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A B S T R A C T

This position statement guides cardiovascular magnetic resonance (CMR) imaging program directors and lear-
ners on the key competencies required for Level II and III CMR practitioners, whether trainees come from a
radiology or cardiology background. This document is built upon existing curricula and was created and vetted
by an international panel of cardiologists and radiologists on behalf of the Society for Cardiovascular Magnetic
Resonance (SCMR).

1. Background and statement of purpose

Cardiovascular magnetic resonance (CMR) has seen substantial
growth over the last 20 years. With an ever-increasing evidence base
[1–4] coupled with improvements in scanner technology and new

techniques [5–8] and evidence of cost effectiveness [9–11], interna-
tional clinical practice guidelines now recommend CMR as a first-line
imaging investigation for many cardiovascular conditions [12,13]. As
the indications for CMR increase, the contemporary cardiac imager
needs to have the appropriate clinical knowledge and technical skills to
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deliver consistently high-quality CMR examinations across an in-
creasing range of clinical scenarios. The widening indications for CMR
require an expanding and available workforce of cardiac imagers that
have the basic skills for independent interpretation of CMR, and a
subset of practitioners with a level of expertise to supervise trainees and
to lead CMR laboratories. The SCMR guidelines for training in cardio-
vascular magnetic resonance [14,15] define these levels of expertise:
The basic competency for CMR interpretation is referred to as Level II
training - specialized training designed to provide the skills necessary to
independently interpret CMR studies (also known as independent
practitioner). The advanced level of expertise is referred to as Level III
training - advanced training for those who aim to be responsible for the
operation of a CMR laboratory and to deliver CMR training (also known
as advanced practitioner).
Various other guidelines and curricula have defined minimum

training requirements for interpretation of CMR at local, national, and
international levels [16]. These documents are designed to ensure that
CMR practitioners receive appropriate training to effectively utilize,
perform and report CMR. Whilst distinct, these recommendations have
many consistent and common themes, with differences largely depen-
dent on local factors, varying disease prevalence, availability of CMR
and other imaging modalities, and the role of CMR in general and
subspecialty practice. However, there is currently no comprehensive
competency-based document that lists the skills needed for CMR in-
terpretation at a basic and advanced level of expertise that can be
globally applied, which is the primary goal of this document.
Accordingly, this curriculum document aims to assist Program

Leads/Directors in creating or implementing a CMR training program.
It provides a framework of key basic training objectives to enable
practitioners to successfully interpret CMR studies after completion of
the program, and a framework of training objectives recommended to
achieve advanced training in CMR. The SCMR curriculum suggests
competency-based training with a final program evaluation. This gui-
dance is intended to be comprehensive and globally relevant.
Additionally, the document discusses inherent differences in previous
training curricula from different specialties and suggests an approach to
harmonize these.
To ensure diverse representation and perspectives, the writing group

for this position statement was chosen in accordance with guidance

from SCMR [13], selecting members with backgrounds in radiology and
cardiology, including pediatric cardiology, and an established expertise
in CMR education. Each member conducted a literature search within
local national curricula and education documents, which were then
shared and reviewed by the group during multiple video conferences.
The document was divided into sections, with each member of the
writing panel drafting a section of the document. Through consensus,
the combined document and competency-based guidance were created
and approved by the entire writing group. The document was then
reviewed by the Scientific Documents Committee of SCMR before final
approval by the society’s Executive Committee.

2. Knowledge- and skill-based competency as a foundation for
training of level II and level III imagers

Despite inherent differences between societies and countries, most
CMR training guidelines share common elements. SCMR has previously
defined three levels of training: Level I defines basic training for general
practitioners in CMR methods and indications as required to refer to
and use CMR in routine patient care. Level II, or Independent
Practitioner (whether a cardiologist, radiologist or pediatric cardiolo-
gist), defines training for cardiac imagers to achieve the required level
of expertise for independent CMR practice, including supervision,
analysis and reporting of CMR typically encountered in routine daily
practice, and includes a basic understanding of image optimization and
MR physics. Level III or Advanced Practitioner training aims to achieve
a higher level of expertise and acquired abilities that allow for man-
agement of more complex cases, including congenital heart disease.
Additionally, the Level III imager should be able to create and oversee
comprehensive CMR programs for clinical, educational, and research
objectives, with a system in place to measure quality metrics, and to
train and certify others in CMR. Level III builds upon the knowledge
and skills of Level II with additional competencies listed below in
Table 1.
A comprehensive list of learning objectives and outcomes based on

competencies is provided in Table 2. The purpose of this table is to
assist learners and program directors in navigating the extensive CMR
educational content and focusing on essential concepts. Competencies
are classified as ‘Medical Knowledge’, which includes competency in

Table 1
Key CMR competencies for level II and III cardiovascular imagers.

Training Level Definition Based on Key Competencies Achieved

Level II (Independent
Practitioner)

Describes common MR imaging sequences used for the evaluation of ventricular and valvular function, cardiac chamber and
vascular anatomy, myocardial perfusion and tissue characterization, and recognizes the contraindications and risks of MRI and
gadolinium-based contrast agent administration.
Demonstrates an understanding of MR physics relating to how images are acquired, and factors that affect image quality such as
signal-to-noise, spatial and temporal resolution and trade-offs with time of acquisition and breath hold times. Is able to supervise
MR technologists and support them when technical issues with image generation arise.
Understands basic aspects of MR safety including contraindications to MR, patient screening, safety of implanted devices and
safety aspects relating to contrast and stress agents as well as resuscitation in the MR environment.
Has good knowledge of the common indications for CMR relating to ischemic and non-ischemic cardiomyopathies, cardiac masses,
pericardial diseases, valve imaging, basic congenital heart lesions and is able to optimize scan protocols to answer specific clinical
questions.
Understand basic cardiac physiology and the pathophysiology of common cardiovascular diseases, including their management,
clinical and laboratory signs and role of other cardiovascular imaging modalities.
Understands how to use a software program to analyze all common types of CMR data including ventricular function, flow
assessment, parametric mapping analysis, myocardial perfusion and multi-planar reformatting of MR angiograms.
Definition Based on Key Competencies Achieved (in addition to Level II competencies)

Level III (Advanced Practitioner) Understands the process for laboratory accreditation including its requirements and maintenance.
Demonstrates advanced knowledge and skills related to complex cases, covering the entire spectrum of CMR indications, including
congenital heart disease, using general and more specifically tailored CMR scanning protocols.
Has a detailed understanding of MR physics, including protocol optimization, causes and resolution of common artifacts as well as
setting up efficient acquisition protocols.
Maintains in depth knowledge of research and development in CMR including technological developments, clinical research,
guideline indications and practice recommendations.
Is able to set up and lead a clinical CMR program, build a framework/infrastructure for quality improvement of CMR, and develop
educational programs and research platforms.
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medical physics and the clinical context of CMR, ‘Patient Care’, which
represents all aspects of how CMR impacts the management of patients,
and ‘Systems-Based Practice’, which stands for CMR in the larger con-
text and system of health care, and effective resource use to provide
optimal health care.

3. Approach to training schemes

3.1. Current training schemes for CMR

Various frameworks of core competencies exist worldwide. For in-
stance, in the United States of America (USA), the Accreditation Council
for Graduate Medical Education (ACGME) has established 6 core
competencies that make up the cornerstone trainee education and
evaluation:
1) medical knowledge
2) practice-based learning and improvement (PBLI)
3) patient care and procedural skills
4) systems-based practice
5) interpersonal and communication skills
6) professionalism
In the UK and Europe, systems like Capabilities in Practice (CiPs) or

Entrustable Professional Activities (EPAs) have been developed and are
being used in the Core Cardiology Curriculum of the European Society
of Cardiology (ESC) [22]. These systems focus on the characterization
of the tasks a practitioner can be trusted to perform. The European
Society of Radiology (ESR) approaches the training curriculum in three
scopes: Knowledge, skills, and competencies/attitudes, which is very
similar to the ACGME approach [23,24]. In Canada, the CanMEDS
competencies offer a framework for competency-based curricula in-
corporating the domains of medical expert, collaborator, leader, health
advocate, scholar, and professionalism [25,26]. Many other national
and regional approaches exist, and despite differences in structure and
outline, the core knowledge and skills that are required for advanced
training in CMR share many common components between the dif-
ferent approaches.
This SCMR document uses the framework of the ACGME core

competencies, and the concept of CiPs/EPAs, to create a document with
global validity for the education and assessment of trainees across these
core competencies, allowing them to be fully qualified to supervise,
evaluate and interpret CMR.

3.2. Educating CMR trainees from different training backgrounds

CMR trainees typically emerge from two principal training en-
vironments: radiology and cardiology, including pediatric cardiology,
with inherent differences in the scope of acquired skills and compe-
tencies in their overall training programs.
Worldwide, there are differences in the nomenclature of training

programs and precise description of competencies involved.
Nevertheless, there is often a similar structure starting with a period of
general training in cardiology or radiology followed by a subsequent
period of specialized training. A dedicated high-quality CMR training
program needs to accommodate for these differences, eventually en-
suring an appropriate competency/capability level and expertise in
interpreting CMR examinations.
For both Level II and Level III CMR competency, multimodality

cardiac training is desirable for both radiologists and cardiologists.
Radiology training curricula are by definition multimodality and in-
clude cardiovascular CT and MR as formal and integral parts of the
curriculum. However, advanced training is usually offered as a cardi-
othoracic fellowship, combined with pulmonary imaging, or a cardio-
vascular fellowship, combined with peripheral vascular imaging. In
cardiology, most training programs that include CMR also offer echo-
cardiography and frequently CT or Nuclear Medicine training. More
recently, comprehensive multimodality imaging fellowships haveTa
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emerged that are designed for cardiology trainees interested in a pri-
mary imaging career including comprehensive training in these 4
imaging modalities. Multimodality training in both radiology and car-
diology further provides opportunities to fully understand the strengths
and limitations of different cardiac imaging modalities, and provide
valuable assistance in selecting the best imaging method according to
the clinical problem at hand [27].
In addition to the requirements for Level II training, Level III skills

and competencies in CMR could be achieved by a dedicated CMR
imaging fellowship. However the training could also be part of a mul-
timodality training program or can be achieved during a dedicated
CMR research program. Such cardiac imaging Level III programs are
usually offered in large centers with high case volumes and case di-
versity to support broad trainee education. In a center with high case
volumes, training to achieve Level III typically lasts 12 months, but can
vary according to case volumes and local expertise to achieve the
competency-based learning outcomes. However, some of the advanced
expertise certification programs require 2 additional years of dedicated
training in CMR to achieve advanced certification.

3.3. Accommodating variations in case volume and case diversity

The evaluation of training adequacy should be based on competency
(or capability) rather than focusing solely on attaining specific CMR
case numbers. While total training time and case number targets help
standardize training experience and minimum required exposure to
enable the achievement of competency, the reality is more nuanced,
with several factors warranting consideration.
Firstly, case numbers often represent the minimum case volume

necessary to achieve competency, without accounting for the varying
rates at which trainees individually progress during different stages of
learning.
Additionally, case diversity is often regional, because local pa-

thology and the spectrum of diseases encountered by cardiac imagers
may vary significantly from center to center. Training at centers with
lower caseloads or without direct access to Level III cardiac imager
guidance may require longer training periods or supplementation of
attended/scanned cases with additional training material or educa-
tional sessions.
Furthermore, supervision and mentoring by Level III cardiac im-

agers and service providers knowledgeable in prevalent local diseases,
as well as access to trainers during scanning sessions, will differ among
centers. This variability should be considered when planning local
training programs and is especially relevant in areas with a low density
of accredited CMR imagers. The COVID-19 pandemic has facilitated
virtual online learning and meeting platforms that can also be used for
didactic teaching, assistance with protocol development and selection,
support for image acquisition, analysis and interpretation [15] for those
wishing to learn more CMR in the absence of local expertise. However,
this cannot completely replace the need for hands-on training in clinical
practice.
Lastly, as outlined in the core competencies tables, the breadth and

depth of knowledge and experience required for Level II and III will
differ. Consequently, exposure to and knowledge of less frequently
encountered pathologies may be expected for demonstrating compe-
tency in the Level III group, which may be more difficult to acquire
depending on the training center.
These factors should be considered when planning competency

assessments. Rigid standardized evaluation of logbooks over-em-
phasizes logged case numbers and may not reflect these nuances.
Reporting and discussing selected archived cases to supplement
case diversity, attending CMR courses, or participating in training
events at other centers or promoted by imaging societies such as the
SCMR may help increase the necessary exposure to achieve training
milestones.

3.4. Proposed training schemes for CMR level III (AP, advanced
practitioner)

Any Level III training curriculum should emphasize more complex
applications of CMR and analysis of complex cardiac diseases. A
broader focus on integrating into a multidisciplinary team and lever-
aging the advanced skills of both cardiology and radiology is expected
of a Level III practitioner.
A comprehensive Level III curriculum should involve direct men-

torship by the laboratory director or other supervisors so that education
in the business and administrative aspects of leading a CMR lab are
incorporated. This could include involvement with new equipment
purchases, personnel management, protocol development, and perfor-
mance improvement (PI)/quality assessment (QA) programs.
Irrespective of the method of healthcare funding (private or public),
knowledge of the local systems and methods of reimbursement is key to
a successful CMR program, particularly with the constantly changing
landscape of medical reimbursement and payer structures.
A strong foundation in appropriateness criteria and quality assur-

ance is also vital to a future laboratory director or program director and
should be incorporated into Level III level training. These elements
include, but are not limited to, checking indications, evaluating whe-
ther another modality may be more efficient for the specific clinical
problem, technical planning of the examination (including protocol
development and image optimization), training and supervision of MR
technologists, post-processing of the obtained data, reporting of the
findings, MR safety issues, and ensuring long-term storage and acces-
sibility of CMR images and post-processed data.
Understanding that a critical revision and potential restructure of a

CMR training curriculum can be time consuming, this document seeks
to facilitate the process for program directors. The ACGME core com-
petencies listed in Table 2 allow for program directors to more easily
develop trainee evaluations to ensure learners are meeting specific
learning milestones. It also allows for identification of knowledge gaps
earlier in the training process, when they can more easily be addressed.

4. Potential challenges in developing a CMR training program

4.1. Variations in national and regional healthcare policies

This curriculum document aims to set international standards of
CMR training and education. It is recognized that there are significant
variations in healthcare policies across different countries, with im-
portant differences in the requirements for medical specialists to per-
form CMR, access to MR equipment and billing rights for MR ex-
aminations; however, discussion and proposed solutions for specific
practice challenges related to local policy are beyond the scope of this
document. This document aims at providing guidance in developing
CMR training programs that are widely applicable. Collaborations be-
tween radiology and cardiology programs are desired for these training
programs, and possibilities for common paths for collaboration are
further discussed in Section 5.

4.2. Congenital heart disease and adult congenital heart disease

CMR is an important imaging modality for diagnosis and surveil-
lance of various congenital heart defects due to its ability to provide 3-
dimensional evaluation of anatomy and to comprehensively assess
valve and ventricular function. Several societies have released guidance
documents detailing the indications, assessment, and usage of CMR for
this particular group of patients [28,29]. However, obtaining the ne-
cessary skills and competency in congenital heart disease (CHD) and
adult congenital heart disease (ACHD) can be difficult in practice. CMR
expertise in CHD/ACHD may require a dedicated training period in a
specialist center to achieve the skills and competencies required for
independent interpretation of such cases.
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Although ability to perform and report complex CHD studies is not
required for adult CMR Level II practitioner, a core knowledge of basic
CMR principles in the assessment of these patients should be expected
along with the ability to recognize basic abnormalities that can then be
referred on for more specialist evaluation, if required [29]. This
knowledge will allow practitioners to conduct an initial assessment and
identify abnormalities that may prompt patient referral to advanced
sub-specialized evaluation [29]. For Level III practitioners, knowledge
in CMR preparation, monitoring and interpretation for pediatric and
adult CHD is highly desirable.
In addition, the level of expertise needed for longer-term work as a

Level III imager may depend on the local needs, as frequently pediatric
and advanced ACHD care is delivered in dedicated hospitals and
healthcare centers. This limits the (continued) exposure of Level III
imagers to CHD, unless working in an experienced CHD center; it also
questions the need for in-depth expertise in CHD, dependent on the
work environment.
Competency of Level II and III cardiac imagers in CHD should be

assessed in areas of preparation, performance, and interpretation of
CMR cases. Ideally, cases should be reviewed with an experienced CMR
faculty with expertise in CHD. Trainees may also be encouraged to
present CHD cases at multidisciplinary conferences and maintain an
electronic log of all congenital studies performed and interpreted.
Where there is lack of local expertise in CHD, seeking consultation with
other experts in the same region, attending courses (either in-person or
online) or taking mini-fellowships may be a feasible alternative to ac-
quire, interpret and analyze CMR in CHD cases.

5. Collaboration between cardiology and radiology

Program directors and training programs should emphasize the
positive synergy between cardiologists and radiologists working to-
gether in the field of CMR whenever possible, both locally in depart-
ments and nationally and internationally, to lobby for improved access
and appropriate utilization of CMR. Many successful CMR programs
have cardiac imagers from both radiology and cardiology as in-
dependent or advanced practitioners and working together in a colla-
borative and collegial environment. This offers an ideal environment
for trainees to see both specialty perspectives and to benefit from the
strengths of both training backgrounds [30]. This also represents the
current reality of the wider CMR community, with strong collaborative
practice between cardiology and radiology emphasized at major na-
tional and international meetings.
Such a positive synergistic approach then readily identifies the ways

in which a high quality comprehensive CMR training program would
need adaptation (please see section below). Fig. 1 outlines common
CMR training pathways for both cardiology and radiology trainees.
However, this is only by way of example and is neither exhaustive nor
exclusive with many other factors such as case mix and local expertise
being important in the development of such a program. Given local

variations in case volume, diversity, and supervisor expertise, the
training duration may vary.
Collaboration between radiology and cardiology in a training pro-

gram can take different shapes, including weekly CMR case discussions,
multidisciplinary team attendance, etc. Another example is elective
rotations, where radiology and cardiology trainees can spend a period
of training at the other department. It is important that trainees can be
exposed to both cardiology and radiology perspectives and to learn
from the strengths of both specialties. Ideally, CMR training programs
should include faculty from cardiology and radiology, whenever pos-
sible, so that the training includes the experience of working as a team,
contributing to a better understanding of complex cases and together
improving patient care [30].

6. Identification and possible solutions to differences in training
backgrounds

This competency-based training curriculum should serve as a
foundational framework for designing a local program, considering the
unique combination of factors including participants from different
training backgrounds, individual variations in expertise, and the range
of previous exposure to clinical cases before entering the training pro-
gram. The final goal is to produce competent Level II and III CMR im-
agers.
Achieving this goal involves accounting for the differences between

the background expertise of cardiology and radiology trainees when
they enter CMR training, and adaptation of the educational program to
the needs of the learners. Given their mainly clinical training, cardi-
ology trainees are more likely to require supplemental training in MR
physics, protocol optimization, and extra-cardiac anatomy and pa-
thology. Technical proficiency gaps can be addressed by incorporating
supervised hands-on scanner training experience, involving technolo-
gists, radiologists, medical physicists, and experienced CMR practi-
tioners. The SCMR educational platform provides additional extensive
material to supplement these training aspects. Most training programs
consider this a mandatory part of their curriculum.
Conversely, radiology trainees, having a more extensive technical

and broad cardiothoracic imaging background, may benefit from ad-
ditional educational content focused on cardiac pathophysiology,
echocardiography, parameters defining clinical outcomes, and treat-
ment guidelines focusing on the management of cardiovascular disease.
Such training can ideally be provided by cardiology departments, at
clinical multi-disciplinary team meetings and attendance of cardiology
conferences. In addition, the SCMR educational platform and SCMR
documents are other useful sources of information on the use of CMR in
different clinical scenarios.
Joint reading sessions between cardiology and radiology trainees

and faculty/consultants can further help bridge any gaps in knowledge
and skill, and reinforce the collaboration and synergy between radi-
ology and cardiology disciplines. In addition, joint or double reading

Radiology Pathway

Year 1

Year 2 Year 3 Year 4

CMR Imaging or mul�modality  
Fellowship

Cardiology Pathway

Year 1

Year 2 Year 3

CMR Imaging or mul�modality 
Fellowship

Fig. 1. Competency-based pathways to Level II and III CMR training.
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of CMR cases can optimize the reporting of incidental non-cardiac
findings, and the interpretation of cardiovascular findings in the
clinical context. Joint reading sessions involving cardiology and
radiology can also facilitate review of prior relevant multimodality
imaging (echocardiograms, CT and invasive angiography etc.) to ob-
tain a more comprehensive and contextualized understanding of a
CMR study.
A team-based approach to the hands-on scanner training experience,

which could involve technologists, medical physicists/engineers, and
the laboratory director, increases the level of understanding and depth
of knowledge. Hands-on experience for scanning and image acquisition
for both Levels II and III attainment is very helpful to balance out gaps
in training and should be highly encouraged. Furthermore, the ex-
posure to multiple CMR manufacturers and thereby different scanner
platforms and interfaces should be encouraged for Level III to facilitate
a deeper understanding of the strengths and limitations among different
vendor platforms. For both Level II and III, discussion and presentation
of findings at multidisciplinary clinical case conferences offer rich
learning experience by facilitating development of valuable presenta-
tion and interpretive skills.

7. Didactic curriculum and other learning resources

While a large proportion of the Level II and III training curriculum
can be administered in conjunction with live case review, a full didactic
curriculum is vital to supplement where gaps in training supervision or
case diversity exist. A didactic curriculum could incorporate lectures
from local experts which may be complemented with webinars, societal
educational offerings, and attendance at annual scientific meetings.
Online training, webinars and simulation environments may be a useful
learning adjunct in lower volume or smaller programs to supplement
experience in less common CMR applications. A list of educational re-
sources is provided in the Supplementary section.

7.1. Certification and verification of training

Certification is a process whereby a trainee, who has completed the
required training, can request a letter of certification or verification
from national bodies or international imaging societies such as the
SCMR.
The SCMR currently issues letters of verification (formerly called

“letters of certification”) for Level I, II and III. According to SCMR
guidelines first published in 2000 and updated in 2007 and 2018 [14,31],
only trainees who have specifically completed the SCMR educational re-
quirements are eligible to receive letters of verification of their training.
Other imaging societies such as the North American Society of Cardio-
vascular Imaging (NASCI) also offer letters of verification of CMR training
in collaboration with the American College of Radiology (ACR) and So-
ciety for Pediatric Radiology (SPR). In the US, a Certification Board in
Cardiovascular Magnetic Resonance (CBCMR) has been implemented in
2019 as a mechanism for certification of competency to independently
perform CMR. For radiologists, the American Board of Radiology provides
board certification after radiologists have passed both a core exam on
general radiology and a radiology subspecialty exam, the credentialling
exam, that is usually performed during or after fellowship. In Europe, both
the European Association of Cardiovascular Imaging (EACVI) and the
European Society of Cardiovascular Radiology (ESCR) offer a certifying
exam to document expertise in CMR. Such European examinations are
optional in most countries but may be required at some institutions for
credentialing purposes.
All program directors in charge of training programs must evaluate

competency of their trainees during and at the end of the training
period to ensure that they have achieved the required knowledge and
skills to practice competently and independently. This is often done
when reviewing cases with trainees and by careful review of their CMR
imaging reports, assessment of their ability to assign an appropriate

protocol and monitor cases at the scanner etc. In-training examinations
may be a useful adjunct to evaluation of competency of trainees
through standardized tests [27]. Ultimately, successful completion of
dedicated CMR imaging training programs that follow the re-
commendations of this competency document could serve as proof of
adequate training, especially in countries where mechanisms for certi-
fication on CMR are lacking.

8. Summary

The rapid growth and expansion of CMR requires training programs
to adopt a comprehensive training curriculum to meet the growing need
for Level II and III cardiac imagers with basic and advanced under-
standing of all aspects of CMR. As new technologies continue to emerge
with sufficient evidence for efficacy and meaningful impact on clinical
management, it is expected that the training recommendations will
evolve. The core elements of this document are expected to remain
foundational for Levels II and III competency, while future updates to
this training curriculum will be forthcoming as new evidence emerges
that guide best practice in CMR.
This competency-based curriculum intends to add value to the 2018

SCMR Curriculum Guidelines [14], which was mostly based on case
volume. We encourage adoption of this curriculum to promote a
training experience that reflects a standardized level of competence for
both cardiology and radiology trainees pursuing basic and advanced
training in CMR. The ultimate goal of this document is to promote the
development of a competent radiology and cardiology CMR workforce
to meet the needs of a rapidly expanding field.
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