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Abstract

Extracranial carotid disease is the leading
cause of ischemic stroke. Several randomized
controlled trials performed in the 1990s
demonstrated a significant benefit in carotid
endarterectomy for risk reduction of ischemic
stroke and overall mortality, when compared to
medical management alone. Unfortunately,
not all patients are candidate for carotid
revascularization with carotid endarterectomy.
Transluminal carotid angioplasty and stenting
has been found to be a “non-inferior” alterna-
tive to surgery in selected patients. The tech-
nology and methods used for angioplasty and
stenting have evolved substantially over the
last two decades and can be safely performed
in most patients. Although percutaneous revas-
cularization is unlikely to fully supplant its
surgical counterpart, carotid angioplasty and
stenting has become a reasonable option of
carotid disease and assists in further individu-
alizing patient care.

Glossary of Terms

Antiplatelet drug A class of drugs used to
decrease the affinity of platelets to aggre-
gate. Multiple target moieties exist, such as
the cyclooxygenase, adenosine diphosphate
receptors, and glycoprotein IIB/IITA recep-
tors. Often used in the treatment of ischemic
stroke and for periprocedural antiplatelet
management during treatment of carotid
stenosis.
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Carotid angioplasty and stenting Endo-
vascular, catheter-based, treatment of
carotid stenosis to prevent future ischemic
strokes with balloon-angioplasty and deliv-
ery of an intraluminal stent.

Carotid endarterectomy A surgical proce-
dure used to correct carotid stenosis, to pre-
vent future ischemic strokes by removing
the material, most often atherosclerotic dis-
ease, within the internal or common carotid
arteries.

Carotid stenosis Narrowing, often athero-
sclerosis, within the extracranial internal or
common carotid arteries, which is often
associated with ischemic stroke and tran-
sient ischemic attack.

Computed tomography angiography No-
ninvasive computed tomography-based
evaluation of the intracranial and extracra-
nial blood vessels with iodinated contrast.

Diagnostic cerebral arteriography Inva-
sive, catheter-based angiography of the to
evaluate intracranial and extracranial cere-
brovascular pathology. It is the “gold stan-
dard” measure of carotid stenosis.

Doppler ultrasonography Using a probe
extracutenously, subcutaneous tissues may
be evaluated noninvasively with ultrasound.
Can be used to evaluate extracranial carotid
artery disease, specifically stenosis.

Embolic protection devices Endovascular
instruments used to prevent distal emboli-
zation during angioplasty and/or stenting.
When used in carotid angioplasty and
stenting, they are often distal, “filter-type”
devices or proximal devices used to arrest or
reverse flow during the procedure.

Extracranial vascular disease Extracranial
carotid artery and to a lesser extent extracra-
nial vertebral artery disease predisposing
patients to thromboembolic complications
including transient ischemic attack and
ischemic stroke.

Ischemic stroke A permanent neurological
deficit caused by inadequate perfusion of a
region of brain, most often caused by a
blocked blood vessel.
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Magnetic resonance angiography No-
ninvasive magnetic resonance-based evalu-
ation of the intracranial and extracranial
blood vessels. Extracranial evaluations are
often aided with an intravenous gadolinium
infusion.

Randomized controlled trial The “gold
standard” for clinical trials, whereby patients
are randomized to one of two or more treat-
ment arms and confounding variables are
controlled for. Often used to test the efficacy
or effectiveness of various types of medical
treatments within a patient population.

Transient ischemic attack Transient neuro-
logical dysfunction secondary to focal
ischemia without permanent infarction.

Abbreviations

ACST-2 Asymptomatic Carotid Surgery
Trial-2

ACTI Asymptomatic Carotid Stenosis
Stenting versus Endarterectomy
Trial

AHA American Heart Association

ASA American Stroke Association

CaRESS Carotid Revascularization Using

Endarterectomy or Stenting
Systems trial
CAS Carotid angioplasty and stenting

CAVATAS  Carotid and Vertebral Artery
Transluminal Angioplasty Study

CCA Common carotid artery

CEA Carotid endarterectomy

CEBM University of Oxford’s Center
for Evidence-Based Medicine

CREST Carotid Revascularization End-
arterectomy versus Stenting
Trial

CTA Computed tomography
angiography

ECA External carotid artery

ECST European Carotid Surgery Trial

ECVD Extracranial vascular disease

EPD Embolic protection device

EVA-3S Endarterectomy versus Angio-
plasty in Patients with Symp-
tomatic Severe Carotid Stenosis
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ICA Internal carotid artery
IS Ischemic stroke

MI Myocardial infarction

MRA Magnetic resonance
angiography

NASCET  The North American Symptom-
atic Carotid Endarterectomy
Trial

NIH National Institute of Health

RR Relative risk

SAPPHIRE The Stenting and Angioplasty
with Protection in Patients at High
Risk for Endarterectomy trial

SPACE Stent-Supported Percutaneous
Angioplasty of the Carotid artery
versus Endarterectomy

TACIT Transatlantic Asymptomatic
Carotid Interventional Trial

TIA Transient ischemic attack

VA Veterans Affairs

Introduction

Cerebrovascular disease is the third leading cause
of death in industrialized countries and accounts
for the most common cause of hospitalization for
all neurological diseases (Wolfet al. 1999). Stroke
is the leading cause of adult disability. In the
United States alone, an estimated $30 billion are
lost due to disability per year (US Disability
2009). C. Miller Fisher first described the rela-
tionship between carotid artery disease and stroke
(Fisher 1951). Extracranial vascular disease
(ECVD) is a common cause of ischemic strokes
(ISs) with approximately one-third of strokes
caused by extracranial carotid disease (Brott
et al. 2011; Liapis et al. 2009). Atherosclerotic
disease represents the most common cause of
ECVD, while arterial dissection, cystic medial
necrosis, fibromuscular dysplasia, and vasculitis
are other etiologies. Patients with atherosclerotic
disease are at risk for myocardial infarction and
peripheral vascular disease.

The treatment of carotid artery disease has
undergone a significant evolution over the past
three decades. Before the growing popularity of
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endovascular therapy with angioplasty and
stenting, the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) and the
European Carotid Surgery Trial (ECST) defined
the benefits and risks of carotid endarterectomy in
patients with symptomatic disease (NASCET
1991a; ECST 1991b). Although first described in
1979, percutaneous transluminal techniques were
not widely used until the mid-1990s (Mathias
et al. 1983; Mathias 1977). Since the first random-
ized trial, the Carotid and Vertebral Artery
Transluminal Angioplasty Study (CAVATAS),
which completed in 1997, there have been several
randomized studies to further define the indications
and techniques for carotid angioplasty and stenting
(CAS) (CAVATAS 2001).

In this chapter, we will discuss the history and
evidence for open surgical treatment of ECVD
(Note: a more detailed discussion of the indica-
tions and techniques of surgical treatment will be
discussed in another chapter). Also, the evolution
of carotid angioplasty and stenting (CAS), the
growing indications, and technique for CAS will
be described. And finally, anticipated complica-
tions and procedure limitations will be reviewed.

Carotid Endarterectomy

Historical Background: From Eastcott
and DeBakey to NASCET and ECST

The first successful carotid endarterectomy (CEA)
was described by Felix Eastcott (Eastcott
et al. 1954) (Fig. 1). However, Michael DeBakey
claimed to perform the operation earlier than
Eastcott in 1953 (DeBakey 1996). Because of
anecdotal reports of efficacy, the CEA gained
significant popularity to treat ECVD to the point
that an estimated 100,000 operations were being
performed per year until 1985 (DeBakey 1975;
Rob 1978; VA Cooperative Study 1986).
Criticism of unacceptable rates of mortality
and morbidity regarding the procedure surfaced
as the popularity increased (Winslow et al. 1988).
In addition, concerns over appropriateness of the
indication for surgery were raised. One report
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Fig. 1 Carotid
endarterectomy. (a) Pre-
and (b) postsurgical
arteriograms of a patient
who underwent CEA for
focal symptomatic high-
grade CA stenosis

found that only 33 % of CEAs over the study
period were found to have “appropriate” indica-
tions (Findlay et al. 2002). These concerns were
established as the enthusiasm behind CEA was
blunted, and the United States saw an approxi-
mate 40 % drop in absolute number of operations
performed from 1985 to 1991 (Halm et al. 2003).

The reports of unfavorable results and incon-
sistent indications motivated neurologists, vascu-
lar surgeons, and neurosurgeons to design and
carry out prospective randomized clinical studies
in the United States and Europe. The initial results
of the NASCET and ECST, published in 1991,
demonstrated a significant benefit when compared
to medical management alone in selected patients
(Table 1). This resulted in a renewed enthusiasm
for the CEA. In 1999, approximately 131,000
procedures were performed in the United States
alone (Gross et al. 2000; Halm et al. 2003).

Randomized Control Trials

Fifty centers from Canada and the United States
participated in NASCET from 1988 to 1991 while

Table 1 Exclusion criteria of CEA trials

Premorbid cardiac, renal, or pulmonary failure or
significant medical illness

Angina or MI within the previous 6 months

History of cancer with prognosis less than 5 years

Concern for cardioembolic reason for IS

Age 80 years or older

Previous ipsilateral CEA or contralateral CEA within the
previous 4 months

Progressive neurological deficits

Significant residual neurological deficit from previous IS
in distribution of ECVD of concern

Neurological symptoms within the prior 45 days
referable to the contralateral hemisphere

History of a major surgical procedure within the previous
30 days

More severe tandem stenosis distal to the diseased
segment of interest

enrolling 2,885 patients, 2,226 with 30-69 %
stenosis and 659 with 70-99 % stenosis. Alto-
gether, 1,453 patients were randomized to the
surgical arm of the NASCET. The investigators
found a significant benefit in incidence of ipsilat-
eral stroke within 2 years of randomization in
patients with symptomatic severe carotid stenosis
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treated surgically (9 %) when compared to the
medically managed group (26 %) (NASCET
1991c). Additionally, a clinical benefit was
found in those patients with moderate (50-69 %)
symptomatic stenosis with 15.7 % of surgically
treated patients and 22.2 % of medically treated
patients suffering an ipsilateral stroke during the
5-year study period (Barnett et al. 1998). The
8-year results of 5.7 % risk of disabling ipsilateral
stroke and a 17.1 % risk of any ipsilateral stroke
further demonstrated the long-term durability of
the procedure (Ferguson et al. 1999).

Similarly, the ECST enrolled greater than
3,000 patients, with 1,811 patients randomized
to surgery and 1,213 allocated to the medical
control group. The investigators found a signifi-
cant reduction in major stroke and death at 3 years
in patients with 80 % or greater luminal carotid
stenosis that underwent surgery (14.9 %), when
compared to those randomized to the medical
control group (26.5 %). They found an operative
risk of 7 % for nonfatal stroke and death (ECST
1991b, 1998).

In 1999, Ferguson et al. published the data
regarding the surgical complications of CEA in
NASCET in Stroke (Ferguson et al. 1999). They
found the total risk of disabling stroke and death at
90 days was approximately 2 %. Five statistically
significant risk factors of increased risk of periop-
erative stroke or death were identified and include
presenting hemispheric transient ischemic attack
(TIA) versus retinal TIA (RR = 2.3), left-sided
procedure (RR = 2.3), presence of contralateral
carotid occlusion (RR = 2.2), ipsilateral ischemic
lesion on presenting CT scan (RR = 1.8), and
ulcerated or irregular plaque found on angiogra-
phy (RR = 1.5). Approximately 9.3 % of surger-
ies were complicated by postoperative hematomas
with less than half of hematomas requiring a
return to the operating room or resulting in signif-
icant decline, and 8.6 % of patients suffered a
cranial nerve (CN) injury with CEA.

Although the evidence for obtaining a signifi-
cant benefit in patients with symptomatic carotid
artery stenosis was confirmed with three large
randomized control trials, the role of operative
intervention for asymptomatic carotid disease
remained controversial and ill defined (Mayberg
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et al. 1991; NASCET 1991a; ECST 1991b). The
Veterans Affairs (VA) Cooperative Study enrolled
444 men with asymptomatic stenosis of 50 % or
greater studied angiographically and randomized
them to the surgical arm with CEA and aspirin
(ASA) therapy or ASA therapy alone (Hobson
et al. 1993). Eleven VA medical centers partici-
pated from 1983 to 1991. Patients were followed
for a mean period of 47.9 months. The 30-day
perioperative risk of disabling stroke or death
was 4.7 %, which included morbidity and death
from arteriography. The investigators found a sig-
nificant reduction in ipsilateral neurological
events in the surgical group (8.0 %) when com-
pared to the medical arm (20.6 %). However, this
was offset by the perioperative risk of disabling
stroke or death, and statistical significance was not
demonstrated. The most common cause of death
in this study population was cardiac related
(Hobson et al. 1993).

In 1995, the highly anticipated Asymptomatic
Carotid Atherosclerosis Study (ACAS), which
enrolled 1,662 patients from 39 centers, reported
the 5-year risk for ipsilateral stroke or periopera-
tive IS or death for patients randomized to CEA
versus optimal medical management, which was
325 mg of ASA daily (Walker et al. 1995).
Patients with carotid stenosis greater than 60 %
who underwent surgery were found to have a peri-
operative stroke and death risk and 5-year ipsilat-
eral stroke risk of 5.9 %. Patients who were
randomized to the medical control group were
found to have an 11 % 5-year ipsilateral stroke
risk, and an absolute risk reduction of 1.2 % per
year was defined. When only disabling strokes
were evaluated, the 5-year absolute risk reduction
decreased to 2.6 %. These results were determined
with a 30-day morbidity and mortality (2.3 %) of
CEA, which was exceedingly low when compared
to NASCET (3.7 %) and ECST (3.8 %).

Some authors have found the modest to mini-
mal benefit of CEA in asymptomatic patients,
with the low incidence of neurological events,
the significant improvements in “medical man-
agement,” and the significant cost of surgery to
be difficult to justify the indication of CEA in
asymptomatic ECVD (Abbott 2009; Mathias and
Gissler 2002). These concerns may be justified as
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the risks of CEA have been found to vary by
source of publication and practice. In 1996,
Rothwell et al. performed a systematic review of
the risks of IS and death related to CEA (Rothwell
et al. 1996). The investigators found systematic
heterogeneity when the risk of IS or death was
reported by neurologists (7.7 %) versus surgeons
(2.3 %). Also, Wennberg et al. reported significant
variability in the risks of perioperative death
among trial hospitals (1.4 %) and nontrial hospi-
tals (2.5 %) (Wennberg et al. 1998). This has led
some authors to conclude the risks of major peri-
operative IS and that mortality rates in random-
ized trials should not be extrapolated to reflect
everyday practice (Mathias and Gissler 2002;
Wholey et al. 1998).

Rational for Endovascular Treatment

Despite the well-established efficacy of open sur-
gical treatment for ECVD, there are many patients
who cannot safely undergo a CEA secondary to
technical factors or because of severe comorbid
medical illnesses, such as coronary artery disease
and heart failure (Table 1) (Goldstein et al. 1994;
Goldstein et al. 1998; Rothwell et al. 1996;
Rothwell et al. 1997). With the significant risks
of perioperative IS, death, and cardiac insults
related to CEA and the growing popularity and
efficacy of percutaneous angioplasty for coronary,
renal, and peripheral disease during the late
1980s, it was inevitable that endovascular tech-
niques be applied to ECVD.

Egas Moniz described the first successful cere-
bral angiogram in 1927, and Charles Kerber
performed the first transluminal angioplasty of the
carotid artery in 1980 (Doby 1992; Kerber
et al. 1980). The popularity of endovascular therapy
for ECVD continued to increase, and the first ran-
domized controlled comparison of CEA versus
CAS, CAVATAS, was performed from 1992 to
1997 (CAVATAS 2001). Since CAVATAS, several
randomized trials have been performed with the
indications of CAS continuously defined, and as
endovascular techniques and instruments have
evolved, it is clear that CEA and CAS should com-
plement each other in individualizing patient care.

D.S. lkeda et al.

Carotid Angioplasty and Stenting

Early Randomized Control Trials
and Embolic Protection Devices

As stated above, CAVATAS was the first random-
ized trial, which assigned patients to either treat-
ment (as determined by the local investigators),
CEA or endovascular treatment (CAVATAS
2001). Of the 504 patients enrolled, 97 % of who
were symptomatic, 251 patients were assigned to
endovascular treatment and 253 to CEA. There
were no statistically significant differences in the
rate of death or stroke at 30 days or in the rate of
ipsilateral stroke at 3 years between the two treat-
ment options. However, stenting was used in only
26 % of the percutaneously treated patients, and
distal protection devices were not used, as they
were not commercially available. The rates of
severe (70-99 %) restenosis assessed by ultra-
sound at 1 year were significantly different,
14 % in the endovascular group versus 4 % in
the CEA group. The endovascular group did,
however, show expected improvements in rates
of cranial nerve deficits (0 %) and neck hemato-
mas (1.2 %), when compared to open surgery,
8.7 % and 6.7 %, respectively. As in NASCET
and ECST, patients who were found to have high
surgical risks because of premorbid factors were
excluded from trial enrollment.

Another pair of early, randomized clinical trials
underlined the variability of outcomes in CAS
prior to the routine use of embolic protection
devices (EPDs). The Wallstent trial was a random-
ized equivalency trial comparing CEA to CAS for
patients with carotid stenosis greater than 60 %
(Alberts 2001). The investigators found a 12.1 %
rate of any stroke or death at 30 days with CAS
and a 4.5 % rate in the CEA group. The 30-day
and | year primary outcomes were not achieved.
The study was terminated after only 209 patients
were randomized because of the inferiority of
CAS. Similarly, another randomized trial featur-
ing the Wallstent compared patients undergoing
CAS versus CEA for symptomatic carotid disease
of greater than 70 % (Naylor et al. 1998). The
primary end point was any stroke or death within
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30 days of the procedure. Only 23 patients were
randomized (17 underwent treatment) before the
trial was suspended secondary to the high morbid-
ity of the CAS group. None of the endovascular
practitioners used EPDs in either of these two
studies (Alberts 2001; Naylor et al. 1998).

In 1984, Theron and Bockenheimer developed
the first commercially available balloon protec-
tion device designed for embolic protection dur-
ing CAS (Theron et al. 1996). As techniques for
CAS evolved, many physicians found significant
benefits with embolic protection in preventing
perioperative morbidity (Cremonesi et al. 2003;
Jaeger et al. 2002; Al-Mubarak et al. 2002; Zhou
et al. 2011). The three main principles of cerebral
protection from embolism are:

— Proximal blood flow arrest and reversal for
cerebral protection

— Distal blood flow arrest for cerebral protection

— Filtering of blood flow distal to CAS

Flow arrest through the internal carotid artery
(ICA) can be accomplished through proximal and
distal balloon blockade (Fig. 2). Kachel first
described proximal occlusion and temporary
flow reversal with the use of a balloon in the
common carotid artery (CCA) in 1991 (Kachel
et al. 1991). Juan Parodi would later refine the
technique with the now known Parodi Anti-
Embolic System (Gore Neuro Protection System,
W.L. Gore & Associates, Flagstaff, Arizona,
United States) (Adami et al. 2002). This device
consists of a long sheath with a balloon at its end
for blockade of the CCA and a guidewire with a
second balloon for the flow arrest in the external
carotid artery (ECA). With inflation of both bal-
loons, blood flow in the ICA will reverse down the
sheath, be filtered, and be reinfused into the fem-
oral vein. With this technique, the main advantage
is a protected initial passage of the stenosis. With
other embolic protection devices, at least one
unprotected passage of the diseased segment is
required prior to deploying the device. Some
patients will not tolerate the temporary balloon
occlusion, and the device is quite bulky, which
can be cumbersome in some patients with tortuous
anatomy. Two European series with a total of
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86 patients found no major ISs or deaths at
30 days when the flow-reversal technique was
employed for CAS (Adami et al. 2002; Rabe
etal. 20006). This device is commercially available
in Europe and limited to investigational use in the
United States.

The MO.MA Proximal Cerebral Protection
Device (Medtronic, Minneapolis, Minnesota,
United States) is a single catheter system with
similar functionality of the Parodi Anti-Embolic
System without the connection to the femoral
vein. One multicenter trial found a 98.2 % device
success rate with an exceedingly low 30-day
major stroke rate (0.9 %) (Ansel et al. 2010).
One difficulty with this system is the large 9 Fr
introducer sheath recommended for use, as most
current systems can be performed with much
smaller sheaths. The MO.MA device received
FDA approval in 2009. Another flow-reversal
and proximal occlusion embolic protection
device, the GORE Flow Reversal System
(W.L. Gore & Associates, Flagstaff, Arizona,
United States) was approved by the FDA in
2009 after the prospective, multicenter clinical
EMPIRE trial (Clair et al. 2011). Investigators
found a 30-day IS, death, and myocardial infarc-
tion rate of 3.7 %.

Theron and Bockenheimer independently
developed the first embolic protection device
with a flow-arrest style distal ICA balloon
(Theron et al. 1996). Although this technology
has evolved since its first inception, the principles
remain the same. A balloon mounted on a
guidewire is inflated with diluted contrast distal
to the diseased segment, preferably in a straight
vertical segment of the cervical ICA. Once
inflated, a test injection is performed to confirm
flow arrest, and then the operator can proceed with
treating the diseased segment. Once stent angio-
plasty is completed, the segment proximal to the
balloon is cleared of embolic material with flush-
ing and aspiration. Flushing should be done with a
low volume as to not “spill” proximal to the aspi-
rating catheter. The alternating sequence of flush-
ing and aspiration should be performed until the
aspirate is clear of debris. This protection device
should not be performed if the arteriogram dem-
onstrates retrograde collateral flow from the ECA
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Fig.2 Proximal flow arrest
for embolic protection.

A patient with a
symptomatic intraluminal
thrombus refractory to
anticoagulation treatment
underwent CAS with
proximal flow arrest.

A pretreatment arteriogram
(a, b) demonstrates
intraluminal thrombus
(white arrowheads). An
arteriogram (c¢) with
proximal balloon occlusion
(white arrow) demonstrates
arrest of flow during the
procedure. A final
arteriogram (d) after the
stent has been deployed

to the brain. Low operative morbidity and
high technical success rates have been reported
in clinical trials with such distal balloon protection
devices (Kawarada et al. 2007; Theron et al. 1996;
Tiibler et al. 2001). Technical difficulties with the

use of the device result from having to pass a
potentially friable atheromatous lesion prior
to deploying distal protection and with the
continuous flushing and aspiration required
to clear the debris (Mathias and Gissler 2002;
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Tubler et al. 2001). Few patients will not be
able to tolerate temporary carotid occlusion.
In one series, approximately 8 % of patients
could not tolerate temporary occlusion because
of immediate, although transient, neurological
deterioration (Kawarada et al. 2007). Some
authors believe patients with greater than 90 %
stenosis will have a greater tolerance of temporary
balloon occlusion (Mathias and Gissler 2002).
Nonapproved distal flow-arrest balloon devices
include the PercuSurge Guardwire (Medtronic,
Minneapolis, Minnesota, United States) and the
TriActive System (Kensey Nash, Exton, Pennsyl-
vania, United States).

An alternative measure of distal cerebral pro-
tection involves blood filtration. Several distal
filters have been developed with different filter
shapes and pore sizes. Flow arrest is not required,
although a balloon guide catheter can be used in
conjunction for aspiration, if embolic material has
completely obstructed the ICA proximal to the
filter, although it has been reported that filter
obstruction is not associated with increased risk
of suffering a periprocedural IS (Maldonado
et al. 2008). Frequent angiographic injections are
recommended during the procedure after the filter
is deployed to detect any embolic material or
stagnation of contrast proximal to the filter. If a
large thrombus is caught in the filter, the filter
should not be recaptured in the usual way as this
can dislodge embolic material distally. If this hap-
pens, the guide catheter should be advanced to the
filter, then the catheter should be withdrawn into
the descending aorta, and at this point, the filter
should be withdrawn.

Although embolic filters require crossing
the diseased segment prior to protection, use
of this device is associated with a significant
decrease in periprocedural reversible neurological
events, when compared to distal balloon
protection (0 % versus 10 %) (Powell et al.
2006). As stated several distal filters have been
developed and include five FDA-approved
devices: the Accunet (with the Acculink stent),
the FilterWire EZ (Boston Scientific, Natick,
Massachusetts, United States) (Fig. 3a), the
SpiderFX (ev3, Plymouth, Minnesota, United
States) (Fig. 3b), the AngioGuard (with the
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Precise stent, Cordis, Warren, New Jersey, United
States), and the Emboshield (with the Xact
stent, Abbott Vascular, Redwood City, California,
United States). The advantages of the filter
embolic protection systems include ease of
deployment, good trackability, and increased
flexibility of the guidewire.

To date, no single EPD or embolic protection
strategy has been found to be superior to another
in large, randomized trials (Lam 2009; Powell
et al. 2006). Intraluminal thrombus, severe symp-
tomatic stenosis, and a tortuous cervical ICA
would make proximal balloon occlusion and
flow reversal a more logical choice of EPD for
CAS. A prospective European registry, Imaging
in Carotid Angioplasty and Risk of Stroke
(ICAROS), demonstrated a significant increase
of embolic strokes after CAS in patients with
carotid plaques found to have gray-scale median
scores of less than 25, indicating a softer plaque
that is more likely to embolize during the proce-
dure (Biasi et al. 2004). Some operators believe
that patients with gray-scale median scores less
than 25 may be better served with a proximal EPD
or with CEA. However, it should be noted that
operator preference of EPD and familiarity are
significant factors for procedural success. Although
no consensus exists regarding the mandatory use of
EPDs, some operators believe that CAS would not
have become an acceptable alternative to CEA
without their development (Lam 2009).

Contemporary Randomized Control
Trials

Since CAVATAS, multiple clinical trials have
been performed or are in process comparing
CAS to CEA for various indications (Andziak
2006; Brott et al. 2010; CARESS Steering Com-
mittee 2003; Gaines and Randall 2005; Interna-
tional Carotid Stenting Study investigators
et al. 2010; Rudarakanchana et al. 2009; SPACE
Collaborative Group et al. 2006; Yadav
et al. 2004). The Stenting and Angioplasty with
Protection in Patients at High Risk for Endarter-
ectomy (SAPPHIRE) trial randomized high-risk
symptomatic (>50 % stenosis) and asymptomatic
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Fig. 3 Filter for distal a
embolic protection. The
FilterWire EZ ((a) Courtesy
of Boston Scientific,
Natick, Massachusetts,
United States) is shown
when fully deployed. The
SpiderFX ((b) Courtesy of
ev3, Plymouth, Minnesota,
United States) distal
protection filter wire is
shown with its deployment

D.S. lkeda et al.

catheter —_—

patients (>80 % stenosis) to CEA or CAS with
distal protection (Yadav et al. 2004). Criteria for
high risk included clinically significant cardiac
disease, severe pulmonary disease, contralateral
carotid occlusion, contralateral laryngeal nerve
palsy, previous radical neck surgery or neck radi-
ation, recurrent stenosis after prior CEA, and age
of over 80 years. Operators performed CAS with
EPDs. Three hundred and thirty-four patients
were evenly divided between CEA and CAS,
although 7 % did not actually receive their
assigned treatment. The rate of death, stroke, or
myocardial infarction within 30 days or death or
ipsilateral stroke at 1 year was 12.2 % for the
patients assigned to CAS and 20.1 % for those
assigned to CEA (P = 0.05). By 3 years there was
no significant difference between the two treat-
ments (Gurm et al. 2008). The rates of IS in
patients with asymptomatic disease were 10.3 %
in the CAS group and 9.2 % in the CEA group.
While the major difference seen in the early time

points is likely due to rates of periprocedural
myocardial infarction, SAPPHIRE nevertheless
supports the position that CAS is not inferior to
CEA for high-risk patients.

In order to determine the “real-world” applica-
tion of CAS, the Carotid Revascularization Using
Endarterectomy or Stenting Systems (CaRESS)
trial was performed (CARESS Steering Commit-
tee 2003). This was a multicenter, prospective,
nonrandomized trial comparing CAS with distal
protection to CEA in symptomatic and asymp-
tomatic patients with carotid stenosis. The choice
of treatment (CEA or CAS) was based solely on
physician and patient preference. Three hundred
and ninety-seven patients were enrolled
(254 CEA and 143 CAS), and there was no sig-
nificant difference in the primary end point of
death and stroke at 30 days and a 1-year end
point of death, IS, or MI. The 4-year data from
CaRESS showed no differences in outcomes of
all-cause mortality, IS, and MI (Zarins et al. 2009).
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The failure to reach statistical significance or
“clinical equivalence” would suggest that the
operators were able to assign patients to the appro-
priate treatment.

Two randomized European trials of symptom-
atic patients, Endarterectomy versus Angioplasty
in Patients with Symptomatic Severe Carotid Ste-
nosis (EVA-3S) and Stent-Supported Percutane-
ous Angioplasty of the Carotid artery versus
Endarterectomy (SPACE), failed to show
non-inferiority of CAS to CEA (Mas et al. 2008;
SPACE Collaborative Group et al. 2006). Both
trials showed a higher 30-day IS or death rate in
patients treated with CAS, although there has
been criticism of both trials regarding
endovascular surgeon experience and technique
(Andziak 2006). In EVA-3S surgeons performing
CEA were required to have performed at
least 25 operations in the preceding year,
while interventionists were required to have
performed as little as 5 CASs (Mas et al. 2008).
Also, there was significant heterogeneity in
the periprocedural management of antiplatelet
therapy and intraprocedural anticoagulation.
And finally, there were significant differences in
30-day IS or death rate in patients treated with or
without an EPD during CAS (7.9 % versus 25 %,
respectively).

The Carotid Revascularization Endarterec-
tomy versus Stenting Trial (CREST) was
published in 2010 (Brott et al. 2010). In this
study, 2,502 patients with symptomatic (>50 %
stenosis) and asymptomatic (>80 % stenosis) dis-
ease were randomly assigned to CAS or CEA
from December 2000 to July 2008. The mean
follow-up was 2.5 years with 1,271 enrolled to
the CAS treatment group and 1,251 enrolled to
CEA. To maintain a more rigorous monitoring of
the interventionists allowed to enroll patients into
CREST, operators were asked to submit their per-
sonal series of CAS procedures with notes and
narrative summaries (Hobson et al. 2004). Four
hundred and twenty- seven physicians applied to
participate in CREST. Of those, 238 operators
were selected by the Interventional Management
Committee to participate for training and the lead-
in phase of the trial, 73 were found to have satis-
factory experience and were allowed to randomize
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patients without training, and 116 physicians did
not qualify for training (Hopkins et al. 2010). Dur-
ing the lead-in phase, approved interventionists
were monitored for up to 20 procedures using
study devices, which included the Acculink stent
and Accunet embolic protection system. The
credentialing and monitoring process to ensure
an acceptable baseline of experience in the partic-
ipating interventionists of CREST has been more
rigorous than any preceding randomized trial.

The CREST study was initially designed for
patients with symptomatic lesions but was later
modified to recruit asymptomatic patients as well.
Additionally, the degree of stenosis required for
enrollment varied according to the imaging
modality. The primary end point was stroke, MI,
or death within 30 days or any ipsilateral stroke
within 4 years (Table 2). Stroke was defined as an
increased NIH Stroke Scale of at least two points,
while MI was defined as an increase in serum
troponin, chest pain, and electrocardiographic
changes. In other words, stroke was more likely
to have a greater impact on health and quality of
life compared to MI. Over a median follow-up of
2.5 years, there was no significant difference in
primary end point between CAS (7.2 %) and CEA
(6.8 %). However, the 30-day rate of stroke was
significantly higher in CAS (4.1 %) compared to
CEA (2.3 %), while the risk of myocardial infarc-
tion was lower (1.1 % versus 2.3 %). Additionally,
in symptomatic patients, CAS had a significantly
higher periprocedural stroke and death rate (6 %)
compared to CEA (3.2 %). Investigators found an
increased risk of stroke in older patients who
underwent CAS (Voeks et al. 2011). Additionally,
age was found to be a treatment effect modifier in
CAS with increased risk of stroke with increasing
age in 10-year increments. This effect was not
found in patients who underwent CEA. Also,
costs and cost-effectiveness were evaluated for
each procedure in CREST (Vilain et al. 2012).
Although CAS cost $1,025 more per patient,
investigators estimated this increase to be trivial
at 10 years in overall healthcare costs and quality-
adjusted life expectancy impact, suggesting that
cost should not be weighed significantly in decid-
ing which of the two procedures should be
performed.
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Table 2 Summary of the CREST results during the 4-year study period

No. of patients (%)

CEA (N = 1,240)

Stroke 75 (7.9)
Any stroke 6 (0.5)

Major ipsilateral stroke® 36 (3.5)
Minor ipsilateral stroke 58 (4.7)
Cranial nerve palsy 76 (6.8)
Primary end point 28 (2.3)
Periprocedural stroke 28 (2.3)
Periprocedural MI 4(0.3)

Periprocedural death

CAS (N = 1,262) p-value
105 (10.2) 0.03

16 (1.4) 0.05
52 (4.5) 0.10
4(0.3) 0.07
85(7.2) 0.51

51 (4.1) 0.012
14 (1.1) 0.032
9(0.7) 0.18

Abbreviations: CAS carotid angioplasty and stenting, CEA4 carotid endarterectomy, CREST Carotid Revascularization
Endarterectomy versus Stenting Trial, MI myocardial infarction

*Major stroke in CREST was defined as a National Institutes of Health Stroke Scale score greater than 9 or records
suggesting that the event was a disabling stroke if admitted to another facility. Nonmajor or minor stroke included an event

that did not fit these criteria

There are currently three prospective, random-
ized trials enrolling low-risk patients for CAS.
The Asymptomatic Carotid Stenosis Stenting ver-
sus Endarterectomy Trial (ACTI1) is a North
American trial currently enrolling low-surgical
risk patients with asymptomatic stenosis (>80 %
stenosis) to CAS or CEA. There is no pure med-
ical arm to this trial. Similarly, the Asymptomatic
Carotid Surgery Trial-2 (ACST-2) is comparing
CAS to CEA in asymptomatic patients with high-
grade stenosis. It is an international study that
hopes to enroll 5,000 patients. Recent advances
in medical therapy and the debate that asymptom-
atic carotid disease is best managed with medical
therapy have led to the Transatlantic Asymptom-
atic Carotid Interventional Trial (TACIT) (Abbott
2009, 2010; Schneider and Naylor 2010). TACIT
is a multicenter, international, prospective trial
with three treatment arms (Gaines and Randall
2005). Patients with asymptomatic carotid steno-
sis of greater than 60 % found on duplex ultraso-
nography will be randomized to medical
management alone, medical management with
CAS, or medical management with CEA. Medical
management consists of antiplatelet, lipid-
lowering, and antihypertensive therapies, in addi-
tion to glucose control, smoking-cessation assis-
tance, and lifestyle modification.

Patient Selection and Indications

Carotid stenosis is usually found either as the
result of an evaluation for a patient who has suf-
fered a stroke or TIA or in a screening test of an
asymptomatic patient. The noninvasive diagnos-
tic measures (Fig. 4), computed tomographic
angiography (CTA), magnetic resonance angiog-
raphy (MRA), and Doppler ultrasonography, are
all capable of providing information on the degree
of stenosis, but the gold standard test remains
catheter angiography.

The NASCET method for calculating the
degree of stenosis measures the luminal diameter
at the level of the stenotic lesion (R) compared
with the diameter of the normal distal internal
carotid artery beyond the carotid bulb (D) where
the walls of the internal carotid artery first become
parallel to each other (NASCET 1991c). The
NASCET formula is: stenosis = (I-R/D) X
100 % (Fig. 5a). The NASCET method is fre-
quently used in the United States, although it
tends to underestimate the degree of stenosis,
especially in the setting of near occlusion. An
alternative measure of carotid stenosis is with the
ECST method, where stenosis is measured using
the most stenotic lumen (R) and a subjectively
calculated normal lumen (N). The ECST
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Fig. 4 Noninvasive imaging for carotid stenosis. An axial
image (a) and coronal (b) and sagittal (¢) reconstructions of
a CTA demonstrate focal carotid stenosis (white arrow in
the axial image) at the ICA origin. An axial image (d) and a
3D reconstruction (e) of the left carotid artery demonstrate

ICA

Fig. 5 NASCET (a) and
ECST (b) formulas for

a focal high-grade stenosis of the CA (white arrowhead in
the axial image). A Doppler ultrasonogram (f) demon-
strates focal moderate stenosis with change in velocity
across the lesion (white arrow)

ECA ICA ECA

measuring carotid stenosis Percentage stenosis = (1 - R/D) x 100 Percentage stenosis = (1 - R/N) x 100
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formula is: stenosis = (1-R/N) x 100 % (Fig. 5b).
We recommend that the degree of stenosis be
calculated by the NASCET method applied to
catheter angiography.

Based on the results of multiple prospective,
randomized studies, the following guidelines are
proposed for the use of CAS. These evidence-
based treatment recommendations were assessed
according to the criteria published by the Ameri-
can Heart Association/American Stroke Associa-
tion (AHA/ASA) and the University of Oxford’s
Center for Evidence-Based Medicine (CEBM)
(Furie et al. 2011):

1. CAS should be considered in patients with
symptomatic severe stenosis (>70 %) who
are high risk for CEA (AHA/ASA Class IIb;
Level of Evidence B, CEBM Level 2b, Grade
B) (Furie et al. 2011).

2. For patients with symptomatic carotid disease
with 50-69 % stenosis, CEA is recommended.
CAS is considered an alternative to CEA for
patients at average or low risk for endovascular
surgery and for those that are high risk (>6 %
morbidity and mortality) for CEA (AHA/ASA
Class I; Level of Evidence B, CEBM Level 1b,
Grade B). Factors considered high risk for
endovascular surgery include severely elon-
gated, calcified and/or atherosclerotic aortic
arch, lesion length >10 mm, marked tortuosity
or angulation of internal carotid artery,
coexisting common carotid artery lesions, sub-
total occlusion (“string sign”) of internal
carotid artery, severe concentric calcification
of target lesion, and intraluminal thrombus
(Carotid Stenting Trialists’ Collaboration
et al. 2010; Faggioli et al. 2007; Furie
et al. 2011; Kastrup et al. 2008; Naggara
et al. 2011). While patients 80 years or older
were considered high risk for CEA in the
SAPPHIRE trial, CREST showed a benefit
for age < 70 years with CAS, perhaps due to
anatomic factors such as abnormal aortic arch
anatomy. We suggest that age alone should not
be considered in determining CEA versus CAS
and that other patient-specific factors should be
considered (Table 3).

D.S. lkeda et al.

Table 3 Factors associated with high periprocedural risks
for CEA
Age 80 years or older

Recent MI or severe coronary artery disease with
unstable angina (Canadian Cardiovascular Society
Class Il or IV)

New York Heart Association Class III or IV heart failure
Patient in need of coronary bypass surgery

Left ventricular ejection fraction of less than 30 %
Severe pulmonary disease

Renal failure (end-stage renal disease or a patient on
dialysis)

High-lying carotid bifurcation or below the clavicle
Tandem stenotic lesion in the carotid siphon

A history of previous radical neck dissection or radiation-
induced stenosis

Concomitant contralateral carotid occlusion
Restenosis after previous CEA
Contralateral recurrent nerve palsy

3. The benefit of CAS in asymptomatic patients is
less clear, and there is uncertainty regarding
CAS over CEA (AHA/ASA Class Ilb; Level
of Evidence B, CEBM Level 2b, Grade B)
(Goldstein et al. 2011).

4. For patients with carotid stenosis < 50 %, there
is no indication for CEA or CAS (AHA/ASA
Class III; Level of Evidence B, CEBM Level
1b, Grade B) (Furie et al. 2011).

Carotid Angioplasty and Stenting
Procedure

Procedural Preparation

Prior to the procedure, a baseline neurological
examination should be performed and
documented. Imaging of the target lesion with a
catheter arteriogram as well as full diagnostic
cerebral arteriogram should be done before the
decision of treatment modality is made.
Preprocedure antiplatelet therapy should be
started three to five days prior the procedure
with aspirin and clopidogrel. A typical regimen
is aspirin 325 mg per day and clopidogrel 75 mg
per day started 3 days prior to the procedure
(Holmes 2006). Alternatively, a loading dose of
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300-600 mg of clopidogrel can be substituted on
the day of the procedure. Clopidogrel is adminis-
tered for 6 weeks, while the patient should con-
tinue to take aspirin indefinitely, if possible, but at
for at least 6 months. Also, a recent, European-
based, randomized study demonstrated patients
may benefit from loading with atorvastatin
80 mg at 12 h and 40 mg at 2 h prior to the start
of the procedure (Patti et al. 2013). For patients
who have suffered a previous allergic reaction to
iodinated contrast, a pretreatment regimen of
prednisone 50 mg every 6 h for three doses ending
1 h prior to the start of the procedure coupled with
one dose of diphenhydramine 50 mg at 1 h prior
should reduce the risk of significant allergic reac-
tions (Greenberger et al. 1981).

Some patients are unresponsive to clopidogrel
inhibition and at greater risk for suffering a
periprocedural ischemic stroke, as the target moi-
ety of platelets, P2Y,, has been shown to have a
variable response to clopidogrel (Gurbel
et al. 2009; Miiller-Schunk et al. 2008). The real-
time evaluation of platelet inhibition with the
VerifyNow P2Y, assay is a measure some inter-
ventionists use to guide therapy (Maruyama
et al. 2011). However, no standard of care has
been established regarding the medication regi-
men to be used in patients found to be
unresponsive to standard clopidogrel inhibition.
At our institution, we typically double the daily
dose of clopidogrel to 150 mg in divided doses,
while others have advocated the addition of
cilostazol or ticlopidine to standard clopidogrel
therapy (Maruyama et al. 2011).

Prior to starting the procedure, the patient
should have two peripheral intravenous lines, a
Foley catheter, and an arterial line for monitoring
of periprocedural blood pressure. Arterial lines are
useful in postprocedure care as well, as strict
blood pressure is necessary acutely after the pro-
cedure to prevent a reperfusion syndrome. CAS
can be performed under general anesthesia or
awake, depending on premorbid factors and the
operator’s preference. If the procedure is
performed without endotracheal intubation, the
patient must be able to remain arousable enough
to follow commands.
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Procedure Overview: Key Points

and Intraprocedural Complication
Avoidance

The techniques for CAS have evolved signifi-
cantly since its first inception and, as with any
procedure, there will be variable nuances between
operators’ practice. Below, we outline the typical
steps performed in CAS with a filter wire used as
the EPD. We will briefly discuss the technicalities
of CAS while using a flow-reversal EPD with
proximal occlusion.

Typical access for CAS occurs through the
femoral artery. In selected patients, brachial or
radial artery access may be more beneficial
(Taha et al. 2007; Tietke et al. 2008). Some
authors have described a direct carotid puncture;
however, this requires a high carotid bifurcation
and has known significant risks including
increased risk of ischemic complications and
symptomatic access site hematomas (Matsumoto
et al. 2004; Taha et al. 2007). Initially, a 5 French
(Fr) introducer sheath should be placed femorally.
Once access is obtained, the patient is given hep-
arin 50-60 Un/Kg for a goal activated clotting
time of approximately 250 s.

Next, diagnostic angiography of the diseased
segment should be performed. With the diagnostic
catheter in the CCA, a road map of the ICA and
ECA should be performed. An exchange-length
0.035 in. wire is then advanced into a branch of
the ECA. The diagnostic catheter is then
exchanged for a 6 Fr Cook shuttle. At this point,
control over the exchange wire is emphasized.
While pulling the wire back into the carotid, bifur-
cation can cause devastating ischemic complica-
tions, and uncontrolled antegrade movement can
perforate vessels of the ECA (Ecker et al. 2005).
Alternatively, in patients that have undergone
diagnostic angiography prior to the procedure,
exchange and placement of the shuttle can occur
in the descending aorta. Once placed in the
descending aorta, the shuttle can be advanced
into the CCA over a selector catheter.

Prior to advancing the EPD (such as the
SpiderFX, FilterWire EZ, or the AngioGuard)
past the lesion, an ideal view of the stenosis
should be obtained. An adequate road map that
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Fig. 6 Filter deployment. An illustrated rendition of opti-
mal placement of a SpiderFX (Courtesy of ev3, Plymouth,
Minnesota, United States) filter wire with circumferential
wall opposition

demonstrates the largest opening around the ste-
nosis will facilitate crossing with the microwire
and EPD. The EPD catheter should be placed in a
straight segment of the distal cervical ICA. The
filter wire is then deployed. The filters are sized so
they can approximate the lumen of the landing
zone and circumferential opposition with the ves-
sel can be obtained (Fig. 6). In some cases of
severe stenosis, the lesion cannot be crossed with-
out angioplasty.

Once the filter wire and EPD catheter are in
place, a coaxial balloon, such as the Sterling Bal-
loon Dilatation catheter (Boston Scientific,
Natick, Massachusetts, United States), is
advanced to the stenotic segment. The maximal
diameter of the balloon should be approximately
1-2 mm smaller than the diameter of distal,
nondiseased ICA. Balloon inflation should be
performed with an insufflator to accurately mea-
sure the inflating pressure. Angioplasty is
performed with smooth insufflation and deflation
over the entire diseased segment. Arteriography is
then performed to evaluate the treated stenosis
and for any embolic material in the filter wire.
With lesions at the carotid bifurcation, angioplasty
can cause significant stimulation of the carotid
body, which will rarely result in significant brady-
cardia. If this is encountered, the bradycardia is
usually self-limited, but atropine and vasopressors
should be readily available. Similarly, patients

who were previously hypertensive may have a
significant decline in blood pressure in the post-
operative period. Rarely, do we require sympatho-
mimetic medications to stabilize their blood
pressure.

There are several carotid stents available,
including balloon-expandable and nitinol self-
expandable stents (Fig. 7). Few patients will
suffer from an allergic reaction of the nickel of
nitinol stents (Giménez-Arnau et al. 2000). The
stent diameter should be sized according to the
maximal diameter of the segment of the blood
vessel the stent will cover. While a tapering,
oversized stent may cover a longer portion of
the blood vessel than initially anticipated, an
undersized stent, “floating” in the blood vessel,
has significant thrombogenicity and should be
avoided.

Once the stent is deployed, post-stenting
angioplasty may be performed to improve wall
apposition of the stent. This maneuver, however,
should be done with caution and sparingly as it
can induce emboli. At this point, the filter wire is
partially captured into the microcatheter. Full
retrieval of the filter wire into the catheter can
embolize material that has been “caught” in the
filter during the procedure.

When attempting to retrieve the filter wire past
the newly placed stent, the EPD catheter or filter
wire can become entangled with the stent, espe-
cially open-cell stents. If this occurs, care must be
taken not to aggressively withdraw the
microcatheter as this can dislodge the stent. Usu-
ally, the devices can be untethered with gentle
advancement and withdrawal of the device.
Rarely, dynamic maneuvers, such as having the
patient turn his or her head, are needed to
straighten the blood vessel and facilitate retrieval
of the filter. If these measures fail, a smaller diag-
nostic catheter (4 to 5 Fr) can be used to pass over
the microcatheter and recapture the filter. Once the
catheter is retrieved, final cervical and cranial
arteriography should be performed.

In rare occasions, an intraluminal thrombus or
mobile segment of a ruptured plaque can compli-
cate carotid stenosis. Although no randomized
trials exist, initial treatment with systemic
anticoagulation appears to be efficacious
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Fig. 7 Self-expandable stents. Note the open-cell design  closed-cell design of a partially deployed Carotid Wallstent
of the Protégé RX Carotid Stent System ((a) Courtesy = Monorail Endoprosthesis ((b) Courtesy of Boston Scien-
of ev3, Plymouth, Minnesota, United States) and the tific, Natick, Massachusetts, United States)

Fig. 8 Intraluminal
thrombus complicating
carotid artery disease. A
48-year-old female
presented with several days
of headache. On
nonenhanced head CT, (a)
cortical subarachnoid
hemorrhage was found
(black arrow). An MR (b)
image showed diffusion
restriction in the same
location (white arrowhead).
Arteriograms of the left
carotid cervical (¢) and
cranial (d) vasculature
demonstrated an
intraluminal thrombus
(white arrow) and absence
of arterial filling (white
ellipsoid), respectively. The
patient was successfully
managed with
anticoagulation therapy

(Pelz etal. 1986; Vellimana et al. 2013) (Fig. 8). In  occlusion with flow reversal is often more ideal
patients with continued symptoms and failure of than distal embolic protection.

anticoagulation therapy, CAS may be indicated As stated earlier, the MO.MA and Gore flow-
(Kwon et al. 2011). In these cases, proximal reversal system are two FDA-approved devices.
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Fig. 9 Proximal occlusion device. The MO.MA Proximal Cerebral Protection Device is shown in whole (a) and part (b)
with the two balloons of the distal tip inflated (Courtesy of Medtronic, Minneapolis, Minnesota, United States)

The MO.MA uses inflatable balloons in the CCA
and ECA to prevent proximal and distal retro-
grade flow (Fig. 9). With the balloons properly
insufflated, angioplasty and stenting may pro-
ceed. Once CAS is completed, the embolic and
particulate material within the lumen is aspirated.
The Gore flow-reversal system utilizes a
two-balloon flow-arrest technique similar to the
MO.MA, except that the arterial blood is shunted
to the venous system with access to the femoral
vein. These two systems have the benefit of not
having to cross a lesion with an EPD prior to
CAS. Also, in patients with tortuous carotid
arteries, there is the proposed benefit of not hav-
ing to place a filter wire in an unsuitable landing
zone. Recent evidence suggests these systems
have a high technical success rate and low com-
plication rate (Ansel et al. 2010). Some patients,
however, will not have sufficient collateral intra-
cranial circulation to tolerate temporary balloon
occlusion.

Neurological complications can occur at any
time after access is obtained. Having patients
awake while intermittently checking gross neuro-
logical functions can alert the team to a new
neurological deficit. If a deficit is suspected, a
more detailed neurological exam can localize
the area of ischemia or hemorrhage. For patients

that are obtunded or are otherwise unable to pro-
tect their airway, general endotracheal intubation
should be performed. Once the patient is stable, a
diagnostic cerebral arteriogram of the suspected
vascular territory should be performed to evaluate
for evidence of large vessel occlusion or stagna-
tion of blood flow. If a large vessel occlusion is
found, attempts to revascularize the vessel should
be carried out without delay. If there is no appre-
ciable difference noted on angiography from the
patient’s baseline study, an immediate CT of
the head should be performed. Protamine should
be readily available and the anticoagulation
reversed if a hemorrhage is found. Patients should
be evaluated for craniotomy and surgical evacua-
tion of the hematoma. For patients with relatively
small intracranial hemorrhages, conservative
therapy with blood pressure control, serial CT
scans of the head, and frequent neurological
assessments may suffice without surgery. In
patients without evidence of hemorrhage on CT
scan but stagnation of blood flow through distal
cerebral arteries, such as in the cases of multiple
small, distal emboli, the patient should be started
on an intravenous glycoprotein IIb/Illa inhibitor
such as eptifibatide (Integrilin, Millennium Phar-
maceuticals, Cambridge, Massachusetts, United
States).
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Once the procedure is completed, hemostasis
of the access site should be obtained with a clo-
sure device such as the Angio-Seal Vascular Clo-
sure Device (St. Jude Medical, Minnetonka,
Minnesota, United States), the StarClose SE Vas-
cular Closure System (Abbott Vascular, Abbott
Park, Illinois, United States), or the Mynx Closure
Device (AccessClosure, Santa Clara, California,
United States). Operators should be familiar with
the use of several closure devices as each has its
own indications based on size of access system
and patient anatomy. If hemostasis is attempted,
the sheath should be left until the activated
clotting time is less than 150 s and the blood
pressure is less than 160/90 mmHg.

Postprocedure Care

In the majority of cases, patients will not suffer
an intraoperative complication but should be
transferred to the intensive care unit or interme-
diate care unit for an overnight observation.
Patients are hydrated overnight with intravenous
fluids while undergoing frequent neurological,
access site, and peripheral vascular assessments.
A majority of neurological complications will
occur in the angiography suite, but reperfusion
hemorrhage and ischemic complications from a
carotid dissection may manifest within the 24 h
following the procedure (Meyers et al. 2000).
Patients with bilateral high-grade carotid steno-
sis, who have poorly controlled blood pressure in
the postprocedure setting, may have increased
risk of a reperfusion hemorrhage (Abou-Chebl
et al. 2004). Patients that suffer a neurological
deterioration after the procedure should undergo
an immediate CT scan of the head. If no hemor-
rhage is found, they should immediately be taken
to the angiography suite for evaluation of
patency of the stent, possible carotid dissection,
or distal embolization.

Access-related complications comprise a sig-
nificant source of complications for all
endovascular procedures and should not be trivi-
alized. Local hematomas, pseudoaneurysms, and
arteriovenous fistulae should be investigated in
patients with new swelling, lower extremity
pain, decrease in peripheral pulses, or new bruit.
In patients that suffer postprocedure hypotension

2435

and concerns for acute anemia of blood loss, a CT
of the abdomen and pelvis should be obtained to
investigate a potential retroperitoneal hematoma.

Potential systemic complications include MI,
contrast-induced nephropathy, allergic complica-
tions of iodinated contrast, and seizures. All
patients should undergo baseline electrolyte and
glomerular filtration rate evaluation prior to and
immediately after the procedure. Also, continuous
pulse oximetry and cardiac monitoring should be
utilized in all patients while in the immediate
postprocedure phase.

Follow-Up and Long-Term Results
All patients who undergo CAS should have baseline
carotid Doppler ultrasonography performed before
discharge, again at 6 months, and then annually.
Again, clopidogrel therapy should be continued
for at least 6 weeks, and aspirin therapy should
continue for at least 6 months. Patients should be
seen by a neurologist or primary care physician to
fully evaluate other potentially modifiable risk fac-
tors such as tobacco use, dyslipidemia, and diabetes.
The durability of CAS has been a concern since
its inception. CAVATAS found a restenosis rate of
14 % at 1 year in patients treated with CAS, which
was significantly worse than the 4 % found in
patients treated with CEA (CAVATAS 2001). Sim-
ilarly the 4-year outcomes of patients in CaRESS
demonstrated a twofold increase in patients who
underwent CAS (Zarins et al. 2009), although
symptomatic restenosis did not seem to vary sig-
nificantly. With improvements in techniques in
CAS and closer attention to treatment of modifiable
risks of stroke, the rate of restenosis of CAS may be
improving. The largest randomized trial to date,
CREST, did not find a high rate of restenosis in
CAS at 2 years (6.0 %) or a significant difference
when compared to CEA (6.3 %) (Lal et al. 2012).
Some practitioners have found cilostazol to
improve rates of restenosis in patients undergoing
CAS, when compared to those undergoing CAS
with clopidogrel therapy (Takayama et al. 2012).
The rates of restenosis appear to be improving with
experience, and the durability of CAS should not
significantly impact the decision making when
practitioners  decide between surgical or
endovascular therapies.
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IHlustrative Cases

Case 1 (Bilateral Carotid Stenosis)

A 68-year-old man with a remote history of left
hemispheric ischemic stroke (Fig. 10a) was
found to have severe bilateral carotid stenosis
on CTA. His past medical history included
hypertension, coronary artery disease, and dia-
betes. His examination was significant for mild

right residual hemiplegia and mild aphasia.
Diagnostic angiography confirmed the bilateral
atherosclerotic lesions with his right ICA having
90 % stenosis and the left ICA demonstrating
95 % stenosis as calculated by the NASCET
criteria (Fig. 10b, c). The patient was found to
be at high risk for CEA, so endovascular treat-
ment with CAS under monitored anesthesia was
recommended.

Fig. 10 Case 1. Prior to presentation, the patient had
suffered an IS with MR imaging (a) showing diffusion
restriction. A pretreatment arteriogram (b, ¢) demonstrated
focal high-grade stenosis (95 %) at the level of the carotid
bifurcation. With a 6F shuttle placed in the distal CCA (d),

the EPD can be seen distal to the lesion. After initial
angioplasty and stenting, residual stenosis and poor wall
apposition can be visualized (e). A final arteriogram (f)
after repeat angioplasty demonstrated successfully CAS
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Fig. 11 Case 2. Delayed filling can be seen in the left
carotid cervical (a) and cranial (e) arteriograms. The pro-
cedure was performed with a filter wire EPD (b). Post-
angioplasty (¢) and stenting (d) arteriograms demonstrate

After positioning a 6 Fr shuttle in the distal
CCA, a FilterWire EZ was deployed distal to the
lesion (Fig. 10d). Pre-stenting angioplasty was
performed with a 3.5 x 30 mm Sterling Balloon.
An 8 x 21 mm Wallstent was positioned from the
CCA to the proximal ICA covering the entire
length of the lesion (Fig. 10e). A portion of the
atheroma remained eccentric to the wall,
preventing good wall apposition of the stent.

successful treatment of the restenosis after CEA (e). A final
cranial arteriogram (f) demonstrates improved flow with
the anterior cerebral artery (white arrowheads) and middle
cerebral artery (white arrow) territories

Post-stenting angioplasty was performed with a
4.5 x 30 mm Sterling Balloon (Fig. 10f). The
EPD was retrieved without difficulty, and final
cervical and cranial angiograms were performed.
Hemostasis was obtained with a Mynx Closure
Device. The patient was transferred to the inten-
sive care unit in stable condition. He was
discharged the following morning at his baseline
neurological condition.
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Case 2 (Restenosis After CEA)

A 58-year-old man with a history of symptomatic
carotid stenosis was treated with a left CEA 7 years
prior to presentation. Routine Doppler ultrasonog-
raphy demonstrated increased velocities of the pre-
viously treated ICA, concerning for restenosis. At
presentation, the patient was found to be neurolog-
ically intact. Endovascular treatment with CAS
was recommended. The initial arteriogram demon-
strated a dissection with an intimal flap resulting in
approximately 90 % stenosis of the proximal ICA
and delayed filling of the distal ICA (Fig. 11a, e).
After positioning a 6 Fr shuttle in the distal CCA, a
3 mm Spider FX filter wire was deployed distal to
the lesion for protection (Fig. 11b). Next, with the
aid of a 5 x 30 mm Sterling Balloon Dilatation
catheter, angioplasty was performed (Fig. 1lc).
Then, a 6 x 22 mm Wallstent was advanced over
the filter wire with the proximal portion in the CCA
and the distal portion landing in the ICA beyond
the flap (Fig. 11d).

While attempting to retrieve the filter wire, the
EPD became entangled with the tines of the stent.
After gentle manipulations of the wire failed, the
patient was asked to turn his head to the contra-
lateral side while an assistant applied gentle pres-
sure to his neck in the area of interest under
fluoroscopy. This maneuver released the entangle-
ment, and the filter wire could be retrieved without
further incident. Hemostasis was obtained with a
StarClose closure device. The patient tolerated the
procedure well and was transferred to the inten-
sive care unit for overnight monitoring. He was
discharged the following morning after baseline
Doppler ultrasounds were performed.

Conclusions

The treatment of ECVD has significantly changed
during the past three decades. During this time
period, the indications for CEA became more
clearly defined with a significant benefit found in
multiple randomized trials. The endovascular
treatment of carotid disease has similarly evolved
over the last 15 years with further indications
defined and techniques improved. The risks and
benefits of both procedures are similar, but current
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data suggests that each procedure can be tailored
to individual patients based on their specific indi-
cations and/or contraindications. Thus, the modal-
ities should complement each other as potential
options for patients found to have ECVD. For this
reason, the endovascular modality is unlikely to
supplant its surgical counterpart, although CAS
has been found to be “not inferior” to CEA.
Endovascular technologies will continue to
evolve at a rapid pace, allowing operators to
have several options for devices such as EPDs,
angioplasty balloons, and stents. While these
advances will likely improve the technical success
of CAS, further data regarding the long-term dura-
bility and the treatment’s role in asymptomatic
ECVD, when compared to optimal medical man-
agement, will be welcomed. For a minority of
patients, the role of CAS versus CEA remains
unclear, but for most, we are moving toward an
era where patient care will truly be individualized.
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