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EDITOR’S NOTE: In view of the multidisciplinary nature of this important document, it is being
published in Radiology, as well as in a number of other imaging and nonimaging journals.

—Anthony V. Proto, MD

Appropriate and adequate cognitive and technical training, proficiency, and experience
are essential for the safe performance of procedures that confer significant risk to patient
well-being. This principle is the foundation of all medical education and is especially
important when considering the cerebral vasculature, for which stroke is a defined risk for
every endovascular procedure. Despite recent advances in noninvasive diagnostic neuro-
imaging, diagnostic cervicocerebral angiography remains the cornerstone and “gold stan-
dard” for the evaluation and treatment of patients with cerebrovascular disease (1). In
addition to a high level of technical expertise, performance and interpretation of
diagnostic cervicocerebral angiography requires in-depth cognitive knowledge of re-
lated neurological pathophysiology, neurovascular anatomy and pathology, and an un-
derstanding of the full range of neurodiagnostic possibilities. Expert diagnostic cervicoce-
rebral angiography is the foundation for safe and successful cervicocerebral endovascular
intervention, including carotid artery angioplasty and stenting for atherosclerosis; inter-
ventional stroke therapy; intracranial angioplasty and stenting; and embolization of
cerebral aneurysms, epistaxis, and vascular malformations. All of these procedures are
increasing in volume and complexity with recent technological advances that further
mandate the need for adequate cognitive acumen and technical skills. Formal neuro-
science training and adequate procedural training and experience to achieve competency
in diagnostic cervicocerebral angiography and interventional procedures, including carotid
stenting, are essential to ensure proper outcomes. These concepts have been delineated in
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training requirements by the Accreditation
Council for Graduate Medical Education
(ACGME) and by previously published of-
ficial society statements. The purpose of
this document is to define the minimum
training and experience necessary to pro-
vide adequate quality of patient care for
extracranial cerebrovascular interventions,
particularly carotid artery stenting. Hospi-
tal credentialing is the mechanism by
which competence is ensured.

RISKS OF CERVICOCEREBRAL
ANGIOGRAPHIC PROCEDURES

Risks of Diagnostic Cervicocerebral
Angiography

Stroke is recognized as the most dis-
abling and costly of all medical condi-
tions (2). Stroke is also the most feared of
all iatrogenic medical and procedural
complications. The risk of procedure-in-
duced stroke may be a reason not to rec-
ommend the test for many physicians
and contributes to the reluctance of some
patients to undergo the procedure (3–6).
For medical and ethical reasons, any pro-
cedure that has “stroke” as a defined risk
should be performed only by medical
professionals with appropriate training
and experience.

The risk of permanent neurological
deficit as a result of diagnostic cerebral
angiography is considerable and ranges
from 0.3% to 5.7% (5,7–20). Experienced
neurovascular specialists may have com-
plication rates lower than 1% (20). There
is additional risk of temporary neurolog-
ical deficit ranging from 0.3% to 6.8%
with, on average, a two- to three-fold in-
creased risk of temporary as compared to
permanent neurological deficit (7–20).
Patients with atherosclerotic cerebrovas-
cular disease as manifested by neurolog-
ical symptoms (ipsilateral transient isch-
emic attack [TIA] or stroke) have a two- to
three-fold higher risk of stroke from diag-
nostic cerebral angiography (0.5%–5.7%
risk of permanent deficit) as compared to
asymptomatic lesions (0.1%–1.2% risk) (5–
10,15–20). In one study, 1000 consecutive
patients undergoing diagnostic cerebral
angiography were assessed for procedure-
related neurological deficits (5). The overall
stroke rate was 1%. However, nine of the
10 patients experiencing neurological
complications had a history of prior stroke
or transient ischemic attack and the 10th
had an “asymptomatic” bruit (5). There-
fore, the highest level of practitioner train-
ing should be required for patients with
prior symptoms, who are at highest risk for
angiographic complications.

Operator experience as measured by
decreased complications and decreased
fluoroscopy time necessary for the exam
improves in a linear fashion up to 100
cases (10). Analysis of the trainee learn-
ing curve suggests that 200 exams are
necessary for a physician to become a
competent and secure examiner of the
carotid and intracranial vasculature (10).
Operator risk factors for angiographically
produced ischemic complications (tem-
porary and/or permanent stroke) are well
known and include increased procedure
and fluoroscopy time, increased number
of catheters used, and performance of
arch aortography (6–8). Performance of
arch aortography may lead to greater
numbers of emboli and thus leading to
higher procedure complication rates
than selective carotid angiography and
is not infrequently performed by less
well-trained practitioners (8,21). All of
the above-mentioned factors, including
procedural time and multiple catheter
use, are not independent and are typi-
cally related to inexperience and lack of
specialized training in the cervicocere-
bral circulation (8,12). The effect of
training and experience, and/or lack
thereof, was clearly shown in a 5000-
angiogram analysis that demonstrated
that fellowship-trained specialists have
fewer neurological complications (0.5%)
than even experienced angiographers
(0.6%), and both have far fewer compli-
cations than trainees under supervision
(2.8%) (7,18,19). In the Asymptomatic
Carotid Atherosclerosis Study (ACAS),
the rate of stroke as a complication of
diagnostic cerebral angiography was ap-
proximately 1.2% (17). This may be
greater than the actual risk of stroke
caused by the stenosis itself for many pa-
tients with asymptomatic stenosis (17).
Indeed, this fact has led some vascular
surgeons to suggest that diagnostic cervi-
cocerebral angiography even when per-
formed by well-trained neurovascular
specialists may be too dangerous for the
indication of asymptomatic carotid ar-
tery stenosis (22). However, more recent
data have confirmed that the rate of
stroke during routine diagnostic cerebral
angiography when performed by appro-
priately trained and experienced neuro-
vascular specialists is less than half the
rate reported in ACAS (20).

Clinically obvious stroke may be the
tip of the iceberg regarding complica-
tions of cervicocerebral angiography. “Si-
lent” neuropathological sequelae of cere-
bral embolism are even more common
than overt, clinically demonstrable neu-
rological complications (20,21,23–25).

The fact that thromboembolic occur-
rences may be “silent,” yet still represent
serious pathologic brain damage has re-
cently been described in two magnetic
resonance (MR) imaging studies where
diffusion-weighted pulse sequences ideal
for detecting small infarcts were obtained
after angiography (23,24). In one study,
small new areas of brain infarction with-
out overt clinical correlates were identi-
fied in 25% of 66 patients after diagnostic
cerebral angiography (23). Detection of
apparent embolic insults by MR imaging
was more common in cases with longer
fluoroscopic/procedural times (P � .01)
and was associated with the use of mul-
tiple catheters (P � .02) (23). Both of
these parameters have been shown to be
associated with sub-optimal training and
experience (24). “Subclinical” infarcts
have been shown to result in cognitive
deficits on neuropsychological testing af-
ter endarterectomy, as well as carotid ar-
tery stenting (25). Similar procedural in-
jury to the heart has been extensively
documented secondary to coronary in-
terventions by measurements of eleva-
tions in troponin levels (so-called tropo-
nin leak) and constitutes justification for
the current stringent training standards
for coronary intervention (26,27).

In addition to the technical risks of
cerebrovascular procedures, there is also
a risk of misdiagnosis if images are not
interpreted correctly. This fact justifies
formal and adequate cognitive training
related to neurological and neurovascu-
lar anatomy, neurodiagnostic imaging,
and neuro-pathophysiology. Physicians
must be able to accurately identify stroke
and TIA etiologies and evaluate traumatic
and/or atherosclerotic neurovascular le-
sions, and inflammatory conditions of
the central nervous system. Evidence
from numerous studies of coronary an-
giography performed by trained cardiol-
ogists demonstrates errors between ob-
servers’ assessments ranging from 15% to
45% for evaluating essentially only one
variable, ischemic vascular disease (28).
The ramifications of inter-observer varia-
tion are considerable. If readings are er-
roneous, some patients will undergo in-
terventional procedures unnecessarily,
others might be denied an essential treat-
ment, while still other patients may have
pathological findings that are totally un-
recognized (28). The implications of this
degree of variability for patients with ce-
rebrovascular conditions are significant
when considering that physicians may be
performing and interpreting cervicocere-
bral angiography outside of their primary
specialty training and may then be per-
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forming interventions that have stroke as
a defined potential risk. Even if a cervico-
cerebral arteriogram is performed solely
for assessment of extracranial carotid
occlusive disease, unexpected findings
(vasculitis; congenital vascular malforma-
tions; tumors; mass effects; embolic com-
plications; acute, subacute, or chronic dis-
section as opposed to atherosclerotic
disease; identification of aneurysms or ar-
teriovenous fistulae; etc) require exten-
sive neurodiagnostic and neuroangio-
graphic knowledge and interpretive skills
which can only be obtained with appro-
priate formal training.

Risks of Cervicocerebral
Interventional Procedures

Endovascular interventions carry a
higher risk than diagnostic angiography
in all vascular beds. The American Col-
lege of Cardiology (ACC) has recognized
this by requiring physicians to complete
diagnostic coronary angiography train-
ing prior to beginning interventional
coronary training (29). The risk of elec-
tive carotid stenting is greater than the
risk associated with elective coronary in-
tervention, which is typically less than
2% for emergency coronary artery bypass
surgery and less than 2% for death
(30,31). Randomized controlled trial data
indicate stroke and death rates for carotid
stenting ranging from 4.4% to over 12%
at 30 days, with a 1-year stroke and death
rate of up to 12% (32–41). MR examina-
tions demonstrate detectable ischemic le-
sions in 22%–29% of brains after carotid
stenting (42,43). Additionally, a signifi-
cant learning curve for carotid stenting
has been clearly documented (44).

Potential benefit from “embolism pro-
tection” devices might render carotid stent-
ing safer than is currently documented, but
procedural stroke and death rates still range
from at least 2.8% in one registry to over
6% at 30 days in other unpublished reg-
istries for both asymptomatic and symp-
tomatic patients (34,36,37,40). Indeed,
in two randomized controlled trials com-
paring stent procedures with “protec-
tion” and with “no-protection,” there
was conflicting evidence concerning pro-
tection, with one trial indicating no differ-
ence and the other actually demonstrating
worse outcomes “with protection” (45–
47). Possible efficacy of “protection” de-
vices has been demonstrated in at least
one registry, in the carotid stenting arm
of an endarterectomy versus stenting
trial and in a review article (40,48,49).
Therefore, for carotid stenting, the con-
flicting proof of efficacy for protection

devices, proved failure to eliminate all
complications including stroke or death,
and demonstrated patient risk greater
than elective coronary intervention, for
example, reaffirm that carotid stenting be
performed only by individuals with suf-
ficient cognitive neuroscience knowledge
coupled with sufficient training and ex-
perience and subsequent excellent proce-
dural technique, as described herein.

Cervicocerebral intervention includes
not only carotid artery and extracranial
angioplasty and stenting but also intra-
cranial angioplasty and stenting, as well
as other therapies. The risks of neurolog-
ical complications from intracranial an-
gioplasty and stenting and cerebral aneu-
rysm coiling are substantial. The reported
neurological complication rate for intra-
cranial angioplasty and stenting ranges
from 5% in 30 days to 36% (50–59). A
significant learning curve has been dem-
onstrated for coiling of cerebral aneu-
rysms, and the reported neurological com-
plication rate ranges from 5% to 14% (60–
64). Similar to the findings in carotid
stenting, diffusion-weighted MR imaging
reveals a higher rate of distal emboliza-
tion associated with this procedure (up to
61%) than overt symptoms; many of the
emboli are “silent” (21,23,24,65).

TRAINING

Introduction

Official standards of training for all
specialties have existed for over a quarter
century, are the hallmark of medical li-
censure, board examinations and resi-
dency programs, individual physician
privileges and hospital credentialing, and
are recognized as vital by the ACGME,
the Federation of State Medical Boards of
the United States, Inc., the American
Board of Medical Specialties (ABMS), and
the National Board of Medical Examiners
(NBME) (66–68). Furthermore, continu-
ing assessment of competence is man-
dated by the Centers for Medicaid and
Medicare Services, as well as state medical
licensing boards, in the form of Continu-
ing Medical Education (CME) credits (69–
71). The Joint Commission on Approval
for Healthcare Organizations (JCAHO) is
working with two other accrediting orga-
nizations, the National Committee for
Quality Assurance and URAC (formerly
known as the Utilization Review Accred-
itation Commission), on coordinating
and aligning patient safety standards
(72–74). JCAHO has established guide-
lines for primary stroke centers based on
Brain Attack Coalition recommendations

that include quality-of-service standards
for diagnostic cervicocerebral angiog-
raphy (75). The Brain Attack Coalition
has also established guidelines for compre-
hensive stroke centers, which mandate cog-
nitive and technical neurovascular train-
ing and expertise in order to perform
carotid stenting (Alberts MJ, Latchaw RE,
Selman WR, et al. Recommendations for
comprehensive stroke centers: a consen-
sus statement from the Brain Attack Co-
alition. Not yet published).

Training guidelines for diagnostic arte-
riography and endovascular intervention
are necessary for optimal and safe patient
care and have been formulated and offi-
cially stated by numerous medical societ-
ies, including the American Heart Associ-
ation (AHA), the ACC, the Society for
Vascular Surgery (SVS) and Society of In-
terventional Radiology (SIR), the Ameri-
can Society of Neuroradiology (ASNR),
and the American Society of Interven-
tional and Therapeutic Neuroradiology
(ASITN) (76–98). These AHA, ACC, SVS,
SIR, ASNR, and ASITN guidelines man-
date at least 100 diagnostic angiograms
regardless of the vascular bed. The fact
that there are varying degrees of diffi-
culty for certain procedures and that
these procedures thus impart associated
degrees of risk to the patient has also
been specifically recognized and summa-
rized by the ACC (79). For example, in
recognition of the critical nature of cer-
tain catheter-based procedures, the ACC
has published the Revised Recommenda-
tions for Training in Adult Cardiovascu-
lar Medicine Core Cardiology Training II
statement (COCATS 2) (29). In addition
to the required minimum 24 clinical
months of training by COCATS 2, diag-
nostic coronary catheterization man-
dates a minimum of 8 dedicated months
in a cardiac catheterization laboratory
during training in the pathophysiology
and treatment of heart disease with spe-
cific requirements for approved super-
vised training on at least 300 diagnostic
coronary angiograms before a practitio-
ner is judged competent for credentialing
purposes (29). This same concept is at
least as important when dealing with the
cerebral vasculature and the performance
of cervicocerebral angiography.

The ACC has determined that cogni-
tive training about the pathophysiology
of the heart, in addition to credentialing
in diagnostic coronary angiography, is a
prerequisite for training in coronary in-
tervention (80,84,86,87). Furthermore,
in addition to the core 24-month train-
ing period and 300 diagnostic coronary
angiograms, the ACC recommends a full
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20 months of supervised cardiac cathe-
terization lab training with at least 250
supervised coronary stent procedures as
the minimum acceptable requirements
before a practitioner is judged competent
to perform coronary interventions (88–
92). The ABMS has not only affirmed that
high degrees of training are necessary for
appropriate and safe cardiac patient care
but acknowledged this high level of
achievement in the form of a Certificate
of Added Qualification (CAQ) for Inter-
ventional Cardiology (99). These same
principles are necessarily as crucial for
the performance of interventional proce-
dures relating to the cervicocerebral vas-
culature, including carotid stenting.

Existing Standards

Cognitive training in cerebrovascular dis-
ease.—The American Board of Radiology
examinations for Diagnostic Radiology
include written and oral subspecialty
evaluation of neurodiagnostic imaging,
and neurological and neurovascular
anatomy and pathophysiology (100).
This cognitive knowledge base includes
stroke syndromes and TIA etiologies,
evaluation of traumatic and/or athero-
sclerotic neurovascular lesions, and in-
flammatory conditions of the central
nervous system.

The range and complexity of neurora-
diology, neurodiagnostic imaging and
cervicocerebral angiographic procedures
is such that this has been recognized by
the ABMS in the form of a CAQ in Diag-
nostic Neuroradiology (101). This train-
ing mandates a minimum of an entire
additional year of formal ACGME-ap-
proved training beyond the radiology
residency, and this knowledge is formally
tested with an oral examination (101).
This depth of knowledge and experience
is unachievable in a casual or informal
setting.

Due to the extensive body of knowl-
edge in the medical discipline related to
cervicocerebral pathophysiology and its
clinical manifestations, an entire year be-
yond residency in Neurology is required
to achieve competence in Vascular Neu-
rology. The complexity of this field of
study of patients with cerebrovascular
disease is further affirmed by the creation
of the new ACGME-approved subspe-
cialty of Vascular Neurology (102). Only
after completing 1 year of Vascular Neu-
rology training with additional training
in neuroradiology can the neurology ap-
plicant enter into training in Endovascu-
lar Surgical Neuroradiology (ESN) (103).
The body of knowledge and skill ob-

tained during the minimum of these 2
full years of additional dedicated formal
postgraduate training after completion of
a complete neurology residency are not
achievable in a casual or informal setting.

Diagnostic cervicocerebral angiographic
training.—The ACC and AHA recognize
that adequate cognitive knowledge of the
heart is a mandatory foundation for per-
formance of coronary angiography and
intervention and mandate 24 months
as minimum cognitive training period
(29). The clinical neuroscience societies
herein, in agreement with the principles
espoused by the ACC and AHA, believe
that adequate cognitive knowledge of the
brain is a mandatory foundation for per-
formance of diagnostic cervicocerebral
angiography and intervention. The cervi-
cocerebral vasculature is technically de-
manding and clinically unforgiving and
mandates competence in the perfor-
mance of any procedures involving this
vasculature. In recognition of this fact,
the American Academy of Neurology has
published guidelines for cervicocerebral
angiography that recommend 100 appro-
priately supervised cervicocerebral angio-
grams as a minimum for required train-
ing and credentialing for this invasive
procedure (95,96). Training and quality
improvement guidelines for adult diag-
nostic cervicocerebral angiography have
been officially formulated and published
by the American College of Radiology,
the ASITN, ASNR, and the SIR (77,82).
Radiology and its subspecialty neuroradi-
ology were formerly the only medical
specialties that incorporated cervicocere-
bral angiography into ACGME-approved
residency training programs (101,104).
Cervicocerebral angiography and inter-
vention are now included in the new
ACGME-approved Endovascular Surgical
Neuroradiology training program, which
includes physicians from neurosurgery,
neurology, and neuroradiology (103).

Interventional cervicocerebral training.—
The ACC, the AHA, and the SIR have
published guidelines requiring 100 diag-
nostic angiograms for credentialing in pe-
ripheral vascular angioplasty (76,78–81).
These AHA, ACC, and SIR standards man-
date competence regardless of subspe-
cialty background and/or endovascular
experience in any other vascular bed, in-
cluding the heart.

In recognition of the complexity and
critical nature of interventional cervico-
cerebral procedures, the American Asso-
ciation of Neurological Surgery (AANS),
the Congress of Neurological Surgeons
(CNS), the AANS/CNS Cerebrovascular
Section, the ASITN, and the ASNR pub-

lished a unanimously endorsed state-
ment specifying training requirements
for the safe endovascular treatment of
conditions that affect the brain, includ-
ing the procedure of carotid stenting
(97). These “Program Requirements for
Residency/Fellowship Education in Neu-
roendovascular Surgery/Interventional
Neuroradiology: A Special Report on
Graduate Medical Education” mandate
100 diagnostic cervicocerebral angio-
grams prior to training in this neuroin-
terventional specialty, similar to the
mandated requirements of COCATS 2
(29). This requirement is not altered by
prior angiographic experience in any
other vascular territories.

The ACGME has given its highest form
of recognition for the need for advanced
training for endovascular interventions
involving the cervicocerebral and intra-
cranial vasculature by officially recogniz-
ing the new discipline of Endovascular
Surgical Neuroradiology (103). The com-
plexity of this medical/surgical discipline
requires a minimum total of 7–8 years of
dedicated formal postgraduate cognitive
and procedural training with qualified
supervision: far longer than most special-
ties. Appropriately prepared neurologists,
neurosurgeons, and neuroradiologists are
eligible to enter this ACGME training
program. This ACGME-approved ESN
training program explicitly incorporates
additional training in clinical neuroin-
tensive care, as well as thorough training
in advanced endovascular neuroradio-
logical procedural techniques (103). The
ACGME-defined program of ESN specifi-
cally elucidates training in the indica-
tions, contraindications, and technical
aspects of carotid stenting for atheroscle-
rosis (103).

Knowledge Necessary for
Cerebrovascular Intervention

Our collaborative neuroscience societ-
ies, in agreement with the principles es-
poused in the ACC COCATS 2, recognize
the necessity of three components of
adequate training for competency to per-
form cervicocerebral diagnostic and in-
terventional procedures: (a) formal train-
ing that imparts an adequate depth of
cognitive knowledge of the brain and its
associated pathophysiological vascular pro-
cesses, including management of complica-
tions of endovascular procedures; (b) ade-
quate procedural skill achieved by repetitive
supervised training in an approved clinical
setting by a qualified instructor; and (c)
diagnostic and therapeutic acumen, in-
cluding the ability to recognize and man-
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age procedural complications, achieved by
studying, performing and correctly inter-
preting a large number of diagnostic pro-
cedures with proper tutelage. Just as with
diagnostic coronary angiography and
coronary intervention, extensive knowl-
edge of the brain and the ability to cor-
rectly interpret a cervicocerebral angio-
gram is the prerequisite and foundation
for the technical performance of cervicoce-
rebral angiography. The ability to ade-
quately assess the array of diagnostic im-
aging studies of the brain with adequate
knowledge of the numerous pathophysi-
ological possibilities is a necessary at-
tribute of any practitioner who would
perform cervicocerebral procedures, irre-
spective of the primary specialty of the
practitioner.

Although interpretative skills of imag-
ing are essential, clinical cognitive skills
related to the epidemiology, diagnosis,
and management of patients with cervi-
cocerebral vascular disorders are the sine
qua non of quality patient care, safety,
and treatment selection. All major indus-
try- and National Institutes of Health
(NIH)-sponsored trials related to carotid
stenting and cervicocerebral interven-
tions, including asymptomatic, symp-
tomatic, and high-surgical-risk patients,
have required an independent assess-
ment by a board-certified neurologist.
This assessment includes documented
competency in performing a complete
neurological evaluation including the
NIH Stroke Scale. Consequently, we not
only endorse this principle in general
practice but also mandate adequate train-
ing for all neuroendovascular practitio-
ners that encompasses knowledge of
stroke syndromes and includes formal
training and competency in the NIH
Stroke Scale.

Competence in recognizing any proce-
dural complication and being able to of-
fer the most appropriate treatment is one
of the basic goals of adequate formal
training, particularly concerning cervico-
cerebral angiography and/or interven-
tion. This would include the ability to rec-
ognize clinical intra- or post-procedural
neurological symptoms, as well as pertinent
angiographic findings and the proper
cognitive and technical skills to offer the
most appropriate therapy. While this
therapy might entail intracranial endo-
vascular rescue, it might also entail opti-
mal hemodynamic management necessi-
tating sufficient clinical neurointensive
skills.

Our collaborative neuroscience societies
recognize that practitioners from a variety
of backgrounds may currently have or

wish to develop endovascular skills. Our
consensus is that a minimum amount
of formal cognitive training specifically
related to stroke and cerebrovascular
disease is essential for any physician to
perform diagnostic cervicocerebral an-
giography and interventional procedures.
Therefore, in addition to procedural tech-
nical experience requirements, a mini-
mum of 6 months of formal cognitive
neuroscience training in an ACGME-
approved training program in radiology,
neuroradiology, neurosurgery, neurology,
and/or vascular neurology is required.
This minimum formal training applies to
all practitioners who wish to be creden-
tialed to perform diagnostic cervicocere-
bral angiography and/or cervical carotid
interventions, including practitioners
from specialties with or without dedi-
cated training in clinical neuroscience as
part of their ACGME-approved residency
programs.

Augmentation of Training

Simulator training has been shown to
be of benefit in limited medical applica-
tions (105–112). At the present time, ap-
propriate formal training and experience
in clinical cervicocerebral angiography
and intervention in an approved clinical
training program has no adequate substi-
tute in contemporary medical practice,
but future trainees may benefit from
added training on medical simulators. At
the present time, simulator equipment is
neither perfected nor validated for train-
ing purposes concerning the cervicocere-
bral vasculature, but it is anticipated that
eventually these technologies may offer
up to, but not greater than, 20% of the
required training experience in procedural
technique. Our collaborative societies,
consistent with ACGME training stan-
dards and the ACC training standards
(COCATS 2), emphasize that industry-
sponsored seminars, CME coursework,
and self-taught learning are insufficient
for credentialing related to diagnostic
cervicocerebral angiography, extracranial
interventions, intracranial interventions,
or carotid stenting.

Maintenance and Assurance of
Continuing Quality of Care

Procedures that have stroke as a de-
fined potential risk require the highest
level of competency. Proficiency is main-
tained by lifelong CME, as well as con-
tinuing performance of cases with adequate
success and outcomes with minimal compli-
cations. Quality Assurance and continuing

improvement are necessary for high qual-
ity healthcare regardless of which disci-
pline might be involved in treating pa-
tients. The quality improvement process
is a patient-oriented process, designed to
ensure a baseline level of quality and pre-
dictable outcomes, and represents in
many ways a safety net for the credential-
ing process. A post hoc quality assurance
process is no substitute for adequate and
appropriate physician training leading to
acceptably skilled practitioners suitable
for credentialing. A quality assurance
process should confirm that procedures
are performed for appropriate indications
with rates of success and complications
that meet acceptable standards. Such Qual-
ity Improvement standards have been pub-
lished for diagnostic cerebral angiography,
as well as extracranial carotid stenting
(77,82,95,113). Such standards are neces-
sary for quality assurance for procedures
of such considerable consequence. The
outcomes required by these standards
should be achieved both during the train-
ing cases and following granting of cre-
dentials in order to ensure maintenance
of competence. At this time there is in-
sufficient information to know if mainte-
nance of competency requires annual
performance of specific numbers of cases,
but data from other vascular interven-
tional procedures such as coronary stent-
ing, coronary artery bypass grafting, and
carotid endarterectomy indicate that, in
general, greater experience confers better
outcomes (114–116).

CONSENSUS OF THE
COLLABORATING
NEUROSCIENCE SOCIETIES

1. All collaborating neuroscience soci-
eties are of the unanimous opinion that
the safety of the patient is paramount.

2. Defined formal training and experi-
ence in both the cognitive and technical
aspects of the neurosciences are essential
for the performance and interpretation
of diagnostic and therapeutic cervical
and cerebrovascular procedures. There-
fore, in addition to procedural technical
experience requirements, a minimum of
6 months of formal cognitive neuro-
science training is required in an ap-
proved program in radiology, neuroradi-
ology, neurosurgery, neurology, and/or
vascular neurology for any practitioner
performing cervical carotid interven-
tional therapy, including carotid stent-
ing. This minimum neuroscience train-
ing recommendation applies to all
practitioners, whether from specialties
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with or without dedicated training in the
clinical neurosciences as part of their
ACGME-approved residency programs.

3. All collaborating neuroscience soci-
eties endorse the principles of the several
published standards from our various so-
cieties for training and quality concern-
ing cervicocerebral angiography and in-
tervention (77,82,95–97,113). We affirm
the necessity for adequate and appropri-
ate cognitive knowledge, as well as ade-
quate specialized procedural training and
experience, as described herein for cre-
dentialing in cervicocerebral angiogra-
phy. Credentialing to perform (and in
some cases interpret) cervicocerebral an-
giograms for one single purpose (eg, eval-
uation of carotid occlusive disease) theo-
retically approves performance and
interpretation for all purposes or neuro-
vascular conditions without distinction,
some of which (eg, cerebrovascular
trauma, vasculitis, congenital vascular
malformations, tumors, mass effects,
identification of embolic complications,
differentiation of acute/subacute/chronic
dissection from atherosclerotic disease,
diagnosis of arteritides, identification of
intracerebral aneurysms) clearly demand
interpretive skills not conferred by casual
training and experience. Therefore, lim-
ited credentialing for limited procedures
with limited training is unacceptable.

4. All collaborating neuroscience soci-
eties recommend appropriately super-
vised cervicocerebral angiography train-
ing and resultant credentialing with an
accumulated total of 100 diagnostic
cervicocerebral angiograms before post-
graduate training in cervicocerebral in-
terventional procedures, including ca-
rotid stenting, as described herein (29,
97).

5. All collaborating neuroscience soci-
eties endorse the principles of training and
quality assurance espoused in the multiso-
ciety “Quality Improvement Guidelines
for the Performance of Carotid Angio-
plasty and Stent Placement” (113), which
include a defined training pathway for
any qualified practitioner for carotid
stent training.

6. All collaborating neuroscience soci-
eties specifically endorse the principles of
the ACGME and the training programs in
Endovascular Surgical Neuroradiology
(103), Vascular Neurology (102) and Neu-
roradiology (101).

CONCLUSIONS

All medical societies directly or indirectly
involved with cervicocerebral angiogra-

phy concur in the necessity of quality
and safety of patient care. Credentials
committees at each hospital and institu-
tion must promote adequate standards of
training and experience for initial accred-
itation in diagnostic cervicocerebral an-
giography that are uniform across all spe-
cialties, guarantee patient safety, and
assure continuous high quality of perfor-
mance. Furthermore, credentials com-
mittees should certify and enforce pro-
spective quality improvement programs
that are consistent with mandated and
accepted training standards as defined by
the ACGME, the American Medical Asso-
ciation, the ABMS, and individual state
medical licensing boards. Credentials
committees are expected to guarantee
that individual physicians diagnosing
and treating cerebrovascular disease with
endovascular procedures have sufficient
formal neuroscience training and experi-
ence, as well as adequate training in the
performance and interpretation of diag-
nostic cervicocerebral angiography and
the implications of the varied potential
findings, so as to optimize the proper ex-
pected medical outcomes and assure pa-
tient safety. Due to the grave conse-
quences of inadequate or deficient
training, stringent credentialing criteria
with formal neuroscience training as
specified by published standards and as
elucidated herein should be mandated
for those performing carotid, vertebral,
and intracranial cerebrovascular inter-
ventions, just as is the case with coronary
interventions (83–94,97,113).
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