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INTRODUCTION

GEORGE A. BELLER, MD, MACC, Co-Chair
ROBERT O. BONOW, MD, FACC, Co-Chair
VALENTIN FUSTER, MD, PHD, FACC, Co-Chair

In 1995, guidelines for training in adult cardiovascular
medicine were published as an outgrowth of a consensus
statement emanating from the Core Cardiology Training
Symposium (COCATS) held at Heart House, Bethesda,
Maryland, June 27 to 28, 1994 (1). Since publication of the
proceedings of that consensus conference in the Journal of
the American College of Cardiology, the term “COCATS” has
been used when referring to the American College of
Cardiology training guidelines for fellowship programs.
Since the first COCATS document was published in 1995,
significant advances have been made in cardiovascular sci-
ence, and new technologies have emerged. This necessitated
a revision to these training guidelines.

The current revision was accomplished by the formation
of small task forces that included representatives from the
subspecialty societies where appropriate. These task forces
reviewed the 1995 COCATS task force reports and made
revisions, additions, and deletions based on data from the
literature and their expert opinion. Major changes were
most often related to maturing of either new subspecialty
areas in cardiology or the emergence of new technology into
accepted practice. Numbers of procedures to be performed,
interpreted, or both were made consistent with volume
recommendations found in the American College of Car-
diology (ACC)/American Heart Association (AHA) prac-
tice guidelines, ACC/AHA/American College of
Physicians-American Society of Internal Medicine (ACP-
ASIM) clinical competence statements, or other relevant
consensus documents.

The Task Force reports were peer reviewed by the
following ACC committees: Cardiac Catheterization and
Intervention Committee (Task Force 3); Echocardiography
Committee (Task Force 4); Cardiovascular Imaging Com-
mittee (Task Force 5); Clinical Electrophysiology Commit-
tee (Task Force 6); Clinical Research Committee (Task
Force 7); Heart Failure and Transplant Committee (Task
Force 8); Congenital Heart Disease and Pediatric Cardiol-
ogy Committee (Task Force 9); Prevention of Cardiovas-
cular Disease Committee (Task Force 10); Peripheral Vas-
cular Committee (Task Force 11); Cardiovascular Imaging
Committee (Task Force 12), as well as 5 members of the
ACC Board of Governors and 10 training directors. Several
organizations also reviewed the document including the
American Heart Association (entire document); Society for
Cardiac Angiography and Interventions (Task Force 3);
American Society of Echocardiography (Task Force 4);
American Society of Nuclear Cardiology (Task Force 5);
North American Society of Pacing and Electrophysiology

(Task Force 6); Heart Failure Society (Task Force 8);
Society of Vascular Medicine and Biology (Task Force 11);
and the Society of Cardiac Magnetic Resonance (Task
Force 12).

The American Board of Internal Medicine (ABIM)
subspecialty board on cardiovascular disease still requires 3
years of cardiology fellowship training. An additional year of
training is required by the ABIM to sit for the certification
examinations for added qualification in clinical cardiac
electrophysiology and interventional cardiology. As outlined
in this document, additional years of training are also
recommended for those trainees who desire advanced ex-
pertise in specialized areas, those who want dedicated time
for basic and/or clinical research training, or both.
Throughout this revision of COCATS, recommendations
for such advanced training experiences are proposed relative
to the discipline of cardiovascular medicine being addressed.

In the 1995 COCATS guidelines, 10 task force reports
pertaining to overall training in clinical cardiology (Task
Force 1) and training in specific specialized areas of cardio-
vascular medicine (e.g., echocardiography, nuclear cardiol-
ogy, cardiac catheterization, and electrophysiology) were
presented. In this revised document, 2 additional task force
reports are published. These are entitled “Training in
Vascular Medicine and Peripheral Catheter-Based Inter-
ventions” and “Training in Cardiovascular Magnetic Reso-
nance.” The vascular medicine task force report emphasizes
that cardiologists must have adequate basic training in
vascular medicine to acquire a sufficient knowledge base to
care for the many patients with peripheral vascular disease.
The highest level of training in this area is focused on the
acquisition of skills for catheter-based vascular interven-
tions. A career track in vascular medicine for cardiology
trainees is outlined in detail. The other new task force report
relates the significant advances that have been made in the
application of magnetic resonance imaging to cardiac and
vascular diseases.

Many of the original 10 task force reports have been
substantially revised in accordance with advances in those
particular training disciplines. The need for a clinical core of
24 months with a minimum of 9 months in nonlaboratory
clinical practice activities is sustained in the report from
Task Force 1, which deals with overall training in clinical
cardiology. The importance of active participation in re-
search activities is again emphasized in this COCATS
revision, and the Task Force 7 report outlines various
approaches that can be pursued to fulfill this important
academic training requirement for cardiology trainees. The
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need for core training in long-standing procedural tech-
niques, such as electrocardiography, ambulatory monitoring,
and conventional stress testing, is clearly defined, and
volumes of tests that must be performed and/or interpreted
to achieve competence are again given.

Training in interventional cardiology as described in the
Task Force 3 report is now limited to formal training
programs in the United States that satisfy the basic stan-
dards developed by the American Council for Graduate
Medical Education (ACGME) and are accredited by
ACGME. These criteria must be met for candidates to be
eligible to take the examination to obtain the certificate of
added qualification in interventional cardiology from the
ABIM (effective July 1, 2002). This Level 3 training must
be achieved during a fourth year of dedicated fellowship
experience. As described in the Task Force 4 report, which
deals with training in echocardiography, exposure to trans-
esophageal echocardiography and other special ultrasound
procedures can commence with trainees undergoing Level 2
training. The task force members stated, however, that to
become fully competent to perform these techniques inde-
pendently, the completion of Level 2 training, as well as the
supervised performance of the required number of special
studies, is necessary. Guidelines for training in myocardial
contrast echocardiography are now dealt with in detail in
the revised echocardiography guidelines report by the task
force. With respect to nuclear cardiology training guidelines
in the Task Force 5 report, the importance of becoming
knowledgeable in gated single-photon emission computed
tomographic imaging is emphasized. With respect to car-
diac electrophysiology, new guidelines are introduced re-
garding training for programming of all types of bradycardia
pacing systems and implantable cardioverter-defibrillators
(ICDs) and follow-up of patients with these devices. Train-
ing in heart failure and transplantation as outlined in the
Task Force 8 report has been revised relative to the 1995
report. Recommendations for Level 1 training now include
a minimum of 1 month of rotation on a dedicated heart
failure service or incorporation of the 1 month in the
non-laboratory months of training in those programs that
have no separate heart failure service. Level 2 training in
heart failure is now designated to encompass a total of 6
months. Details are described in the task force report.

As with the original document (1), in these revised
training guidelines, fellow and trainee are used interchange-
ably, as are cardiovascular medicine and cardiology. Al-
though numbers of procedures that should be completed to
achieve levels of training are provided, the mere accomplish-
ment of such numbers of procedures is not synonymous
with excellence in their performance and interpretation. It is
vital to the excellence of a training program that dedicated

faculty members be available to supervise and critique
performance and interpretation of procedures.

Throughout these task force reports, training is suggested
at three levels:

Level 1—Basic training required of all trainees to be
competent consultant cardiologists.

Level 2—Additional training in one or more specialized
areas that enables the cardiologist to perform or
interpret (or both) specific procedures at an interme-
diate skill level or engage in rendering cardiovascular
care in specialized areas.

Level 3—Advanced training in a specialized area that
enables a cardiologist to perform, interpret, and train
others to perform and interpret specific procedures at
a high skill level.

Appendix 1 of the Task Force 1 report is included herein
to summarize the requirements for the various training
programs. Please refer to the individual task force reports for
more detailed information.

The ever-expanding knowledge base in basic cardiovas-
cular science and cardiovascular medicine requires that all
training programs have a rich assortment of didactic offer-
ings for fellows. Case-based conferences, such as the tradi-
tional catheterization laboratory conference, are vital to train
fellows and to develop their skills in evidence-based
decision-making. Self-learning needs to be emphasized, and
Internet-based, online educational programs, many of
which are interactive, will play a greater role in a fellow’s
overall learning experience during fellowship and after
training. Such didactic activities are outlined throughout the
task force reports.

To view the complete COCATS recommendations,
please visit the ACC Web site at http://www.acc.org/
clinical/training/adult.htm. These recommendations are
considered current unless the ACC revises or withdraws
them from publication.
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APPENDIX

Task
Force Area Level

Minimal Number
of Procedures

Cumulative
Duration of

Training (mo)
Cumulative Number of

Procedures

1 Clinical cardiology 1 36

2 Electrocardiography 1 500 to 3,500*# 3,500
2 greater than 3,500

Ambulatory monitoring 1 150* 150
2 75 225

Exercise testing 1 200* 200
2 100 300

3 Diagnostic catheterization 1 100 4 100
2 200 8 300

Interventional catheterization 3 250 20 550

4 Echocardiography 1 150 3 150
2 150 6 300
3 450 12 750

5 Nuclear cardiology 1 80 hours 2 80 hours
2 300 cases 6 to 8 300� cases
3 600 cases 18 to 20 600� cases

6 Electrophysiology, pacing, and arrhythmias 1 2
2 6
3 150 24 150� cases

7 Research 1 6 to 12†
2 24
3 24 to 36

8 Heart failure and transplantation 1 1†§
2 6
3 12

9 Congenital heart disease 1 Core lectures†
2 12
3 24 40 Cath

300 TTE
50 TEE

Preventive cardiology 1 1†§
2 6 to 12
3 12

11 Vascular medicine and peripheral catheter-
based intervention

1 2*

Vascular Medicine Specialist 2 14¶ 400� noninvasive cases**

Peripheral Vascular Intervention 3 20†† 160�§§

Vascular Medicine Specialist plus Vascular
Intervention

3 34‡‡

12 Cardiovascular magnetic resonance imaging 1 1‡ 50
2 3 to 6 150
3 12 350

*Can be taken throughout the training program.
#The committee strongly recommends that cardiologists achieve Level 2 training in ECG interpretation.
†Can be taken as part of 9 months of required nonlaboratory clinical practice rotation.
‡Can be taken as part of 6 months of noninvasive imaging rotation.
§It is assumed that trainees will obtain additional training in heart failure and preventive cardiology beyond the 1-month core training as part of the experience during other

clinical months, such as consult services and CCU.
¶2 months of vascular medicine as defined by Level 1, plus 12 months of Level 2 training. Level 2 training is not a prerequisite for Level 3 training but is intended for

individuals who want to become a vascular medicine specialist.
**In addition, observing 25 peripheral angiograms and 25 peripheral interventions
††Including 2 months of vascular medicine training as defined by Level 1, 8 months of diagnostic catheterization training, and 12 months of interventional lab training.

Interventional training for Level 3 requires a 4th year. The 12 months of Level 2 training are not required for this interventional training year.
‡‡Including 2 months of Level 1 and 12 months of Level 2 vascular medicine training, 8 months of diagnostic catheterization training, and 12 months of interventional lab training.
§§Including 100 diagnostic peripheral angiograms, 50 peripheral interventions, and 10 thrombolysis/thrombectomies.
Cath � catheterization; TEE � transesophageal echocardiography; and TTE � transthoracic echocardiography.
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Magnetic resonance methods (Table 1), the newest of the
cardiovascular imaging modalities, provide useful, some-
times unique information with which all cardiologists should
be conversant. Training in magnetic resonance for cardiolo-
gy fellows should be divided into three levels.

Training Levels
Level 1—General training (1 month) to provide the fellow

with a working knowledge of cardiovascular magnetic reso-
nance (CMR) methods. 

Level 2—Specialized training (at least 3 months) designed
to allow trainees to interpret CMR imaging studies. 

Level 3—Advanced training (1 year) for those who ulti-
mately want to pursue an academic career in CMR, includ-
ing patient care, teaching, and research, and/or those who
want to be responsible for the operation of a CMR facility.

Overview of CMR Training
The trainee should be taught the basic types of CMR stud-

ies and their indications. Mentored interpretation of CMR
studies should be coupled with comparison and integration
of test results with other relevant clinical and laboratory data.
A mentor in this context is an individual with the equivalent
of Level 3 training. This training should be acquired through
an Accreditation Council for Graduate Medical Education—
approved cardiology or radiology program with expertise in
CMR and under the aegis of a qualified mentor or in a labo-
ratory accredited by the Intersocietal Commission on the
Accreditation of Magnetic Resonance Laboratories. The
trainee should maintain a logbook or other specific records to

document cases reviewed and didactic hours in which the
trainee has participated.  

The depth of knowledge will increase with increasing lev-
els of training. In the case of the advanced trainee, special-
ized training and research should be offered as a part of an
established broad-based training program; the preceptor
should have Level 3 (or the equivalent) training in CMR.
CMR training consists of several components (Table 2).

Level 1: General Training (1 Month Minimum)
The trainee should have intensive exposure to the methods

and the multiple applications of CMR for a period of not less
than 1 month or its equivalent when integrated with other
activities. This experience should provide a basic back-
ground in CMR sufficient for the practice of adult cardiolo-
gy but not for the practice of CMR. As a practical matter,
many fellowship programs may not be able to fulfill CMR
training. In these instances, fellows should be encouraged to
obtain experience at an alternate program with an appropri-
ate training program in CMR. 

Didactic Activities
Interpretation of CMR Studies. During their 1-month rota-

tion, trainees should actively participate in daily CMR study

Task Force 12: Training in Cardiovascular Magnetic Resonance

GERALD M. POHOST, MD, FACC, CHAIR

RAYMOND J. KIM, MD, FACC
CHRISTOPHER M. KRAMER, MD, FACC
NATHANIEL REICHEK, MD, FACC*

*Society of Cardiac Magnetic Resonance Representative

Table 1. Classification of Cardiovascular Magnetic Resonance Procedures

1. Standard MRI procedures, including:
a. Tomographic still-frame MRI for morphology using “bright” and/or “dark blood” methods with and/or without contrast 

agent
b. Cine MRI for ventricular function and other dynamic imaging studies at rest and/or stress (exercise or pharmacologic)
c. Magnetic resonance angiography and cine MRI of the great vessels, peripheral vessels, anomalous coronary arteries, and 

coronary bypass grafts 

2. Less common procedures, including:
a. Myocardial tagging (approach unique to CMR that allows detailed evaluation of myocardial function) 
b. Phase-contrast velocity mapping for blood flow quantification 
c. First-pass, contrast-enhanced MRI (for myocardial perfusion imaging at rest and/or during stress)
d. Delayed contrast-enhanced MRI (for myocardial tissue characterization)
e. Magnetic resonance angiography of proximal native coronary arteries. 

CMR indicates cardiovascular magnetic resonance; MRI, magnetic resonance imaging.

Table 2. Components of CMR Training

1. Didactic activities
a. Organized lectures
b. Self-study

2. Interpretation of CMR case studies
3. Hands-on experience

CMR indicates cardiovascular magnetic resonance.
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Lectures and Self-Study in CMR. Course work should include
the components for Level 1 training but will include more
advanced lectures and reading material. This work, with par-
allel reading activities, should continue for the duration of
the traineeship. Course work should include the following:

1. Physics: Trainees should receive didactic lectures from a
CMR-trained physician and/or physicist on the basic
physics of nuclear magnetic resonance in general and
CMR in particular. The content should include the same
materials as in Level 1 (basic) plus lectures with support-
ive reading on the following topics:

a. Image formation, including k-space, gradient echocar-
diography, spin echocardiography, echoplanar imag-
ing, spirals, fast spin echocardiography, and three-
dimensional echocardiography 

b. Specialized imaging sequences, including flow and
motion, phase imaging, time of flight, contrast agents,
and tagging 

c. Hardware components, including the elements of gra-
dient coil design, receiver coils, and digital sampling 

2. Applications and indications: Level 2 didactic activities
should include discussion of the sensitivity, specificity,
accuracy, utility, costs, and disadvantages of all of the
techniques to be reviewed. The following techniques
should be covered in the didactic program:

a. Imaging of structure and tissue characterization (T1,
T2, spin echocardiography, gradient echocardiography,
and fat suppression)

b. Imaging of function (cine and tagged cine magnetic
resonance imaging)

c. Volumetric imaging of mass, volumes, and ejection
fraction (cine magnetic resonance imaging)

d. Flow imaging (velocity encoded techniques)

e. First-pass perfusion and delayed contrast-enhancement
imaging (gadolinium-enhanced techniques)

f. Magnetic resonance angiography (vascular and coro-
nary)

g. Basic magnetic resonance, clinically applicable spec-
troscopy methods, including pulse and acquire,
DRESS (depth-resolved surface coil spectroscopy),
ISIS (image selected in-vivo spectroscopy), and CSI
(chemical shift imaging)

h. CMR image analysis

Evaluation
The person responsible for the CMR training program must

be responsible for assessing the competence of the trainee in
CMR at the completion of the program. This is accomplished

interpretation under the direction of a qualified physician-
mentor in CMR. For all studies in which angiographic or
hemodynamic data or both are available, such information
should be correlated with CMR studies. Studies should
include the range of procedures listed in Table 1.
Interpretative experience (a minimum of 50 cases) may
include studies from an established teaching file of previous
CMR cases.

Lectures and Self-Study in CMR. This component should
consist of lectures on the basic aspects of CMR and parallel
reading material. The lectures and reading should provide the
fellow with an understanding of the applications of CMR.
Specificity, sensitivity, diagnostic accuracy, utility in assess-
ing prognosis and interventions, costs, indications, and pit-
falls must be emphasized for each patient subset. Such infor-
mation could be effectively transmitted within a weekly non-
invasive or catheterization conference during which CMR
imaging data are presented. 

A basic understanding of nuclear magnetic resonance
physics should be provided, including the following: (1) the
physics of magnetic resonance as it relates to image contrast,
including flow, T1, T2, and contrast agents; (2) sources of
artifacts, including motion, arrhythmias, and metal objects;
and (3) safety of devices and the magnet environment.

Hands-On Experience
Hands-on experience is not necessary for Level 1.

Level 2: Specialized Training (3 to 6 Months)
Training for Level 2 should begin with the CMR experi-

ence outlined in Level 1. Level 2 is for those trainees who
wish to practice the specialty of CMR. Trainees must have at
least 3 months of training, including the basic elements list-
ed below. In training institutions with a high volume of CMR
procedures, clinical experience may be acquired in as little as
3 months. In institutions with a lower volume of CMR pro-
cedures, a total of 6 months or more of clinical experience
might be necessary to achieve Level 2 competence. The
trainee would be expected to become familiar with the CMR
techniques listed in Table 1. 

Background
In addition to Level 1 training, understanding of CMR

physics would need to be more advanced (see below). 

Didactic Activities
Interpretation of CMR Studies. During their 3 to 6 months of
experience, trainees should actively participate in daily CMR
study interpretation under the direction of a qualified physi-
cian in CMR. For all studies in which other cardiac imaging
data are available, such information should be correlated
with the CMR studies. The trainee should interpret at least
100 CMR examinations during this training period, including
50 in which the trainee is a primary interpreter and operator
of the scanner.
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by observing the trainee during the performance of studies
and daily reading sessions and may be supplemented by for-
mal testing. 

Level 3: Advanced Training (12 Months Minimum)
For trainees who wish to pursue an academic career in

CMR or to direct a CMR laboratory, an extended program is
required. This can be part of a 4-year cardiology fellowship. 

In addition to the recommendation for Level 2, the Level 3
program should include active participation in ongoing labo-
ratory or clinical research or both, with individual responsi-
bility for a specific portion of that research. Focused research
projects with writing of one or more manuscripts is strongly
encouraged. 

In parallel with research activities, the trainee must partic-
ipate in clinical imaging for the entire 12 months, which
should include supervised interpretative experience in 200
cases. The trainee should have hands-on experience in 100
cases as the primary operator. Knowledge of nuclear mag-
netic resonance and imaging physics must be more advanced
than Level 2 and include the following:

1. Analysis of why certain specialized imaging sequences are

applicable for specific clinical protocols, including imaging

of heart function, coronary arteries, perfusion, and angiogra-

phy

2. Basic understanding of the clinically applicable spectro-

scopic methods

3. The rudiments of data collection, including capturing of dig-

ital data, the keeping of accurate databases and records, sig-

nal processing, and the importance of obtaining quantitative

data 

Evaluation
Evaluation should be similar to that of Level 2.

Summary of Recommendations
The overall requirements for training in CMR are summa-

rized in Table 3. 

Table 3. Summary of Training Requirements for CMR

Duration of 
Level Training, mo Number of Examinations

1 1 50 Mentored interpretations

2 3 to 6 100 Mentored interpretations
(50 as primary interpreter and operator)

3 12 200+ Mentored interpretations 
(100 as primary interpreter and operator)
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