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ABSTRACT

Background: Patients with ischemic

heart disease often have concomi-

tant carotid artery disease. In appro-

priately selected patients, carotid

artery stenting has been considered

as an alternative to carotid endarter -

ec tomy. In the US and Europe, cardi-

ologists are the dominant workforce

to perform carotid artery stenting.

The objective of this study was to

assess the feasibility and safety of

carotid artery stenting performed  at

a tertiary cardiovascular centre in

Canada.

Methods: Data of all patients who

underwent carotid artery stenting in

the cardiac catheterization laborato-

ry at the Royal Columbian Hospital,

New Westminster, BC, were entered

into a registry. Baseline charact er -

istics, procedural technique, and

post procedural follow-up were pro -

spectively recorded. Patients were

considered for carotid artery sten -

ting if they had symptomatic >50%

stenosis, or asymptomatic > 80%

stenosis in the carotid artery.  

Results: Between July 2005 and

January 2008, 100 patients under-

went carotid artery stenting. The

study population included a broad

spectrum of symptomatic and asymp -

tomatic patients, high- or average-

risk for surgical endarterectomy,

and those who were waiting for

open-heart surgery. All but 1 patient

had procedural success. There was

1 periprocedural stroke and 1 myo -

cardial infarction 3 days after the

procedure. No patient died within 30

days. All patients com pleted 6-month

follow-up; 98% completed 1-year

follow-up. Be tween 1 month and 1

year after the pro cedure, 1 patient

had target lesion revascularization,

and there were 5 deaths, including 4

cardiac deaths and 1 sudden death,

which was presumed cardiac related. 

Conclusions: A carotid artery stent-

ing program established by a tertiary

care cardiovascular department in

Canada is feasible. It provides clini-

cal outcomes that meet the bench-

mark established by the current

practice guidelines.

Background
Interventional cardiologists possess
many of the required skills for man-
aging the concomitant carotid and
coronary atherosclerotic disease com-
mon in cardiology practice.1,2 For the
past 3 decades, carotid endarterecto-
my (CEA) has been the standard inter-
vention for patients with symptomatic
disease and more than 50% stenosis,
and for patients with asymptomatic
disease and more than 80% stenosis,
provided the perioperative risk has
satisfied the benchmark established
by the guidelines.3 Carotid artery sten -
ting (CAS) has been accepted as an
alternative to CEA in the treatment 
of patients with symptomatic, and in
some cases asymptomatic, obstruc-
tive extracranial carotid artery dis-
ease.4-7 While neuroradiologists have
traditionally been responsible for
invasive cerebrovascular imaging and
interventional therapy in Canada,
other countries have relied upon car-
diologists to provide CAS, as demon-
strated in the most recent CAPTURE
study,8 which found that 55% of CAS
procedures were done by cardiologists
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and 22% by vascular surgeons at
major US and European centres.8,9

Furthermore, patients with complex
disease often benefit from treatment
by specialists who have expertise in
both cerebral and cardiovascular dis-
ease management. With these poten-
tial advantages in mind, we undertook
a study to consider the feasibility and
safety of providing CAS at a tertiary
care cardiovascular department.

Methods
Baseline characteristics, procedural
data, and postprocedural follow-up
data were collected prospectively for
the patients undergoing CAS in the
cardiac catheterization laboratory at
Royal Columbian Hospital starting 
in July 2005. Patients who had symp-
tomatic or asymptomatic severe ob -
structive ex tra cranial carotid artery
disease and were designated high-risk
for CEA were considered suitable for
CAS ( ). Patients who were at
average risk but preferred the less
invasive procedure were also consid-
ered suitable for CAS. All patients
who had a recent transient ischemic
attack or stroke were seen and exam-
ined by a neurologist to document pre-
procedural neurological findings and
to assess neurological reserve before
proceeding to CAS. Noninvasive
imaging modalities, including carotid
duplex ultrasonography, magnetic
resonance angiography, and comput-
ed tomography of the brain, were used
prior to CAS. 

The procedural technique of CAS
has been described previously.1 CAS
was considered for symptomatic pa -
tients who were confirmed on invasive
angiography to have more than 50%
stenosis, and for asymptomatic pa -
tients confirmed to have more than
80% stenosis, according to the criteria
established in the North American
Sym ptomatic Carotid Endarterectomy
Trial.10 Procedural success was defin -

Table 1

ed by stent implantation resulting in
less than 30% residual luminal nar-
rowing. Following the procedure, pa -
tients were observed overnight on the
cardiology ward before discharge. As -
pirin was prescribed for life and clopi-
dogrel was prescribed for 1 month.
Patients who required urgent cardiac
surgery were kept in the hospital until
surgery and clopidogrel was withheld
from these patients for 5 days before
surgery. Blood pressures were con-
trolled meticulously under a strict pro-
tocol. Systolic blood pressures were
controlled within the range of 90 to
120 mmHg after bilateral CAS or uni-
lateral CAS with contralateral occlu-
sion, or within 90 to 140 mmHg after
unilateral CAS with patent contralat-
eral carotid artery. Along with post-
pro cedural intravenous fluid infusion,
adjunctive intra venous nitroglycerin,
low-dose dopa mine, or oral pseudo -
ephedrine were administered as need-
ed. Oral antihypertensive medications
were adjusted by the cardiologist prior
to discharge. After discharge, patients

were instructed to monitor themselves
and report any hypertension to the op -
erating physician within the first week.
They were also asked to report any
headache or neurological symptoms. 

Clinical follow-up was performed
within the first month of the proce-
dure and surveillance ultrasound
appointments were scheduled at 6
months, at 1 year, and on a yearly basis
after the index procedure. 

Results
From 28 July 2005 to 31 January 2008,
a total of 100 patients underwent CAS
in the catheterization laboratory to
treat 110 carotid lesions, including 10
patients who underwent bilateral
CAS. Of these patients, 55 were male
and 45 were female, with a mean age
of 72.0 (SD 8.6) years.

The baseline clinical and angio-
graphic characteristics of the patients
are shown in and .
The comorbidities were typical for
patients in a cardiovascular practice.
Of note, 24 of the 100 patients were

Table 2 Table 3
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Table 1. Criteria used to designate patients as high-risk for carotid endarterectomy.

Clinical criteria

• Age >80 years

• Cardiovascular comorbidities:
• Unstable angina
• Recent myocardial infarction
• Multivessel coronary artery disease with evidence of myocardial ischemia
• Coronary artery bypass surgery or abdominal aortic aneurysm repair anticipated within

2 months
• Moderate to severe left ventricular systolic dysfunction (LVEF ≤30%)
• New York Heart Association class III-IV heart failure

• Chronic obstructive pulmonary disease

• Dialysis dependency

Anatomical criteria
• Contralateral occlusive carotid artery disease
• Lesion below clavicle or above C2
• Post-endarterectomy stenosis
• History of neck radiation or radical resection on the ipsilateral side
• Tandem lesions
• Spinal immobility due to cervical arthritis or other disorders
• Presence of laryngeal palsy, laryngectomy, or tracheostomy 
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symptomatic (that is, they had experi-
enced recurrent transient ische mic
attack or ipsilateral stroke within 6
months of the procedure), similar to
the populations enrolled in most CAS
preapproval trials and registries. In
addition, 63 of the patients met at least
one of the high-risk criteria for carotid
endarterectomy, including 17 patients
who had experienced a recent acute
coronary syndrome or myocardial
event, 16 who were waiting for open-
heart surgery, and 19 who had a left
ventricular ejection fraction of less
than 30%. 

The mean preprocedural stenosis
of the target lesion was 83.0% (SD
8.1%), and the mean stenosis after
CAS was 4.1% (SD 10.7%). While
undergoing CAS, some patients also
underwent diagnostic coronary angio -
graphy (22 patients), coronary angio-
plasty (4), renal angioplasty (4), and
subclavian angioplasty (2). 

The 30-day and 1-year outcomes
are shown in . All procedures
except one were successful. The un -
successful procedure was related to a
heavily calcified obstructive internal
carotid artery (ICA) lesion that could
not be crossed, even with a 0.014-inch
hydrophilic coronary guidewire. The
patient had contralateral ICA occlu-
sion. She later underwent uneventful
elective carotid endarterectomy. 

The single case associated with
periprocedural stroke involved an 81-
year-old woman who had a history of
multiple strokes and developed slow-
flow state immediately after dilation
of the stent. Following one pass of the
thrombo-aspiration catheter and the
retrieval of the filter emboli-protec-
tion device, normal flow was achieved
within the extracranial and intracra-
nial cerebral arteries without evidence
of embolization on the angiogram.
Although the patient remained dys-

Table 4
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phasic and hemiplegic for several
days, she gradually recovered and had
no residual neurological deficit at 
5-month follow-up. 

Hyperperfusion syndrome occur -
red in one case after an apparently suc-
cessful CAS for unilateral carotid
stenosis. The symptom resolved with
intravenous mannitol and the patient
was discharged 48 hours after the 
procedure. 

The outcomes were consistent with
the benchmark of carotid revascular-
ization established by the American
College of Cardiology and the Amer-
ican Heart Association, and in clinical
trials ( ).3,4 All patients com-
pleted 6-month follow-up; 98% com-
pleted 1-year follow-up. Five deaths
occurred between 1 month and 1 year.
These included 4 cardiac deaths and 1
sudden death; all patients who died
had a history of coronary artery disease. 

Figure

Table 2. Baseline characteristics of 100 patients who underwent carotid artery stenting at
Royal Columbian Hospital, 28 July 2005 to 31 January 2008.

Table 3. Angiographic characteristics of
110 lesions treated during study. 

Characteristic Number

Symptomatic severe obstructive carotid artery disease 24

Cardiovascular risk factors:

Current smoker 20

Diabetes 32

Hypertension 93

Hypercholesterolemia 90

Unstable angina/Acute coronary syndrome/Recent MI 17

New York Hospital Association class III-IV heart failure 5

LVEF < 30% 19

Valvular heart disease 7

Anticipated open-heart surgery 16

Severe pulmonary disease 2

History of neck radiation 1

Contralateral carotid occlusion 13

Post-CEA restenosis 4

Post-CAS restenosis 1

Target lesion location Number

Right internal carotid artery 45

Left internal carotid artery 63

Right common carotid artery 0

Left common carotid artery 2

Table 4. One-year outcomes for patients
who underwent CAS during study. 

30 days Number

Death 0

Stroke 1

MI 1

31 days to 1 year

Death 5

Stroke 0

Target lesion revascularization 1
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Discussion
Our prospective registry demonstrates
the feasibility and safety of adopting
cerebral angiography and carotid
stenting as a standard procedure in the
cardiac catheterization laboratory in
this country. 

The only periprocedural stroke in
this study cohort took place in an octo-
genarian with symptomatic ICA dis-
ease. Indeed, age beyond 80 years and
the presence of a symptomatic carotid
lesion are two traditional risk factors
associated with increased risk of
periprocedural stroke with CAS. This
may be because octogenarians have 
a low cerebrovascular reserve and
cannot tolerate even a small insult
with microemboli to the brain. Anoth-
er possible reason for the increased
risk may be the soft and inflamed
plaque characteristic of symptomatic
carotid artery lesions. This plaque
tends to be thrombogenic and may be

associated with slow flow after stent
deployment, as suggested by one large
prospective registry study.11

Dilation of a stent to achieve min-
imal residual luminal narrowing is
crucial for reducing restenosis risk,
but it is also the step where slow flow
and periprocedural stroke can take
place during CAS. Perhaps a more
conservative balloon sizing for stent
dilation should be adopted in octoge-
narians and for symptomatic carotid
artery stenosis to minimize the risk of
periprocedural stroke.

Several subgroups in our patient
population merit further considera-
tion. The first group includes those
patients who require carotid revascu-
larization prior to cardiac surgery.
While the appropriate management
strategy for these patients has not been
defined, the risk of stroke during car-
diac surgery is significantly elevated
among patients with severe internal

carotid artery disease without ade-
quate intracranial collateralization
through the Circle of Willis. CEA
prior to, or combined with, coronary
bypass surgery is associated with an
unacceptably high risk of stroke and
cardiovascular morbidity.12-14 Consistent
with recently reported results,15,16 our
experience suggests that CAS prior to
open-heart surgery is safe and effec-
tive for patients, including those with
symptomatic left main coronary dis-
ease, critical aortic stenosis, and poor
ventricular function, provided that 
the physician is familiar with the
hemodynamic management of these
patients. 

While all our patients received
clo pidogrel prior to CAS, we withheld
clopidogrel after CAS if urgent car-
diac surgery was planned during the
same admission. Although clopidogrel
use is part of routine CAS practice 
at Royal Columbian based on our 

Carotid artery stenting by a cardiovascular services department in Canada

ACC/AHA (Symptomatic)

ACC/AHA (Asymptomatic)

SAPPHIRE (CEA)

SAPPHIRE (CAS)
BEACH

ARCHER

SECURITY

MAVERIC

CARBENET
EVA-3S

SPACE

CAPTURE
RCH CV

6.0

3.0

12.6
14

%

12

10

8

6

4

2

0

3.1
4.2

6.9 6.2

3.3 3.2

8.8

6.8
5.7

1.0

Figure. Thirty-day death or stroke event rates after carotid revascularization involving carotid stent.

ACC/AHA = American College of Cardiology/American Heart Association
guidelines3

ARCHER = Acculink for Revascularization of Carotids in High-Risk Patients
trial 

BEACH = Boston Scientific EPI: A Carotid Stenting Trial for High-Risk
Surgical Patients 

CAPTURE = Carotid RX Acculink/Accunet Post-Approval Trial to Uncover
Unanticipated or Rare Events 

CARBENET = Carotid Artery Revascularization using the Boston Scientific
EPI FilterWire EX system and the EndoTex NextStent carotid stent 

EVA-3S = Endarterectomy Versus Angioplasty in Patients with
Symptomatic Severe Carotid Stenosis

MAVERIC = Medtronic AVE Self-Expanding Carotid Stent System in the
Treatment of Carotid Stenosis trial 

RCH CV = Royal Columbian Hospital Cardiovascular Services Department; 
SAPPHIRE = Stenting and Angioplasty with Protection in Patients at High

Risk for Endarterectomy trial4

SECURITY = Study to Evaluate the Emboshield Bare Wire Cerebral
Protection System and X-Act Stent in patients at high risk for carotid
endarterectomy
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experience in percutaneous coronary
interventions, the efficacy of this med-
ication after CAS has not been shown
in clinical trials. Theoretically, stent
thrombosis is less likely to take place
after CAS than after coronary stenting
because of the high-flow state and large
lumen diameter of the carotid artery. 

Another subgroup in our study
worth considering includes those pa -
tients who underwent bilateral CAS.
Unlike CEA, bilateral carotid revas-
cularization is feasible using stents.
The obvious advantage of bilateral
CAS lies in avoiding an additional
invasive procedure. However, bilater-
al CAS may result in an increased risk
of hyperperfusion syndrome, which is
associated with significant risks of
morbidity and mortality.17-19 Through a
strict blood pressure control protocol,
bilateral CAS has been safely perform -
ed without increased incidence of hy -
perperfusion syndrome.20 In our prac-
tice, we consider bilateral CAS in the
same setting if the patient has normal
renal function and does not have risk
factors for hyperperfusion syndrome
(that is, bilateral stenosis >90% or sys-
tolic blood pressure >180 mmHg).19

While cardiologists are the spe-
cialists performing CAS most com-
monly in the US and Europe,8 the 
creation of a new specialty of endo -
vascular intervention over the past 10
to 15 years has had a significant
impact on the training and practice 
of vascular surgery and cardiology in

many centres.21 The extraordinarily
poor CAS outcomes demonstrated in
the Endarterectomy Versus Stenting
in Patients with Symptomatic Severe
Carotid Stenosis study highlight the
importance of adequate training.22 As
is the case with CEA,3 CAS should
only be performed by interventional-
ists who can maintain the periproce-
dural risk of stroke at less than 6% for
symptomatic patients and less than
3% for asymptomatic pa tients. By
meeting this standard when perform-
ing CAS in cardiac catheterization
laboratories, cardiovascular special-
ists can offer patients a viable alterna-
tive to carotid endarterectomy. 
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