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Abstract 

The Society for Cardiovascular Magnetic Resonance (SCMR) recommendations for training and competency of 
cardiovascular magnetic resonance (CMR) technologists document will define the knowledge, experiences and skills 
required for a technologist to be competent in CMR imaging. By providing a framework for CMR training and compe‑
tency the overarching goal is to promote the performance of high‑quality CMR and to foster the increased adoption 
of CMR into clinical care.
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Background
The combination of a rapid pace of imaging innovation 
and clinical data has positioned cardiovascular magnetic 
resonance (CMR) as a vital imaging modality in the eval-
uation and management of a wide range of cardiovascu-
lar diseases. In particular, CMR is widely regarded as the 
optimal imaging modality for the assessment of biven-
tricular volumes, regional and global systolic function, 
myocardial viability, stress perfusion imaging, dilated and 
infiltrative cardiomyopathy, and congenital heart disease 
(CHD). However, despite its expanding and important 
role in cardiovascular care it is widely acknowledged that 
there are significant regional variations in CMR service 
delivery. For instance, in 2017 there were more CMR 
studies performed in London, United Kingdom than in 
the entire United States Medicare population [1]. The 
inequities in access to CMR imaging can be linked to 
multiple challenges in the initiation and development 
of a CMR program. Competent and well-trained CMR 

technologists are fundamental to the success of a CMR 
program, and the current limited availability of CMR 
technologists is a challenge for CMR adoption more 
widely into clinical care.

Guidelines and/or formal education in CMR imag-
ing for magnetic resonance (MR) technologists are nei-
ther widely available nor standardized worldwide. In the 
United States, MR technologists are typically educated 
in a 2-year Associate Degree program that includes MR 
physics, MR safety, instrumentation, patient care proce-
dures, MR quality control and the performance of MR 
procedures. Notably, education and training in CMR 
is not required and often not included as an elective in 
MR technologist training programs. In fact, the Ameri-
can Registry of Radiologic Technologists (AART) the 
world’s largest organization offering credentials in MR 
and other medical imaging) does not recognize CMR as 
a separate MR procedure [2]. The ARRT requires dem-
onstrated competence in 17 mandatory MR procedures 
and at least 11 of 30 elective MR procedures. CMR is 
not included as either a mandatory or elective MR pro-
cedure. Consequently, training in CMR is not a require-
ment to be a candidate for MR certification, nor is CMR 
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content present in the ARRT certifying examination. In 
the United Kingdom, the standards of proficiency for 
radiographers from the Health and Care Professions 
Council does not have any requirements for content 
regarding CMR training [3].

Achieving proficiency in CMR imaging is time-inten-
sive, requiring mastery of the application and adjust-
ments of numerous cardiovascular pulse sequences and 
protocols. There are no shortcuts-CMR training is rig-
orous with a large time requirement needed to become 
an independent CMR technologist capable of consist-
ently performing high quality CMR scans. Education 
in cardiovascular anatomy, physiology, pathology, and 
clinical indications for cardiac imaging is inherently nec-
essary to achieve proficiency in CMR imaging, and are 
not a novel concept in technologist training. For exam-
ple, an advanced level of cardiovascular education has 
been a long-standing component of the training of car-
diac sonographers [4–6]. Furthermore, technologists 
receiving suboptimal CMR training can adversely impact 
patient care through the performance of low-quality, 
incomplete and longer duration CMR studies. The 
absence of formal CMR technologist training guidelines 
are a significant barrier to the successful implementation 
and expansion of CMR in clinical practice, and is prob-
lematic in several ways: (1) Without training standards, 
the pathway for technologists to achieve CMR profi-
ciency is nebulous. (2) Determining the quality and/or 
comprehensive nature of a CMR training program with-
out established guidelines is difficult for aspiring CMR 
technologists. Establishing CMR guidelines should foster 
the incorporation of education and training in CMR into 
MR technologist programs, facilitate the verification of 
technologist training and instigate pathways for health-
care systems to establish CMR technologist positions.

Despite the importance of the CMR technologist and 
the expanding role of CMR in cardiovascular care, there 
are no guideline recommendations for MR technologist 
training and competency in CMR. In recognition of the 
complex nature of CMR imaging and accelerating clini-
cal demand for CMR, the Society for Cardiovascular 
Magnetic Resonance (SCMR) considers it a priority to 
provide guidelines for training and competency in CMR 
for MR technologists. A goal in establishing these guide-
lines is to address the limitations that exist for CMR tech-
nologist training and competency in order to facilitate 
the penetrance of CMR into clinical care. The SCMR has 
developed these guidelines to be broad-based in view of 
the marked heterogeneity of CMR centers worldwide. 
The objective of this report is to provide guidelines and 
competency milestones for MR technologists training in 
CMR. This document has been reviewed and approved 
by the SCMR Executive Committee.

Recommendations for technologist training in CMR
This document defines the knowledge, experiences and 
skills required for a technologist to be competent in 
CMR imaging. By providing a framework for CMR train-
ing and competency the overarching goal is to promote 
the performance of high-quality CMR and to foster the 
increased adoption of CMR into clinical care.

The classification of knowledge and skills will be 
assigned into basic (Level 1), intermediate (Level 2), and 
advanced (Level 3) levels to mirror the categorization 
of CMR physician skill levels [7]. Complex CHD CMR, 
pediatric CMR, CMR under anesthesia and CMR post-
processing are assigned to an additional Specialty CMR 
category. Estimates of the duration of training and num-
ber of CMR exams performed to achieve competency 
in the different levels is provided. The writing commit-
tee acknowledges that the time required to achieve pro-
ficiency in CMR imaging will vary reflective of diverse 
CMR practice settings, patient volumes and differing 
rates of skill acquisition amongst learners. As such, the 
number of cases performed and achievement of domain 
milestones is the determinant of a CMR technologist skill 
level rather than the cumulative training time needed to 
reach a skill level. The training and competency mile-
stones for each skill level will be categorized into five 
domains: Patient safety/preparation, indications for 
CMR, electrocardiogram (ECG) gating, CMR scanning 
and CMR protocols [8].

The CMR technologist should achieve proficiency in 
each of the domains for a given skill level. The writing 
committee further acknowledges that the scope of clini-
cal studies provided by CMR programs is varied. There-
fore, the expectation is that a technologist demonstrate 
competency in at least 2/3 of the CMR protocols for each 
skill level. It should be emphasized that the CMR tech-
nologists must be capable of competently performing an 
extensive range of clinical CMR exams in order to meet 
Level 2 training requirements. Furthermore, technolo-
gists can perform Level 3 protocols even if they do not 
have the requisite training and/or experience to be a 
Level 3 CMR technologist.  MR technologists who have 
completed Level 3 training will be qualified to serve in a 
supervisory and teaching role for a CMR program. The 
training supervision provided by a Level 2 or higher 
technologist or physician is to ensure that the training is 
consistent with site-specific protocols and the SCMR rec-
ommended protocols.

Importantly, the recommendations in this document 
should not be viewed or interpreted rigidly, as they are 
intended to guide the assessment of competency of a 
CMR technologist (Figs. 1, 2).
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Level 1 skills
These are the CMR foundational skills for a CMR tech-
nologist. Level 1 assumes general competency in the 
operation of a CMR scanner, as well as a prior degree or 
certification in MR. Level 1 competency encompasses 
a knowledge of the indications for the most common 
CMR procedures, and fluency in the technical consid-
erations for acquiring cardiac images. This CMR training 
should be conducted under the supervision of a Level 2 
or Level 3 (preferred) physician and/or technologist. A 
technologist with Level 1 skills can be expected to inde-
pendently perform a basic exam for cardiac volumes and 
function. While a non-contrast CMR exam is limited in 
scope, it provides the technologist with the fundamen-
tal image acquisition skills and begins to familiarize the 
technologist with normal and abnormal cardiac findings. 

It is recommended that initial training should consist of 
observing at least 10 CMR studies. After the observa-
tion period, a minimum of 30 CMR exams is needed to 
acquire Level 1 CMR skills. Only cases performed as the 
primary scanner operator should be counted towards 
this competency. Although the length of time needed to 
achieve Level 1 skills may vary by center CMR volume, 
in general, it should take 4  weeks total (observation of 
10 cases followed by the performance of 30 CMR exams) 
(Fig. 3).

Level 2 skills
These skills encompass the requirements needed to per-
form CMR for the majority of clinical indications and 
build on the foundational Level 1 skills. Similar to Level 
1, this CMR training should be conducted under the 

Fig. 1 Classification of skill levels. CMR cardiovascular magnetic resonance, ECG electrocardiogram, MR magnetic resonance

Fig. 2 Minimum number of cases and expected time needed for each skill level. Note that only cases performed as the CMR operator should be 
counted towards competency
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supervision of a Level 2 or Level 3 (preferred) physician 
and/or technologist.

A CMR technologist with Level 2 skills can be expected 
to perform post-contrast examinations, including myo-
cardial viability, assessment of heart failure and infiltra-
tive cardiomyopathies, hypertrophic cardiomyopathy, 
myocarditis, arrhythmogenic cardiomyopathy, pericar-
dial disease and assessment of cardiac masses. As this 
level of competency is significantly broader than Level 
1, it is recommended that performing at least 150 CMR 
exams is needed to acquire Level 2 CMR skills. Although 
the length of time needed to achieve Level 2 skills may 
vary by center CMR volume, 4 months of CMR imaging 
is recommended (Fig. 4).

Level 3 skills
The skills that encompass Level 3 training are for CMR 
centers that perform less common, advanced CMR stud-
ies including assessment of valvular heart disease, basic 
CHD, CMR scanning of device patients, vasodilator 
stress perfusion imaging and advanced magnetic reso-
nance angiography (MRA) techniques. This CMR train-
ing should be conducted under the supervision of a Level 

3 physician and/or technologist. As these CMR scans 
are inherently more complex, the CMR technologist will 
need a more advanced knowledge of cardiac anatomy 
and physiology, in addition to possessing a solid under-
standing of the interplay of different CMR sequence 
parameters that govern temporal and spatial resolution, 
SNR, and scan duration. The CMR technologist with 
Level 3 skills should be able to adjust or change the scan 
protocol based on cardiac findings observed during the 
CMR exam. The Level 3 technologist should be able to 
provide preliminary findings of the CMR exam to the 
attending physician. It is recommended that at least 300 
CMR exams are needed to acquire Level 3 CMR skills. 
Although the length of time needed to achieve Level 3 
skills may vary by center CMR volume, 6 months of CMR 
imaging is recommended (Fig. 5).

Specialty CMR
Specialty CMR refers to procedures that are not routinely 
performed at many CMR centers. These include cent-
ers that perform examinations for complex CHD, pedi-
atric CMR imaging, CMR scanning under anesthesia 
and CMR post-processing. In addition to all the Level 2 

Fig. 3 Level 1 skills. 2Ch two‑chamber, 3Ch three‑chamber, 4Ch four‑chamber, bSSFP balanced steady state free precession, LV left ventricle/left 
ventricular, PACs premature atrial contractions, PVCs premature ventricular contractions
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Fig. 4 Level 2 skills. ARVC arrhythmic right ventricular cardiomyopathy, HCM hypertrophic cardiomyopathy, LGE late gadolinium enhancement, MRA 
magnetic resonance angiography, RV right ventricle/right ventricular, TI inversion time, VENC velocity encoding
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and Level 3 CMR requirements, it is recommended that 
the technologist has performed the following number 
of scans: Complex CHD-50 exams, Pediatric CMR-30 
exams, CMR scanning under anesthesia-10 exams, CMR 
post-processing-20 exams (Fig. 6).

Continuing education and maintenance of competence
CMR is experiencing a rapid pace of pulse sequence and 
cardiac protocol evolution mandating that CMR tech-
nologists performing CMR exams be engaged in efforts 
to maintain their CMR skills. As part of the continuing 
education (CE) credits required to maintain technologist 
accreditation and/or foster knowledge of CMR advance-
ments, a technologist should ensure that ≥ 25% of those 

CE credits are related to CMR for those at skill Level 1 
and ≥ 50% for higher skill levels.

Performance of at least 100 CMR exams every 2 years 
is required for maintenance of Level 2 competence. 
Performance of at least 200 CMR exams every 2 years is 
required for maintenance of Level 3 competence.

It is also recommended that CMR technologists at or 
higher than Level 2 attend a local, regional, national or 
international meeting that includes CMR content every 
1–2  years. Attendance (in person or virtual) at CMR 
focused meetings will foster education in a didactic 
format, encourage networking amongst CMR technolo-
gists, and provide access to cutting edge research and 
technical developments.

Fig. 5 Level 3 skills. ASD atrial septal defect, PDAi patent ductus arteriosus, VSD ventricular septal defect
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Fig. 6 Specialty CMR skills. ECV extracellular volume fraction, LVEF left ventricular ejection fraction, Qp/Qs pulmonary to systemic flow ratio, PA 
pulmonary artery, RVEF right ventricular ejection fraction
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