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Abstract Cardiovascular MR imaging has become an indispensable noninvasive tool in diagnosing and monitoring
a broad range of cardiovascular diseases. Key to its clinical success and efficiency are appropriate clinical indication
triage, technical expertise, patient safety, standardized preparation and execution, quality assurance, efficient post-
processing, structured reporting, and communication and clinical integration of findings. Technological advance-
ments are driving faster, more accessible, and cost-effective approaches. This ESR Essentials article presents a ten-step
guide for implementing a cardiovascular MR program, covering indication assessments, optimized imaging, post-
processing, and detailed reporting. Future goals include streamlined protocols, improved tissue characterization,

and automation for greater standardization and efficiency.

Clinical relevance statement The growing clinical role of cardiovascular MR in risk assessment, diagnosis, and treat-
ment planning highlights the necessity for radiologists to achieve expertise in this modality, advancing precision
medicine and healthcare efficiency.

Key Points
« Cardiovascular MR is essential in diagnosing and monitoring many acute and chronic cardiovascular pathologies.

« Features such as technical expertise, quality assurance, patient safety, and optimized tailored imaging protocols, among
others, are essential for a successful cardiovascular MR program.

+ Ongoing technological advances will push rapid multi-parametric cardiovascular MR, thus improving accessibility, patient
comfort, and cost-effectiveness.

Key Recommendations

- Cardiovascular MR is essential in diagnosing and monitoring a wide array of cardiovascular pathologies (Level of Evidence: High).
« A successful cardiovascular MR program depends on standardization (Level of Evidence: Low).

- Future developments will increase the efficiency and accessibility of cardiovascular MR (Level of Evidence: Low).
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Fig. 1 Central illustration—the flow of a successful cardiovascular MR examination is based on a standardized approach from clinical indication

to reporting and communicating findings

Introduction

This ESR Essentials article aims for comprehensive step-
by-step guidance to establish/execute a program from
clinical indication assessment, optimized image acquisi-
tion, and post-processing to sophisticated reporting and
communication of findings (Fig. 1).

Step 1: Start with appropriate cardiovascular MR
indications selection
Cardiovascular MR allows comprehensive, noninvasive
evaluation of cardiac/vascular function, flow, and myo-
cardial tissue characteristics. Hence, it has increasingly
been incorporated into clinical guidelines over recent
years [1] (Table 1). Cardiovascular MR is superior to
other imaging modalities, such as echocardiography and
computed tomography, in the comprehensive assessment
of global/regional cardiac function and tissue characteri-
zation. These benefits can be used to assess the extent
and severity of myocardial fibrosis/scaring in ischemic
and non-ischemic cardiomyopathies, to differentiate
hypertrophic and dilated phenotypes, and to identify
inflammatory diseases such as myocarditis and infiltra-
tive diseases such as sarcoidosis and amyloidosis [2, 4, 5].

Cardiovascular MR has proven its ability to evaluate
morphology and function comprehensively in patients
with congenital heart disease. It represents the well-
established standard of reference for assessing cardiac
size and function. Therefore, it enables critical insights,
especially in complex anatomical situations required for
interventional planning [6].

Moreover, the exam is highly valuable in patients with
valvular heart disease, providing direct visualization of
valves and quantifying the severity of valvular defects and

remodeling effects on the ventricles. In addition, cardio-
vascular MR is also of primary importance in the differ-
ential diagnosis of cardiac masses, tumors, and thrombi
based on their specific tissue characteristics [3].

In patients with aortic diseases such as vasculitis, aneu-
rysm, or syndromic/genetic aortopathies, the integration
of high-resolution imaging for both vessel wall and lumen,
along with its precision in measuring aortic dimensions and
the absence of ionizing radiation, plays a crucial role in the
frequently necessary lifelong monitoring of the disease [9].

In summary, cardiovascular MR provides a highly versa-
tile tool based on its unparalleled tissue characterization,
detailed morphological display, and functional accuracy.
It has become essential to contemporary noninvasive car-
diovascular diagnostics and treatment planning. Hence,
its widespread clinical use continues to grow, supported
by increased inclusion in various clinical guidelines.

Step 2: Exam/patient preparation and positioning

MR technicians and physicians are essential in the exam/
patient preparation and positioning. Examinations are
commonly performed at 1.5 and 3 T, involving standard-
ized patient preparation, including screening question-
naires to identify potential risks/contraindications to
gadolinium-based contrast agents (GBCAs) and potential
safety hazards (e.g., passive/active implants, foreign bod-
ies, metal-containing fabrics).

Applying GBCA or performing MR with metallic/con-
ductive implants in specific situations requires individual
risk—benefit analysis as highlighted by international guid-
ance on contrast use in MR and MR safety [10-12].

While fasting is not mandatory, only light meals are
advised due to the potential risk of nausea and vomiting
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Table 1 Top clinical indications
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Indication

Key information provided by cardiovascular MRI

- Coronary artery disease (CAD) [2, 3]

« Extent and severity of myocardial ischemia

« Impact of CAD on cardiac function

« Acute myocardial infarction:

- Identification of necrosis, hemorrhage, salvageable tissue
« Chronic myocardial infarction:

- Differentiation of viable vs. non-viable myocardium

« Aid in risk vs. benefit assessment for revascularization

« Assessment of criteria for secondary prevention: AICD

« Non-ischemic cardiomyopathy [3]

- Assessment of cardiac function and size

- Identification of possible myocardial substrate/fibrosis/infiltration for differentiation of:
- Hypertrophic phenotype cardiomyopathies

- Dilated phenotype cardiomyopathies

- Non-dilated phenotype cardiomyopathies

« Risk prediction

- Therapy planning (potential ablation in arrhythmia)

«Inflammatory disease [4, 5]

« Acute myocarditis:

- Identification of myocardial edema/inflammation
- Post acute myocarditis:

- Potential ongoing chronic inflammation

« Myocardial fibrosis for risk prediction

- Congenital heart disease [6]

- Evaluate morphology and function (specifically in post-operative follow-up)

- Therapy planning: surgical and interventional

-Valvular heart disease [3, 7, 8]

- Valve visualization

« Quantification of valvular stenosis and insufficiency
«Ventricular remodeling (secondary to valvular heart disease)
- Potentially related fibrosis/arrhythmogenic foci

- Cardiac tumors and masses [3]

- Identification of tumor location

- Tissue based tumor differentiation

« Aortopathies/aortitis [9]

- Syndromatic or hereditary aortopathies (entire aorta):

- Longitudinal size surveillance of entire

- Timing of therapeutic interventions

« Post-therapeutic surveillance

- Bicuspid-valve aortopathy (thoracic aorta):

- Classification of underlying valve pathology

« Assessment of aortic root/ascending aortic size

« Aortitis:

- Identification of aortic wall thickening/edema
« Luminal abnormalities (stenosis/occlusion), including aortic branches

related to applied drugs (GBCA and pharmacologic
stress agents) [13]. Specific instructions to the patients
are required before stress perfusion imaging due to
possible counteracting effects of pharmacologic stress-
ors (see step 4). In addition, stress perfusion imaging
requires specific patient monitoring (e.g., blood pres-
sure) and the availability of dedicated equipment in case
of adverse events.

Explanation of the scanning procedure and rehears-
ing required breathing instructions before the examina-
tion are highly beneficial for a successful and high-quality
exam. While expiratory breath-holding allows for better
reproducibility of the cardiac position and thus improved
image quality, adjusting to the patient’s abilities and
comfort remains critical, which may require inspiratory
breath-hold maneuvers.

Most commonly, patients are positioned supine and
head-first on the scanner table with arms to the side

(with rare exceptions). In any case, direct skin-to-skin
contact between the arms (specifically hands) and the
body must be avoided to prevent thermal/electrical
burns (if the patient’s surface is in contact with the bore
wall, additional padding is required) [14]. For physi-
ological synchronization, electrocardiogram (ECGQG)
electrodes are attached to the chest (positioning of the
electrodes varies with the system used) after appropri-
ate skin preparation, and a multielement phased-array
coil is placed on the chest for improved signal recep-
tion. Changing with systems, specific steps may be
required to optimize ECG signal tracing, and re-veri-
fication of the ECG trace after centering the patient in
the bore is recommended for reliable synchronization
and optimized image quality. Mandatory noise pro-
tection (most commonly headphones) must also allow
for appropriate bi-directional communication during
scanning.
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Step 3: How to select an appropriate exam protocol
Protocols for any MR exam (including cardiovascu-
lar MR) should be kept as short as possible, enabling
short examination times with improved patient com-
fort, reduced motion artifacts, and increased patient
throughput, resulting in improved cardiovascular MR
resource access [15]. Appropriate clinical patient infor-
mation, interaction with referring physicians regarding
the specific questions to be answered, and personnel
competency are paramount to ensure proper protocol
selection and optimized diagnostic image quality to
help guide diagnostic, prognostic, or therapeutic pur-
poses [16]. This holds explicitly in complex morpholo-
gies or challenging patient populations (e.g., IC/CCU
patients, children).

Despite the required tailoring of protocols to the spe-
cific clinical indication, most exams include modules for
anatomical and functional assessment in various cardiac
axes adjusted orientations using bSSFP sequences (see
step 5). This is commonly supplemented by late gado-
linium enhancement (LGE) imaging for assessing myo-
cardial pathologies. However, the cardiovascular MR
Toolbox provides a magnitude of additional techniques
that allow for tissue characterization (e.g., T2-weighted
imaging, quantitative myocardial biomarkers such as
parametric mapping), flow imaging (2D or 4D) phase-
contrast techniques, perfusion imaging (e.g., first pass
perfusion), or 3D MR angiography (contrast-enhanced/
non-contrast-enhanced) whose application is depending
on the specific clinical indication (Fig. 2). Hence, appro-
priate indication assessment is pivotal for efficient and
effective cardiovascular MR.

Step 4: Stressing the patient

Stress cardiovascular MR is commonly performed using
first-pass perfusion techniques with pharmacological
vasodilators (e.g., adenosine, regadenoson, dipyridamol).
Concerning specific agents and doses, it remains essen-
tial to consider that availability and approval may vary by
jurisdiction, potentially limiting their use for particular
applications in certain countries or regions.

The main contraindications for vasodilator stress
include 2nd-/3rd-degree atrioventricular block and
active bronchospastic disease, but in detail depends on
the specific vasodilator in use. To ensure appropriate
vasodilatation, patients should be instructed to refrain
from xanthine-containing substances (e.g., coffee, cacao,
dark chocolate) and drugs such as theophylline or dipy-
ridamole 12-24 h before the examination [13]. Appro-
priate “stress” response is defined by a>10-bpm heart
rate increase and/or>10-mmHg blood pressure drop.
Patients may experience side effects (flushing, chest pain,
palpitations, breathlessness).
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First-pass perfusion imaging should provide short-
axis coverage (at least 3 slices) following the contrast
bolus for 40-60 s after 0.05—0.1 mmol/kg GBCA (rate
3-7 mL/s), followed by a saline flush. While “stress” per-
fusion imaging should be performed first, assessment
of the rest perfusion can be achieved by repeating the
identical protocol after subsidence of vasodilator effects.
While adenosine effects decay within <1 min of infusion
stop, regadenoson effects last for at least 10 min but may
be reversed with aminophylline similar to dipyridamol.
Results of first-pass perfusion imaging should always be
interpreted together with LGE imaging for the best pos-
sible interpretation.

Step 5: How to sequentially acquire dedicated cardiac
chambers and valve planes

Graphical guidance to standardized cardiac axes plan-
ning is illustrated in Fig. 3.

The first step is to acquire axial, coronal, and sagit-
tal localizers. Next, localizers roughly depicting the long
axes of the left ventricle (LV) are obtained by positioning
planes through the center of the mitral valve mid-point
LV apex:

1. Obtain a vertical long-axis (pseudo-2Ch) view on the
axial localizer.

2. On the pseudo-2Ch view, acquire a horizontal long-
axis (pseudo-4Ch) view.

Next, capture a series of short-axis images parallel to
the mitral valve on both long-axis planes, covering both
ventricles. This establishes standardized LV and right
ventricle (RV) views, including the 2Ch, three-chamber
(3Ch), and 4Ch views. These standardized views are
formed by placing planes from the mitral valve center to
the LV apex, and on the short axis:

+ A plane parallel to the interventricular septum and
perpendicular to the anterior and inferior LV walls
for the 2Ch view.

+ A plane perpendicular to the center of the aortic
valve for the 3Ch view.

+ A plane from the widest RV point to the anterior LV
papillary muscle for the 4Ch view.

Additionally, standardized RV views, RV 2Ch, and RV
3Ch can be generated as follows:

+ RV 2Ch is obtained by placing a plane from the tri-
cuspid valve center to the RV apex on a 4Ch view and
should be verified in the short axis and/or axial scout
images.
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Fig. 2 MR Toolbox—MR examinations are based on a multi-parametric approach for anatomical visualization, tissue characterization,

and functional assessment

+ RV 3Ch can be acquired by positioning three points
on the tricuspid valve, the RV apex from the 4Ch
view, and the pulmonary valve from a sagittal RVOT
view.

Alternatively, the RV can be imaged using a stack of
axial planes covering the RV.

For assessing the aortic valve, create an orthogonal
plane through the valve’s center on the LV 3Ch view
(LVOT-plane). This allows the aortic valve plane to be
planned parallel to the valve based on 3Ch and LVOT
views. Similarly, the pulmonary valve plane can be
planned parallel to the valve using the RV 3Ch and sagit-
tal RVOT plane.

Obtain the aortic arch by planning three points on
the ascending and descending aorta and the aortic
arch from axial views. Outside of cine and valvular
phase-contrast imaging, acquire long- and a subset of
short-axis views with identical orientations for tissue
characterization.

Step 6: How to manage artifacts and motion
Cardiovascular MR may be affected by inherent MR
physics-related artifacts and artifacts related to patient
motion or cyclic respiratory or cardiac motion. The most
common artifact causes and potential solutions are high-
lighted in Table 2.

Most common MR physics-related artifacts are off-res-
onance artifacts (e.g., dark bands) in bSSFP techniques.
While more commonly seen at higher field strength (e.g.,
3 T), they may rarely also be on display at 1.5 T. Suben-
docardial “dark rim” artifacts may affect the assessment
of perfusion deficits, possibly mimicking ischemia. How-
ever, combining strategies can help reduce such artifacts
or exclude ischemia. While not part of all exams, spin-
echo techniques may provide important information.
The blood contrast mechanisms of these techniques are
complex, and to optimize image quality, several steps are
required, as outlined in Table 2. Further information can
be found in other detailed publications and is outside of
the scope of this Essentials article [17].
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Fig. 3 Graphical step-by-step orientation to generate standardized cardiac imaging planes



2146

Emrich et al. European Radiology (2024) 34: 2140-2151

[£1] suonedijgnd J3Y1o Ul puNoy 8¢ ULD SUOI19.140 |enualod pue saduaNbas ‘s1oeyilie 0) pale|al s|1eldq

BulebbLl 5T aAldadsoid 1o sanbiuydal awil-eas Aojdwig -
(JopuaA 01 BulpiodIL) $31H31RIIS UOINDS(R) BILYIAYLIe 35 -
Bupn|g 1usAaid 03 mopuim uonisinboe eyep Jwi -

(Jopuaa 01 bujpiodde) azjwndo pue [eubis HHF uesHPRYD -

(s9ouanbas paljdde uo

Buipuadap) uonisinbe Buiyieaig-aa.) 104 SANDIUYDL J01eDIARN *
uonoal

-102 UORIOW INOYLM/YIM UORISINDIR SWil-|eal 10 10Ys-3|buls «
uonisinboe eyep bulnp pjoy-yieaiq o3 Juaned 1dniasy| «

swiyiiobje buissadold

-150d Jo swyobje buiselje-1nue, AQ 104 Pa12a110d 3q Aewl O}
Buiselje moy} ‘uonisinboe eyep Jaye payiuap! A|UO 3sed Uj
syusuodwod A}D0JSA JaMO| 10§ 3slou

-01-|eubis Jaybiy ujeulew o3 A1120]aA yead ay3 01 3502 Uleway
(51591/5192Z1|eD0| DU UOJIN|Osa) [elieds MO a1inbal Aew) A11D0[9A
yead pardadxa 01 1usIpeIb (DUSA) BUIPOIUS AIDO9A 1SN(PY -

(x13eW Buibewr Jo Juswsn(pe [euonippe
alinbai Aew) uondaiip bulposoua aseyd ul MaIA-Jo-plaY 1SNpy «

Spueq uoneinies «
(Butusnioys) uoneziwndo 31 /4]
Bulwwiys [e20] 19PIO JBYDIH *

$199§9p UoIsnyiad Nl ‘sujewlal 1oej1e ased uj -
uolN|osal [elreds 3|grUOSEI UlRIUIBIAf «
SW 0G| >921|s Jod awn uonisinboe dasy, «

sanbiuydal (IYOS) INO-Peas SAIIRUISYE JSPISUOD) «

Yv'S AG PaAIWI| 10U J1 (Y1) dWnl uoNSdaI SZIWIUIN -

uonisod syiys Inq pueq

31eulwWIs Jou saop) bunsnipe Aouanbaiy pue 1N0ds Aousnbaid «
Bulwwiys [e20] 19pJ0 JYDIH «

Burn|g Japioq

2IDAIS U] 3NSI BILIYIAULIE O3 SNP SUOIIRLIBA [BAIDIUL HY
aseyd pasabbui o abueyd ul

1nsa1 Aew apnijduwe HHJ Mo| 01 anp BuLRBBUI-SIA -
anbiuyoay

uonisinboe uo buipuadsp suoseal BulAjIapun SNOLIBA «

SINOJUOD delpJed Jo buun|q uaujuwoid Jo
sonbiuyoal pajuswibas ul (wbeiydelp Jo) sau| |9)jesed moys
Kew ‘awayds uonisinboe uo buipuadap sadueieadde snolep

UOND3IIP MO} 3US
-0ddo Bunedipul uawin| [95SaA Ulyim abueyd 10|03, UsSppns «
S1uaIpelb dARISURS MO AQ

BuIpodUS A1120]9A SPaRdX3 A1D0[aA pabewl Uaym sInddQ

s|1e3op JuenIodul 2IN2SgO

Aewl apIs Joay10 01 pa1dafoid MIIA-JO-PIay 9yl 9PISINO SNSSI)
‘(uebio jou) pabewr Led Apog ueyy J9jews st (UondauIp bul
-podus aseyd ul) MaIA-Jo-play Jl BuLINII0 158)11ie UOWIWOD) «

(S3uWB3S |eUONOUNYSAP A|jedYIDadS JO

s129dse |eIpJeDOPUSGNS Ul Ulewal Aeud S1oejiie Moy ybnoyie)
[eubis poojg moj Atenaedesiul saroidul 1ayuny (sasind
A13A0D31 UOISIaAUL 8|gNOp) uofeledaid 15eU0d Poo|q Yoe|g «
>IBP SUlBWI 210421341 POO|q buimoy auejd-ybnoiyy

9s5ind ,081 NV .06 O3 pasodxa uids ji 1uasald Ajuo |eubis uids
‘sanbiuyoal,poojq 3oe|q, A|jesauab senbiuysal oysa-ulds

uopow pue (buibull sgqio) sidejiie

Uo11edUNI} ‘(UOMIRIIUSDUOD YOGS Ul SSOUBISHIP [BI0] YDIY)
S9OUUBYIP AM|1IG1IdaISNS JO UONRUIGUIOD B WO DUl NSDY
BILIBYDSI DIWIU KB

(°g 031 |euoiiodoid Ajasianul
spueq Jo aduelsip) °g 1aybiy 18 S|qISIA AJUOLILIOD IO
sansuabowoyul daubew [ed0] Jo 9oussald Ul INddQ

sanbiuyday ||y «

Sioejlle uonow seipied) -

sanbluydal ||y« S1DBJI1IE UOIOW A101elidsay

m@D_u_CLuwu MOJ} 1SelIuUOD-aseyd «

sanbiuyday ||y «

sanbiuyoal oyda-uids Aj1euiwopald

uoisnylad ssed-1sii «

sanbiuyal paseq-44Ssq |V

Buibew| moy/buisely -

punose-deipp/Buiser)y «

S10BjI1E MOY POOIg

S1BJ11Ie Wi jleq «

(spueq yJep “H9)
S1DBJI11e 9DUBUOSI-JO

uo13179.110)

uBWWOo)

saduanbas/sanbiuyda) pareyy

uondudsag

UOI1524102 pUe 221N0S Y| JejndseAclpied Ul s1oejllie uowwo)) g 9olqelL



Emrich et al. European Radiology (2024) 34: 2140-2151

Dedicated data sampling and physiologic triggering
approaches are required for high-quality cardiovascular
MR without motion artifacts. Sampling strategies include
data acquisition across multiple heartbeats (k-space seg-
mentation) and lower-resolution single-shot approaches
(data acquisition within a single cardiac cycle).

Respiratory motion artifacts can be avoided by follow-
ing approaches:

+ Breath-holding during data acquisition

+ Single-shot acquisition with or without motion cor-
rection/registration

« Navigator techniques with data acquisition windows
determined by the diaphragmatic position

Acquiring/reconstructing images during specific
phases of the cardiac cycle requires ECG synchroni-
zation. While in the setting of occasional arrhythmia,
retrospective ECG gating with arrhythmia rejection
techniques or prospective ECG triggering may help diag-
nostic image quality, in complex arrhythmia, ECG syn-
chronization with k-space segmentation will likely fail,
and single-shot techniques are beneficial. The latter simi-
larly applies to patients who cannot hold their breath reli-
ably. It is worth mentioning that any approach to shorten
the data acquisition (e.g., parallel imaging, compressed
sensing) will reduce the likelihood of image quality deter-
ring artifacts from arrhythmia or breathing. Data bin-
ning techniques and/or motion correction/registration
techniques improve diagnostic image quality and are also
highly important for quantitative myocardial biomarker
imaging (e.g., T1-/T2-mapping) [18, 19].

Step 7: Image analysis and post-processing
Post-processing in cardiovascular MR primarily focuses
on accurately and precisely assessing ventricular size,
function, and valvular flow. In addition, further analy-
sis of quantitative myocardial imaging biomarkers such
as T1 and T2 relaxation times has become clinically rel-
evant. Other quantitative post-processing parameters
may have a case for research-oriented examinations. Basic
requirements include regulatory-approved software with
DICOM functionality, integration with local PACS, and
secure patient data management. Furthermore, appropri-
ate computer hardware (including monitor) meeting the
vendor’s specifications and requirements are mandatory.
Applied post-processing and analysis software should
enable cine viewing with zoom, pan, and contrast adjust-
ment and support (semi-)automated endocardial and
epicardial contour tracings [20]. Cross-referencing func-
tionality aids in confirming slice position and relation-
ships (Fig. 4).
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Specific requirements depend on the application. For
example, phase-contrast flow analysis requires additional
tools for anti-aliasing and background flow correction,
while MR angiography analysis benefits from multiplanar
reformatting, curved planar (centerline), and maximum
intensity projection (MIP) reconstructions able to meas-
ure distance and area in 3D imaging [20].

Analysis and standardization should be aided by simul-
taneous visualization of various contrasts/techniques
(e.g., Cine, LGE, T1/T2 mapping) and direct side-by-
side comparability with prior studies for serial analysis.
Segmental analysis of quantitative parameters requires
software-based standardized American Heart Associa-
tion (AHA) model segmentation of the myocardium with
additional region-of-interest capability.

The integration of artificial intelligence (AI) in
post-processing in recent years has helped improve
standardization, efficiency, and workflow and reduce
the complexity and learning curve associated with
the required manual interaction [21]. As such, Al
may also empower less-experienced readers to ana-
lyze cardiovascular MR analysis and improve patient
care [22].

Step 8: How to report and communicate results
Structured reporting is crucial as it reduces variabil-
ity and improves quality. This facilitates the clinician to
extract information efficiently, enhances communica-
tion, and provides guidance on patient management. It
is therefore supported by multiple societies, including
European Society of Radiology (ESR), European Soci-
ety of Cardiovascular Radiology (ESCR), and European
Society of Medical Imaging Informatics (EuSoMII) [16,
23, 24]. Reporting templates and software solutions have
become commercially available, although the design of
generic templates remains an important focus [7, 25].

To effectively report cardiovascular MR, it is advised to
address, at a minimum, the following components:

(1) Clinical information and indication.

(2) Description of the protocol.

(3) Information on study quality (e.g., by the image
quality, artifacts, contrast administration, and
success of stressing).

(4) Comparison to previous tests.

(5) Structured summary of quantitative results
related to function and dimensions (absolute and
body surface area indexed values), tissue charac-
terization, or flow results (if available).

(6) Structured description of relevant findings.

Clinical interpretation.

Urgent and unexpected (extra-cardiac) findings.

—_
o
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F|g. 4 Biventricular functional evaluation with a dedicated artificial |ntellwgence—based post-processing platform. For left ventricular quantification,
the endocardial (red) and epicardial (green) contours are automatically delineated in a stack of short-axis slices covering the whole left ventricle;
right ventricular endocardial contouring (in yellow) is traced in the same stack of images. Displayed results include biventricular volumes

and masses and added functionality for cross-referencing to verify slice positions in the upper right and bottom right, respectively

(9) Concise conclusion addressing the clinical indi-
cation and request.

If: —to whom and when findings were communi-
cated.

(10)

It is advised to use standardized terminology. This
includes a description of pathology, such as LGE distri-
bution and pattern (e.g., subepicardial) or disease extent
(e.g., % transmural LGE). It is crucial to consider refer-
ence ranges normalized for body size, gender, age, and
physical activity [26, 27]. Communication with the clini-
cian is essential to ensure up-to-date reporting, providing
the information needed for current patient management.
Multi-disciplinary conferences are highly valuable for
best patient management practice and therapy decisions.

Using a structured report template might ensure that
the report will contain all relevant information in a

standardized way and guide less-experienced readers
with an itemized list of topics to cover. The ESCR pro-
vides free structured report templates for cardiac imag-
ing examinations (https://www.escr.org/smart-repor
ting/).

Step 9: Understanding the prognostic value

of imaging-derived functional and tissue biomarkers
Cardiovascular MR’s impact on patient management
depends on the availability of appropriate therapeutic
approaches. The multitude of available MR information
may also provide prognostic implications in general or
specific to certain diseases. In general, the results of the
cardiovascular MR examination should be effectively
discussed with the referring physician (e.g., in multi-
disciplinary conferences) to ensure adequate changes in
patient management.
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The ventricular ejection fraction is known for its
predictive value. It can not only guide therapeutic
management but also guide primary prevention of sud-
den cardiac death. Across various ischemic and non-
ischemic diseases, the presence and the amount of
myocardial replacement fibrosis/scar identified by LGE
have shown additional prognostic implications [28].
This is now reflected in various guidelines but typically
embedded in multiple risk criteria [29].

The potential of quantitative myocardial imaging
biomarkers (e.g., T1-/T2-mapping) is currently being
explored. While results are promising, technical aspects
such as inter-scan variability, potential physiologic influ-
ences, and variations depending on the software and
hardware used require further developments and consid-
erations [30].

The prognostic use of cardiovascular MR, as opposed
to a diagnostic approach that typically provides a diag-
nosis at the individual patient level, is based on cohort
statistics. As such, the actual prognosis may vary sub-
stantially for the individual patient.

Step 10: Shaping the future of cardiovascular MR

In the dynamic landscape of cardiac imaging, it is crucial
to identify critical directions for advancing cardiovascular
MR, optimizing its impact, and enhancing its accessibility.

Short protocols for enhanced efficiency

and cost-effectiveness

Cardiovascular MR’s limited accessibility hinders its
widespread utilization. Lengthy examinations impact
patients, facilities, and providers as reimbursement
rates in many regions may impede financial sustainabil-
ity [15]. The array of techniques limits routine clinical
implementation when added to protocols without suf-
ficient consideration for scan duration. Common clini-
cal questions can be addressed effectively using core
protocols applicable to most scanners, enabling time-
efficient exams and increasing accessibility and cost-
effectiveness [15]. Accelerated imaging sequences and
Al-assisted reconstruction techniques may further sup-
port this.

Tissue characterization and insights into novel therapies

Integrating quantitative myocardial biomarkers has shown
potential in enabling accurate tissue characterization,
offering new avenues for diagnosing and monitoring car-
diovascular diseases. Expanding our understanding of
myocardial fibrosis, edema, and perfusion provides valu-
able insights into disease progression and guides tailored
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treatment strategies. An opportunity to unravel mecha-
nistic insights into novel therapies is also available. For
instance, in oncology, cardiovascular MR can help assess
anticancer treatment-associated cardio-toxicity, shed-
ding light on the underlying pathophysiology and aiding
in developing cardio-protective strategies [31]. Therefore,
cardiovascular MR can actively contribute to optimizing
therapeutic interventions and promoting personalized
patient care.

Perspective: automated acquisition for standardization

and efficiency

The future holds promise regarding automated acqui-
sition, allowing for improved standardization and effi-
ciency. Automated acquisition protocols, guided by Al
algorithms, may optimize scan parameters and improve
the reproducibility of examinations by consistent and
high-quality image acquisition. This, coupled with Al-
based image analysis, holds great potential to optimize
cardiovascular MR workflows, reducing scan times and
optimizing cost-effectiveness while maintaining diag-
nostic accuracy.

Summary statement

In summary, cardiovascular MR is a crucial clinical
tool well-represented in guidelines. It should follow
standardized preparation, acquisition, and interpreta-
tion protocols, with structured reporting and interdis-
ciplinary communication. The future aims to optimize
protocols, improve cost-effectiveness, and leverage
multi-parametric imaging for tissue characterization,
ensuring its continued importance in modern clinical
cardiology.

Patient summary

Cardiovascular MR is a noninvasive imaging method that
allows the reliable identification of cardiac and vascular
diseases and is, therefore, integrated into several clinical
guidelines. Crucial for executing a successful cardiovas-
cular MR examination is the standardization of all signifi-
cant examination steps, e.g., identification of the clinical
question, preparation and examination planning, execu-
tion, and analysis of results and their communication to
the referring physician. In the future, technical devel-
opments may improve and simplify these steps to allow
wider accessibility of this imaging method outside of
specialized centers. This article provides comprehensive
step-by-step guidance to establish a cardiovascular MR
program.
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Al Artificial intelligence
ECG Electrocardiogram

GBCA  Gadolinium-based contrast agents
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