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1. INTRODUCTION

1.1. Document Development Process
1.1.1. Writing Committee Organization

The Writing Committee was selected to represent
the American College of Cardiology (ACC), American
Society of Nuclear Cardiology (ASNC), Society for
Cardiovascular Angiography and Interventions (SCAI),
Society of Atherosclerosis Imaging and Prevention
(SAIP), and Society of Cardiovascular Computed
Tomography (SCCT), and included a cardiovascular
training program director, a cardiovascular com-
puted tomography (CCT) training program director,
an advanced-multimodality cardiovascular imaging
training program director, an early-career cardiologist,
highly experienced specialists practicing in both
academic and community-based settings, and physi-
cians experienced in defining and applying training
standards according to the 6 general competency do-
mains promulgated by the Accreditation Council for
Graduate Medical Education (ACGME) and American
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Cardiovascular Angiography and Interventions

Board of Medical Specialties (ABMS), and endorsed by
the American Board of Internal Medicine (ABIM). The
ACC determined that relationships with industry or
other entities were not relevant to the creation of this
general cardiovascular training statement. Employ-
ment and affiliation details for authors and peer re-
viewers are provided in Appendixes 1 and 2,
respectively, along with disclosure reporting cate-
gories. Comprehensive disclosure information for all
authors, including relationships with industry and
other entities, is available as an online supplement to
this document.

1.1.2. Document Development and Approval

The writing committee developed the document;
approved it for review by individuals selected by the
ACC, ASNC, SAIP, SCAI, and SCCT; and addressed the
reviewers’ comments. The document was revised and
posted for public comment from December 20, 2014,
to January 6, 2015. Authors addressed additional
comments from the public to complete the document.
The final document was approved by the Task Force,
COCATS SC, and ACC Competency Management
Committee. It was then ratified by the ACC Board of
Trustees in March, 2015, and endorsed by ASNC, SAIP,
SCAI, and SCCT. This document is considered current
until the ACC Competency Management Committee
revises or withdraws it.

1.2. Background and Scope

CCT is a rapidly evolving technique for assessing
cardiovascular anatomy. The anatomic detail,
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complex imaging devices, protocols, and evolving clinical
applications of this modality require that all cardiovas-
cular trainees receive training in CCT imaging during
fellowship. Clinical application of CCT encompasses
noncontrast (coronary calcium evaluation), contrast (CCT
angiography and function), and hybrid studies
(combining nuclear cardiology techniques with CCT).
Computed tomography, like catheterization, provides
anatomic and functional information (e.g., coronary
anatomy and left ventricular ejection fraction, respec-
tively). Hybrid devices incorporate high-speed multi-
detector computed tomography (MDCT) technology,
positron emission tomography (PET), and single-photon
emission computed tomography (SPECT) detector sys-
tems. Current hybrid systems (MDCT plus nuclear)
provide attenuation correction for SPECT and PET,
further improving the diagnostic accuracy of traditional
radionuclide techniques.

This training statement has been designed for fellows-
in-training and is not intended for physicians already in
practice (1). Fellows-in-training are expected to gain
exposure to CCT during their fellowship years and combine
this experience with knowledge of echocardiography, nu-
clear cardiology, cardiovascular magnetic resonance, and
cardiac catheterization, as appropriate. All fellows should
be exposed to the fundamental aspects of CCT, but only
those who achieve levels of experience beyond Level I will
be sufficiently qualified to interpret CCT scans indepen-
dently. At the conclusion of training, all fellows should be
familiar with CCT assessment of cardiovascular anatomy,
physiology, and pathophysiology and know the clinical
application of CCT and the principles of CCT physics and
radiation generation and exposure. Because many CCT
studies require the administration of intravenous iodin-
ated contrast, fellows should be familiar with the protocols
for contrast administration and subsequent contrast ki-
netics, as well as the potential adverse events resulting
from contrast exposure and appropriate treatment. In
particular, fellows should be able to define the methods for
contrast-enhanced CCT imaging of the pericardium, right
and left heart chambers, and the great vessels. Given the
potential hazards of exposure to medical radiation,
trainees should become familiar with appropriate patient
selection, dose reduction techniques, and the principle of
maintaining radiation exposure at the lowest level
reasonably achievable.

Every cardiovascular fellow should develop familiarity
with the technical performance, interpretation, strengths,
and limitations of CCT and its multiple clinical applica-
tions. In addition, every cardiovascular fellow should gain
an understanding of how to effectively use the information
provided by CCT, together with other clinical and imaging
tests (when available), in making patient management
decisions. It is recognized that CCT is an evolving
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technology in a rapid phase of development and improve-
ment, with an expanding list of clinical indications.

The Task Force was charged with updating previously-
published standards for training fellows in clinical cardi-
ology enrolled in ACGME-accredited fellowship programs
(2) on the basis of : 1) changes in the field since 2008; and
2) the evolving framework of competency-based medical
education described by the ACGME Outcomes Project and
the 6 general competencies endorsed by ACGME and
ABMS. The updating effort was also convened as part of a
broader effort to establish consistent training criteria
across all aspects of cardiology. The background and
overarching principles governing fellowship training are
provided in the COCATS 4 Introduction, and readers
should become familiar with this foundation before
considering the details of training in a subdiscipline like
CCT. The Steering Committee and Task Force recognize
that implementation of these changes in training re-
quirements will occur incrementally over time.

For most areas of cardiovascular imaging, 3 levels of
training are delineated:

m Level I training defines the fundamental level of
experience required of all fellows-in-training in order
to be considered competent to practice cardiology
independently. Level I training should be accomplished
during every standard 3-year training program in
cardiology. This entails understanding the basic prin-
ciples, indications, applications, and technical limita-
tions of CCT, as well as the inter-relationship between
CCT and other diagnostic methods. Level I training
does not qualify a trainee to perform or interpret CCT
studies independently.

m Level II training refers to the additional training in 1 or
more areas that enables a cardiologist to perform or
interpret specific procedures or render more specialized
care for patients and conditions. This level of training is
recognized for those areas in which an accepted instru-
ment or benchmark, such as a qualifying examination, is
available to measure specific knowledge, skills, or
competence. Level II training in selected areas may be
achieved by some trainees during the standard 3-year
cardiovascular fellowship, depending on the trainees’
career goals and use of elective rotations. It is antici-
pated that during a standard 3-year cardiovascular
fellowship training program, sufficient time will be
available for the trainee to receive Level II training in a
specific subspecialty. In the case of CCT, Level II is
defined as the minimum level of experience required to
perform and interpret CCT independently.

m Level III training in CCT, as in other noninvasive
imaging modalities, should include the principles of
multimodality imaging (see COCATS 4 Task Force 4
report). This requires additional training and experience
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beyond the cardiovascular fellowship to allow the
trainee to acquire specialized knowledge and experi-
ence in performing, interpreting, and training others to
perform specific procedures or render advanced
specialized care at a high level of skill. In the case of CCT,
Level III expertise would enable the trainee to direct a
CCT laboratory, train others in CCT, and conduct
advanced imaging research. Level III training is
described here only in broad terms to provide context for
trainees. The additional exposure and requirements for
Level III training will be addressed in a subsequent,
separately published Advanced Training Statement.

The number of cases, procedures, and experiences
recommended is based on published guidelines, compe-
tency statements, and the opinions of the members of the
writing group. It is assumed that training is directed by
appropriately trained mentors in an ACGME-accredited
program and that satisfactory completion of training is
documented by the program director. The number and
types of encounters and the duration of training typically
required are summarized in Section 4.

2. GENERAL STANDARDS

Three organizations—the ACC, American Heart Associa-
tion, and SCCT—have addressed training requirements
and guidelines for patient selection (1,3); clinical in-
dications (4,5); study performance, interpretation, and
reporting (6,7); and educational objectives (2) for fellow-
ship training in CCT. The recommendations are congruent
and address faculty, facility requirements, emerging
technologies, and practice. Cardiovascular fellowship
programs should satisfy the requirements regarding fa-
cilities and faculty for training in CCT. Candidates for the
ABIM examination for certification in cardiovascular dis-
eases should review the specific ABIM requirements, and
those seeking certification in CCT should review the
specific requirements of the Certification Board of
Cardiovascular Computed Tomography (8).

To be eligible to sit for the CBCCT examination, U.S.-
trained cardiovascular fellows must have undergone
training in a program accredited by the ACGME (8) and
have met Level II training requirements. The intensity
and depth of training and required resources may vary
according to the level of training provided.

2.1. Faculty

Faculty should include cardiovascular imaging specialists
who are knowledgeable about the risks to the patient as
well as medical personnel associated with radiation
exposure and skilled in performing and interpreting
CCT studies. The program must have at least 2 key clinical
CCT faculty members, including the program director, who
are board-certified in CCT or possess equivalent

JACC VOL. 65, NO. 17, 2015
MAY 5, 2015:1810-21

qualifications. A physician is considered to have equiva-
lent qualifications if he or she trained in a similar envi-
ronment for a similar duration of time, supervised the
required number of studies, and performed both super-
vised and independent interpretations. Faculty must
participate with trainees in imaging acquisition, process-
ing, and interpretation.

2.2. Facilities

Facilities must be adequate to ensure a safe and effective
environment for conducting diagnostic CCT studies and
providing didactic instruction to fellows-in-training.
Appropriate infrastructure, personnel, and equipment
should be available to enable image processing, inter-
pretation, and didactic interactions between faculty and
trainees.

The CCT laboratory in which training is undertaken
should be under the direct supervision of a full-time
qualified director (or directors) with Level III training or
equivalent. The training guidelines set forth in this
document pertain primarily to trainees performing CCT
examinations in adult patients with acquired or congen-
ital heart disease.

2.3. Equipment

CCT laboratories require specialized equipment for the
safe performance and interpretation of diagnostic studies.
This equipment includes a multislice CCT scanner with a
minimum of 64-slice and electrocardiographic-gating ca-
pabilities; specialized equipment for contrast adminis-
tration and patient monitoring; and computer network
infrastructure for data storage, transmission, processing,
study interpretation, and reporting (8).

2.4. Ancillary Support

Ancillary support should be available to obtain intrave-
nous access, administer medications,
monitor patients after procedures, and treat potential
complications, including performance of emergency car-
diopulmonary resuscitation.

intravenous

3. TRAINING COMPONENTS

3.1. Didactic Program

The educational curriculum in CCT should include di-
dactic lectures, reference reading material, case discus-
sions, and formal case presentations. The curriculum
should supplement the hands-on and clinical case inter-
pretation experiences to ensure that the medical knowl-
edge milestones detailed in Section 4.1 are met.
Consequently, knowledge pertaining to CCT should be
acquired in the following areas: epidemiology, CCT
physics, image processing, pathophysiology, and man-
agement of coronary artery disease. In addition, didactic
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sessions should include discussions of the diagnostic ac-
curacy of CCT, including sensitivity and specificity, when
compared with the reference standard of invasive angi-
ography or myocardial perfusion imaging, as well as
knowledge of the advantages and disadvantages of CCT
compared with other cardiovascular imaging modalities.
Didactic teaching should address appropriate utilization
of CCT and integration of the CCT results with other data
to enhance patient management.

Each fellow should receive documented training from a
CCT mentor and/or physicist in the basic physics of
computed tomography in general and CCT in particular.
Lectures should include training in principles of radiation
protection, hazards of radiation exposure to both patients
and personnel, and techniques for reporting and
measuring radiation doses. The CCT mentor should also
discuss cardiac and great-vessel anatomy, contrast
administration and kinetics, principles of 3-dimensional
imaging and postprocessing, and appropriate post-
procedural patient monitoring.

3.2. Clinical Experience

Interpretation of a designated minimum number of CCT
studies will typically be required to approach Level I
competency (see Section 4.2). In addition, for a certain
number of cases, the trainee should be present and
participate in image acquisition. For these cases, the
following 3 conditions must be met:

1. The trainee must be present in the scanning control
room.

2. For Level I or II training, the fellow must participate
interactively in manipulation of the processed images
for evaluation of the study. Interpretation of each case
should include all components of cardiac structure and
function (when available), as well as noncardiac
structures.

3. During this image evaluation process, there must be an
opportunity for interaction between the trainee and
the trainer.

The CCT program should expose trainees to a wide
array of CCT indications and imaging protocols and to a
varied patient population, including patients with com-
plex congenital heart disease. It is important to empha-
size that merely completing a certain number of studies
does not equate to competency, which instead must be
assessed individually by supervising faculty.

3.3. Hands-On Experience

Hands-on training is important, not only to develop
technical expertise regarding image acquisition and
interpretation, but also as a valuable aid to learning
tomographic and 3-dimensional cardiac anatomy.
Through acquisition and interpretation of data, trainees
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should learn to recognize appropriate image quality and
understand the source of—and recognize techniques for
avoiding—artifacts (e.g., breath-holding, gating, and
arrhythmias).

4. SUMMARY OF TRAINING REQUIREMENTS

4.1. Development and Evaluation of Core Competencies

Training and requirements for CCT address the 6 general
competencies promulgated by the ACGME/ABMS and
endorsed by the ABIM. These competency domains are:
medical knowledge, patient care and procedural skills,
practice-based learning and improvement, systems-based
practice, interpersonal and communication skills, and
professionalism. The ACC has used this structure to define
and depict the components of the core clinical compe-
tencies for cardiology. The curricular milestones for each
competency and domain also provide a developmental
roadmap for fellows as they progress through various
levels of training and serve as an underpinning for the
ACGME/ABIM reporting milestones. The ACC has adopted
this format for its competency and training statements,
career milestones, lifelong learning, and educational
programs. Additionally, it has developed tools to assist
physicians in assessing, enhancing, and documenting
these competencies.

Table 1 delineates each of the 6 competency domains,
as well as their associated curricular milestones for
training in CCT. The milestones are categorized into
Levels I and II (as previously defined in this document)
and indicate the stage of fellowship training (12, 24, or 36
months, and additional time points) by which the typical
cardiovascular trainee should achieve the designated
level. Given that programs may vary with respect to the
sequence of clinical experiences provided to trainees, the
milestones at which various competencies are reached
may also vary. Level I competencies may be achieved at
earlier or later time points. Acquisition of Level II skills
requires additional training, and acquisition of Level III
skills requires training in a dedicated CCT program. The
table also describes examples of evaluation tools suitable
for assessing competence in each domain.

4.2. Number of Procedures and Duration of Training

The specific competencies for Levels I and II are delin-
eated in Table 1. The minimum volume of procedures
typically required to achieve competence at each level of
training in CCT is summarized in Table 2.

Although approximate numbers of procedures are lis-
ted, it is more important to assess achievement by eval-
uation of outcome measures. Requirements for Level II
training may be satisfied, for example, by supervised
time, courses, case studies, CD/DVD training, participa-
tion in major medical meetings devoted to CCT, or other
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hi7.\:]S-R W Core Competency Components and Curricular Milestones for Training in Cardiovascular Computed Tomography

Competency Component Milestones (Months)
1 Know the principles of cardiovascular computed tomographic scanning and the scanning modes. |
2 Know the risks and safety measures for cardiovascular computed tomographic scanning, including radiation 1

reduction strategies.

3 Know the appropriate indications for cardiovascular computed tomography for screening or evaluating 1
symptoms in patients with suspected cardiac disease.

4 Know the indications, potential adverse effects, prevention, and treatment of complications of iodinated 1
contrast agent use in cardiovascular computed tomographic studies.

5 Know the indications and protocols for beta-adrenergic blocking drugs and nitroglycerin during [}
cardiovascular computed tomographic studies.

6 Know the principles of cardiovascular computed tomographic scan collimation, temporal resolution, table 1]
speed, field of view, and window and level view settings.

7 Know the principles of postprocessing methods for cardiovascular computed tomographic scanning. 1]

8 Know the algorithms used for reconstruction, and recognize and isolate causes of artifacts. [}

9 Know the principles of quantitative coronary artery calcium scoring. [}

10 Know normal chest anatomy and common incidental extra cardiac findings. 1]

n Know the characteristic cardiovascular computed tomographic images of normal cardiac chambers and |
great vessels, normal coronary arteries and veins, and normal variants.

12 Know the characteristic cardiovascular computed tomographic findings of coronary atherosclerosis [}
including plaque morphology and assessment of stenosis severity.

13 Know the characteristic cardiovascular computed tomographic findings of anomalous coronary arteries and [}
other common congenital anomalies.

14 Know the characteristic cardiovascular computed tomographic findings in postoperative cardiac surgical [}
patients including internal mammary artery and saphenous vein bypass grafts.

15 Know the characteristic cardiovascular computed tomographic findings of acquired and congenital valvular [}
disease.

16 Know the characteristic cardiovascular computed tomographic findings of left atrial and pulmonary and [}
coronary venous abnormalities.

17 Know the characteristic cardiovascular computed tomographic findings of pericardial disease. n

18 Know the characteristic cardiovascular computed tomographic findings of cardiomyopathies and infiltrative 1]

myocardial diseases.
19 Know the differential diagnosis of cardiac masses identified by cardiovascular computed tomography. 1]

20 Know the characteristic cardiovascular computed tomographic findings of common diseases of the aorta [}
and great vessels.

21 Know the characteristic cardiovascular computed tomographic findings of pulmonary embolism and [}
primary and acquired pulmonary vascular diseases.

22 Know when to request help with interpretation of difficult studies, such as patients with complex |
congenital heart disease.

EVALUATION TOOLS: conference presentation, direct observation, and in-training examination.

1 Skill to appropriately utilize cardiovascular computed tomography in the evaluation and management of |
patients with known or suspected cardiovascular disease.

2 Skill to integrate cardiovascular computed tomographic findings with other clinical information in patient |
evaluation and management.

3 Skill to recognize and treat contrast-related adverse reactions. 1
4 Skill to independently perform and interpret cardiovascular computed tomography. 1]
5 Skill to perform and interpret hybrid CT/SPECT and CT/PET imaging. m

EVALUATION TOOLS: conference presentation, direct observation, and logbook.
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IV:.\:]iR W Core Competency Components, continued

Competency Component
SYSTEMS-BASED PRACTICE

1 Incorporate appropriate use criteria, risk/benefit, and cost considerations in the use of cardiovascular

computed tomography and alternative imaging modalities.

Garcia et al.
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Milestones (Months)

EVALUATION TOOLS: conference presentation, direct observation, and multisource evaluation.

PRACTICE-BASED LEARNING AND IMPROVEMENT

1 Identify knowledge and performance gaps and engage in opportunities to achieve focused education |
and performance improvement.

2 Utilize point-of-care educational resources (e.g., guidelines, appropriate use criteria, and clinical trial ’ ’ ’ | ’ ‘
results).

EVALUATION TOOLS: conference presentation, direct observation, and reflection and self-assessment.

1 Work effectively in an interdisciplinary cardiovascular computed tomographic imaging environment.

2 Reliably obtain patient informed consent, ensuring that patients understand the risks and benefits of,
and alternatives to, cardiovascular computed tomographic testing.

3 Know and promote adherence to clinical practice guidelines.

EVALUATION TOOLS: conference presentation, direct observation, and multisource evaluation.

INTERPERSONAL AND COMMUNICATION SKILLS

1 Communicate testing results to physicians and patients in an effective and timely manner.

EVALUATION TOOLS: direct observation and multisource evaluation.

Add = additional months beyond the 3-year cardiovascular fellowship; CT = computed tomography; PET = positron emission tomography; SPECT = single-photon emission computed

tomography.

relevant educational training activities. The caseload
recommendations may include studies from an estab-
lished teaching file, previous CCT cases, and electronic/
online learning tools or courses.

4.2.1. Level | Training Requirements

Level I training is the minimal introductory experience
necessary to gain familiarity with CCT but does not
provide sufficient competence for independent inter-
pretation of CCT images. The trainee should obtain
intensive exposure to the methodology and multiple
applications of CCT for approximately 1 month. This
exposure may occur in conjunction with other training
activities. During this cumulative experience, individuals
should be actively involved in CCT interpretation under
the direction of a qualified (at minimum Level II-, but
preferably Level III-trained) physician-mentor (1). There
should be a mentored interpretative experience of at
least 50 studies for which other correlative cardiovas-
cular imaging data are also available. The mentored
interpretive experience may include studies from an
established teaching file of CCT cases, CD/DVD, and on-
line training.

For all levels of competence, the trainee should attend lec-
tures on the basic concepts of CCT and, in parallel, utilize self-
study reading material. A basic understanding of CCT includes
the physics of CCT imaging; basics of CCT scan acquisition;
safety issues; recognition and management of side effects of
medications administered in the course of CCT, including
betablockers and nitrates in addition to iodinated contrast;
postprocessing methods; and basics of CCT interpretation
compared with other cardiovascular imaging modalities,
including echocardiography, nuclear cardiology, cardiovascu-
lar magnetic resonance, and invasive cardiovascular x-ray
angiography. Ancillary cardiac diagnostic studies should
evaluate ventricular hypertrophy; dilation; valvular pathology
such as mitral stenosis/annular and leaflet calcification; cardiac
masses; aortic valve pathology (number of cusps, calcification,
and stenosis); pericardial and infiltrative myocardial diseases;
internal mammary arteries; left atrial, pulmonary, and coro-
nary venous abnormalities; thoracic aortic pathology; and
saphenous vein grafts.

4.2.2. Level Il Training Requirements

Level II training is defined as the minimum experience
necessary for a physician to independently perform and
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Requirements for CCT Study Performance and
Interpretation to Achieve Level I and 11
Clinical Competence

TABLE 2

Minimum Number of
Mentored Examinations
Interpreted

Minimum Number of
Mentored Examinations
Present During Performance

Level | 15 50

Level Il 65 250 CCT cases*

*Cumulative numbers; caseload recommendations may include studies from an estab-
lished teaching file, previous CCT cases, journals and/or textbooks, and electronic/on-
line courses/continuing medical education.

CCT = cardiovascular computed tomography.

interpret CCT. To accomplish this, the fellow should
devote an additional 1 month or equivalent and interpret
a minimum of 200 additional contrast studies. Non-
contrast and contrast-enhanced studies may be evaluated
in the same patients. Of these, at least 65 should be per-
formed with the fellow present under appropriate super-
vision. Competence at this level implies that the fellow is
sufficiently experienced to help acquire, if necessary, and
interpret the CCT examination accurately and indepen-
dently. Continued exposure to special CCT procedures,
such as hybrid studies with nuclear imaging and inte-
gration of images into electrophysiological procedures, is
appropriate during Level II training.

To qualify for Level II certification, the trainee should
be exposed to an additional 200 cases, demonstrate
competency for independent performance and interpre-
tation, and meet the following components:

1. The trainee must be present in the scanning suite
control room and actively participate in the acquisition
of 50 cases.

2. A trainee may view a maximum of 50 cases from an
educational CD or presentation granting continuing
medical education credit that contains CCT data re-
view, clinical information, and appropriate clinical
correlative information (e.g., invasive coronary angio-
graphic images).

3. At least 150 cases must involve interactive manipula-
tion of reconstructed datasets using a 3-dimensional
imaging workstation.

4. At least 20 cases must include evaluation of cardiac
function.

5. At least 20 cases should involve evaluation of struc-
tural and/or congenital heart disease.

6. At least 15 cases must involve evaluation of bypass
graft vessels.

7. At least 40 cases should be correlated with invasive
angiography and/or myocardial perfusion imaging.

8. In at least 50 cases, the trainee should be actively
involved and demonstrate competency in acquisition,
interpretation, and reporting of CCT images.

JACC VOL. 65, NO. 17, 2015
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A fellow with Level II training should demonstrate a
clear understanding of the various types of CCT scanners
available for cardiovascular imaging and understand, at a
minimum, common issues related to imaging, post-
processing, and scan interpretation.

4.2.2.1. Incidental Noncardiac Findings

During a CCT examination, the standard use of a small
field of view (e.g., limited lung fields) precludes complete
evaluation of the entire thorax. To address the possibility
that significant noncardiac imaging findings, (e.g., aortic
disease, hilar adenopathy, large pulmonary nodules,
pulmonary emboli) might be present on a CCT scan, spe-
cific interpretation of the extracardiac fields should be
performed as discussed below. The patient, referring
physician, and trainee should understand that the focus
of the CCT examination is the detection of cardiac dis-
ease, and that the scan does not encompass the entire
lung field. Fellows should be trained to recognize inci-
dental findings in the interest of providing high-quality
care. Cases in which these extracardiac findings are
identified require referral to a specialist with expertise
in chest imaging. To this end, Level II and III training
should encompass review of all cardiovascular cases for
noncardiac findings. The review of 150 CCT cases for
incidental findings should include studying a dedicated
teaching file of CCT cases featuring significant extrac-
ardiac pathology, and the core curricula for Levels II
and III should include specific didactic training in the
extracardiac pathology often encountered during diag-
nostic CCT.

4.2.3. Level lll Training Requirements

Level III training enables a physician to direct an aca-
demic CCT section, independent CCT facility, or clinic.
This individual would be responsible for quality control,
training technologists, and mentoring other physicians in
training. In addition to the requirements for Level I and II
training, Level III training requires training devoted
to CCT beyond the standard 3-year cardiovascular
fellowship and training in at least 1 other imaging
modality, because Level III training in any noninvasive
modality requires training in more than 1 noninvasive
imaging modality. Level III trainees in CCT should be
involved in the acquisition and interpretation of imaging
examinations and demonstrate the ability to over-read
CCT studies independently. Level III training should
include participation in research, teaching, and the
administrative aspects of laboratory operations, including
data management, report generation and distribution,
quality improvement, and accreditation as well as devel-
opment of an understanding of evolving multimodality
imaging technologies.
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4.2.4. Training in Multiple Imaging Modalities

The recent emergence of noninvasive imaging modalities,
especially cardiovascular magnetic resonance and
computed tomography angiography, is having a profound
impact on the practice of cardiology and the fellow-
ship training experience. The cardiovascular medicine
specialist is increasingly expected to provide expertise in
2 or more of the imaging techniques. It is understandable,
then, that trainees will desire the opportunity to gain
exposure to multiple imaging modalities during their
fellowship experience. To the degree possible, the
training program should strive to meet these needs by
offering a “multimodality” imaging experience (see
COCATS 4 Task Force 4 report). This might include an
appreciation for each technique’s uses and clinical in-
dications, strengths and limitations, safety issues, and the
relevant guidelines and appropriate use criteria, when
available.

4.2.5. Vascular Computed Tomography Imaging

Vascular computed tomography represents an optional
portion of training. As a cardiovascular specialist, the
cardiovascular fellow should acquire skills beyond
those pertaining to cardiac structure and the coronary
vasculature. Among the advantages of newer MDCT
equipment is its capacity for very rapid imaging of the
carotid, renal, or peripheral vessels with small contrast
requirements and high spatial resolution. The physics,
acquisition parameters, and reconstruction techniques
are similar, but vascular imaging requires additional
knowledge of the anatomy and pathophysiology specific
to each vascular territory. Level I, II, or III CCT training
does not imply that trainees have acquired the vascular
imaging expertise associated with the corresponding
levels of CCT training.

5. EVALUATION OF COMPETENCY

Evaluation tools in CCT include direct observation by
instructors, in-training examinations, case logbooks,
conference and case presentations, multisource evalua-
tions, trainee portfolios, simulation, and reflection
and self-assessment. Acquisition and interpretive skills
should be evaluated in every trainee. Interaction with
other physicians, patients, and laboratory support staff;
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initiative; reliability; decisions or actions that result in
clinical error; and the ability to make appropriate
decisions independently and follow-up appropriately
should be considered in these assessments. Trainees
should maintain records of participation and advance-
ment in the form of a Health Insurance Portability
and Accountability Act (HIPAA)-compliant electronic
database or logbook that meets ACGME reporting stan-
dards and summarizes pertinent clinical information
(e.g., number of cases, diversity of referral sources,
testing modalities, diagnoses, and findings). The use of
CCT should be aligned with both clinical need and
appropriate use criteria. Trainees should be prepared to
explain why a given CCT test is better suited to the
clinical question than is another imaging option. Fellows
should document clinical correlation with the other im-
aging and with hemodynamic, invasive laboratory, sur-
gical pathology,
understanding of the diagnostic utility and value of
various studies. Finally, experiences in CCT should be
assessed against measures of quality with regard to test

and outcomes data to enhance

selection, performance, interpretation, and reporting in
the interest of appreciating the potential adverse con-
sequences of suboptimal testing (2).

The ACC, American Heart Association, and SCCT have
formulated a clinical competence statement on the per-
formance, interpretation, and reporting of CCT studies
(5). Self-assessment programs and competence examina-
tions in CCT are available through the ACC and other
organizations. Program directors and trainees are
encouraged to incorporate these resources in the course
of training. We strongly encourage the use of examina-
tions (e.g., the Cardiac Computed Tomography Self-
Assessment Program [CCTSAP]) at the end of CCT
training.

Under the aegis of the program director and director of
each imaging laboratory, facility, or program, the faculty
should record and verify each trainee’s experiences,
assess performance, and document satisfactory achieve-
ment. The program director is responsible for confirming
experience and competence and reviewing the overall
progress of individual trainees with the Clinical Compe-
tency Committee to ensure achievement of selected
training milestones and identify areas in which additional
focused training may be required.
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