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Cardiologists, radiologists, and nuclear medicine physicians receive training and may be allowed to
perform cardiovascular imaging by using echocardiography, nuclear cardiology, or cardiovascular
computed tomography. Given the tremendous variability in training and expertise, physician certiﬁcation in each of these areas has been developed as a measure of providing quality studies for accurate
patient diagnosis and management. In this paper, the history, the process of examination development
and administration, eligibility requirements, the results of physician testing, and board recognition will
be presented for each of the 3 boards. Payers and government regulators have recognized these boards
as a measure of physician quality, and they are often required for physician reimbursement and
licensure. Because many physicians provide service in more than 1 specialty, discussions are ongoing
to simplify the application, testing and recertiﬁcation processes.

A

ccurate diagnosis and management of
cardiovascular disease is highly dependent on the use of cardiovascular imaging. Historically, cardiologists
have served in the role of clinician imagers or
consumers, using their knowledge of cardiovascular diseases to define clinical needs, assist
with technological development, interpret imaging studies, and use the results for management. In contrast, radiologists and nuclear
medicine physicians usually have served in the
role of imagers, using their knowledge of im-
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aging technology to interpret cardiovascular
images for referring clinicians who use the
results for clinical purposes. Over the years,
these roles have started to overlap, resulting in
tremendous power struggles at many levels and
a turbulent coexistence at best, with battles
being waged in areas of clinical versus technical
relevance of interpretation, access to equipment
and, ultimately, reimbursement.
In addition, there are ongoing trends that
impact on all physicians involved in cardiovascular imaging regardless of training. Cardiologists are faced with the growing complexity of
imaging equipment and computer processing;
the expanding curriculum required for basic
cardiovascular training; competition; the need
to examine noncardiac structures that are
present when imaging the heart; and the requirements by payers to provide and document
quality and accurate image interpretation (1).
Similarly, radiologists and nuclear medicine
physicians are forced to undergo extensive
training in multiple imagining modalities being
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used to image all the major body organ
systems. This training does not provide
a comprehensive understanding of cardiovascular physiology and pathophysiology or identify the relevant clinical
questions that need to be addressed by
imaging to select the appropriate therapy from the constantly expanding
therapies.
In the midst of this expanding gap
and diversity, assessment of the skill
and ability of the performing and interpreting physician has assumed greater
importance regardless of the background of the physician.
Nontraditional Boards

In this highly politicized environment,
testing and certification of competence of
cardiovascular imaging physicians, regardless of their field of training, is critical to provide quality diagnostic imaging
studies and to allow trained and competent individuals, regardless of their background, to practice cardiovascular imaging. In the last 2 decades, steps have been
taken to define the specific training for
physicians in cardiovascular imaging and
to test competency of both the technical
knowledge and the clinical understanding of how to use imaging. Physician
certification in cardiovascular imaging
has evolved outside the more traditional
American Board of Medical Subspecialties (ABMS), and boards have been
established and recognized in nuclear
cardiology, echocardiography, and cardiovascular computed tomography.
These certification boards focus on
improving the quality of cardiovascular
image interpretation as practiced in
both hospital and office-based practice
settings. The founders of these boards
believe that physician certification in
cardiovascular imaging enhances the
overall quality of health care. This certification is accomplished by ensuring
minimum standards of training and
eligibility for candidates as well as documentation of a minimum standard of
competency in the area of imaging.
Physician certification provides accountability and reassurance to patients
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and payers when dealing with diplomate providers. The process promotes
quality by fostering improvement and
continuing education. The examinations provide feedback to physicians
that their knowledge and skills meet a
recognized standard. The examinations give guidance on best practice
for imaging both for diagnosis and
management.
Basic Training for
Cardiovascular Imagers

In light of the importance of imaging,
cardiovascular medicine training guidelines have been developed and periodically updated for echocardiography, nuclear cardiology, cardiovascular computed
tomography (CCT), and cardiovascular
magnetic resonance (2– 4). As a result, all
cardiology trainees are exposed to cardiovascular imaging. However, exposure, even at Core Cardiology Training
(COCATS) Level II, does not guarantee
sufficient competency in the technical
and interpretative aspects in 1, much less
all 4, cardiovascular imaging modalities.
For radiology and nuclear medicine physicians, the training guidelines for cardiovascular imaging are poorly defined.
How does one then determine the
ability of diverse trainees to accurately
interpret and receive reimbursement for
cardiovascular imaging? The Cardiovascular Diseases subspecialty board of the
American Board of Internal Medicine
does not sufficiently test knowledge in
cardiac imaging beyond knowing when
to use these modalities and the results for
clinical diagnosis and management. In
other areas of cardiology training, this
problem has been addressed by incorporating a minimum of 1 additional year of
training. This year qualifies individuals
who have successfully passed the Cardiovascular Diseases board for ABMS to
take subspecialty boards in Clinical Cardiac Electrophysiology and Interventional Cardiology. Very few individuals,
however, spend a full year in advanced
cardiovascular image training, which is a
prerequisite to sit for an ABMS
subspecialty-approved board (1).
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For radiologists and nuclear medicine physicians, the training guidelines
are not detailed with respect to normal
and abnormal cardiac anatomy, congenital heart disease, or the related
pathophysiology. Some programs do
not even have exposure to these areas.
The ABMS American Board of Radiology or the American Board of Nuclear Medicine certification exam does
not test these areas in great depth. As a
result of the variability in training,
spectrum of exposure to and mastery of
cardiovascular diseases, and the failure
of ABMS boards to specifically document competency in these areas, nonABMS boards have been formed to
credential physicians in echocardiography (National Board of Echocardiography [NBE]), nuclear cardiology (Certification Board of Nuclear
Cardiology [CBNC]), and CCT (Certification Board of Cardiovascular
Computed Tomography [CBCCT]).
Boards have not been developed for
physician certification in cardiovascular
magnetic resonance.
These boards developed independently, and invitations to take part in
development were sent to all professional medical societies involved in the
fields regardless of whether they represented imagers or clinician imagers.
We will not address the process by
which NBE, CBNC, and CBCCT
were formed; how the examinations are
developed; and the results to date of
testing.
National Board of Echocardiography
Basis and value of physician certiﬁcation
in echocardiography. In the late 1980s

and early 1990s, a wide variation in the
quality of practice of echocardiography
existed. In response to this variation,
several task force documents put forth
guidelines for training in transthoracic
echocardiography, transesophageal
echocardiography, and stress echocardiography (4 – 6). Similar documents
have been more recently developed for
perioperative transesophageal echocar-
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diography (7). These training guidelines are now well accepted and part of
accredited fellowship training in cardiovascular disease and in cardiothoracic anesthesiology. On the basis of
these published guidelines, the NBE
developed 2 processes for certification
in echocardiography: the Examination
of Special Competence in Adult Echocardiography and the Examination of
Special Competence in Perioperative
Transesophageal Echocardiography
The NBE was formally incorporated
on December 3, 1998, as the union of
the adult echocardiography examination formed under the American Society of Echocardiography (ASE) in
1993 and the perioperative transesophageal echocardiography group formed
under the Society of Cardiothoracic
Anesthesiology (SCA) in 1995. The
board now serves as the parent organization overseeing the development, administration, and certification offered
through both organizations.
The goals of the NBE certification
process are to assess the training and
level of knowledge of a candidate in a
valid manner, provide a stimulus to
professional growth in the field, and

serve the public by encouraging quality patient care in the practice of
echocardiography.
Eligibility. Requirements for certification in adult echocardiography include
completing 2 years of advanced training
(fellowship) in cardiovascular disease, 6
months of formal training in echocardiography (COCATS Level II), and
passing the NBE examination in adult
echocardiography. Requirements for
certification in perioperative transesophageal echocardiography include a
1-year fellowship in the perioperative
care of surgical patients with cardiovascular disease, the study of at least 300
perioperative transesophageal echocardiograms, and passing the Perioperative Transesophageal Echocardiography examination. There are practice
experience pathways to certification for
clinicians who completed their training
before June 2000. Figures 1 and 2 show
the number of applicants taking, passing, and being successfully certified for
the Adult Echocardiography and Perioperative Transesophageal Echocardiography examinations. The pass rates
for both examinations have increased,
even though the passing standard is

kept constant and adjusted statistically
for the difficulty of each yearly examination. This increase suggests that
there has been an improvement in the
knowledge base and, presumably, the
quality of the applicants taking the
examination. Therefore, the goals of
the certification process are likely being
met. Although there is some variation
in the number of test takers, in general
there is an increase, likely reflecting the
increasing demands by payers that providers of imaging service be certified.
Recertiﬁcation. Because the technology
and clinical application of echocardiography continue to evolve, and ongoing
physician continuing medical education
is variable, recertification is required
every 10 years in both fields. The passing rate for each recertification examination is quite high, suggesting that
recertification provides a stimulus for
maintaining skills and assimilating current knowledge.
Examination development and scoring.

Once the first examination committee
was appointed and assembled by the
ASE in 1993, a content outline was
drafted that included 5 major content
domains and the percentage of pro-
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Figure 1. Yearly Number of Physicians Tested, Passed, and Certiﬁed by the National Board of Echocardiography Adult Echocardiography Certiﬁcation
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Figure 2. Yearly Number of Physicians Tested, Passed, and Certiﬁed by the National Board of Echocardiography Perioperative Transesophageal
Echocardiography Certiﬁcation Since the Initial Examination in 1998

posed test items that would be associated with these domains. This content
outline was then mailed to 500 ASE
members, of whom 58% responded.
Changes in the content outline were
then made by the examination committee on the basis of the results of that
survey. Similarly, in 1995 the SCA
formed the Perioperative Transesophageal Echocardiography Certification
Task Force, which developed an examination based on a content outline incorporating feedback from the SCA
membership.
Questions are now developed by the
Adult and Perioperative writing committees in collaboration with the National Board of Medical Examiners,
which has administrative oversight for
the process. Each committee consists of
10 members appointed by the NBE
based on their expertise in echocardiography. Questions submitted by
members of the committee are reviewed by the entire committee for
accuracy, relevance, clarity of the question, and consistency of the potential
answers (distractors). Only items that
have unanimous approval of the respective committee are placed in the database for performance testing on a future

examination. The assembly and administration of each examination is the
responsibility of the National Board of
Medical Examiners. The number of
items from each content category is
specified, and the questions for the
examination are selected from the cataloged database by computer. The respective writing committees then review the selected questions and replace
any that is thought to be redundant or
unclear, arriving at the final content for
the examination. Subsets of the final
accepted questions then form the content of the recertification examinations.
Establishing the pass/fail score
(standard setting) for the examinations
is a complex task. This process has been
described in some detail in a previous
publication (6). It should be noted,
however, that the passing standard is
aimed at the perception of a “minimally
proficient candidate” by a committee of
practitioners. The passing standard is
usually re-evaluated every 3 years and
was actually increased once for the
NBE examination in perioperative
transesophageal echocardiography in
2002. Each question in the database is
associated with a statistical difficulty,
allowing year-to-year comparisons of

the relative difficulty of each examination. With the use of this information,
the passing scores are adjusted so that
the same candidate proficiency (standard) is required to pass each year.

Certification Board of
Nuclear Cardiology

The need for physician certification in
nuclear cardiology was initially discussed by the American Society of Nuclear Cardiology in November 1994,
the Board incorporated as the Certification Council of Nuclear Cardiology
with support from the American Society of Nuclear Cardiology and the
American College of Cardiology in
February 1996, and the first examination was given to 610 candidates in
September 1996 (8). Also invited to
participate in the process were the
American College of Nuclear Physicians, the American College of Radiology, and the Society of Nuclear Medicine, who declined. In February 1999,
the name was changed to the Certification Board of Nuclear Cardiology
because the Nuclear Regulatory Commission set criteria for recognition of
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physician boards that met all the training and experience requirements and
allowed diplomates to become authorized medical users without further
documentation.
From the beginning, psychometric
and testing expertise was provided by
Knapp and Associates, International,
Inc., which guided the development and
maintenance of the examination at all
stages. Initial efforts focused on determining candidate eligibility, defining
content, developing questions, administering the examination, monitoring the
performance, and recertification.
Candidate eligibility. In recognition that
providers of nuclear cardiology services
had varied backgrounds and duration of
practice, and that training was evolving,
early eligibility criteria required a valid
license to practice medicine; board certification in cardiology, radiology, nuclear medicine, or internal medicine;
and experience with a defined duration of training and case load. An
eligibility pathway for individuals without formal training was allowed in the
early years but was phased out with the
2008 examination. Eventually, the
COCATS Level II requirements became the minimum training and experience requirements. International applicants were reviewed in a manner that
was appropriate to the existing training
and Boarding requirements in their
countries. Eventually, Internal Medicine boards alone were not acceptable
and board certification in one of the
other modalities was required.
Practice analysis. The basic philosophy
of the CBNC is to test the essential
knowledge base required for the actual
practice of clinical nuclear cardiology at
a level of basic competence rather then
testing theoretical or esoteric aspects of
the field. To that end, an initial Practice Analysis was undertaken involving
4 distinct steps: a comprehensive literature review, practitioner interviews to
develop a survey questioner, a practice
survey, and review by a Consensus
Panel of Experts. At all steps of the
process, every attempt was made to

Cerqueira et al.
Physician Certification in Cardiovascular Imaging

include a representative sample of all
specialties involved in clinical practice
(cardiologists, radiologists, nuclear
medicine physicians), practice settings
(hospital, office, academic centers),
geographic location, and gender.
The comprehensive literature review
was performed by a Consensus Panel that
included leading experts and clinical
practitioners and used existing guidelines,
clinical statements, and clinical literature.
A draft survey instrument was created
and used for direct practitioner interviews. These interviews defined the major professional responsibilities associated
with the practice of nuclear cardiology,
the specific tasks requisite to fulfill these
responsibilities, and the level of knowledge needed to effectively carry out these
practice activities. The findings obtained
from the practitioner interviews permitted drafting of a comprehensive survey
listing of work activities and knowledge
areas associated with professional practice. This instrument was sent to 193
cardiology practitioners and the responses tabulated for review by the Consensus Panel, who determined the precise
knowledge areas and relative percentage
of each of the 8 content areas and the
cognitive level at which each topic was to
be assessed. There are 3 cognitive levels:
recall, which is memory of previously
learned facts or recognition of previously
learned concepts; application or ability to
apply general principles to a specific situation; and analysis and synthesis of several different types of information to
reach a solution to a problem. Each
examination includes a mixture of cognitive levels for each of the content areas.
The initial Practice Analysis was
completed in 1996 and is repeated every 5 years to track changes, if any, in
the knowledge required and the types
of clinical studies being performed.
Over the years, there have been minor
changes in content areas and the relative percentage for each. This process
guarantees that the examination remains current with what is being done
in clinical nuclear cardiology.
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Question development and monitoring of
performance. Questions for the original

examination were written by a representative group of physicians and scientists from a variety of regions and
practice settings. These questions were
extensively reviewed and edited by the
CBNC psychometric consultants, who
then presented the revised questions to
a group of content experts charged with
reviewing the changes and making further modifications where deemed appropriate. From these, the examination
consisting of approximately 175 questions is assembled to match the content
areas and cognitive levels defined by the
Practice Analysis. This final examination with images is reviewed at a faceto-face meeting by 12 to 15 content
experts for accuracy. Once the examination has been administered, every
question is evaluated for performance
relative to all other questions and the
test takers. If specific questions fail to
discriminate between high and low
scorers, they are subject to review and
may be eliminated from the final scoring if found faulty.
Figure 3 shows the total number of
examinees who have taken the CBNC
examination since the initial examination in 1996. Typical for most new
physician examinations, the number of
candidates declines after the first few
years. For the CBNC, the number was
lowest in 2001 with 373 candidates.
Subsequently, the number of applicants
increased and, in 2007, there were a
total of 1,382 test takers, including
candidates for recertification. This reversal of the typical trend was due to
the growing acceptance by payers of
diplomate status as the basis for reimbursement for cardiologists providing
nuclear cardiology services and for the
greater national emphasis on documenting quality.
The passing score for the examination is determined by careful review of
the examination and overall test performance using psychometric analysis.
Since the initial examination in 1996,
passing rate has varied between 72%
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Figure 3. Candidates Taking the Certiﬁcation Board of Nuclear Cardiology Since the First Examination in 1996

and 81%. This usually requires a correct
response to 124 to 130 questions. Figure 4 shows the percentage passing rate
for each examination.
A question-writing drive is held annually with the aim of obtaining 125 to
150 new questions each year. At the
review meeting, questions from the
prior year’s examination that performed
poorly are reviewed and rewritten, if
thought appropriate, or eliminated. After the first year’s examination, a certain
number of “equators questions” are included that allow tracking of the degree
of examination difficulty as well as the
performance of each year’s candidates.
With the accumulation of a large and
validated question bank, several versions of the examination can be created
that allow administration of the examination over several days, lessening the
potential for cheating because each examination is sufficiently different to
minimize overlapping questions between them, and reduce the potential for

communications between candidates taking the examination at different times.
Examination administration. Although
the ideal situation for testing would
have entailed direct interpretation of
images on a workstation, such logistics
are difficult, and the first 10 CBNC
examinations used pencil and paper
testing at 1 or, at most, 2 sites with
hardcopy images. The initial examination was given at a single site and day to
avoid potential cheating. For 2 years,
an examination also was administered
in Vienna, Austria, and the start time
selected to coincide with the start of the
U.S. administration. In 2006, the first
computer-based test was administered
at multiple Prometric Center sites
throughout the world, using a window
of several days when applicants could
take the examination. Logistics for
computer-based testing were provided
by Prometric (Baltimore, Maryland).
With each subsequent computer-based
test, increasing complexity is being

85.0%

added to the examination, with the
hope that it will eventually approximate
the environment used for interpretation
of clinical nuclear cardiology studies.
Recertiﬁcation. Diplomate status is
granted for a 10-year period, after
which recertification is required. The
first recertification examination was
given in 2006. Figure 5 shows the
passing rate over the first 3 years. The
number of applicants taking the examination in the first 2 years was very
small, and it is difficult to identify
trends with such small numbers.

Certification Board of
Cardiovascular CT

The field of CCT came into existence
only in the last several years but has
rapidly matured into a distinct and important field of cardiovascular medicine.
The field evolved as a multispecialty development by radiologists, cardiologists,
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angiographers, and nuclear medicine specialists. The field is so new that practitioners in many cases have been self-taught
or acquired knowledge outside of their
institutions at a limited number of formal
training programs. Individuals completing general cardiology or radiology training lack specific knowledge and expertise
in CCT but, on the basis of ABMS
certification, may consider themselves
qualified to practice CCT.
Some are attracted to the field for
business opportunities. Given the evolving nature of the technology, lack of
evidence-based studies, and the absence
of traditional training programs; it is a
legitimate question to ask whether the
field was ready to implement a physician
certification examination. However, it
was precisely for these reasons that such
an examination was judged critical to
provide quality patient care by defining
the required knowledge base, setting
training and experience eligibility criteria
for practitioners, and documenting a
minimal level of competency for providers of CCT services.
Formation of the CBCCT. Building on the
experience of the CBNC and NBE, the
American College of Cardiology, the
American Society of Nuclear Cardiology,
the Society for Cardiovascular Angiography and Interventions, and the Society of
Cardiovascular Computed Tomography formed the CBCCT in 2006. The
CBCCT was able to learn from the
experience and expertise of the 2 exist-

ing cardiovascular imaging boards to
develop its examination. Knapp and
Associates, International, Inc., provided expertise in psychometrics, and
the administration of the computerbased examination will be by Prometric. Details on the examination and the
application process can be found at
http://cbcct.org. Unlike the other established cardiovascular imaging boards,
CBCCT gave its first computer-based
examination to 879 candidates on September 22, 2008, at multiple sites in the
U.S. The examination for 2009 will be
given on September 15 and 16 at multiple sites in the U.S. and throughout
the rest of the world.
Practice analysis survey and question development. Initial efforts to define the

content areas involved an extensive review of the existing literature to define
the areas to be surveyed (2,9,10). To
ensure reasonable standards, CBCCT
used the expertise of physicians and
physicists who collectively possess comprehensive expertise in CCT and, thus,
are able to precisely define the minimum criteria for knowledge of CCT
for initiation and maintenance of high
quality CCT practice. A Practice Analysis using methodology similar to that
described previously for CBNC was
performed, including the meeting of a
panel of experts to formalize the content areas and percentages.
An examination of approximately 170
multiple-choice items will adequately
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sample the breadth of knowledge covered
by the examination specifications and
required for competent performance. To
develop high-quality questions with
clear-cut unambiguous answers, a question bank was generated. More than 100
experts in the field of CCT contributed
time to question formation, clarification,
and finalization. Each of these questions
was analyzed, discussed, edited, and/or
rejected by consensus of the CBCCT
Certification Examination Committee.
Candidate eligibility. Because candidates for the CBCCT examination
have a much more diverse background
than those encountered for echocardiography and nuclear cardiology, eligibility criteria attempted to include all
possible areas of training. These areas
include medical licensure, board certification in cardiovascular diseases, nuclear medicine or radiology, training
and experience in the provision of cardiovascular computed tomography services, continuing medical education,
and ongoing participation in study interpretation. Substantial discussion occurred regarding candidate eligibility.
These requirements were based on
published guidelines by the involved
professional medical societies.
Passing score. The passing score for the
examination will be set by a panel of
national experts, each representing different disciplines involved in the
knowledge and practice of CCT as well
as representing both academia and private practice. Each examination question has been specifically examined by
CBCCT panel members, and a determination made as to what percentage
of minimally competent CCT cardiologist, radiologists, and nuclear medicine specialists would answer that question correctly based on the Practice
Analysis. During the process of combining all of the expectations for all
questions, a minimum level of knowledge expected of a passing candidate
will be defined. This absolute passing
score is based upon an expected level of
knowledge and is unrelated to the dis-

808

Cerqueira et al.
Physician Certification in Cardiovascular Imaging

tribution of scores obtained during a
particular examination administration.
Thus, for any given examination, a
candidate has an equal chance of passing the examination, independent of
the test group level of expertise, knowledge, and test performance.
Recognition of physician certiﬁcation in
cardiovascular imaging. There has been

increasing recognition and acceptance
by state and federal regulatory organizations and payers of NBE and CBNC.
The CBNC has been recognized by the
Nuclear Regulatory Commission and
many of the Agreement States as the
basis for licensure for the use of radioactive materials for nuclear cardiology
tests. Many the payers have mandated
certification in these areas as the basis
for physicians to provide services and
be reimbursed to members enrolled in
the health plans. With the increasing
emphasis on quality and pay for performance, it is anticipated that physician
certification will be mandated by most
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will continue to increase.
Future Certification in
Cardiovascular Imaging

Imaging of the cardiovascular system
by echocardiography, nuclear cardiology, and cardiovascular CT will continue to become more sophisticated,
complex, and widespread in clinical
practice. Both patients and payers continue to demand quality performance
and interpretation by the physicians
involved in the practice of these modalities and certification and recertification
will become more important in the
future. No certification process can
guarantee the competence of an individual, but examinations of special
competence and the certification processes help to identify physicians who
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societies and boards. In this context, we
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Further studies are needed to document
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physicians.
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