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BACKGROUND AND PURPOSE: There is no standardized curriculum currently available at most institu-
tions for establishing procedural competency in trainees performing cervicocerebral angiography. The
purpose of this study was to evaluate a simple learning program to supplement the teaching of basic
cervicocerebral angiography.

MATERIALS AND METHODS: An 11-session interactive curriculum was implemented covering ana-
tomic, clinical, and radiographic topics for the novice cervicocerebral angiographer. The target learner
was the neuroradiology fellow. Data were gathered regarding fellow comfort level on topics relating to
cervicocerebral angiography by using a 5-point Likert scale. Improvement in scores on knowledge-
based questions after completion of the curriculum was calculated (McNemar test). Trainee-perceived
utility of the program was also recorded by using a 5-point Likert scale. Focus sessions were held at
the completion of the curriculum to gather feedback regarding the strengths and weaknesses of the
program from participants.

RESULTS: Ten subjects were enrolled in this pilot study for 3 years. Topics where participants reported
a poor initial comfort level (4 or higher) included selection of injection rates and volumes and
reformation of reverse-curve catheters. Trainees demonstrated a statistically significant change in the
distribution of scores of 29.3% (49.4%–78.7% correct response rate, P � .0001). The average
perceived utility was 1.5 (1 � most useful, 5 � least useful).

CONCLUSIONS: This simple learning program was a useful adjunct to the training of fellows in
diagnostic cervicocerebral angiography, resulting in quantitative improvements in knowledge.

ABBREVIATIONS: ACGME � Accreditation Council for Graduate Medical Education; ASNR � Amer-
ican Society of Neuroradiology; SNIS � Society of NeuroInterventional Surgery

Diagnostic cervicocerebral conventional angiography is a
minimally invasive procedure used to delineate intracra-

nial vascular anatomy for a variety of clinical indications. De-
spite many recent advances in noninvasive neurovascular
imaging by using CT and MR imaging techniques, cervicoce-
rebral conventional angiography remains an important tool in
the evaluation of neurovascular disease.1-5 This technique is
particularly important in evaluating and characterizing vascu-
lar lesions before endovascular and/or open operative treat-
ment.3 It is also useful in examining small vessels of the brain
and spinal cord—for example, in the setting of central nervous
system vasculitis.5

Teaching trainees the knowledge they need to then gain
competence in the procedure and to perform well in clinical
practice form the Miller pyramid of learning.6 Training in
neuroendovascular procedures is quite variable across fellow-
ship programs. Recent work by Bech et al7 showed that the

design and implementation of comprehensive endovascular
curricula are critical to training yet have been lacking in cur-
rent training programs. There are currently ongoing efforts by
the ASNR to establish both a global rating scale and a com-
prehensive curriculum for diagnostic cervicocerebral an-
giography (Hetts S, Mukherji S, Zimmerman RD, personal
communication, June 2010). Multiple societies including
ACGME, ASNR, SNIS, and the Society of Cardiovascular
and Interventional Radiology agree that technical training
in the procedure and cognitive training in neurologic and
neurovascular anatomy, imaging, and disease are prerequi-
sites for performing and interpreting diagnostic cervicoce-
rebral angiography.8-10

A few studies have shown that the use of interactive train-
ing models improves resident performance.11-13 A 2009 study
by Yamagami et al14 is the only report on the use of simple
plastic cast models in the instruction of visceral angiography.
They demonstrated improvement in trainee performance
during 5 days of training and positive results transferable to in
vivo arteriography.14

Incorporating the use of interactive models into a compre-
hensive curriculum on diagnostic cervicocerebral angiogra-
phy addresses both cognitive and technical aspects of training
that may enhance trainee education as fellows perform proce-
dures on patients. The purpose of this study was to implement
and assess an interactive learning program on diagnostic cer-
vicocerebral conventional angiography targeted at neuroradi-
ology fellows in their sixth or seventh postgraduate year.
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Materials and Methods
The study has approval by the internal review board our institution

for exemption and is Health Insurance Portability and Accountability

Act compliant.

Curriculum Development
An 11-session curriculum on diagnostic cervicocerebral angiography

was developed as a short introductory course for neuroradiology fel-

lows. The curriculum covered clinical, anatomic, and radiographic

topics relating to cervical and cerebral vascular anatomy and neu-

roangiography. Each session was designed to last approximately 1

hour, focused on 1 or 2 main learning objectives, and included a

summary handout PDF and a didactic lecture. Seven of the 11 sessions

also included an interactive component (Table 1).

Summary handouts were bound into a syllabus and distributed to

participants at the beginning of the program. The didactic compo-

nents consisted of short lectures by using a slide-presentation format

(Fig 1). The interactive component involved using angiography ma-

terials and supplies as examples (eg, unused catheters and arterial

access kits) and simple models to demonstrate anatomy and develop

proper hand-positioning and catheter technique. The models used in

this curriculum included a commercially available clear acrylic vascu-

lar model [Angiogram Sam Plus (with extended carotids) Anatomical

Training Model (Lake Forest Anatomicals, Lake Forest, Illinois)] (Fig

2), a clear skull model [Transparent Skull Model (Medical Supplies

and Equipment Company, Houston, Texas)] for demonstrating cra-

nial anatomy and fluoroscopic view selection, and simple foam

sponges with rubber tubing for practicing arteriotomy, which were

developed for the curriculum (Fig 3).

Implementation
The course is offered at the start of the academic medical year with

sessions generally given once or twice a week. Neuroradiology fellows

enrolled in the neuroradiology fellowship program at our institution

participated between 2008 and 2011. The first year of the 2-year fel-

lowship is ACGME-accredited. Data are collected from all fellows

enrolled in the course for the first time. The faculty comprised 2

instructors: both attending neuroradiologists with American Board

of Radiology Certificate of Added Qualification; 1, a practicing

neurointerventionalist.

Trainee Reported Experience before the Course
To assess baseline trainee experience level before the course, trainees

subjectively graded their comfort level in performing various parts of

a diagnostic cervicocerebral angiogram, including obtaining in-

formed consent, wire/catheter manipulation, and achieving groin he-

Table 1: Session components and topics included in the learning program

Session No. Subject Handout Didactic Interactive
1 Evaluating the Patient: Before and after the Procedure ✓ ✓

2 Gaining Vascular Access ✓ ✓ ✓

3 Table Setup, Catheters, Flushes, and Guidewires ✓ ✓ ✓

4 Wire Catheter Manipulation Part I: Catheterizing the Cervicocerebral Vessels ✓ ✓ ✓

5 Wire Catheter Manipulation Part II: Dealing with Difficult Vessels and Complications ✓ ✓ ✓

6 Fluoroscopic Views ✓ ✓ ✓

7 Groin Hemostasis ✓ ✓ ✓

8 Clinical Considerations ✓ ✓

9 A Review of Basic Cerebrovascular Anatomy ✓ ✓

10 Cerebral Collateral Circulations ✓ ✓

11 Spinal Angiography: An Introduction ✓ ✓ ✓

Fig 1. Examples of didactic presentation slides covering an array of neuroangiographic topics.
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mostasis. Subjects reported their comfort level by using a 5-point

Likert scale (1 � most comfortable; 5 � least comfortable).

Assessment of Learning Program
A five-answer multiple-choice question quiz with 59 questions cov-

ering subjects from all 11 sessions was administered to trainees before

and after completion of the curriculum. The assessment included

approximately 5– 6 questions pertaining to key concepts from each

session to gauge overall comprehension of material. The questions

were developed by 3 neuroradiologists, 2 with subspecialty training in

neurointerventional radiology. Consensus agreement on clarity and

correctness of the questions was reached before incorporation into

the curriculum. Both the order of questions and the order of answers

were presented in a randomized way on the precourse and postcourse

tests. Answers were anonymously recorded by using an audience re-

sponse system. Participants were encouraged to answer to the best of

their ability. Subjects were informed that the purpose of the questions

was to assess the learning program, and the results were not used to

evaluate individual participants. Participant scores on knowledge-

based questions were compared before and after completing the

course. Scores before and after training were reported for each session

as well as by year of training. Overall percentage improvement was

calculated, and the McNemar test was used to assess significant dif-

ferences between the proportion of correct responses before and after

completion of the course.

In addition, for each session, subjects were asked to anonymously

rate their perceived utility of each component of the session (hand-

out, didactic lecture, and interactive component if applicable) again

by using a 5-point Likert scale (1 � most useful, 5 � least useful).

Average perceived utility was then calculated for each session, includ-

ing all components, and for each component, including all sessions.

Average perceived utility �3.0 was considered positive.

At the end of the course, focus sessions were conducted by the

instructors in which subjects were asked to comment on the strengths

and weaknesses of the learning program and provide feedback. Sub-

jects were aware that the purpose of the focus session was not to assess

their performance. All results were also stratified by year of training.

Results
Ten fellows (6 first-year and 4 second-year) participated in the
learning program. All participants completed all 11 training
sessions.

Trainee-Reported Experience before the Course
Trainees reported an average comfort level of 2.1 (1 � most
comfortable, 5 � least comfortable) at performing various
portions of the procedure. The reported level of comfort was
2.2 for first-year fellows and 1.9 for second-year fellows. The
median and mode of the reported comfort level was 1 for first-
and second-year fellows. Topics for which individual fellows
reported poor comfort levels (�4) included selection of injec-
tion rates and volumes as well as reformation of a reverse-
curve catheter.

First-year fellows reported the least comfort with material
presented in sessions 2 and 6 (Gaining Vascular Access, Un-
derstanding and Using Fluoroscopic Views) with scores of 2.5
and 2.8, respectively. First-year fellows reported the highest
level of comfort with materials presented in sessions 7 and 8
(Obtaining Groin Hemostasis and Clinical Considerations).
Second-year fellows reported the least comfort with material
presented in session 5 (Wire Catheter Manipulation Part II:
Dealing with Difficult Vessels and Complications) and the
highest comfort level for information presented in session 9 (A
Review of Basic Cerebrovascular Anatomy).

Assessment of Learning Program
After completing the curriculum, subjects demonstrated a sig-
nificant 29.3% improvement in scores on knowledge-based
questions (49.4%–78.7% correct response rate) (McNemar
Test, P � .0001). There were no differences when stratified by
level of training (Fig 4).

On average, all 3 components of the learning program
(handout, didactic lecture, interactive task) were found to be
useful (�3.0 on a 5-point Likert scale; 1 � most useful, 5 �

Fig 2. Clear acrylic vascular model (Lake Forest Anatomicals, Lake Forest, Illinois) at the
level of the aortic arch with a wire [Aniogram Sam Plus (with extended carotids)
Anatomical Training Model] and catheter placed intraluminally, demonstrating techniques
for selection of the major cervical arteries.

Fig 3. Micropuncture common femoral arteriotomy demonstrated using a simple foam
sponge model with embedded rubber tubing.
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least useful). Average perceived utility of each component of
the learning program was 1.5, 1.5, and 1.4 for the handout,
didactic, and interactive components, respectively (Table 2).
Overall, fellows found material in sessions 1, 4, 7, and 11 (Eval-
uating the Patient, Groin Hemostasis, Wire Catheterization,
and Spinal Angiography) to be the most useful (Table 3). The
median and mode of the reported utility was 1 for first and
second-year fellows.

The results of the focus sessions were overwhelmingly pos-
itive, with all participants finding the course well-suited to
fellowship-level training. Fellows agreed that the time allotted
for covering the material was appropriate. Topics that fellows
found particularly useful varied among individuals. Handouts
were deemed valuable as both a course syllabus as well as a
summary document for future reference. Some fellows found
the didactic component the most valuable, citing the value of
an organized and comprehensive review. Others found the
interactive component the most valuable component of the

course, citing the reduced anxiety of first being able to practice
hand-positioning and catheter technique in a model. Specific
recommendations included reorganizing the curriculum into
a more concentrated time period in the first few weeks of fel-
lowship. A suggestion was made to tailor the curriculum on
the basis of the trainees’ level of general angiography experi-
ence from residency. Fellows thought that many parts of the
curriculum could also be useful for radiology resident train-
ing, including introductory topics, anatomy review, and vas-
cular access.

Discussion
We present a combined didactic and interactive curriculum
for diagnostic cervicocerebral conventional angiography. Pi-
lot data show improvement in trainee knowledge across many
topics in cerebrovascular imaging, not only technical aspects
of cervicocerebral angiography but also cognitive topics, in-
cluding neurovascular anatomy and basic principles of fluo-
roscopy. Both first- and second-year fellows reported a high
perceived utility of the program.

A 2005 consensus statement from collaborating neurosci-
ence societies including the American Academy of Neurology,
American Association of Neurologic Surgeons, SNIS, Ameri-
can Society of Neuroimaging, Congress of Neurologic Sur-
geons, and Society of Interventional Radiology outlined pro-
posed standards of cognitive and technical training for
diagnostic and therapeutic cervicocerebral endovascular pro-
cedures. In addition to direct experience performing neuroen-
dovascular procedures, these guidelines recommend a mini-
mum of 6 months of cognitive training in clinical
neuroscience specifically, including indications, limitations,
and complications for these procedures.9,15 Current ACGME
guidelines require 50 catheter-based angiographic procedures,
with at least 5 intracranial microcatheter procedures highly
recommended.

Providing an organized curriculum to supplement learn-
ing under graded supervision in cervicocerebral angiography
is an important and useful adjunct to training.7 This is sup-
ported by research in radiology residency training,16,17 includ-
ing training in endovascular procedures.18 In addition, stan-
dardization of curricula across institutions would be useful19

because trainees experiences vary widely. There is a recent
push to expand global rating scales for procedural competency
assessment to include nontechnical skills such as preproce-

Fig 4. Percentage of correct responses on knowledge-based questions before and after the
course, stratified by level of training (A) and session number (B).

Table 2: Average fellow-perceived utility of the learning program
stratified by type of instruction and level of training

Handout Didactic Interactive
First-year fellows 1.5 1.5 1.5
Second-year fellows 1.4 1.5 1.4
All 1.5 1.5 1.4

Table 3: Average fellow-perceived utility of the learning program
stratified by subject matter/session and level of training

Session
No.

First-Year
Fellows

Second-Year
Fellows All

1 1.6 1.3 1.4
2 1.5 1.7 1.6
3 1.4 1.6 1.5
4 1.4 1.4 1.4
5 1.5 1.5 1.5
6 1.7 1.5 1.6
7 1.3 1.2 1.2
8 1.6 1.3 1.5
9 1.6 1.3 1.5

10 1.4 1.5 1.5
11 1.6 1.3 1.4
All 1.5 1.4 1.5
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dure planning, understanding and dealing with complica-
tions, knowledge of radiation physics and radiation biology,
generation of high-quality diagnostic imaging, and interpre-
tation of such images.7 Attention to house staff education pos-
itively impacts patient care and is, therefore, an important
contribution of academic medicine to health care.7,20

In designing the current learning program, our goal was to
create a tool to supplement and not supplant current educa-
tion of fellows. The program presented here is a simple, inex-
pensive, and easy-to-implement curriculum that incorporates
a combination of didactic lectures and simple models to teach
both cognitive and technical skills. Such a tool is easy and
feasible to include and implement in an ACGME-accredited
neuroradiology fellowship program and may prove useful in
helping neuroangiography trainees achieve and document
procedural competency. Implementation of such a learning
program fits the goal of the ACGME to measure outcomes in
trainee education.

Most interesting, there was no difference between im-
provement in scores on knowledge-based questions for first-
year and second-year fellows. At our institution, first-year fel-
lows rotate for 12 weeks concentrating on neuroendovascular
procedures, for which they assume primary assistant respon-
sibilities. Despite having, by current standards, a robust first-
year fellow experience in neuroangiography, data show benefit
to trainees beyond the first year of dedicated neuroradiology
training. For the second-year fellows, having had some expe-
rience in neuroangiographic procedures may provide both a
perspective of relevance and an appreciation of challenges.
Material presented within an existing framework of knowl-
edge and experience may have more relevance.

Limitations of this pilot study include the small sample
size. Despite this, the differences between scores on knowl-
edge-based questions were highly statistically significant be-
fore and after completion of the course. An additional limita-
tion is the lack of a control group because the course was
offered to all fellows. Also, evaluation of the benefit from the
curriculum was through improvement in knowledge-based
questions, and no quantitative predictors of successful proce-
dure performance were measured. Thus far, no long-term fol-
low-up has been accrued. Future directions include making
improvements in the curriculum based on feedback from pre-
vious participants—for example, highlighting areas of low
comfort and high utility. Evaluation of longer term retention
of knowledge and validation of procedure performance fol-
lowing training would be helpful to assess the continuing ef-
fectiveness of the program.

Conclusions
This learning program on cervicocerebral conventional an-
giography is easily incorporated into an ACGME-accredited
neuroradiology fellowship program, improves fellow scores
on knowledge-based questions pertinent to the topic, and is
perceived as having high utility by the fellows themselves. The
development of learning tools, which include both technical

and cognitive aspects of learning such as those presented here,
is important to continue to ensure a high level of education for
radiology specialty and subspecialty trainees as well as the
highest levels of quality and safety for patients.
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