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PREAMBLE

THE joint Standards of Practice Com-
mittee of the American Society of In-
terventional and Therapeutic Neuro-
radiology (ASITN), American Society
of Neuroradiology (ASNR), and the
Society of Interventional Radiology

(SIR) is comprised of experts in a
broad spectrum of interventional prac-
tice from both the private and aca-
demic sectors of medicine. Individual
members of the Standards of Practice
Committee dedicate the vast majority
of professional time to diagnostic and
interventional practice and the joint
committee includes representatives
from radiology, neurosurgery, inter-
ventional radiology and interventional
neuroradiology, a diverse constitu-
ency expert on the subject matter un-
der consideration.

Technical documents specifying the
exact consensus and literature review
methodologies as well as the institu-
tional affiliations and professional cre-
dentials of the authors of this docu-
ment are available on request from
SIR, 10201 Lee Highway, Suite 500,
Fairfax, VA 22030.

METHODOLOGY

ASITN, ASNR, and SIR Standards
of Practice documents are produced
using the following process. Standards

documents of relevance and timeliness
are conceptualized by the Standards of
Practice Committee members. A rec-
ognized expert is identified to serve as
the principal author for the standard.
Additional authors may be assigned
depending on the magnitude of the
project.

An in-depth literature search is per-
formed with electronic medical litera-
ture data bases. Then a critical review
and selection of peer-reviewed articles
are performed based on study meth-
odology, results, and conclusions.
Data compiled from selected articles
meeting evidence thresholds are used
to develop content and to set
standards.

When the evidence of literature is
weak, conflicting, or contradictory,
consensus for the parameter is reached
by a minimum of 12 Standards of
Practice Committee members with a
Modified Delphi Consensus Method
(1,2). For purposes of these docu-
ments, consensus is defined as 80%
Delphi participant agreement on a
value or parameter.
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The draft document is critically re-
viewed by the Standards of Practice
Committee members, either by tele-
phone conference calling or face-to-
face meeting. The finalized draft from
the Committee is sent to the ASITN,
ASNR, and SIR membership for fur-
ther input/criticism during a 30-day
comment period. These comments are
discussed by the Standards of Practice
Committee, and appropriate revisions
made to create the finished standards
document. Before its publication, the
document was endorsed by the ASITN
Executive Committee, ASNR Execu-
tive Committee, and the SIR Executive
Council.

I. INTRODUCTION

This Quality Improvement Guide-
line for the Performance of Cervical
Carotid Angioplasty and Stent Place-
ment was developed by a writing
group consisting of members from in-
terventional neuroradiology, neuro-
surgery, neuroradiology, and inter-
ventional radiology. A thorough
review of the literature was per-
formed. Thresholds for quality assur-
ance were difficult to set due to the
relative paucity of data and lack of
uniform reporting of clinical outcomes
and complications. The ASITN, the
ASNR, and the SIR recognize that bra-
chiocephalic revascularization is un-
dergoing rapid change in technology
even as it is being increasingly
adopted in clinical practice for the
treatment of cerebrovascular patholo-
gies (3). There is a critical need to en-
courage the development of proce-
dures that may improve outcomes for
patients with brachiocephalic and in-
tracranial atherosclerotic stenoses.
Furthermore, due to the implications
concerning stroke prevention, the
ASITN, ASNR, and SIR wish to en-
courage the careful and scientific
study of the safety and efficacy of bra-
chiocephalic revascularization as well
as appropriate utilization of these
techniques (3).

The published standard of practice
for cervicocerebral angiography de-
scribes the minimum acceptable re-
quirements for performance of the
much less difficult and lower risk pro-
cedure of diagnostic cervicocerebral
angiography (4); it is the purpose of
this standard to describe the minimum
prerequisite for the performance of the

far more difficult and higher risk pro-
cedure of carotid artery angioplasty
and stent placement (CAS). Far more
experience and training and fewer
complications during diagnostic cere-
bral angiography are expected of those
who perform neurovascular interven-
tions, similar to what is expected of
those who perform coronary interven-
tions. At a minimum, performance of
CAS requires extensive prior experi-
ence and demonstrated competence
with diagnostic cervicocerebral an-
giography, as well as experience with
angioplasty and stent placement. Such
requirements for additional training
and experience in performing CAS
have been recognized by the Accredi-
tation Council for Graduate Medical
Education (ACGME) as part of the
specialty training requirements for en-
dovascular surgical neuroradiology
(5).

Stroke is the third leading cause of
death in the United States, and isch-
emic stroke accounts for more than
80% of the morbidity and mortality
associated with stroke. Many ischemic
strokes are related to large- and medi-
um-vessel atherosclerotic disease
within the cerebrovascular circulation.
Therefore, procedures such as angio-
plasty and/or stent placement to re-
verse critical cerebrovascular stenoses
may have great importance. CAS is
being performed with rapidly increas-
ing frequency in the United States. We
anticipate that more data regarding
outcomes and complications will be
collected and published in the near
future (the National Institutes of
Health–supported Carotid Revascu-
larization: Endarterectomy vs. Stent
Trial [CREST] as well as other con-
trolled series have begun) (6). There-
fore, we recommend that this standard
be reviewed and, if necessary, revised
within the next 24 months to remain
applicable to contemporary medicine
concerning this rapidly progressing
technique.

CAS is an innovative procedure.
Until the true risks and appropriate
indications for this procedure are
clearly known, the ASITN, ASNR, and
SIR recommend that for patients who
have average surgical risk, such as
those who would have qualified for
enrollment in the North American
Symptomatic Carotid Endarterectomy
Trial (NASCET) and the Asymptom-
atic Carotid Atherosclerosis Study

(ACAS), CAS should only be per-
formed as part of a randomized clini-
cal trial or an institutional review
board–approved investigational pro-
gram. The inclusion and exclusion cri-
teria for the NASCET and ACAS stud-
ies are summarized in Table 1. At this
time, CAS has shown promise for the
treatment of patients known to be at
high risk of carotid endarterectomy
(Yadav J, presented at the American
Heart Association Scientific Sessions,
Chicago, November 2002) (5). CAS
should only be performed on appro-
priate patients by an individual or
team with training and expertise in
cerebrovascular angiography, patho-
physiology, hemodynamics, and neu-
rovascular interventions and/or ca-
rotid angioplasty/stent placement (7).
This recommendation is further ex-
tended to encourage multidisciplinary
input and concurring opinion in clini-
cal decision making.

II. OVERVIEW

A. Rationale for Carotid Endarterec-
tomy.—Two large randomized stud-
ies, NASCET and ACAS, have estab-
lished that certain selected patients
benefit from surgical treatment of
significant atherosclerotic stenosis in
the cervical carotid artery (8–10),
whereas at least two other random-
ized studies of endarterectomy for
asymptomatic carotid stenosis indi-
cated no benefit from surgery (11,12).
NASCET and ACAS showed that
lowered stroke morbidity can be
achieved in selected symptomatic
and asymptomatic patients undergo-
ing carotid endarterectomy (CEA)
compared with aspirin therapy if
surgical endarterectomy can be per-
formed with an acceptably low com-
plication rate. However, they did not
evaluate the risk of endarterectomy
versus “best” medical therapy that is
now currently available. No trial has
evaluated the natural history or risk
of stroke from cervical carotid ath-
erosclerotic stenosis treated with
warfarin, combination warfarin and
aspirin, aspirin and dipyridamole,
ticlopidine, clopidogrel, or combina-
tions of antiplatelet agents. More im-
portantly, newer drugs such as
statins and angiotensin-converting
enzyme inhibitors have been proved
to stabilize plaque and thus decrease
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myocardial infarction risk as well as
lower stroke risk (13,14).

The NASCET and ACAS studies
must also be judged using the qualifi-
cations of the inclusion and exclusion
criteria designed to select their study
populations. These studies did not es-
tablish safety and efficacy for CEA
versus aspirin therapy for the majority
of patients with carotid artery stenosis
screened at that time. For example,
NASCET randomized only those pa-
tients with symptomatic events occur-
ring within 120 days of surgery. Pa-
tients were excluded from this study if
they had a coexistent tandem lesion
that was more severe than the proxi-
mal internal carotid artery lesion, if
they had particular renal, liver, or lung
diseases, if they had coexistent cardiac
disease that resulted in a valvular or
rhythm disorder, or if they had under-
gone a previous ipsilateral CEA. Ini-
tially, patients were also not included
in the study if they were 80 years of
age or older. These factors resulted in
NASCET actually enrolling fewer than

one-half of the potential patients, and
a large portion of current candidates
for CEA would be excluded from this
trial. NASCET did demonstrate that
surgery was beneficial for these care-
fully selected symptomatic patients
with more than 70% carotid stenosis
(with specific measurement criteria
used) and some with more than 50%
(9,15). In addition, ACAS exclusion
criteria for asymptomatic patients
were similar to those of NASCET,
which resulted in actual randomiza-
tion of fewer than 10% of all screened
asymptomatic patients. However, in
the United States, a large percentage of
CEAs is performed on exactly these
patients.

CEA has a durable result, with re-
ported restenosis rates ranging from
approximately 5% to 20%, and with
late stroke rates reported as less than
5% in 5 years (16,17). However, cur-
rent data indicate that CEA as it is
currently practiced bears little resem-
blance to the populations studied,
methods used, or results obtained in

NASCET and the ACAS studies (18–
21). More recent evaluation of typical
clinical practice indicates a signifi-
cantly higher perioperative death rate
for Medicare patients undergoing
CEA at the same institutions partici-
pating in the NASCET and/or ACAS
studies than for the original study pa-
tients (0.6% for NASCET patients,
0.1% for ACAS patients, but 1.4% for
all Medicare patients) (20). The periop-
erative mortality rate for Medicare pa-
tients undergoing CEA at nonstudy
sites was 1.7% for high-volume insti-
tutions, 1.9% for average-volume insti-
tutions, and 2.5% for low-volume in-
stitutions (as opposed to 0.6% for
NASCET and 0.1% for ACAS) (20).
Thus, the mortality rate was far higher
at all institutions, including high-vol-
ume institutions and original trial
sites, when unselected Medicare pa-
tients were considered. This may be
partially explained by the fact that the
patients participating in the NASCET
and ACAS trials were younger and
healthier than the typical Medicare pa-

Table 1
Inclusion/Exclusion Criteria for Carotid Endarterectomy Trials

NASCET [9]
Inclusion

Symptoms of focal cerebral ischemia ipsilateral to a stenosis of �70% (moderate group) or �70% (severe group) within 180
days, as shown on angiography

Symptoms lasting �24 hours or producing nondisabling stroke (Rankin score �3)
Exclusion

Age �80 years (initial phase of moderate and severe stenosis; continuing study of moderate stenosis included these patients)
Lack of angiographic visualization of symptomatic artery
Lack of informed consent
Intracranial stenosis more severe than the cervical stenosis
Other disease limiting life expectancy to �5 years
Cerebral infarction limiting useful function in the affected arterial territory
Nonatherosclerotic carotid disease
Cardiac lesions likely to cause cardioembolism
History of ipsilateral carotid endarterectomy

ACAS [8]
Inclusion

Age 40–79 years
Compatible history and findings on physical and neurologic examination
Acceptable laboratory and electrocardiogram results
Arteriography within the previous 60 days indicating stenosis of at least 60% reduction in diameter (if arteriography

performed 61–364 days before randomization, repeat Doppler showing artery still patent) or Doppler examination within
60 days showing a frequency or velocity greater than the instrument-specific cut point with 95% positive predictive value
or Doppler examination showing a frequency or velocity greater than the instrument-specific 90% positive predictive value
cut point confirmed by ocular pneumoplethysmographic examination within the previous 60 days

Exclusion
Cerebrovascular event in the distribution of the affected carotid artery or the vertebrobasilar system
Symptoms referable to the contralateral cerebral hemisphere within the previous 45 days
Contraindication to aspirin therapy
Any disorder that could seriously complicate surgery
Any condition that could prevent continuing participation or likely to produce death or disability within 5 years
Lack of informed consent

AJNR: 24, November/December 20032022



tients now undergoing CEA at these
same or other institutions. Older pa-
tients and those with significant co-
morbidity have repeatedly been
shown to be at increased risk of peri-
operative stroke and death from CEA
(20–36). Although recent surgical arti-
cles dispute the concept that there is a
population of patients who have a sig-
nificantly higher risk of complications
after CEA (37,38), the recently com-
pleted Stenting and Angioplasty with
Protection in Patients at High Risk for
Endarterectomy (SAPPHIRE) Trial
(Yadav J, presented at the American
Heart Association Scientific Sessions,
Chicago, November 2002) indicates
that these “high surgical risk” patients
are indeed at higher risk of complica-
tions from CEA.

The role of endarterectomy in
asymptomatic carotid stenosis is con-
troversial (39–57). Only one random-
ized, controlled trial (ACAS) has
shown surgery to be beneficial,
whereas at least two have not
(8,11,12). ACAS, however, did not find
benefit for CEA versus medical ther-
apy for major stroke, only minor
stroke (8). Asymptomatic cervical ca-
rotid artery stenosis has been repeat-
edly shown to be of relatively low
stroke risk until the remaining lumen
approaches 1 mm in diameter (usually
corresponding to stenosis of approxi-
mately 80%–90% by NASCET criteria)
(8,45,49). Even then, the risk is less
than even a moderate stenosis in a
symptomatic patient (8,9,54). For
asymptomatic patients with stenoses
of less than 80%, the risk of ipsilateral
stroke is approximately 1% per year or
5% in 5 years with treatment with only
aspirin (49,55). Approximately 45% of
strokes in patients with asymptomatic
stenoses are not caused by the stenosis
but rather arise from intracranial or
cardiovascular sources, thus further
reducing the actual risk of the lesion
itself (57). Additionally, contrary to
the clinical findings in ACAS, a recent
review of the computed tomographic
(CT) scans of ACAS patients revealed
that carotid endarterectomy does not
reduce the frequency of CT-identifi-
able ipsilateral cerebral infarction in
patients with high-grade asymptom-
atic carotid artery stenosis (58). Based
on the ACAS trial, the American Heart
Association (AHA) considered CEA to
be beneficial for treatment of asymp-
tomatic, angiographically proven ca-

rotid stenosis of more than 60% if the
combined perioperative stroke/mor-
tality rate is less than 3% (59), which
might only be achievable in otherwise
healthy individuals. In contrast to the
AHA guidelines for endarterectomy,
the Canadian Stroke Consortium
reached consensus that there was in-
sufficient evidence to endorse CEA for
any level of asymptomatic stenosis
(60). Reasons cited were lack of proof
of reduction of the risk of major dis-
abling stroke, the question of repro-
ducibility of surgical results in the
general population, and the unproven
long-term benefit of surgical recon-
struction. Even a slight reduction in
the intrinsic risk of asymptomatic ca-
rotid stenosis achieved by treatment
with contemporary pharmaceuticals
in addition to (or other than) aspirin,
such as statins or angiotensin-convert-
ing enzyme inhibitors, might render
CEA nonbeneficial in the majority of
asymptomatic patients (13,14). There-
fore, at best, CEA for asymptomatic
patients is only indicated according to
the AHA guidelines, and carotid stent
placement for asymptomatic patients
is rarely indicated outside of clinical
trials (many of which are underway)
until benefit is demonstrated.

B. Rationale for CAS.—CAS is un-
dergoing rapid evolution. However,
it must be remembered that the con-
dition being treated is usually not
emergent, and therefore transfer to a
facility with the skills, training, and
knowledge to perform this procedure
with acceptable quality assurance is
almost always possible. There are
several preliminary single-center ex-
periences that have been published
as well as an international multi-
center compilation (61–79). Four ran-
domized, controlled trials for evalua-
tion of this technology have been
completed and reported.

• The Carotid and Vertebral Ar-
tery Transluminal Angioplasty
Study (CAVATAS) was a large,
prospective, randomized, multi-
center trial comparing CEA with
carotid artery angioplasty with
selective stent placement in 504
patients with symptomatic ste-
noses (at least 30% luminal di-
ameter reduction) who were
suitable for surgery (80). This
study did not use distal protec-
tion, and stent placement was
performed in only 26% of cases.

There was no significant differ-
ence in the risk of stroke or
death related to the procedure
between CEA and CAS. The
technical success rate for CAS
was 89% (successful balloon in-
flation or stent placement; the
percentage of residual stenosis
was not reported). The rate of
any stroke lasting longer than 7
days or death within 30 days of
first treatment was approxi-
mately 10% in both the CEA and
CAS groups. The rate of dis-
abling stroke or death within 30
days of first treatment was 6% in
both groups. Preliminary analy-
sis of long-term survival showed
no difference in the rate of ipsi-
lateral stroke or any disabling
stroke in patients up to 3 years
after randomization. The rates of
stroke or death within 30 days
in CAVATAS in both groups are
higher than many previous re-
ports but not significantly differ-
ent from the European Carotid
Surgery Trialists (ECST) rate of
7% (53). The 1-year restenosis
rate was 20% for CAS and 5%
for CEA. Cranial nerve injury
(9%) and myocardial ischemia
(1%) occurred at the time of
treatment in the CEA group
only. Long-term follow-up is not
yet available.

• The Wallstent Trial was an in-
dustry supported prospective,
randomized trial comparing
CEA and CAS for symptomatic
stenosis of 60% or more (81,82).
This was an early study, per-
formed without distal protection
and without the currently ac-
cepted antiplatelet therapy. In
this study, 219 patients with
symptomatic carotid stenosis of
60%–90% diameter were ran-
domized to CEA or stent place-
ment. The technical success rate
for CAS was 97% (successful de-
ployment with less than 30%
residual stenosis). The risk of
any perioperative stroke or
death was 4.5% for CEA and
12.1% for CAS. At 1 year, the
risk of a major stroke was 0.9%
for CEA compared with 3.7% for
CAS. This trial was stopped pre-
maturely due to poor results
from CAS.

• A single-center community hos-
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pital study (83) randomized 104
symptomatic patients to either
CEA or CAS without distal pro-
tection. Perioperative stroke or
death rate was 2% for CEA and
0% for CAS. Other complications
for the CEA group totaled 16%
and included hematoma (requir-
ing treatment), cranial/cervical
nerve injury, and hypotension
(requiring treatment). Other
complications for the CAS group
totaled 45% and included tran-
sient cerebral ischemia, leg am-
putation, retroperitoneal hemor-
rhage, bradycardia (requiring
temporary pacing), and hypoten-
sion (requiring treatment).

• The SAPPHIRE trial randomized
307 patients to CEA or CAS with
a distal protection device. Peri-
operative (30 days) results were
presented (Yadav J, presented at
the American Heart Association
Scientific Sessions, Chicago, No-
vember 2002). The inclusion and
exclusion criteria are listed in
Table 2. Perioperative stroke
and death rates were 7.3% for
CEA and 4.4% for CAS. Total
major adverse event rate (death,
any stroke, or myocardial infarc-
tion) for CEA was 12.6% and for
CAS was 5.8%. Rates of myocar-
dial infarction were 7.3% for
CEA and 2.6% for CAS. Of note,

the stroke or stroke/death rate
for asymptomatic patients was
6.1% for CEA and 5.8% for CAS,
both of which are worse than
medical therapy alone in ACAS,
and higher than the recom-
mended AHA guidelines for
treatment, albeit in a different
patient population.

CAS may have a role in the man-
agement of some patients with sig-
nificant stenoses of the extracranial
cervical carotid artery. In addition,
percutaneous endovascular therapy
offers a less invasive method of repair
with apparent reduction of nonneuro-
logic morbidity. In the NASCET
study, for example, reported compli-
cation rates were 7.6% for cranial
nerve palsies, 5.5% for wound hema-
toma, 3.4% for wound infection, 0.9%
for myocardial infarction, and 3.0% for
other cardiac complications (9). These
complications are virtually all related
to the operative procedure, are not
trivial, and are rarely associated with
CAS.

No large (more than 100 patients)
currently reported carotid stent study
has achieved periprocedural (as long
as 30 days after the procedure) mor-
bidity and mortality rates as low as the
natural history of medically treated
uncomplicated asymptomatic carotid
stenosis (80,84–88). In reported case
series and registries of CAS, for exam-

ple, Roubin et al (84) reported an over-
all stroke rate of 5.9% and a mortality
rate of 0.7%; Diethrich et al (86) re-
ported a stroke rate of 10.9% and a
mortality rate of 1.7%; Wholey et al
(87,88) reported a stroke rate of 4.4%
and a mortality rate of 1.4% in their
initial report and 4.2% and 0.9%, re-
spectively, in their follow-up report.
These results compare favorably with
the risk-to-benefit ratio of CEA for
symptomatic cervical carotid stenosis
but fall short of the intrinsically low
risk of stroke for medically treated
asymptomatic disease. However, Jor-
dan et al (89), analyzing the same pa-
tients and data as did Roubin et al (84),
reported a stroke rate of 12.7% and a
mortality rate of 1.1% for CAS. In
addition, the durability of stents,
stent restenosis rates, and long-term
rates of subsequent stroke have not
been determined. For these reasons,
angioplasty and stent placement for
asymptomatic carotid artery stenosis
should only be considered in special
circumstances.

The National Institutes of Health
has funded CREST to answer particu-
lar questions pertaining to the safety
and efficacy of angioplasty and stent
placement at the cervical carotid bifur-
cation and to clarify the specific indi-
cations for this procedure. This trial
will compare CEA and CAS in pa-
tients with a symptomatic severe ste-
nosis (70% or more by ultrasonogra-
phy or 50% by NASCET angiographic
criteria). It is important to note that
because CREST has inclusion/exclu-
sion criteria similar to those of
NASCET, CREST is not designed to
assess the safety and efficacy of stent
placement in patients known to be at
higher risk of CEA.

C. Cerebral Protection Devices.—
CAS is undergoing rapid evolution.
An area of intense investigation is
the use of various protection devices
and techniques to prevent what is
perceived to be the most common
and severe complication of the proce-
dure: embolization of debris to the
brain. This recognition that distal em-
bolization is the major complication
associated with CAS has led to the
development of numerous devices
designed to prevent distal emboliza-
tion by proximal flow control, distal
flow control, or distal particulate fil-
tration (90). Several ongoing trials of
CAS have incorporated protection

Table 2
Inclusion/Exclusion Criteria for the SAPPHIRE Trial of Carotid Stent Placement

Inclusion
Asymptomatic stenosis �80% or symptomatic stenosis �50% by angiography or

ultrasonography and at least one of the following conditions that would
result in high surgical risk:

Age �80 years
Congestive heart failure (class III/IV) and/or left ventricular ejection fraction

�30%
Open heart surgery needed within 6 weeks
Recent myocardial infarction (�24 hours and �4 weeks)
Unstable angina (CCS class III/IV)
Severe chronic obstructive pulmonary disease
Contralateral carotid occlusion
Contralateral laryngeal nerve palsy
Severe tandem lesions
Lesions distal or proximal to the usual location
Previous endarterectomy with restenosis
Previous radiation therapy or radical neck surgery

Exclusion
Acute ischemic neurologic event within past 48 hours
Total occlusion of the target carotid artery
Surgical or interventional procedure planned within the next 30 days
Common carotid ostial lesion
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devices in the study design (91–97),
but no one device or type of device
has been proved to be superior. A
metaanalysis of carotid stent place-
ment series suggests that these pro-
tective devices do actually reduce the
incidence of periprocedure neuro-
logic deficit (98), but the extent of
this reduction remains to be deter-
mined in a randomized, controlled
trial. The expectation is that these de-
vices will potentially help to further
decrease the risk of CAS to the point
that this procedure would be equal
or superior to CEA (99,100). Recent
data also suggest their use is not
without difficulty or potential com-
plication (101,102). A prolonged
“learning curve” may exist before re-
alization of actual benefit, about
which there is still controversy
(101,102).

III. INDICATIONS AND
CONTRAINDICATIONS

Definitions: Severe stenosis is 70% or
greater diameter stenosis by NASCET
measurement criteria. Preocclusive ste-
nosis is 90% or greater diameter steno-
sis by NASCET criteria or NASCET
definition of “near occlusion” (9).

A. Acceptable Indications for CAS
1. Symptomatic, severe stenosis

that is surgically difficult to ac-
cess (eg, high bifurcation requir-
ing mandibular dislocation)
(103)

2. Symptomatic, severe stenosis in
a patient with significant medi-
cal disease that would make the
patient high risk for surgery
(20–36,104–109, Table 2).

3. Symptomatic severe stenosis
and one of the following condi-
tions:
a. Significant tandem lesion

that may require endovascu-
lar therapy

b. Radiation-induced stenosis
(110,111)

c. Restenosis after CEA
(112,113)

d. Refusal to undergo CEA af-
ter proper informed consent

e. Stenosis secondary to arte-
rial dissection

f. Stenosis secondary to fibro-
muscular dysplasia

g. Stenosis secondary to Taka-
yasu arteritis (1,114)

4. Severe stenosis associated with
contralateral carotid artery oc-
clusion requiring treatment be-
fore undergoing cardiac surgery

5. Severe underlying carotid ar-
tery stenosis revealed after re-
canalization of carotid occlusion
after thrombolysis for acute
stroke (presumed to be the eti-
ology of the treated occlusion)
or to enable thrombolysis for
acute stroke

6. Pseudoaneurysm (115)
7. Asymptomatic preocclusive le-

sion in a patient otherwise
meeting criteria 1–3

B. Relative Contraindications
1. Asymptomatic stenosis of any

degree, except in particular cir-
cumstances, as described above
(A4, A6, A7)

2. Symptomatic stenosis associ-
ated with an intracranial vascu-
lar malformation

3. Symptomatic stenosis in a pa-
tient with a subacute cerebral
infarction

4. Symptomatic stenosis in a pa-
tient with a significant contrain-
dication to angiography

C. Absolute Contraindications
1. Carotid stenosis with angio-

graphically visible intraluminal
thrombus

2. A stenosis that cannot be safely
reached or crossed by an endo-
vascular approach

IV. QUALIFICATIONS AND
RESPONSIBILITIES OF
PERSONNEL
A. Rationale for Cervicocerebral An-

giographic Skill
Official standards of training

have existed for over a quarter cen-
tury, are the hallmark of medical
licensure, board examinations and
residency programs, and are rec-
ognized as vital by the ACGME,
the Federation of State Medical
Boards of the United States, Inc.,
the American Board of Medi-
cal Specialties (ABMS), and the
National Board of Medical Exam-
iners� (NBME�) (116–118). Stan-
dards of training and for perfor-
mance of medical and surgical
procedures are necessary require-
ments for the practice of medicine.
The Joint Commission on Accredi-

tation of Healthcare Organizations
(JCAHO) is working with two
other accrediting organizations,
the National Committee for Qual-
ity Assurance and URAC (former-
ly known as the Utilization Review
Accreditation Commission), on co-
ordinating and aligning patient
safety standards. Medical societies
and accreditation committees rou-
tinely formulate minimum stan-
dards for the protection and safety
of patients, including those for
board accreditation, residency
training and the practice of medi-
cine. Examples of such standards
are those written by the American
College of Cardiology (ACC) for
the performance of coronary inter-
vention (which require 300 coro-
nary angiograms prior to coronary
intervention) (119–121) as well as
training and performance stan-
dards specifically for peripheral
vascular intervention (122,123).
Standards of performance and
training specifically for peripheral
vascular intervention have also
been written by the AHA (124), the
Society of Cardiac Angiography
and Intervention (125), the Soci-
ety of Interventional Radiology
(126, 127) and the Society for Vas-
cular Surgery (128). All training
and performance standards
above require substantial diag-
nostic angiographic experience
prior to interventional practice in
all vascular beds, typically 100
angiograms (119 –128). Training
standards specifically for neuro-
vascular intervention, including
carotid artery stenting, were writ-
ten by a multispecialty group and
unanimously endorsed by each
executive committee of the Amer-
ican Society of Neuroradiology,
the American Society of Interven-
tional and Therapeutic Neurora-
diology, the American Associa-
tion of Neurological Surgeons,
the Congress of Neurological
Surgeons (CNS) and the AANS/
CNS Section on Cerebrovascular
Surgery (5). These neurointerven-
tional training standards require
100 cerebral angiograms as a
pre-requisite for entry into the
ACGME-approved residency/
fellowship in Endovascular Sur-
gical Neuroradiology.

The American College of Radi-
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ology’s Standard of Practice for
Cervicocerebral Angiography
was formulated by a consensus
panel of ACR, ASITN, ASNR, and
SIR members (4). Cervicocerebral
angiography has a proven set of
indications, contraindications,
risks, and benefits due to the fact
that cervicocerebral catheteriza-
tion is technically challenging
and the organ supplied is
uniquely vulnerable. The proper
and safe performance of a cere-
bral angiogram is fundamental to
the performance of cervical CAS,
just as diagnostic coronary an-
giography skills have been reco-
gized by the ACC as a pre-requi-
site for coronary vascular
intervention (119–121).

Stroke is the most feared of all
medical conditions and procedural
complications. For this reason, any
procedure that has “stroke” as a
routine potential risk should be
performed only by medical profes-
sionals with appropriate training
and experience. The rate of stroke
as a complication of diagnostic ce-
rebral angiography in patients
with asymptomatic carotid steno-
sis was approximately 1.2% in
ACAS; this may be greater than the
actual risk of stroke caused by the
stenosis itself for many patients
with asymptomatic stenosis (8,49).
Importantly, it has been demon-
strated that the amount of cervico-
cerebral angiographic exerience is
inversely related to procedural
complication rates, which translate
into temporary and permanent
strokes (129–133). Indeed, the ar-
gument has been raised by both
vascular surgeons and neurolo-
gists that cervicocerebral angiogra-
phy, even performed by neurovas-
cular specialists, may be too
dangerous to be performed for the
indication of asymptomatic carotid
artery stenosis (134,135). Operator
risk factors for stroke/transient
ischemic attack (TIA) complica-
tions from cerebral angiography
are well known and include in-
creased procedure and fluoros-
copy time, increased number of
catheters used, and performance of
arch aortography (130,131,136).
Many of the above-mentioned fac-
tors, including procedural time
and multiple catheter use, are not

independent and are typically re-
lated to inexperience and lack of
specific training. In several studies,
neurological complications (stroke
and TIA) occurred more frequently
when angiography was performed
by a trainee or fellow rather than
by an experienced neuroradiolo-
gist (130–132,134). A recent report
has demonstrated that the rate of
stroke during cerebral angiogra-
phy when performed by an appro-
priately trained and experienced
specialist is very low (137). How-
ever, a separate published report
confirms that physicians without
formal training in catheter angiog-
raphy did indeed experience a
learning curve associated with an
unacceptable complication rate
that decreased with angiographic
experience (130). A significant
learning curve has also been dem-
onstrated for the carotid stent pro-
cedure itself as well as the use of
cerebral embolic protection de-
vices, thus necessitating appropri-
ate training and experience in both
components of the procedure: cer-
vicocerebral angiography as well
as the carotid stent procedure
(78,86,99–102).

B. Physician Qualifications For Ca-
rotid Angioplasty And Stent Place-
ment

1. The surgical team must possess
particular fundamental knowl-
edge and skills for the appropri-
ate application and safe perfor-
mance of CAS; these include

a. A thorough knowledge of
cerebrovascular anatomy,
hemodynamics, physiology,
and pathophysiology

b. Sufficient knowledge of the
clinical and imaging evalua-
tion of patients with cerebro-
vascular disorders to deter-
mine those patients for
whom CAS is indicated; this
includes thorough knowl-
edge of the clinical mani-
festations and the natural
history of cerebrovascular
ischemic disease

c. Appreciation of the benefits
and risks of CAS and the al-
ternatives to the procedure,
such as CEA and/or current
medical therapy

d. Familiarity with pharma-
ceutical agents potentially
useful during endovascular
procedures

e. The ability, skills, and
knowledge to evaluate the
patient’s clinical status and
to identify those patients
who may be at increased
risk, who may require addi-
tional pre- or postprocedure
care, or who have relative
contraindications to the pro-
cedure; in particular, the
physicians must be capable
of performing a clinical neu-
rologic examination and un-
derstanding any relevant
findings before, during, and
after the procedure

f. The capability to recognize
procedure, neurologic, and
angiographic complications
related to the CAS pro-
cedure; recognition of an-
giographic complications
necessitates a thorough
knowledge of cerebrovascular
anatomy and hemodynamics

g. The capability to provide
appropriate endovascular
management of vascular
complications related to the
performance of CAS, includ-
ing appropriate treatment of
embolic complications

h. The capability to provide the
initial clinical management
of complications of CAS; ba-
sic life support and treat-
ment of cardiac arrhythmias
must be immediately avail-
able; in addition, the trained
personnel, equipment, and
pharmacotherapeutics re-
quired to identify and to
manage heart block, cardiac
arrhythmias, and major
blood pressure fluctuations
must also be immediately
available

i. Adequate training in radia-
tion physics and safety; the
physician team must be fa-
miliar with the principles of
radiation biology, the haz-
ards of radiation exposure to
both patients and medical
personnel, and radiation
monitoring requirements;
such training and knowl-
edge are important to maxi-
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mize both patient and physi-
cian safety

2. The requirements for meeting
the qualifications listed in
(IV.B.1) may be met by obtain-
ing the following training and
experience. This training may
be obtained through the appro-
priate ACGME-approved resi-
dency or fellowship (5,138) or
through postgraduate experi-
ence that should include a, b,
and c below. The postgraduate
experiential training must be
under the supervision of a qual-
ified physician, defined as a
physician who has already met
the qualifications of section IV
with acceptable indications and
outcomes.

a. Performance (under the su-
pervision of a qualified phy-
sician and with at least 50%
performed as the primary
operator) of at least 200 diag-
nostic cervicocerebral an-
giograms with documented
acceptable indications and
outcomes for physicians
with no prior catheter expe-
rience (4,139), or at least 100
diagnostic cervicocerebral
angiograms with docu-
mented acceptable indica-
tions and outcomes for phy-
sicians with experience
sufficient to meet the AHA
requirements for peripheral
vascular interventions (124).

b. Arterial stent experience as
either:

1. 25 non–carotid stent
complete procedures,
plus attendance at and
completion of a “hands-
on” course in per-
formance of CAS, plus
performance and com-
pletion of at least four
successful and uncom-
plicated CAS procedures
as principal operator un-
der the supervision of an
on-site qualified physi-
cian; this must be a com-
prehensive course in
which the attendees earn
at least 16 hours of AMA
category I continuing
medical education credit

OR
2. Ten consecutive CAS

procedures as principal
operator under the super-
vision of an on-site qual-
ified physician on pa-
tients treated for
appropriate indications
documented by a log of
cases performed and
with acceptable success
and complication rates
according to the thresh-
olds contained in this
guideline and the ACR
guideline for cervicoce-
rebral angiography
(4,78,86)

c. Substantiation in writing by
the director of the depart-
ment, the chief of the medi-
cal staff, or the chair of the
credentials committee of the
institution in which the
training procedures were
performed and the institu-
tion in which privileges will
be granted that the surgical
team is familiar with all of
the following:
1. Indications and contra-

indications for CAS
2. Preprocedural assess-

ment and intraproce-
dural physiologic, cere-
brovascular, and
neurologic monitoring of
the patient

3. Appropriate use and
operation of fluoro-
scopic and radiographic
equipment and digital
subtraction angiogra-
phy systems

4. Principles of radiation
protection, hazards of
radiation exposure to
the patient and to the
radiologic personnel,
and radiation monitor-
ing requirements

5. Anatomy, physiology,
and pathophysiology of
the cerebrovascular
system

6. Pharmacology of con-
trast agents and cardiac
antiarrhythmia drugs and
recognition and treatment
of adverse reactions to
these substances

7. Recognition and treat-
ment of cardiac arrhyth-
mias associated with
CAS

8. Technical aspects of per-
forming CAS

9. Recognition of any cere-
brovascular abnormality
or complication related
to the CAS procedure

10. Postprocedural patient
management, particu-
larly the recognition and
initial management of
procedure complications

Maintenance of competence re-
quires continuing activity including

1. Regular performance of suffi-
cient numbers of neurovascular
procedures to maintain success
and complication rates as out-
lined below

2. Participation in a quality im-
provement program that moni-
tors these rates

3. Participation in courses that
provide continuing education
on advances in CAS

4. Continuing education should be
in accordance with the ACR
Standard for Continuing
Education

V. SPECIFICATIONS OF THE
PROCEDURE

A. Technical Requirements
There are several technical require-
ments that are necessary to ensure
the safe and successful perfor-
mance of CAS. These include
adequate clinical facilities, angio-
graphic and monitoring equip-
ment, and support personnel. The
minimal facility requirements are
1. An angiographic suite with suf-

ficient space to allow posi-
tioning of patient-monitoring
equipment and anesthesia
equipment, while leaving ade-
quate room for the circulating
staff to move without contami-
nating the sterile field

2. A high-resolution image inten-
sifier and imaging chain with
the ability to acquire and store
images digitally; imaging and
recording must be consistent
with the as low as reasonably
achievable (ALARA) radiation
safety guidelines
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3. Immediate access to computed
tomography or magnetic reso-
nance imaging to allow eval-
uation of any suspected com-
plication (eg, intracranial
embolization)

4. Adequate physiologic monitor-
ing equipment for use during
and after the procedure, includ-
ing equipment for cardiopulmo-
nary resuscitation and tempo-
rary cardiac pacing

B. Emergency Support
There should be prompt access to
medical, surgical, and interven-
tional personnel and resources
needed for management of medi-
cal or surgical complications.

C. Patient Care
1. Preprocedural care

a. The history and indications
for the procedure must be re-
corded in the patient’s med-
ical record; relevant medica-
tions, allergies, and bleeding
disorders should be noted

b. The vital signs and physical
(general and neurologic)
examination must be
documented

c. Neurologic assessment must
include documentation of
the National Institutes of
Health Stroke Scale (NIHSS)
(140)

2. Procedural care
a. Vital signs should be ob-

tained and recorded at regu-
lar intervals during the
course of the procedure

b. Cardiac rhythm should be
monitored continuously

c. Intravenous access must be
available for administration
of fluids and drugs

d. If the patient is to receive
conscious sedation, pulse
oximetry must be used;
administration of sedation
should be in accordance with
the ACR Standard for Con-
scious Sedation; anesthesia
personnel, a registered
nurse, or other appropriately
trained personnel should be
present and have primary re-
sponsibility for monitoring
the patient; all medication
doses and times should be
recorded

e. Neurologic deterioration
should be documented and
quantified by the NIHSS

3. Postprocedural care

a. A procedure note must be
written in the patient’s med-
ical record summarizing the
procedure, any immediate
complications, and the pa-
tient’s status at the end of the
procedure; this information
should be communicated to
the referring physician as
soon as possible; the note
may be brief if the formal re-
port will be dictated and
available the same day

b. All patients should be care-
fully observed during the
postprocedure period; the
patient’s vital signs and neu-
rologic examination, along
with the status of the punc-
ture site and the peripheral
pulses should be monitored
at regular intervals by a
nurse or other qualified
personnel

c. The physician performing
the procedure or a qualified
designee (physician or
nurse) should evaluate the
patient after the initial post-
procedure period; these find-
ings should be recorded in a
progress note in the patient’s
medical record; the physi-
cian and/or designee should
be available for continuing
care before and after the pa-
tient’s discharge from the
hospital

d. Neurologic assessment must
include documentation of
the NIHSS

VI. EQUIPMENT QUALITY
CONTROL

The facility must have documented
policies and procedures for monitor-
ing and evaluating the effective man-
agement, safety, and proper perfor-
mance of imaging and interventional
equipment. The quality control pro-
gram should maximize the quality of
the diagnostic information. This may
be accomplished as part of a routine
preventive maintenance program.

VII. DOCUMENTATION

A. Informed Consent and Procedure
Risk.—Informed consent must be ob-
tained in compliance with institu-
tional policy and state law. The phy-
sician should be committed to the
Principles of Medical Ethics and the
opinions on clinical investigation, in-
formed consent, and prescribing of
drugs and devices as stated in the
Code of Medical Ethics of the Coun-
cil on Ethical and Judicial Affairs of
the American Medical Association
(141). Risks cited should include in-
fection, bleeding, allergic reaction to
contrast, cardiac arrhythmia, stroke,
and death. The potential need for
emergency treatment of complica-
tions should be discussed. The rela-
tive risks and benefits of medical
therapy and/or CEA should also be
discussed.

B. Documentation.—The results of
all CAS procedures should be moni-
tored on a continuous basis. Records
should be kept of immediate and
long-term results and complications.
The number and types of complica-
tions should be documented.

A permanent record of each proce-
dure should be maintained (conven-
tional film or digital media); labeling
should include facility name, patient
name, identification number and/or
date of birth, and examination date.

The physician’s report should in-
clude the procedure undertaken,
method of anesthesia, specific bal-
loons and stents used, and immediate
complications, if any (including treat-
ment and outcome). Reporting should
be in accordance with the ACR Stan-
dard on Communication.

At least 30 days of clinical fol-
low-up is necessary to obtain the nec-
essary data for proper quality assur-
ance. A permanent record of the
patient’s neurologic status before and
after treatment must be maintained.
The long-term outcome and any de-
layed complications (including treat-
ment and response) must be recorded.
Restenosis after CAS may occur as it
may after CEA. Therefore, long-term
follow-up of vessel patency with non-
invasive imaging is recommended 6,
12, 18, and 24 months after treatment
(142).
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VIII. THRESHOLDS, SUCCESS
AND COMPLICATION RATES

There is insufficient information to
define technical success scientifically.
For extremity and renal angioplasty,
technical success requires less than
30% diameter residual stenosis by
angiography and may require im-
provement in transstenotic pressure
gradient (143,144). In the coronary lit-
erature, technical success for balloon
angioplasty and stent placement had
originally been defined as 20% relative
improvement with a decrease in steno-
sis to less than 50%, but it has recently
been revised to a decrease in stenosis
to less than 20% (119,120). However,
unlike extremity, renal, or coronary
stenoses, carotid stenoses are very
rarely symptomatic due to hemody-
namic compromise. Rather, symptoms
arise from embolization from a carotid
plaque. It is unknown what degree of
correction of carotid stenosis is neces-
sary to reduce the risk of embolization,
but removal of the embolic source is
fundamental. It is possible that in the
attempt to more completely eliminate
residual stenosis by full balloon dila-
tion, additional emboli may be pro-
duced during the procedure that could
cause a higher risk of procedure com-
plications. Alternatively, leaving a
higher degree of residual stenosis may
lead to a higher rate of late restenosis,
which at this time is of uncertain clin-
ical significance. Some carotid stent
placement trials have defined techni-
cal success as residual stenosis of less
than 30% (Yadav J, presented at the
American Heart Association Scientific
Sessions, Chicago, November 2002).
Others have used a definition of resid-
ual stenosis of less than 50% (Eles G,
The ARCHeR Trial, presented at the
SIR Annual Scientific Meeting, Salt
Lake City, UT, March 2003). In the ab-
sence of definitive scientific evidence,
technical success in this document is ar-
bitrarily defined as stent placement re-
sulting in improvement of the stenosis
by 20% or more with a final residual
stenosis of less than 50% with NASCET
measurement criteria. Some practices
may prefer to use a lesser degree of re-
sidual stenosis as their desired endpoint
for technical success.

As with many endovascular and
surgical techniques, there is a learning
curve associated with CAS. Complica-
tions will be more frequent when the

procedure is performed by less expe-
rienced practitioners. This phenome-
non is also recognized with the perfor-
mance of CEA as well as coronary
intervention. To account for the level
of physician experience, an ad hoc
committee of the AHA Stroke Council
(145) proposed that a “beginning sur-
geon be assigned 100 trouble-free
cases as a theoretical statistical basis.”
For example, 75 cases would be added
proportionately by indication catego-
ries to a beginning surgeon’s 25 cases
to form a statistical basis of 100 total
cases. The number of trouble-free
cases is decreased by the number of
real cases performed until the practi-
tioner has actually performed 100
cases. With this system, a new physi-
cian would be considered to have a 5%
complication rate, rather than 50%, if
he or she had complications with five
of the first 10 cases. This concept ap-
pears to be a valid method to account
for physician inexperience. Because
we have recommended relatively high
thresholds (see Table 3) for the com-
plications associated with CAS, the
number of trouble-free cases assigned
to a new physician should be less than
the 100 cases used for evaluation of
CEA. Otherwise, excessive complica-
tions might continue without trigger-
ing a review. For the performance of
CAS, 30 trouble-free cases will be as-
signed (in both the asymptomatic and
symptomatic patient categories) to
new physicians for initial statistical
analysis that will be performed as de-
scribed in the AHA document.

Previous reports of experience with
CAS have described complications,
particularly neurologic, in an inconsis-
tent and nonstandardized fashion. We
recognize the need for more detailed,
clinically relevant, and uniform out-
come measures. Both the duration and
severity of neurologic complications
are important. The necessity for signif-
icant postoperative interventions, such
as emergency thrombolytic therapy, is
also thought to be important. How-
ever, defining precisely what would
constitute a “significant” posttreat-
ment intervention would be difficult,
as would reporting and analyzing all
such interventions. Use of the NIHSS
facilitates rapid and uniform assess-
ment of neurologic complications. In
addition, the NIHSS may serve as a
reasonable surrogate measure for sig-
nificant posttreatment interventions.

The rationale for using the NIHSS for
this purpose is that small increases in
the NIHSS are thought to be much less
likely to result in significant interven-
tions, including repeated angiography
and thrombolytic therapy. Therefore,
adoption of the NIHSS as a standard
outcome measure will allow uniform
assessment of complications and ap-
proximate the incidence of significant
postoperative interventions. Differen-
tiation between outcomes and compli-
cations in patients with asymptomatic
versus symptomatic arterial stenoses
is critical. The natural history of the
two groups of patients differs dramat-
ically, with much lower risk of stroke
in asymptomatic patients. As with
CEA, the risks associated with CAS
appear to be lower in asymptomatic
patients and the risk-to-benefit ratio
for CAS appears to be significantly dif-
ferent for asymptomatic versus symp-
tomatic patients.

Definitions.—Neurologic complica-
tion: neurologic deterioration evi-
denced by an increase in the NIHSS
score of one or more points

Transient deficit: a neurologic com-
plication having complete resolution
within 24 hours

Reversible stroke: a neurologic com-
plication having a duration of more
than 24 hours and up to 30 days

Permanent stroke: a neurologic com-
plication having a duration of more
than 30 days

Minor deficit: neurologic deteriora-
tion evidenced by an increase of the
NIHSS score of less than four points
without the presence of aphasia or
hemianopsia

Major deficit: neurologic deteriora-
tion evidenced by an increase of the
NIHSS score of four or more points or
the presence of aphasia or hemianopsia

Technical success: inflation of angio-
plasty balloon/placement of stent in
the carotid stenosis with improvement
of the stenosis by 20% or more with a
final residual stenosis of less than 50%
using NASCET measurement criteria

While practicing physicians should
strive to achieve perfect outcomes (eg,
100% success, 0% complications), in
practice, all physicians will fall short
of this ideal to a variable extent. Thus,
indicator thresholds may be used to
assess the efficacy of ongoing quality
improvement programs. For the pur-
pose of these guidelines, a threshold is
a specific level of an indicator that
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should prompt a review. When mea-
sures such as indications or success
rates fall below a (minimum) thresh-
old or when complication rates exceed
a (maximum) threshold, a review
should be performed to determine

causes and to implement changes, if
necessary. Routine periodic review of
all cases having less than perfect out-
comes is strongly encouraged. Intra-
cranial embolization and subsequent
stroke are the major complications as-

sociated with CAS (60–88). A review
may be triggered when the threshold
values described in Table 3 are ex-
ceeded. The thresholds were derived
from critical evaluation of the litera-
ture and evaluation of empirical data
from the committee members’ prac-
tices. Consensus on statements in this
document was obtained with a modi-
fied Delphi technique (1,2).

IX. QUALITY CONTROL AND
IMPROVEMENT, SAFETY,
INFECTION CONTROL, AND
PATIENT EDUCATION
CONCERNS

Policies and procedures related to
quality, patient education, infection
control, and safety should be devel-
oped and implemented in accordance
with the ACR Policy on Quality Con-
trol and Improvement, Safety, Infec-
tion Control, and Patient Education
Concerns.

These data should be used in con-
junction with the thresholds described
in Section VIII to assess angioplasty
and stent placement at the cervical ca-
rotid bifurcation procedural efficacy
and complication rates and, as defined
in that section, to trigger institutional
review when the thresholds defined in
that section are exceeded.
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The clinical practice guidelines of the ASITN, the ASNR, and the SIR attempt to define practice principles that
generally should assist in producing high-quality medical care. These guidelines are voluntary and are not rules. A
physician may deviate from these guidelines, as necessitated by the individual patient and available resources.
These practice guidelines should not be deemed inclusive of all proper methods of care or exclusive of other
methods of care that are reasonably directed toward the same result. Other sources of information may be used in
conjunction with these principles to produce a process leading to high-quality medical care. The ultimate judgment
regarding the conduct of any specific procedure or course of management must be made by the physician, who
should consider all circumstances relevant to the individual clinical situation. Adherence to the ASITN, ASNR, and
SIR Quality Improvement Programs will not ensure a successful outcome in every situation. It is prudent to
document the rationale for any deviation from the suggested practice guidelines in the department policies and
procedure manual or in the patient’s medical record.
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