEA as the first-line treatment for
most symptomatic patients with stenosis of 50% to 99%, and asymptomatic patients
with stenosis of 60% to 99% Indication (Ricotta et al., 2011). The SVS also
recommends that CAS should be reserved for symptomatic patients with stenosis of
50% to 99% at high risk for CEA for anatomic or medical reason, and CAS is not
recommended for asymptomatic patients at this time. Asymptomatic patients at high
risk for intervention or with <3 years life expectancy should be considered for medical
management as the first-line therapy. Recently, a joint task force involving 14 societies
including the American Heart Association, American Stroke Association, American
Society of Neuroradiology, Society of Interventional Radiology, and Society of
Vascular Surgery recently published a practice guide on treating patients with carotid
atherosclerotic disease (Brott et al., 2011). The guideline recommends CEA for patients
with symptomatic >70% carotid stenosis as documented by noninvasive imaging or
more than 50% as documented by catheter angiography if the anticipated rate of
perioperative stroke or mortality is less than 6%. Based on the guideline, it is also
reasonable to perform CEA in asymptomatic patients who have more than 70% stenosis
if the risk of perioperative stroke, MI, and death is low. The guideline also stated that it
was reasonable to choose CEA over CAS in older patients, and to choose CAS over
CEA in patients with unfavorable anatomy.

2.1. Pre-operative Evaluation of Carotid Artery Stenting

Carotid artery stenosis is typically first evaluated with noninvasive duplex ultrasound
imaging. The pre-procedure ultrasound should be performed by an accredited vascular
imaging lab and by a certified technician. Preferably, the same vascular lab that will
perform post-procedure ultrasound evaluations should be chosen for the pre-procedure
ultrasound. The ultrasound B-mode image provides the operator with a rough estimate
of the carotid artery diameter, characteristics of the atherosclerotic plaque, and evaluates
the level of plaque surface ulceration and calcification. Equally important, the
ultrasound also provides arterial waveforms of blood flow in the Internal Carotid Artery
(ICA) and Common Carotid Artery (CCA), which can be used to extrapolate arterial
peak systolic velocities, and the extent of carotid stenosis. The combination of ICA to
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CCA peak systolic velocity ratio, end diastolic velocity of ICA, and peak systolic
velocity of ICA vyields relatively reliable values for inferring the extent of ICA stenosis.

Once the intervention is decided, the patient should have a detailed vascular and
neurological evaluation. Preoperative labs routinely include a complete blood count,
basic metabolic panel, lipid panel (including HDL, LDL, and Triglycerides),
coagulation profile (inducing PT, PTT, and INR), and hemoglobin A1C. It is also
recommended to obtain a baseline EKG for all patients and a chest x-ray (CXR) if the
patient is known to have pulmonary disease or is more than 65 years old. During the
preoperative evaluation, particular attention should be directed to co-morbid conditions,
particularly evidence for ischemic heart disease, congestive heart failure (CHF), insulin-
dependent diabetes, or renal failure (creatinine > 2), since these factors can greatly
impact the cardiac risk stratification of the patient. All patients with carotid disease
should have their regiment of medical therapy optimized and all patients planned to
undergo CAS are recommended to have aspirin once a day for at least 1 week, and
Plavix 75mg once a day for at least 3 days prior to the procedure. Following CAS, all
patients should continue aspirin lifelong and Plavix for at least 6 weeks.

Prior to intervention, a diagnostic aortic arch, cervical carotid, and cerebral angiogram
is required. This can be performed immediately prior to the CAS procedure or use a
high-resolution magnetic resonance angiogram (MRA) or CT angiogram as a substitute.

Arch angiogram helps to assess anatomy of supra-aortic trunks, anticipate difficult
aortic arch (Type Il arch, bovine arch), and to facilitate carotid cannulation. Cerebral
angiograms with at least two views are to determine patency of intracranial vessels and
presence of intracranial diseases (arteriovenous fistula, arteriovenous malformation, or
intracranial tumor). Preoperative MR or CT angiogram can help to acquire this critical
information prior to the planned CAS procedures. A risk-benefit analysis with this
information in hand will help the operator determine if CAS is appropriate, the timing
of CAS, or whether the patient is more appropriate for an open surgical repair. One
cannot over emphasize that appropriate patient selection and sound judgment is critical
when planning a CAS procedure.

On the preoperative imaging, the operator should pay particular attention to the arch
anatomy, carotid tortuosity, and the extent of the carotid disease.

An extremely tortuous vessel, a string sign, evidence of free-floating thrombus, and
densely calcified lesions are associated with significant complications, particularly
distal embolization, during CAS. These anatomical features are contraindications for
CAS and should be taken into serious consideration if a CAS is planned. Alternative
treatment approach should be evaluated for patients with high-risk anatomical feature
for CAS. In addition to routinely usage of embolic protection device (EPD), alternative
carotid access strategy, neuro-rescue measures, and various devices should be readily
available and be accessed if necessary.
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Figure 1. (A) A preoperative MRA of an aortic arch shows aortic arch anatomy and its
supra-aortic trunks (B). Digital subtraction arch angiogram showed a torturous left
common carotid artery that poses difficulty during CAS

Listed below are devices/equipment commonly required for a CAS procedure.

1. Imaging
a. Endovascular suite with high quality image intensifier or a mobile C-arm unit
b. Digital subtraction capabilities
2. Drugs
a. Heparin 100mg/kg (or other substitutes are required)
b. Atropine 0.5-1mg (may be needed)
c. Aspirin (required)
d. Plavix (required)
e. Vasoactive medication (may be needed)
3. Commonly used Wires
a. 0.035" Benston wire, J wire, or other starter wire (needed)
b. 0.035", 260 cm, stiff angled glide wire or an alternative stiff wire (needed)
c. 0.014" Stabilizer wire (a buddy wire that is occasionally required)
d. 0.035" Amplatz superstiff guide wire (occasionally required)
4. Commonly used selective Catheters
a. Headhunter (H-1) diagnostic catheter, 120-125cm
b. Vertebral diagnostic catheter
c. JB1 or JB2 angiographic catheter depending on arch anatomy
d. Simmons 2 (Sim 2) diagnostic catheter
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JB2 | Vertebral

Figure 2. Common used selective diagnostic catheters for common carotid artery
cannulation.

5. Sheaths
a. 5 French introducer sheath
b. 90cm 6 or 7 French guiding sheath
6. Balloons
a. 2-3mm coronary balloon (may be needed)
b. 0.014" 4-6mm monorail angioplasty balloons
7.EPD
a. 0.014" distal occlusion system (PercuSurge GuardWire balloon)
b. 0.014" distal filter system (Filterwire EZ, Emboshield, Rx Accunet)
c. 0.014" proximal occlusion system (Parodi anti-embolization catheter)
8. Stents
a. Wallstent (Boston Scientific)
b. Precise (Cordis)
c. AccuLink (Abbott)
d. Exact Stent (Abbott)
9. Miscellaneous
a. Non-ionized contrast agent
b. Aspiration Catheters (may be needed)
c. 0.014" micro-puncture Kit
d. Percutaneous closure device
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