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Introduction

Imaging of the heart and related structures has evolved over the last
100 years progressively introducing different modalities. The initial use
of X-ray was enhanced by echocardiography and now complemented
by cardiac magnetic resonance (CMR), cardiac computed tomography
(CT), nuclear cardiology (single-photon emission tomography and
positron emission tomography, PET) together with fusion modalities.
Their integration has until recently been based as much on the time-
line of their arrival as a clinical tool, as on their clinical utility. In the
21st century, it is essential we use and integrate these different modal-
ities to the best advantage of our patients1–4 (Table 1).

The European Association of Cardiovascular Imaging (EACVI)
established a Task Force on Multimodality Imaging (TFMMI).The aim
was to identify a consensus on the progression of multimodality imag-
ing and especially the role of the EACVI in developing, promoting and
implementing multimodality imaging to improve patient care.

This was in accordance with the mission statement of the
European Association of Cardiovascular Imaging5 as well as aligning
with the European Society of Cardiology (ESC) strategic plan for
2016–2020.6

There have been previous publications from Europe and North
America on training and competence in different imaging modalities,7–

13 but these have not discussed in detail specifics of training in multimo-
dality imaging (MMI) and the challenges involved in progressing a multi-
modality approach. We aim to set out core principles in this statement
with a view to on going work and publications on specific areas such as
training and image modality selection for different clinical scenarios.

Process

The Task Force was established in August 2017 to represent key ex-
pertise and opinion leaders across cardiovascular imaging. The Task
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..Force undertook initial surveys and conference calls and then, face to
face meetings in December 2017. Further conference calls, surveys
and questionnaires took place during the drafting of the statement.
External expertise was utilized as needed.

Definitions

A definition of MMI was agreed to provide a framework for the
project.

Imaging of the heart based around the patient, and their disease
pathology and presentation, utilizing information from one or more
imaging modalities performed separately or in combination and offer-
ing the most clinically effective and cost effective testing for the patient.

In terms of knowledge and skill, different modalities use the terms
Level 1, Level 2, and Level 3 in different ways. For example, Level 1 in
cardiac CT provides a basic understanding of the technique, while
Level 1 in echocardiography implies an ability to undertake limited
scanning. We use in this document a classification based around the
terminology in the ESC Core Curriculum for the General
Cardiologist (Table 2).14

Organization of cardiovascular
imaging services

Teams of individuals work most effectively when geographically co-
located. Therefore, the ideal configuration would be the co-location
of all the modalities. However, this is impractical if not impossible in
existing facilities. Never the less its consideration should be included
in the design process for cardiovascular facilities. The benefits of co-
location must be balanced with other factors including patient flows
and construction requirements. Where hospitals have access to lim-
ited modalities they should form networks to ensure equity of access
for their patients to the full range of cardiac imaging.

If facilities cannot be co-located then the co-location of staff who
report imaging investigations should be prioritized.

This makes a difference to:

• Imaging specialists who can collaborate and discuss and draw on
different expertise (e.g. by co-locating radiologists and
cardiologists).

• Non-imaging cardiologists who can come to one place to get best
advice on how to image their patients. This allows the integration
of the patient’s clinical scenario and their wishes with proportion-
ate and cost effective use of imaging (Table 3).

This co-operation is not just about location. It is also about the
working environment. Having workstations fully capable of access-
ing and manipulating outputs from all the imaging hardware in
standardized formats contributes to an integrated multimodalitiy
diagnostic approach and breaking down silos within hospitals.
Seamless integration between electronic patient records and imag-
ing software should be the aim. There are commercial and cost
considerations in accessing multiple imaging modalities on single
workstations but easy access and integration is clinically advanta-
geous and should be progressed within hospitals and by
manufacturers.

Whether imaging specialists are co-located or not, it is essential
that regular clinical meetings bring together multimodality expertise,
together with other clinicians, as part of the multidisciplinary team ap-
proach to patient care (Take home figure).

Unimodality meetings still have a role to deal with specific issues
such as training and quality assurance.

The EACVI should provide a strong MMI focus to its educational
activities including a dedicated modular MMI teaching programme
and the EACVI congress. However, there is still a need for unimodal-
ity meetings, textbooks, webinars, and other educational materials. In
2020, the EACVI will support a single ‘EACVI Congress’ with a focus
on MMI.15

Key statement
Co-location of cardiovascular imaging is recommended, particularly
bringing together imaging expertise for shared reporting and decision
making.

....................................................................................................................................................................................................................

Table 1 Cardiac imaging modalities

Modality Underlying principle Primary attributes Key uses

Echocardiography Analysis of reflected ultrasound

waves at tissue interfaces

High frame rate, high spatial reso-

lution, very high temporal poten-

tially (e.g. Doppler) bedside, safe

Cardiac structure and function. Valve

structure and function. Identification

of ischaemia and viability (stress

echo)

Magnetic resonance imaging Electromagnetic waves emitted

from protons in response to a

pulsatile magnetic field

Tissue characterization Spatial reso-

lution. Safety

Cardiac muscle and chamber structure

function; tissue characterization, is-

chaemia (metabolism)

CT imaging Differential absorption of X-rays Cardiac structure including coronary

arteries; high spatial resolution

Cardiac including valve structure and

coronary circulation. FFR

Nuclear Imaging (including

combined with CT/CMR)

Uptake and wash out of radio

tracers (gamma emitting or

positron emitting)

Functional assessment of myocardial

perfusion, metabolism, innervation

and vascular inflammation. Possible

quantitation and integration

Detection of myocardial ischaemia, via-

bility, and denervation. Detection of

infection

2 K. Fox et al.
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At present cardiovascular imaging is primarily provided by specialists
with backgrounds in cardiology, nuclear medicine, and radiology.

This is likely to continue at least in the short and medium term.
Therefore, their integration and collaboration should be a priority
within institutions. There are clear advantages to this collaboration as
cardiologists, radiologists, and nuclear medicine experts may provide

Table 2 Levels of competence

Level 1 Experience of selecting the appropriate diagnostic or therapeutic modality and interpreting results or choosing an appropriate treatment for

which the patient should be referred. This level of competency does not include performing a technique, but participation in procedures

during training may be valuable (for echo we include basic image acquisition as a Level 1 skill)

Level 2 Level II goes beyond Level I. In addition to Level I requirements, the trainee should acquire practical experience but not as an independent

operator. They should have assisted in or performed a particular technique or procedure under the guidance of a trainer. This level also

applies to circumstances in which the trainee needs to acquire the skills to perform the technique independently, but only for routine indi-

cations in uncomplicated cases

Level 3 Level III goes beyond the requirements for Levels I and II. The trainee must be able independently to recognize the indication, perform the

technique or procedure, interpret the data, and manage the complications

Table 3 Case scenario

Clinical problem A 47-year-old man presents with 3 weeks of fever having undergone mech-

anical aortic valve placement 3 years previously

ECG shows a PR interval of 218 ms

Blood cultures do not show any bacterial growth

He is discussed with cardiac imaging and radiology experts

Transthoracic

echocardiography

Mild likely paraprosthetic regurgitation is seen but images are degraded by

artefact from the leaflets

Transoesophageal

echocardiography

Moderate paraprosthetic regurgitation localized to the posterior annulus

PET-CT Increased activity along the posterior annulus

CT imaging and coronary

angiography

Cavity adjacent to the aortic prosthesis

Unobstructed coronary arteries

Patient management Following MDT discussion the patient is treated with 6 weeks of antibiotics

and then undergoes redo aortic valve replacement

Multimodality imaging in cardiology 3
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..complementary inputs through different backgrounds in training and
not fully overlapping skill sets. Non-cardiologists can provide unique
expertise in diagnosing clinically important thoracic abnormalities
outside the heart when CT, CMR, and PET are performed.

The use of echocardiography on wards, in emergency rooms
and in cardiac catheter laboratories has largely become the role of
cardiologists and this will continue. However, basic echocardio-
graphic assessment, for example using FEEL16 and FAST17 proto-
cols or focus cardiac ultrasound18 are expanding the skill of cardiac
ultrasound to other clinicians.

The current workforce contains many specialists with single mo-
dality backgrounds. These individuals should be strongly encouraged
to obtain a basic understanding of additional modalities, and opportu-
nities promoted to facilitate their ability to perform and interpret
images in additional modalities (Level 2). The EACVI should be facili-
tating training through educational opportunities on-line and at its
meetings and by provision of grants, and exchanges.

Currently, allied health care professionals (physiologists, techni-
cians, and radiographers) tend to support single modalities. They
should also be encouraged and supported to gain some understand-
ing of multiple modalities.

Key statement
All imaging specialists with expertise in one modality should be
encouraged and facilitated to achieve a basic capability to perform
and report in one or more additional modalities.

Training

Future trainees in the specialty of cardiology and those subspecializ-
ing in imaging should be trained in a MMI environment. They should

be encouraged to think about the patient and clinical problem and re-
late the choice of cardiac imaging modality/modalities to those needs.

Imaging principles and physics should be taught holistically rather
than as modality silos.

This means that training programmes within hospitals currently
only able to offer a limited range of imaging modalities, must form col-
laborations to provide comprehensive training.

Trainees are likely to have some service and on-call role and there-
fore within an overall MMI framework an early priority should be the
acquisition of echocardiography skills. Early in their general cardi-
ology training, they should achieve a basic understanding of all modal-
ities (Level 1) but additionally attain competence to perform and
report echocardiograms particularly as it relates to acute cardiac pre-
sentations (Level 2).

Subsequently, all trainees should achieve basic competence in per-
forming and reporting echocardiograms across the full spectrum of
pathologies (Level 3).

Trainees not specializing in imaging may well need to develop
Level 3 practical performance and reporting expertise in modalities
appropriate for their sub-specialization.

Trainees choosing to sub-specialize in cardiac imaging should
achieve as a minimum a basic competence in performing and report-
ing all modalities (Level 2). The further standard should be comple-
tion of training in at least two modalities (Level 3). In fact the degree
of expertise should be at least to the point where they can act as a se-
nior contributor to the service work of both modalities (increasingly
a requirement for clinical jobs in cardiac imaging) and provide leader-
ship and training. There may be exceptions for example where a
trainee wishes to pursue an academic career focused on a narrow
area of cardiac imaging. However, while some individuals will focus
on a single modality to achieve expertise to provide international
leadership in research and practice, others will be able to produce
high quality research utilising more than one modality.

Take home figure Multimodality imaging in clinical practice.

4 K. Fox et al.
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.
Key statements
Trainees should achieve basic understanding in all modalities and
practical capability to perform and report echocardiograms early in
their general cardiac training.

Trainees subspecializing in imaging should achieve practical capabil-
ity to perform and report simple studies in all modalities and in al-
most all cases expertise in two or more modalities by the end of
their training.

Challenges to developing a
multimodality imaging approach
and how to overcome them

We are proposing a call to action for hospitals and individuals. We
understand:

(1) Not all hospitals across Europe have access to all imaging modalities.
This affects the clinical service as well as training.

(2) Current architectural layouts do not facilitate collaboration.
(3) Institutions are working within restricted budgets.
(4) ‘Silos’ are common in hospitals and represent significant barriers to

collaboration.

Therefore, we acknowledge that some of the recommendations
are aspirational and no specific timelines have been set in this
document.

There are further issues that act as barriers to a multimodality
imaging service:

(A) Management and financial flows: budgets and financial flows influ-
ence practice. Currently, most hospitals have separate managerial
structures and budgets for cardiology, radiology, nuclear medi-
cine, and even between cardiac imaging modalities. With limited
resources this encourages competition rather than collaboration.
In many situations volume is currently an important financial
driver rather than appropriateness. However, it is likely that the
most clinically effective imaging of a patient will also be the most
cost effective.
Hospitals should develop managerial structures and financial flows
that encourage collaboration between modalities. At its simplest
this may be appointing a clinical and managerial lead with a com-
plete oversight for cardiovascular imaging which would encourage
balanced investment in imaging facilities.

(B) Challenges to individuals: in transforming cardiac imaging services
personal anxieties must be identified and overcome. Change can be
challenging and even threatening. Single modality cardiac imaging
specialists will need to broaden their knowledge and skills. Imaging
departments will also need to adapt. Time and effort are needed to
build trust which is essential to facilitate change.

(C) Non-imaging cardiologists: these equally need to embrace the multi-
modality approach. They need access to education and the flexibility
to adapt their imaging requests to the current most appropriate mo-
dality or modalities for their clinical questions. Local arrangements
will need to be established around altering test requests. This will be
facilitated by the co-location of the cardiac imaging team.

(D) National regulations: International and National regulations cover
aspects of cardiac imaging especially regarding radiation exposure
and use of radio-isotopes. These have to be incorporated in the de-
sign of departments and staff training.

Key statement
Successfully creating a multimodality approach to cardiac imaging
requires collaboration and overcoming managerial, financial, person-
al, and regulatory barriers.

Research

The underpinning principle of this document is that a multimodality
approach to cardiac imaging improves patient care and is cost effect-
ive. There is limited confirmatory evidence to support this statement.
While research is needed to continue to develop all aspects of car-
diac imaging, studies are needed specifically to confirm the clinical
and financial benefits of a multimodality approach. Within research
projects themselves it is important the optimal modality or modalities
are identified to answer the scientific question.

What is the role of the EACVI?
The mission statement of the EACVI is:

We promote excellence in clinical diagnosis, research, technical
development, and education in cardiovascular imaging

The EACVI must use its leadership role to be active in progressing
a multimodality approach.

The EACVI should:

(1) Have a MMI focus to its annual meeting, for example, through the
changes already planned from 2020 with a revamped EACVI
congress.

(2) Facilitate research through providing forums for collaboration and
considering using its resources (grants) to advance research.

(3) Offer education to single modality imaging specialists, e.g. ‘CMR
for echo cardiologists’.

(4) Facilitate exchanges for education.
(5) Provide a strong MMI focus to its educational activities including a

dedicated modular MMI teaching programme.
(6) Support a MMI approach to training through different means (e.g.

text books, on line materials, webinars, conferences).
(7) Develop a curriculum for trainees that is based on a multimodality

approach (topics such as strengths and weaknesses of modalities
and selecting the correct modality/modalities).

(8) Demonstrate a commitment to MMI cardiac imaging through its
certification processes. Actions may include the curricula for unim-
odality certifications including the requirement for a basic under-
standing of the relative role of other modalities, and consideration
of a ‘Certification in Multimodality Imaging’.

(9) Use the influence, expertise, and resources of the EACVI to pro-
vide education and to overcome local, national and international
challenges to progressing MMI.

(10) Continue the work of this Task Force by producing further
detailed statements on MMI curricula, training, clinical utility of
MMI in different patient scenarios and quality assurance.

The European Heart Journal Cardiovascular Imaging is the journal
of the EACVI. It already provides an important forum for multimodal-
ity studies and debate. Without impinging on its editorial independ-
ence the EACVI should be further encouraging the acceptance of
high quality articles on the clinical and cost effectiveness of multimo-
dality imaging, including testing imaging pathways for different clinical
presentations.

Multimodality imaging in cardiology 5
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..Summary

Best clinical care will need an appropriate use of one or more imaging
modalities. The EACVI is committed to enhancing through education
and research the multimodality approach.
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