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Background

Education has changed in recent decades, moving from text-based manuals to multimedia education
readily accessible by e-learning [1]. Indeed, the new generation of physicians is calling for more
personalized training focused on clinical practice. Thus, European and American cardiology societies
have developed e-learning programmes with numerous webinars. However, these e-learning
programmes do not entirely replace face-to-face teaching with an experienced trainer. The evolution of
this personalized education is probably simulation teaching, with students raised with this type of
support. Indeed, in a recent international survey of 172 young cardiologists from 43 countries, only
48% of the participants had already participated in simulation training, while 91% considered this

teaching method as “necessary” in cardiology [2].

Importance of simulation education

Education using simulators is already a well-established teaching technique in aeronautics, with
standardized and mandatory simulation training. In this field, simulation is used to hone individual
cognitive and psychomotor skills in a low-risk environment [3]. The adage “see one, do one, teach
one” was based on an old tradition of medical education, where patients were used as both the
primary source and subject of our education. However, we know that no patient would willingly subject
themselves to be the test case for a completely unprepared trainee in a risky procedure, such as
coronary angiography, transseptal puncture or transoesophageal echocardiography (TOE). Therefore,
the common adage “never the first time on the patient” clearly articulates the need for simulation
education. More precisely, it should say "never the first times on the patient", as the basics of a
procedure are not usually mastered after only one attempt [4]. To go further, we could even hope that
in the near future, this adage will be reversed and replaced by "never the first time without simulation
training” [5]. Widely used in foreign countries, such as the USA, the use of simulation is still under
development in cardiology in France. Indeed, the development of simulation teaching in cardiology is
faced with certain challenges, such as the need for an educational background in simulation for
trainers; it is also a time-consuming teaching method.

A summary of the main studies assessing simulation training in cardiology is given in Table 1.

Simulation using serious games and scenarios



The transfer of learning from simulation to clinical practice in cardiology is based on two
complementary methods: serious games at an individual level; and scenarios, with debriefing at a
team level.

“Serious games” is the term given to computer software in which “real-life” environments are
replicated to emphasize educational messages. Serious games have the advantage of being
accessible on computer or smartphone, and therefore to not necessitate the purchase of additional
equipment. The flexibility is also appreciated by learners [4], as they can perform their training
basically whenever they want. One real limitation is the perception of the learner, who is aware of the
artificial aspect of the simulation, with the risk of a different response between simulation and real-life.

An additive value is the possibility of creating uncommon scenarios, rarely encountered during
clinical practice, using high-fidelity patient simulators [4]. These emergency scenarios (e.g. cardiac
arrest) are important to assess team communication and efficiency of emergency protocols in a
centre. Indeed, studies have demonstrated a clear benefit from the use of simulation over traditional
resuscitation training, with an increase in cardiac arrest survival in centres with these programmes

running [6].

Role of simulation in cardiovascular imaging

Great knowledge of transthoracic echocardiography (TTE) and TOE is the backbone of cardiovascular
imaging programmes [7] in cardiology in Europe and the USA. Indeed, a complete training programme
with theoretical and practical sections is necessary for learning complete TTE [8]. However, this
training could, at least in part, be based on a short self-study programme, such as Bernard et al.
showed in a population of novices in echocardiography, with the acquisition of basic knowledge in TTE
through practice on a simulator [9]. In addition, Fredericksen et al. showed that novices in
echocardiography obtained an 86% rate of interpretable images after only 2 hours of teaching and
practice on two healthy volunteers [10].

Experience in echocardiography that allows the trainee to move from a basic to an advanced
level requires them to see many different cases — for instance, to provide guidance during surgery or
percutaneous procedures. In addition, support for these procedures has very recently been a
prerequisite for acquiring the "cardiovascular imaging expert” option of the French cardiology diploma.

This learning curve to become self-sufficient takes time [4]. Indeed, in real-life training, most trainees



feel the gap between formal learning and actual expected performance, together with considerable
stress and a lack of preparedness [11].

In simulation-based learning, it is essential to acquire high-quality ultrasound reference views to
be able to interpret them as precisely as possible [4]. Using mannequin-based TTE and TEE
simulators is a modern way to learn normal and abnormal cardiac anatomies and functions in a safe
environment, promoting experience and instilling confidence without jeopardizing patient safety [12].
Indeed, Hammoudi et al. showed that undergraduate medical students can learn cardiac anatomy
effectively through echocardiography simulation, with three-dimensional construction of the anatomy
[13]. In a meta-analysis, Sidhu et al. showed that while real-life supervised TEE experience is
irreplaceable, given its challenges (intubation, artefacts, etc.), teaching ultrasound techniques through
simulation for diagnosis or certain interventional procedures enhanced the ability to acquire the main
views of focused cardiac ultrasound and to carry out these examinations in real-life situations [14].

In addition, beyond the issue of acquiring high-quality images, simulation teaching is also a tool
for developing interpretation capacity, by producing a relevant report using a multivariable approach.
Indeed, practical workshops make it possible to simulate real situations from the replay station on a

dedicated console [2].

Role of simulation in interventional cardiology

With continuing growth of invasive procedures that require technical expertise, fast changing unstable
clinical scenarios with potential life-threatening complications, complex therapeutic options and well-
documented steep learning curves, the demands placed on cardiologists in training and in practice are
intense. Many simulators exist for practising endovascular procedures: coronary angioplasty, pacing,
electrophysiological studies and structural interventions [4]. These simulators use mechanical haptic
feedback, which refers to tactile feedback provided by active or passive resistance generated by the
simulator itself in response to user movements. This tactile feedback allows the subject to manipulate
the simulated instrument in real time with force feedback, which provides a mechanical simulation of
the sense of touch and/or resistance. All simulators provide quantitative metrics regarding the use of
contrast and fluoroscopy time [15]. Such training has been proven to improve students’ knowledge

and skills [16].



Hybrid simulation is the term applied to mixing modalities to enhance the experience. An example
of this is the situation of an angiographic procedure simulator under drapes alongside an actor playing
the part of an anxious patient, to allow both the practical skills of cardiac catheterization and the

communication skills required during the procedure [17].

Conclusions

Unlike abroad, especially the USA, simulation is not yet used for recertification of doctors in France,
but is currently used only as a training tool. Simulation training could probably be a means of providing
education in cardiology, allowing trainees to progress under expert supervision, without risk to patients
and in agreement with the Continuing Professional Development advocated by the French Health
Authority. In addition, commercial availability of inexpensive realistic simulators would aid medical
education and reduce the risk posed to patients. Finally, the absence of a validated educational
programme in simulation for cardiology is an important limitation. The collegial development of a

national training curriculum should be our next target to promote simulation.
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Table 1 Summary of the main studies investigating simulation-based training in cardiology.

Study Year No. of Study design Session type Blind Improvement  Simulated Conclusions
students assessment  in procedural or real
ability procedures
TOE
Observational studies
Sharma et al. [18] 2013 28 Single group Self-directed No Not Simulated Improving knowledge
before/after SBT investigated
intervention
Matyal et al. [19] 2015 6 Single group Fixed-time No Yes Simulated Reduction of
before/after SBT simulation acquisition time to
intervention sessions obtain adequate
images
Sohmer et al. [20] 2014 33 Single group Self-directed No Yes Simulated No difference in

RCTs

before/after SBT

intervention

versus fixed-
time simulation

sessions

improvement by SBT
between supervised
and self-directed

sessions

10



Damp et al. [21] 2013
Ferrero et al. [22] 2014
Ogilvie et al. [23] 2015

CA
Observational studies

Casey et al. [24] 2016

Schimmel et al. [25] 2015

27

42

52

10

14

Apprenticeship training
and SBT versus
apprenticeship training
alone

SBT versus lecture-

based education.

SBT versus theatre-

based training

Single group
before/after SBT
intervention
Single group
before/after SBT

intervention

Fixed-time

simulation

sessions

Fixed-time

simulation

sessions

Fixed-time

simulation

sessions

Fixed-time

simulation

sessions

Fixed-time

simulation

sessions

No

Yes

No

No

No

Yes Real
Yes Real
Not Real

investigated

Yes Simulated

Yes Simulated

At 1 month, the SBT
group significantly
outperformed the non-
SBT group

Students with the
lowest baseline
experience level had
the best learning curve

Improving knowledge

Reduction in

procedure time

Reduction in

procedure time

11



Hauguel-Moreau & Adjedj [26]

RCTs

Bagai et al. [27]

Voelker et al. [28]

Fischer et al. [16]

Electrophysiology

De Ponti et al. [29]

2016

2012

2015

2018

2011

1a

27

118

14

Single group
before/after SBT

intervention

Apprenticeship training
and SBT versus
apprenticeship training
alone for CA

SBT versus lecture-

based training for CA

Traditional face-to-face
teaching versus SBT

for CA interpretation

RCT: SBT versus
apprenticeship training
for transseptal

catheterization

Fixed-time
simulation

sessions

Mastery

learning

Fixed-time
simulation
sessions

Fixed-time
simulation

sessions

Mastery

learning

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Simulated

Real

Simulated

Simulated

Real

Improved angioplasty

skills after SBT

Reduction in

procedure time

Improved angioplasty

skills after SBT

Improved angioplasty

skills after SBT

SBT reduced training
time (reduction of 27
days compared with

conventional training)

12



De Ponti et al. [30] 2012 7 Single group Fixed-time
before/after SBT simulation
intervention for the sessions

ability to position
electrophysiology
catheters at standard

intracardiac sites

No

Yes

Real

SBT reduced radiation
exposure (reduction of
262 seconds of the
fluoroscopy time per

patient)

CA: coronary angiography; RCT: randomized controlled trial; SBT: simulation-based training.

a A pregnant cardiologist.
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