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ARTICLE INFO ABSTRACT

Keywords: This position statement guides cardiovascular magnetic resonance (CMR) imaging program directors and lear-
Cardiovascular magnetic resonance imaging ners on the key competencies required for Level II and III CMR practitioners, whether trainees come from a
MRI safety radiology or cardiology background. This document is built upon existing curricula and was created and vetted
MRI physics by an international panel of cardiologists and radiologists on behalf of the Society for Cardiovascular Magnetic
Non-ischemic cardiomyopathy Resonance (SCMR).
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1. Background and statement of purpose techniques [5-8] and evidence of cost effectiveness [9-11], interna-
tional clinical practice guidelines now recommend CMR as a first-line

Cardiovascular magnetic resonance (CMR) has seen substantial imaging investigation for many cardiovascular conditions [12,13]. As
growth over the last 20 years. With an ever-increasing evidence base the indications for CMR increase, the contemporary cardiac imager
[1-4] coupled with improvements in scanner technology and new 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

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

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.




Journal of Cardiovascular Magnetic Resonance 26 (2024) 100006

E.T. Nguyen, K. Ordovas, P. Herbst et al.

(98pd 3x2u U0 panunuU0I)

(sjowrepriAdiq ‘uosouspeday

X X X X QUISOUapY) sJuaSe I0]e[IPOSeA UOWWIOd Sulsn YD uolsnjiad $sa1s JO Isn [eITUI[D pue 301 Y} QLIS
JUSWIAdURYUS WINTuIjopes
X X X X 9)e[ 3UISN S9SNEd UOWWIOD ISYI0 WIOIJ UONDIRJUI [BIPIEIOAUI 0] ATRpUO0I9S SULIIRdS eNUIRPIQ
Aqresrurp woayy Adde 01 moy pue ‘(JusuddURYUS Wnuijopes
X X X X 9Je[ pUB SIIPNIS SUIWERINGOP SB YINS) $aNDIUYdR] YD Pasn AJuowrwod yym A[Iqela [eIp1edofw jenfeay
X X X X uondIeju] [erpredoAuwr d1uoIyd 3sod SUIEpOWaI JB[NDLIUSA 3QLIdSAJ
(QuawdURYUS wnurjopes ey
X X X X se ons) sanbruyoal YD pasn AJuowruiod yIm (AY pue A'T Y10q) UOTIdIRJU] [RIPIBIOAW JTUOIYD 9Z1UZ009Y
X X X X Awoyeue [eIpIedoAu 3 ATBUOIOD [RULIOU 3qLIdSI
9seasI( JedH dTWYIS]
(av) (dD
aonodeld 98pamowy ISUOTITIORIJ PIdUBAPY JouonNRI{ Juspuadapuy
paseq-swalsAS a1eD JUBNIRd [eSIpaIN 111 [9A9T 11 [9A9T
suoned1[durod pajerdosse Jo juatadeur pue
X X X X X ST 3} puB SUOTIEDIPUI-BIIUOD IY) “YIAID UI pasn sjuade ssaxs Jo sopaunjodeurreyd oy} y3im Jerurej og
X X X X sanepowr Surdew JB[NISEAOIPIED IO JO 93PI[MOUY JO [9AS] PIDUBAPE UE dABH
1D pue Surdewr 1esponu ‘Aydeidorpiedoyss ‘Ayderdordue A1euoiod aAIseAur
X X X X X zenonted ur ‘soniepow Surdewr IL[NISEAOIPIED ISYIO JO SYSLI PUB SUONIEDIPUI ‘SIISeq Y} puelSIapuf]
suS1s £10]eI0qR] PUE [EITUID JUSUASRURUI JIDY) JO 93PA[MOUY PI[TRISp
X X X X X pUE S3SBISIp Je[nIseAoIpIed uourod jo A3ojorsAydoyped a1 jo Surpue)siopun padueApe Ue aAeH
X X X X X £3o101sAyd pue Awojeue Jemases pue deIpIed jo a3pajmouy pood seq
sapualadwod [eatur)
@v) (dD
aonoeld 93pajmony IDUONTIIRIJ PIDUBAPY Jauonndeld Juspuadapuy
paseq-swalsAs Q1eD JUBnIEd [edIpaIAl 111 [9A9T 11 [9A9T
X X X |IAD 10§ sampadoid Sunerodo prepuels pue s3I [ed0] Surpnpour A1ayes YA JO SuIpueISIOPUN PIdUBAPY
JUSUIUOIIAUD YA 93
Ul UOTIR)IISNSAI SB [[9m Se sJuade ssaIls pue Jsenjuod o) Sunepal syoadse £19jes pue sadiaap pajueydur
X X X X Jo Kyayes ‘Buruaaids Jusned Y 01 suonedIpurenuod Surpnpur £195es YA Jo s1dadse diseq puelsIopun
X X X X 1L € PUB G'T 18 YIAD US9MIq SIDUIJIP PueISISpUN
X X X UONEBZIWIUIUI 10 SUOIIN[OS UOWWIOD pue siseq [edIsAYd 1oy ‘S1oejnIe uowuod sy
X X suonedijdde esrurd [enusjod swos pue Surdewt mofj dp Jo 1deduod 3y} qLIdSIq
X X uonezrundo a8ewr 10] spoylawi Is1] pue Aydeidordue Y 10J pasn saduanbas Surdewn snorrea aqusSaq
Ayrenb a8ewr aonpax Aewr ey} SASUS[[RYD [BIIUYDD) SUIOS pue
X X Bureuw JuswedueyUs umiurjoped sye| pue Jurdewr uorsnjrad [erpredsofw szundo 03 spoyIRAU QLIISIJ
1yS1om Juanied UO paseq UOTIIS[AS 93eSOp PUE $13JJD SPIS ‘SUOTIBIIPUTEIIUOD
X X X PUEB SUOIBIIPUI UOWWO0D pue YAD Ul SJusSe ISeNU0d paseq-wnuijopes pasn A[uowwod IsIT
uoneansoudord pue Lureyrsd snsouderp
X 10J SN[eA [RIUSWRIIUT PP ABWI 3] MOY puUE pajelsusd a1e saousnbas uiddew s>inauwrered moy aqLidsaq
X X X uorssaxddns Jej 10J pasn AJuouruiod spoylaul IsIT
‘saouanbas SuidSey
[erpredoAw ‘senuod aseyd ‘oydd paj[edal jusipeld parods paiydrom-1], ‘Burdewrr uorssadaid 931y
91e)s Apeals ‘oyda paf[edal JuaIpeId ‘oyds urds 1940031 UOISIOAUT I[qNOP ‘0yda uids se yons YD ur
X X pasn uayjo saduanbas asind diseq ay pue urSewrr pooyq 3ySiiq snsioA pooiq Mde[q jo 3deduod 3} aqLISaq
X X X ueaw Sunydom g, 10 T Jeym pue jussaidar sswn gL pue I Jeym aqLsaq
uonezrumndo a8ewrt 3uump
INDJ0 UJO 1Y) S}jo-apen) ) az1udoda1 pue 219 Suned A1ojerrdsal pue deipied ‘Xinew Jurdeurt
‘MaIA Jo pay ‘senbruyda) uoners[edde afew ‘Own ploy-yieaiq ‘owrn uonismboe ‘Surderose reuss
X X X ‘UOTINJOSAI JSENUOD ‘UOTIN[0saI erodwra) ‘uonnjosal [eneds ‘onel astou o3 [eusis jo s3deduod diseq duyaq
X X X uoneuad adewr YA jo sajdourid d1seq 9y} 2qLISIq
so1sAyd ¥IN
@v) (dD
Jomodeld 98pamowy ISUOTITIDRIJ PIDUBAPY JouonNRI] Juspuadapuy
paseg-sualsAS IR JUdNRJ [edIPaIN 111 [9A9T 11 [9A9T s9ANI3[qQ Surturesa

'saroualaduiod pue saAndafqo Jurures
¢ dIqelL



Journal of Cardiovascular Magnetic Resonance 26 (2024) 100006

E.T. Nguyen, K. Ordovas, P. Herbst et al.

(28pd 3x2u UO panunU0I)

SOPNINISEA PUE SISLISIP dNSST)

X X X 9ATIDAUUO0D SUIPN[OUT TUSWSAJOAUT [RIPIEIOAW [IIM SISEISIP SUNUIWIOINE JO S2IMIL] YIAD Y 921uS009y
X X X Ayredofworpred umireduad jo sainesj YD Yl 2Z1ud009y
(vdaoi) snmduedjod yimm sisojewronueid drydoursoa
X X X pue swoipuAs diydoursoaradAH se yons sawoIpuss d1[1ydoursod jo sanies) YD Yl azrudosay
X X X X (Aypedofuworpred oqns]-oyel) AyredoAworpred paonpul-ssans Jo sainjesj urdewr o) 2qLISaq
[1Z°0z]snIpIedoAur paje[al 10JIqIYuI-Jutodyd9yd-aUunwui] pue SNIPId0AW
X X X auRA QIAQD/6T-AIAOD SB YoNs UONBWUIR[JUT [RIPIRIOAW JO sasned SuId1aws Jo saInes) ayl aqLIdsa(
[61](eII9ILID ISINOT ST PISIASI) UOTIEWIWIR[JUT
X X X X [eIpIE20AW JOJ BLIDILID dNISOUSeIp Y} 1M JI[Iurej 9q pue snipIedoAuwr jo sSurpuy [eard£) a3 aquasaq
JuauraA[oAul AT aand
X X X 10 9SBISIP JR[NIINUSAIQ sk yons Ayredofworpred sruadounyifyire jo suonejuasaid resrdLye aziudodsy
X X X X [81°/£1 e onsouderp si1 pue AyedoAworpred druadowPAyLIe Jo saInjes] YD [ed1dA) aquidsaq
(uonounysAp deipied pajepp1 Aderayy 1eoued 8-9) s8nip £Sojoouo
X X X 0} pajw] Jou Jnq Surpnydur Ieay ay3 Sundaye Ad1xo) SnIp Jo saInIesy YD [eIouas oy azrusoday
X X X syuaned D o] uoneuriojur dnsoudoid apraoid jeyy sSurpuy YD ) qLIdSIQ
X X X X adfyouayd AyredoLworpred paje[ip e yym juasaid ued Jeyl SUONIPUOD JIWIYISI-UOU UOUIUIOD ISTT
X X X X sanedoAworIpIed aanenyyur jo sisouSerp enuatayip oyl ur Surdewr srnauwrered Jo 9[01 ay) qLIdSIJ
X X X X (peo[10A0 UOI] ‘A1qe,{"3°9) 9seasIp aAnen[yuI Juanbaly ssa Jo saInIes) YD ) 9zIuS0day
X X X X (4LLV “Tv) sodAiqns JuaIaIp s11 pue SISOpIo[AuIe JeIpied Jo s3urpuy YD [ed1dA) a3 aqLdsag
X X X X ad£jouayd 9A1IOLISAT B YIIM JudsaId Ued Jey) SUONIPUOD DIWAYDSI-UOU UOUIOD ISIT
X X X X 9seasIp 118l dAISUL)I2dAY JO saInIea) YD Y3 9z1udodsy
X X X X 1183y S, 913[Ik JO S2INILS] YIND Y} 9qLIISIQ
X X X syuanyed NDH Joj uonewojur dnsoudoid apiaoid jeyy sSurpuyy YD ) 9qLIdSIJ
X X X X saImeaj YA 1Y) pue (WDH) Ayredofworpred sorydontadAy jo sadfjouayd juaroyip oyl az1udoday
X X X X adfyouayd drydoniadAy e yarm Jussaid ued Jey) SUONIPUOD TWSYISI-UOU UOWIIOD ISTT
AyredoLuworpred druaSownAyire pue @Andinsal ‘pajeqp OrydontadAy :sammjesj Surdewr
X X X X 1121} pue saryredoAworpIed druwRydsi-uou jo sadAjouayd [euonduny pue drdojoydiow urew ay) 9z1udoday
suone W] pue sy1duamns Iey) Surpnipur
X X X X ‘soryedoAwOIpIed DTWAYISI-UOU JO UOTIBN[RAS U} 10J s9duanbas YD JUSISHIp Jo AN 9y} 9qLIdsag
saryredoAwWOIpILd DTWIYIS]-UON
(av) (dn
Jomodeld 98pamouwy ISUOTITIORIJ PIdUBAPY IouonNdRI{ Juspuadapuy
paseq-sulsAS a1eD JUBNIRd [eSIpaINl 111 [9A9T 11 [9A9T
X X X X X $9dULIRJU0d (HI Areur[dsipnnu 0] 3)NqLIu0)
Bunyew uoISIAP
X X X X [e2TuI[d SuLIojut A[Iea[d Jey) SueIUID SULLIDJAI 0] sSUTPUT) YD 9IBIIUNUILIOD 0} A[Iqe 3} ensuowaq
MO[Ja1
X X X X ou m drysuonear ay3 pue YD Sursn sanbruyds) JuswIssasse UOTIINNSO IB[NISBAOIIIUI dQLIdSI
(uoney8m3ai [enur pue 109Jop [e1das IeNOIIUIA
X X X X ‘UOTIBULIO WSAINQUR ‘SNQUIOIY) SB [INS) UOMdIejul [eIpIedoAuwr Jo suonedrjduwod ay) az1udoday
X X X X BUWIDPD [RIPILIOAW SSISSE 03 SoNDIUDa) pue SpoyIaW Y} QLIS
(oseasip
X X X X Areuowrnd ‘9seasIp d1IOE Se UINS) SOV 10J YD Sursn sasouSerp [ENUSIDYIP JBIPILd-UOU ) QLIS
X X X X (VDONIIN ‘oqnsI-oye[, ‘SHIpIedoAw se yons) SOV 10j YD Suisn sasouSerp [eNUSIdIP 9y} 9qLIDSIQ
X X X X (uondIeJUT DI[OqUIS SB YINS) YD Sulsn uonorejur erpredoLur jo sad£) snorrea oy 9zruSoda1 pue Isr]
X X X X (SDV) SAWOIPUAS A1RUOIOD 9INJE JO JUIWSSISSE Y UT YD JO 9[0I ) 3qLIdSA
X X X X Ade1ay) 90149p Xa[dWIOD 10 JUSWISSISSE DY) UT YIAD JO [0 33 LIS
X X X WIAD Suisn Surdew £1euo10d Jo SUOIIBITWI] PUE 3[01 Y} dQLIdSAJ
uondUNYSAp ITRTNISEAOIDTUX
X X X X pue uonour [fem ‘sanifeurtouqe uorsnjiad ssed 3sT Surpniour 3unsa) erwAYdS Jo sapIfeuLIouqe 1a1dIa)ul
X X X X MIAD SSOIIS SUIWEINOP JO SN [BITUI[D PUE IO 33 LIS
(av) (dn
aonoeld 98pajmony IDUOTITIDRIJ PIdUBAPY Jauonmnoeld Juspuadapuy
paseq-swalsAs Q1BD JUdnIRd [edIpaIAl 111 [9A9T II [9A9T $9A12R(qQ Sururea]

(pomuguod) g 3[qeL



Journal of Cardiovascular Magnetic Resonance 26 (2024) 100006

E.T. Nguyen, K. Ordovas, P. Herbst et al.

(98pd 3x2u U0 panunuU0I)

X X X X SISBISIP 1189Y IB[NAJRA )IM PIJRIDOSSE dIB JBY) SUOISI] JR[NISBAOIPIED UOUILIOD JSOW Y] ISIT
X X X X YIND uo ddueieadde oY) pue s9A[eA JRIPIED JO UONOUNJ PUB AWIOJRUR [BULIOU 31} 9GLIdSIQ
9seasi( Je[NATRA
@v) (dD
Qondeld 93paymouy IauonnoeId PIdUBAPY Iauonnoeld juspuadapuy
paseq-swalsAS aIeD JUaned [ed1paINl 111 [94971 11 [9A9T
X X X X X S9JURIRJUOD Je[naseA Areurdsipninu 0 3NqLIUoD
X X X X s[reyap A3ojo1sAyd pue Awojeue Ie[noseA 9)eIIUNUILIOD 0) AJI[Iqe d) djensuouwdg
X X X X saLRIe Areuorod Tewrrxold oy AJuapr ued jey) seduanbas YN 2qLIdsaq
X X X X snIMosea A19)1e A1eu010d SUIAJNUSPI JO 93pa[mouy a)jensuourdq
X X X X ur3110 pue 9sIn0d A19)Ie A18U010 SUIAJIIUSPI JO 33PI[MOWY AeISUOWS
(UOTSUDIXd ‘UOTIEDO) UONDIISURI) D[LIOR JNEWNEN-1SO] ®
syea] Yeidopus ‘@imdni ‘9ouadsiyap) sdurpuy pardadxe-un pue paroadxs :A198ms dnioe-1s0d e
(UOISURIX? {UOIIRIO]) SHILIOY e
(uonedoy) 192[n Sunensusd e
(suonedrduwod ‘uorsualxs ‘uonedof :[esrdAje sa [ea1d£)) UONIISSIP JNIOY o
(paamboe sa [e3uaduod 4301019 ‘UOTILIO] 9ZIS) WISAINSUE JNIOY e
X X X X A3oroyred onoe Surkjnuapt jo a3paymouy| enSUOWd
(dASS-ag pue sedueyud Isenuod) AydeiSoidue-qg e
(Bur8ewr moyj 1senuod aseyd pue uoissada1d 991 21eIS APEAIS) O JUSIPRID @
oy29 uids e
X X X X uoneneAd BLIOR 10J Pasn saduanbas YN 2qL1dsaq
(morzIno d1a7ad) saydueIq [RUIULIS) BIIOY e
SaYDURI] JTIOR [RUIWIOPQY e
sjuerreA pue uidljed Suryoueiq [RULIOU YDIB DNIIOY e
Ivppweld e
X X X X Awojeue eLIOR [BULIOU QLSS
(SDINOseA AIBUOIOD pUB BLIOR) JR[NOSBA
(av) (dD
sonoeld a8parmouy Iouonnoeld PIadUBAPY Iauonnoeld Juapusadapuy
Ppaseg-suIdlsAS are) juaned [edIPaN 111 oA 11 19A9T
dn morjoj pue Jusuedeuew
X X X X uo ao1ape djerrdordde 2413 pue A[read sSurpuy YD X9[dwIod jedrunwwod 03 AI[iqe 3yl Ajensuowaq
X uoneNeAd Jowm) 10J [Njasn oq ued Surddewr dSinourered se yons sanbruydsl Surdiows moy aquIdSaq
X X X X sassewr JeIpIed jueudiewr woij udruaq enuareyip djoy ued Jeyy sainjedj urdewr IsIT
suone)uI| pue
syI8usans 19y} puelSISpUN pue AJI[IqeIdSSaI SUTULISP PUB SISSBUI
X X X JerpIed azreydereyd dRY Jey) sedusnbas Surdewr uourod ) IsTT
sIoum) 0] IqUIOIY) WOIJ SISSBUI JBIPIED
X X X X uourwod jo dduereadde YD [ed1dA) a3 2qLIdSEg
suonewI
X X X pue syy8uans I12y) pue £3ojo1sAyd 2anoLIsuod asouderp 03 pasn seduanbas Y rewndo a3 IS
£3o101sAyd 2ANOINSUOD pue UOHEIYId[Ed [erpiedtrad ‘wnipresuadowsy pue
X X X X uotsnyja erprestrad ‘spiprestrad aynoe se yons wmipredtad ay) Sundajje sUONIPUOD UOUIIOD 3ZIU3009Y
:SISSBI\| pUR JOWN], 3 WNIPILdLIDd
(av) (dD
Jonoeld 93parmouy IauonnoeId PIdUBAPY Iauonnoeld Juapuadapuy
Ppaseq-sualsAs are) juaned [edIPaIN 111 oA 11 1949
X X X X X S9OUDIDJUOD ISBISIP JRIPIRDd palliayul Areurdsipninu 0] anqLuo)
dn
X X X X Mmof[oj pue Juswadeuew jusned spm3 01 A[1e3[d SSUIPUY YD ILITUNWIWOD 0] AJIqe Y] d)ensuoudq
uonewLIojul
X X X X onsoudoid spraoid jey) sainjesay Surpnpoul ‘SISOPIOdILS JBIPILD JO S3INIBSJ YD ) 9ZIu8009Yy
@v) (dD
aonoeld 98pajmony IDUOTITIDRIJ PIdUBAPY Jauonmnoeld Juspuadapuy
Ppaseg-sualsAs are) juaned [edIPaIN 111 [oA9T 11 [9A9T $9A1123(qQ Surures

(pomuguod) g 3[qeL



Journal of Cardiovascular Magnetic Resonance 26 (2024) 100006

E.T. Nguyen, K. Ordovas, P. Herbst et al.

(98pd 3x2u U0 panunuU0I)

X X

20ndeId
poseq-swalsAs a1eD JUdned
X X
X
X

> Mo XX »

<o

dMndeId
poseq-swalsAs a1e) JUdNRd
X X

X

>

a3parmouy
[e21PIN

X

X

X

<X >

>

<o

93paymouy
[e2IPIN
X

X

X

(av)

I3UONIORIJ PIOUBAPY
III [9A9T

X

X

X

Eo I o ol >

e

>

X
X

(av)

I3UONIORIJ PIOUBAPY
III [9A9T

X

X

>

X

X

(dD
JouonNRI] Juspuadapuy

11 19A9T

X
X

(dD

Iauonnoeld Juapuadapuy
11 19A9T

X

X

X

sopou ydwA[ pue sanpou
PproiAy se yons ASojoyped uowwiod pue AuWI0OjeUR YU [euriou SUIAJRUSPI Jo 3paymouy| ensuowaq
*A1essadau UayM SurSew I9YLIM) PUSWILIOIAT 0] UdYM
Mowy pue s3uIpuly dBIPILd-BIIXS [RIUSPIDUT SZ1I9)oRIRYD A[JUSPLU0D 01 YAD JO UoneIIWI] 3y} 9z1udoday
:(QuawraSeury pue sSurpurj uowrwo)) sSUTPUI] deIpIED-BIXH

90USI9JU0D seasIp 1Ieay [eyuaduod Areurjdpsipnnu puany

s[re1op A3ojo1sAyd pue Aurojeue [e3ruaSU0d SLIIUNWIUIOD 0) AI[IE JY) ALIISUOWS

9z1s Apoq 0) S[assoA JeaI8 pue sIeqUIRYD IB[NOLIUSIA JO dZIs ) Surxepur jo sduelrodur ay) 2z1ud0d9y
sjuaned

9sEasIp 1183y [eIIUaSUO0D UT UOHIIUNJ PUR JZIS JB[NDINULA Jo uonesynuenb o) sjoadse anbrun ay) aqudsaq
sirepd

pue suoneITwI] [edruy2a} Iyl Surziudodar ‘uonoey jueidmsdal Je[nNA[eA 9JB[NO[RD 0) SPOYIdW QLIS

(sO/dd) uonoely JuNys e[MNO[Ed 03 SPOYIAW SNOLIBA dY3 dqLIdSI

JuswRdIe[US 11831 1311 Jo s3130[01s snoLeA a1 9ZIu30daYy

syuoned aseasip 1reay [e3uaduod ur suonuaAldlul apms djay 03 a3psjmouy jo A[ddy
oe[enbas pajedonue 10

suoned1[dwod J19y3 pue suoIsa| 1eay [e3ruaduod uourwod redar o) pasn sampadoid [ed131ms oyl 9qLIdsaq
sjuaned

9seasIp 11eay [eluaduod ur sonsLLldeIRyd d1Sojoydiow pue Awojeue [eyuawdas o) yoeordde ue aqLIdsaq

SJUBLIEA DTUIOJEUR [BULIOU 9ZIUS009Y

SUOISI] 9SeISIp 11eay [eITuaduod uowwod jo A3ojo1sAyd pue Aurojeue oY) aqLIdSIQ

:9seasI( MESH [elruaduo)

S9IUDIDJUOD SLISIP 1LY Ie[nafes Areur[dsIpnnu 0] a)nqLIuo)
Aydeidorpiesoyos

Jenoned ur 3urSew I9YI0 JO IXAIU0D Y} UT A[1BI[D SSUIPUL} )BITUNWIWOD 0} AJI[Iqe Y} ensuowaq
S9AeA [enTw pue dnuoe ‘Arevouwrnd ay)

10J Juawade[daI 9ATeA [eLId)IesURT) o) Suruueld YD 10j spoylaw uonedynuenb pue sadouanbas ayy IsTT

MOJJ Ot pue 3un{oeI] 9ARA SB UDNS JUSWSSISSE dA[RA 10J Sanbrutda) YD pasueApe 9qLIdSSQ

Juauradedal aAfea Jo suonedrduiod aanerado-}sod uowod jsour 9y} jo duereadde YD a3 9z1udoday
©Blep YD

Jaumioa pue mofj Suisn uonoelj Juelrdm3ar remarea Surkjrnuend jo spoylawr prepuels 9l 2qLIDSIJ
2IBM1JOS d[qe[IRAR

Aqrenisuruod Suisn uopedynuenb mofy pue dLIaWN[OA 10§ pasn spoylauwr Surssadoid isod ay) aqLISIq
(s1s01qy ‘s1soprojAure

¢3'9) 9seasIp 1189y JR[NAJRA UT UI3S q UBD JRl[) SONSLIDIRIBYD JNSST) [RIPIRIOAUI [RULIOUQR 9ZIUS009Y
UOTIDUNJ PUE SSIUNDIY) [[BM ‘SOUWN[OA

ur saSueyd Surpnyour ‘uoner8msar pue SISOUI)S ILNATRA YIIM UI9s suoneldepe deIpIed 33 9qLISIJ
BurSewr sum uo syl

Jue)I3mSal pue UONEIS[IIIE PUE ‘UOISINOXS puk uoreldeod Ja[jes] jo aduereadde [eutiouqe a3 9z1udoday

s)oBJIIIR 2ONPaI 0} sa18ajens pue uoneziurdo aduanbas mory 10y sSunes 1e3awered rewndo ay) aqLISIQ
SIATRA JRIpIED

913 Jo auo Yoed 10j uonedynuenb moyj ajemodde 1oy soue(d aSeurr 9y} axmboe 03 spoyaw Y} AqLISAJ
anfeA sppe YD I19YM MOW| pue ‘dseasip

1189y JB[NAJRA JO JUSWISSasSE 3] 10] 1D pue Aydeidorpresoyds gD Jo a[o1 Arejusura[duwod oy urejdxy
suonewI
pue syp8uans 1Ry Surpnpour ‘A1119Ads uonerdndai/sisous)s Jo uonedynuendb pue uonouny

JO JudUISSasSe dUureuAp ‘Aurojeue Je[nNA[eA JO UOIIBN[BAD 31} 10J s9duanbas YD JuaIayIp jo Ann oy IsIT

ondeId

paseq-swalsAs a1e) JUdnIRd

a8parmouy
[edIpaIN

@aw
I9UONIDRIJ PIdURAPY

11T [°A9T

(dD
Jouonnoeld juspuadapuy

11 19497

$9A1123(qQ Surures

(pomuguod) g 3[qeL



E.T. Nguyen, K. Ordovas, P. Herbst et al.

Table 2 (continued)

Systems-Based
Practice

Patient Care

Medical

Level III

Level II

Learning Objectives

Knowledge

Advanced Practitioner

(AP)

Independent Practitioner

(IP)

Demonstrate knowledge of identifying normal thoracic anatomy and common pathology:

® Lung (e.g. mass)

® Pleura (e.g. effusion or thickening)

o Mediastinum (e.g. lymph nodes, mass)
® Osseous structures (e.g. mass)

® Chest wall (e.g mass)
Demonstrate knowledge of identifying upper abdomen anatomy and common pathology

® Liver (e.g. cyst and mass)
® Spleen (e.g. cyst and mass)

o Kidney (e.g. cyst, mass, hydronephrosis)

® Adrenals (e.g. mass)

o Gallbladder (e.g. stones, mass)

o Other (e.g. lymph nodes, ascites)

Systems-Based
Practice

Patient Care

Medical

Level III

Level 1

Knowledge

Advanced Practitioner

(AP)

Independent Practitioner

(IP)

Management skills

el R

Mo X

o X

el ol

Understand key aspects of CMR reimbursement

Demonstrate knowledge of quality assessment methods

Demonstrate ability to lead a multi-disciplinary CMR team

Be aware of current appropriateness criteria for CMR versus other modalities
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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 have



E.T. Nguyen, K. Ordovas, P. Herbst et al.

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.
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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 IIl 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
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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

Independent

CMR Imaging or multimodality

Advanced

CMR Imaging or multimodality
Fellowship

Cardiology Pathway

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, I and IIl. 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
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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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