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Abstract

Imaging plays an integral role in all aspects of managing heart disease and cardiac imaging is a core competency of cardiologists. The adequate delivery
of cardiac imaging services requires expertise in both imaging methodology—with specific adaptations to imaging of the heart—as well as intricate
knowledge of heart disease. The European Society of Cardiology (ESC) and the European Association of Cardiovascular Imaging have developed and
implemented a successful education and certification programme for all cardiac imaging modalities. This programme equips cardiologists to provide
high quality competency-based cardiac imaging services ensuring they are adequately trained and competent in the entire process of cardiac imaging,
from the clinical indication via selecting the best imaging test to answer the clinical question, to image acquisition, analysis, interpretation, storage,
repository, and results dissemination. This statement emphasizes the need for competency-based cardiac imaging delivery which is key to optimal,
effective and efficient, patient care.

Graphical Abstract
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Left top: Increasing demand for non-invasive cardiovascular imaging as illustrated for England. Data are challenging to collect across Europe, but
trends would be expected to be similar in many European countries. Bottom left: Longstanding history of cardiovascular imaging in the management
of cardiovascular disease. Right: Components driving competency-based cardiac imaging offered by the European Society of Cardiology and the
European Association of Cardiovascular Imaging of the ESC.
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The integral role of cardiac imaging
in cardiology

Non-invasive and invasive imaging of the heart is central to diagnosis,
risk assessment, therapeutic decision-making, medical and invasive ther-
apies, prognosis, and long-term monitoring in Cardiology. Cardiac im-
aging is thus central in striving for precision medicine, the essence of
which is the provision of individualized care to each and every patient.
Examples of such imaging performed by cardiologists include: (i) inva-
sive coronary angiography and cardiac computed tomography (CCT);
(i) cardiovascular magnetic resonance (CMR); (i) echocardiography;
(iv) nuclear cardiology; and (v) advanced invasive imaging (optical coher-
ence tomography and intracardiac echocardiography). For all these
imaging modalities we highlight the importance of an in-depth under-
standing of cardiovascular pathology, complex physiology, and the con-
sequences of imaging findings in the management of cardiovascular
health and disease.

Cardiologists and cardiac imaging
core competencies

Imaging is a core competency of all cardiologists, with echocardiog-
raphy and coronary angiography (both invasive and non-invasive) an
important aspect of training and firmly embedded in mainstream
cardiology practice. In the core cardiology curriculum applicable to all
cardiologists, the European Association of Cardiovascular Imaging
(EACVI) was integral to the development of all imaging capabilities
and standards which are used to train cardiologists who are then
formally assessed by the European Examination in Core Cardiology.
Cardiologists consider disease process, pathology, and management
options rather than purely the individual imaging modality, placing them
in a unique position to select the most appropriate imaging test for each
specific clinical scenario, taking patient preference into account.

Imaging expertise alone is not
sufficient for patient management

Accurate, efficient, and effective cardiac imaging requires not only intri-
cate knowledge of imaging modalities, and the adaptations that are re-
quired to optimize imaging protocols to the physiological condition of
each individual patient, but also of the rapidly changing field of cardio-
vascular medicine.

For decades, cardiologists have independently performed invasive
and non-invasive imaging modalities from ultrasound (transthoracic
and transoesophageal echocardiography) to x-ray-based angiography
(invasive cardiac and coronary angiography and intervention), which
has significantly contributed to the improved management of cardiovas-
cular diseases and outcomes. Cardiologists are uniquely placed to nat-
urally integrate into their clinical practice computed tomography (CT)
and CMR which complement their existing anatomical (invasive angiog-
raphy) and functional (echocardiography) imaging tests.

Translational research in cardiac imaging leading to a paradigm shift
in cardiovascular clinical practice has been driven predominantly by
cardiologists including roles in image interpretation and quality control
in core labs, and participation in commercial trials." Examples of
investigator-led research relevant to chronic coronary syndromes in-
clude the ISCHEMIA trial,” the SCOT-HEART trial,” the MR-INFORM

trial,* and the DISCHARGE trial.> The results of these trials have trans-
formed cardiovascular medicine practice within the last years.

The portfolio of up-to-date clinical practice guidelines and clinical
consensus statements for the diagnosis and management of cardiovas-
cular disease published by the European Society of Cardiology (ESC)
and EACVI are used by millions of practitioners worldwide. These
documents, written by cardiovascular practitioners for cardiovascular
practitioners, include recommendations on which cardiac imaging mo-
dality to choose, what to expect from the report, and how to act on
relevant findings. Cardiologists are fully trained and competent to pro-
duce information for patients undergoing the examination and prepar-
ation involved, to supervise patients’ preparation on the day of the test,
and to consent patients to the test (including stress tests and CMR in
patients with cardiac devices). Imaging cardiologists are trained in image
acquisition, image post-processing and reconstruction, and image inter-
pretation. Thanks to their in-depth knowledge of cardiovascular physi-
ology and pathology, cardiologists are uniquely positioned to produce a
clinically meaningful cardiac imaging report with adequate description
and interpretation of the findings that the referring physician (cardiol-
ogists in most cases) can act upon. Cardiologists reporting imaging
are also well-positioned to provide clinical advice on further additional
testing (e.g. genetic testing or myocardial biopsy) or initiation of therapy
(such as revascularization or cardiac device implantation).

Similarly, the treatment of patients with structural heart disease con-
tinues to expand cardiology practice. Structural heart interventions de-
pend on imaging which is central to pre-, peri-, and post-procedural
management to balance procedural risk and appropriate patient selec-
tion. Importantly, imaging and imaging results must often be immediate-
ly available (e.g. in the context of complications) or are integrated into
the procedure itself. Without this in-depth knowledge of the fast-
changing field of cardiovascular medicine, even expert cardiac imagers
would not provide the highest quality services. The core principles of
competency are effectiveness, efficiency, equity, patient-centredness,
safety, and timeliness (Table 7). They apply to all imaging modalities.
They need to be adapted to each individual patient to be safe and effect-
ive, with particular attention to patient heart rate and rhythm in order
to be safe, which is key for the delivery of value-based cardiac imaging.
Examples include exercise or pharmacologically induced stress imaging
(echocardiography, CMR, nuclear cardiology, CT perfusion), ensuring
low radiation exposure and high image quality using beta-blockers for
CCT, emergency indications for cardiac imaging, such as suspected pul-
monary embolism, aortic dissection, acute and severe mitral valve re-
gurgitation after myocardial infarction.

Cardiologists can also capitalize on their intricate knowledge and ex-
perience in cardiovascular pharmacology, from the prescription and
administration of beta-blockers, vasodilator stress agents, including in-
dication and contraindications on the use of these drugs during cardiac
imaging tests, as well as extensive experience in advanced life support in
case of cardiac and respiratory arrest, thus significantly improving pa-
tients’ safety. Many cardiology imaging services and the imaging training
offered are dependent on cardiologists and have been developed by
cardiologists, either in conjunction with other specialties (such as radi-
ology) or as stand-alone departments.

The demand for cardiac imaging is increasing (Figure 1) and in many
countries, there is a need to train more individuals to provide high-
quality cardiac imaging services to meet this demand.® The combination
of imaging and cardiology expertise is essential not only for the optimal
application of imaging tests but also for the appropriate interpretation
of cardiac imaging findings. Echocardiography is the most frequently
performed cardiac imaging test (Table 2) and is firmly embedded within
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Table 1 Principles driving competency-based imaging in cardiology

By leading rapidly evolving scientific evidence and integrating with clinical findings, genetics, and phenocopies to derive a precise diagnosis.
By integrating imaging into disease monitoring to adapt outcome-directed therapies, such as in cardio-oncology, and to safe drug delivery,

By judicious and appropriate use of safe and effective manoeuvres for haemodynamic provocation to optimize precision of the

Effective 0
such as in septal ablation and in complex cardiac conditions.

Efficient * By applying critical modifications of imaging protocols tailored to the patients’ clinical condition.
investigation.

Equitable ©

By providing health care of equal quality to those who may differ in personal characteristics and clinical condition by optimizing and

tailoring safe and efficient examinations to reconcile this variability to obtain the most accurate and precise results.

Patient-centred

Safe

By meeting patients’ needs and preferences and providing education to improve compliance.

By predicting procedure-specific complications, recognizing immediate periprocedural complications and treating them, ensuring safe

use of adjunctive medications for investigations such as betablockers, antiarrhythmics, antihypertensives, and by considering the potential

radiation burden of some imaging examinations.

Timely

By minimizing delays and prioritizing imaging based on disease severity.

Cardiac imaging investigations per 100,000 beneficiary use in England
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Figure 1 Increasing demand for non-invasive cardiovascular imaging as illustrated for England. Data are challenging to collect across Europe, but trends
would be expected to be similar in many European countries. From Petersen et al.®

cardiology services independent of service size, scope (hospitals for sec-
ondary, tertiary, or quaternary care), and setting (inpatient/outpatient).
Furthermore, this makes echocardiography practical in many settings
such as rapid assessment of response to treatments, screening of family
members, and general assessment of the patients’ overall cardiological
condition. Cardiology is both central and integral to cardiac imaging,
and while collaboration with cardiac radiologists and nuclear cardiology
physicians can be useful and is encouraged, it is not essential as long as
the required expertise is covered by the imaging cardiologist, which is
often the case (Table 2). Many highly successful Cardiology-led depart-
ments have been established with reputations for national and inter-
national excellence. Where services are conjoint between experts,

there is evidence that this both enhances the quality of care and leads
to rapid service growth, such as that seen in CCT in the United States of
America.

EACVI certification programme to
deliver high quality and equal access
to patient care

To define the scope of practice of clinicians across non-invasive car-
diac imaging modalities there is a series of complementary and
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Table 2 Invasive and non-invasive cardiovascular imaging activities (example England 2016/17) and responsibilities
Volume/100 000 Where typically Supervised by Regulatory Reported by
population in performed Governance
England 2016/17
Echocardiography 813%a Cardiology Department/ Cardiologist Cardiologist
Outpatient Departments/
wards/emergency rooms,
intensive care units
Nuclear Cardiology 6357 Radiology or Nuclear Cardiac Radiologist/ Radiation Cardiac Radiologist/
Departments with radiation Nuclear Medicine Protection Nuclear Medicine
safety capability for physician with Isotope Officer physician/Imaging
isotopes safety expertise Cardiologist
Invasive coronary 397° Cardiac Catheter Cardiologist Radiation Safety ~ Cardiologist
angiography Laboratories Officer
Cardiac computed 300* Radiology/Cardiology Cardiac Radiologist/ Radiation Safety ~ Cardiac Radiologist/
tomography Departments Imaging Cardiologist Officer Imaging Cardiologist
Cardiovascular 97° Radiology/Cardiology Cardiac Radiologist/ Magnetic Field Cardiac Radiologist/
magnetic Departments Imaging Cardiologist Safety Officer Imaging Cardiologist
resonance
*Cardiac non-invasive imaging activity per 100 000 beneficiary used for NHS in England as reported in Petersen et al.®
®Diagnostic invasive coronary angiography activity in 2017 as reported by Timmis et al.”
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Figure 2 The certification offerings by the European Association of Cardiovascular Imaging have broadened over the last 20 years across four imaging
modalities. CCT, cardiac computed tomography; CMR, cardiovascular magnetic resonance; Echo, echocardiography; Nuclear, nuclear cardiology.
Uptake shows increasing trends now well above one thousand individual certifications per year

integrated curricula and syllabi developed by the EACVI for advanced
training in each specific modality.2'> Commencing in 2003 with a
single examination for transthoracic echocardiography, the EACVI
certification programme now encompasses all four imaging modal-
ities with seven dedicated certification programmes (three for echo-
cardiography, two for CMR, one for CCT, and one for nuclear
cardiology). There has been a steady, consistent year-on-year

increase in uptake of these programmes with currently over 1000
candidates annually (Figure 2).

Each certification programme has a specific examination which has
evolved over time. From handwritten examinations which were manually
marked and graded, these examinations now use a multiple-choice format
with well-documented methodology for standard setting and determin-
ation of pass marks and pass rates.">~"® The examination delivery method
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Figure 3 Increasing numbers of candidates taking the European Society of Cardiology core cardiology examination. This examination ensures car-
diologists know when and how cardiac imaging can help their patient management (level 1)

has also evolved to a computer-based examination with remote proctor-
ing allowing candidates to take these examinations from any location. This
has increased the numbers of candidates but critically maintains examin-
ation security. This also maintains consistency with the ESC core cardi-
ology examination with increasing numbers of candidates (Figure 3). It
includes a published blueprint, weighting the key components of the cur-
riculum for the examination, question writing and standard-setting groups,
and consistent methodology for pass mark determination. The full exam-
ination cycle for each of the EACVI examinations replicates the process
used for the ESC European Examination in Core Cardiology."”

With several modalities, there are different levels of certification.
The basic level of education is established in level | and focuses on
the clinical indications and basic knowledge of the technique and ap-
propriate use following the guidelines of each cardiovascular disease.
Level | courses at conferences or local initiatives are secured through
central endorsement by the EACVI/ESC and supported throughout
Europe and beyond. Also, EACVI has provided a certified online level
| course for each of the four modalities since 2022. The advanced le-
vels of certification, levels Il and Ill, further elaborate on theoretical
knowledge, but also largely consist of practical education. Level [l em-
phasizes competency to acquire images (including technical consid-
erations), interpret these images, and provide a structured report
of salient findings. It is defined as the minimum standard to report in-
dependently (Figure 4). Level Ill requires a wider and more in-depth
understanding of the modality including publications and evidence of
training others (Figure 5). It also includes other aspects of delivering
a full cardiac imaging service. Important parts of the full service include
data handling and secure storage, patient safety (particularly for CMR,
CCT, and nuclear cardiology), and liaison with the multi-professional
team (such as the ability to present cases at a multidisciplinary meeting).
This is furthermore true in the acute and emergency setting where col-
laboration with critical care and emergency medicine colleagues is com-
mon practice. The volume of reported cases required is also higher. In
line with evolving trends, online case repositories or cases reviewed

during didactic teaching can also be submitted in part as evidence recog-
nizing a move to more online education. In case there is no certified pro-
fessional in the trainees’ hospital, remote teaching is arranged to
supervise the expansion of knowledge and competence.

To implement standardization in education and to provide valuable
official output for practitioners, scientists, policymakers, and the public,
EACVI also publishes several official documents each year, including
recommendation papers, consensus statements, and position state-
ments, which follow a thorough methodology and an extensive review
process. While a patient-centred approach leads to the creation of
multi-modality imaging recommendations, focus is also given to each
distinct modality governed by the EACVI.

EACVI integrated training
programme

At all levels, the need to integrate imaging is central to the entire pro-
gramme of certification. This is not simply ensuring the optimal use of
limited resources for cardiac diagnostic testing but also relates to the
training of future cardiologists, integration with colleagues across
the multi-professional team, and the focus on patient-centred care.
The use of cardiac pathology to drive the overall shape and construc-
tion of each curriculum ensures consistency with the core cardiology
curriculum (as opposed to a more modality-centred curriculum) and al-
lows a trainee seamlessly to build on the core knowledge in each mo-
dality already attained. It facilitates concomitant training in multiple
modalities, stressing the use of pathophysiology and disease processes
to determine the optimal use of investigations and avoiding layered,
multiple, and duplicate testing. Integration of cardiac imaging in the
overall investigation and management of patients maintains the most
patient-focused care. In more complex cases this approach cements
the role of case discussion across the multi-professional team at clinical
case conferences or multidisciplinary team meetings.
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Figure 4 Number of levels 2 or 3 certified individuals across the four imaging modalities. CCT, cardiac computed tomography; CMR, cardiovascular mag-
netic resonance; Echo, echocardiography; Nuclear, nuclear cardiology. Levels 2 or 3 certification indicates individuals that have the competency to be part of
an imaging service and provide and sign-off imaging reports independently. As CCT and Nuclear certification programmes are recent, there is a gap between
expert reporters and having obtained certification—this gap is likely to close over the coming few years (data are shown as of 26 March 2023)

To further recognize the role of integrated multi-modality imaging
the ESC is supporting a shift towards multi-modality imaging congresses
with EACVI 2023 being the first such multi-modality congress. In May
2023 EACVI launched a multi-modality certification and continues
this trend. Though initially, this will simply recognize an individual certi-
fied in two complementary imaging modalities this will evolve further in
the future with the ever-increasing emphasis on disease and patient-
focused care placing the emphasis on the imaging specialist with an
in-depth understanding of all imaging modalities but a high level of
expertise in two or more of them.

A new perspective on
competency-based cardiac imaging
supported by patients

A recent report by the European Society of Cardiovascular Radiology
and European Society of Radiology on the status and vision of cardiac
radiology in Europe emphasizes the need to increase cardiac imaging

expertise and capacity amongst radiologists. This report, however, fails
to acknowledge the integral nature of cardiologists in cardiac imaging.”
We strongly disagree with the implied perspective that radiology alone
is critical and always required for cardiac imaging and thus we do not
endorse the content of this report. Furthermore, as already stated,
there are multiple world-renowned imaging departments that are
wholly Cardiology led, directed, and managed from inception and which
continue to deliver cutting-edge clinical services, training, and academic
outputs.

Cardiac imaging has evolved to become central to cardiovascular dis-
ease management and imaging investigations are frequently amongst
the first investigations requested by clinicians. The central and expand-
ing role of cardiac imaging to identify and risk stratify pathology and
guide treatment will continue to evolve and develop in the coming
years. Using a clearly defined competency framework these cardiac im-
aging standards equip cardiologists with the necessary expertise but can
apply equally to all medical specialists, irrespective of previous experi-
ence, training, and specialty.

Finally, and importantly, the ultimate voice is that of our patient. In
discussion with patients and the leadership of the ESC Patient Forum,
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Figure 5 Number of level 3 certified individuals across imaging modalities. CCT, cardiac computed tomography; CMR, cardiovascular magnetic res-
onance. Level 3 certification indicates qualification and standards to be able to train the next generation of levels 2 and 3 certified physicians. Granular
level data were not available for echo or nuclear modalities. Some countries do not have a level 3 certified individual, and the European Association of
Cardiovascular Imaging is exploring ways of supporting the expansion of level 3 certified physicians to more countries. Data shown as of 26 March 2023

Table 3 Messages from patients and the leadership of
the ESC Patient Forum regarding the delivery of cardiac
imaging services

Need for shared decision making about the imaging modalities (e.g.
some modalities may be more intrusive).

Need for dignity, privacy, and confidentiality (e.g. sharing of images
via social media even if intended for educational purposes).

Need for interruptions to be minimized, and conversations with
other clinicians are not had over patients’ heads.

Need for timely access to high-quality cardiac imaging services
within a reasonable geographical distance.

Need to ensure competency of staff involved in providing cardiac
services.

Need for sensitive and clear communication of cardiac imaging
findings and how they impact the management of the disease or
condition.

Appropriate sharing of data with patients with explanations that
they are able to understand.

we captured key statements related to cardiac imaging (Table 3).
Patients assign little importance to which modality or which speciality
(cardiology, radiology, nuclear medicine, and critical care) provides
the investigations. Patients just want to receive the best care possible.
In the future, this will become more important as we use imaging to dir-
ectly guide treatment and therapeutic decision making.

Digital innovations and
competency-based cardiac imaging

Human experts and cardiac imaging competency will continue to be in-
dispensable in the future, despite a fast-changing landscape impacting

Table 4 Key messages about competency-based
cardiac imaging

Cardiovascular imaging is integral to Cardiology and Management
of cardiovascular health and disease.

Cardiologists have cardiovascular imaging core competencies.
Cardiologists have expertise in complex cardiovascular physiology
and treatment.

Cardiologists have the expertise to optimize image acquisition
according to clinical settings and needs.

Cardiologists can be trained and assessed against the highest
international standards within the ESC and EACVI portfolio in all
non-invasive cardiovascular imaging modalities (echocardiography,

cardiac computed tomography, cardiovascular magnetic resonance
imaging, and nuclear cardiology).

Cardiologists are committed to patient-centred care.

ESC and EACVI and ESC Patient Forum are committed to
competency-based cardiovascular imaging irrespective of speciality
(such as cardiology, nuclear medicine, or radiology) and promote

collaboration between specialities where desired and possible.

cardiac imaging with innovations in digital health and artificial intelli-
gence (Al). First, the development and iterative improvement of Al so-
lutions in cardiac imaging using supervised learning requires expert
image annotations. Second, human expert assessment of Al-enabled
cardiac image segmentations will require competency. Undoubtedly,
we will see many changes in cardiac imaging through digital innovation,
but human competency will work hand in hand with Al-enabled solu-
tions to provide better care to patients.

Conclusions

Imaging is integral to Cardiology. There is a major demand to increase
capacity in expert cardiac imaging services and the frameworks devised,
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developed, and implemented by the ESC and EACVI equip cardiologists
to provide these services. EACVI promotes collaborative approaches
to cardiac imaging between specialties where possible and desired.
The main mission of EACVI is to promote and spread the appropriate
use of cardiac imaging throughout all member countries. A professional
barrier created around ‘specialty-based’ rather than ‘competence-
based’ delivery of cardiac services (in particular for CCT and CMR)
has been one of the major limiting factors for the wider use of funda-
mental diagnostic tests in many countries. To foster the efficient and
effective use of cardiac imaging in modern cardiology, in some coun-
tries, legislation governing who can deliver imaging may need to be re-
visited. EACVI and the ESC support a competency-based cardiac
imaging service delivery that will assure availability and optimal quality
for the benefit of our patients (Table 4 and Graphical Abstract).
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of the European Society of Cardiology (ESC) Endorsed by the European Association for Cardio-Thoracic Surgery (EACTS) and the European
Association of Nuclear Medicine (EANM)

This is a correction to: Victoria Delgado, Nina Ajmone Marsan, Suzanne de Waha, Nikolaos Bonaros, Margarita Brida, Haran Burri, Stefano
Caselli, Torsten Doenst, Stephane Ederhy, Paola Anna Erba, Dan Foldager, Emil L Fosbel, Jan Kovac, Carlos A Mestres, Owen | Miller, Jose M
Miro, Michal Pazdernik, Maria Nazarena Pizzi, Eduard Quintana, Trine Bernholdt Rasmussen, Arsen D Risti¢, Josep Rodés-Cabau, Alessandro
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Association for Cardio-Thoracic Surgery (EACTS) and the European Association of Nuclear Medicine (EANM), European Heart Journal, 2023;
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In Recommendation Table 7, under the heading ‘Oral streptococci and Streptococcus gallolyticus group susceptible, increased
exposure or resistant to penicillin’, the information regarding ‘Adult antibiotic dosage and route’ for Amoxicillin has been corrected.

In Recommendation Table 8, under the headings ‘IE caused by methicillin-susceptible staphylococci’ and ‘Allergy to beta-
lactams’, the information regarding ‘Paediatric antibiotic dosage and route’ for Cefazolin has been corrected.

In Table 14, under the heading ‘Oral streptococci and Streptococcus gallolyticus group susceptible, increased exposure or
resistant to penicillin’, the information regarding ‘Adult antibiotic dosage and route’ for Amoxicillin has been corrected, and under
the heading ‘IE caused by methicillin-susceptible staphylococci’, the information regarding ‘Paediatric antibiotic dosage and route’
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Finally, in the supplementary data file entitled ‘ehad193_supplementary_data.pdf’, Table Sé has been updated.
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