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ABSTRACT

Objective: We conducted a prospective study to assess the face and content val-
idity of a new virtual reality (VR) extracorporeal circulation simulator (ECC) devel-
oped for perfusionists to facilitate training and practice. We evaluated the opinions
of students and staff members about the feasibility of the simulation. The 2 groups
consisted of experts (qualified perfusionists) and novices (trainee perfusionists).

Methods: Perfusionists (n ¼ 12 experts and n ¼ 11 trainees) received instructions
on how to use the VR simulator and then proceeded to perform the start of car-
diopulmonary bypass in the VR environment. Participants then completed a Useful-
ness, Satisfaction, and Ease of Use Questionnaire. The questions were rated on a
5-point Likert scale, ranging from 1 (fully disagree) to 5 (fully agree), to assess the
face validity and content validity of this simulator.

Results: Participants reported a predominantly positive experience with the VR-
ECC simulator, with 96% (n ¼ 22) agreeing that the simulator was a useful way
of training ECC scenarios. All participants found it easy to interact with the software
(100%, n ¼ 23), and 82% of students (n ¼ 9) believed it helped them remember
the steps involved with initiating ECC. Finally, (87% [n ¼ 20]) of participants
believed the image quality and depth perception were good.

Conclusions: Our next-generation simulator was valid for face and content con-
structs, and almost all participants found it to be a useful way of training for ECC
scenarios. This simulator represents a first step toward truly blended digital learning
and a new interactive, flexible, and innovative modality for perfusion training.
(JTCVS Techniques 2023;21:135-48)
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CENTRAL MESSAGE

Participants found the virtual re-
ality extracorporeal circulation
simulator to be useful to train on,
realistic, easy to use, and contain
high-fidelity visual models.
PERSPECTIVE
Our realistic virtual reality extracorporeal circula-
tion simulator affords new training opportunities
for perfusionists of all levels. It will increasingly
form part of future curricula to enable perfusion-
ists to better prepare for the challenges of their
profession. Our simulation will enable unlimited
practice to master complex perfusion operations
or prepare for unexpected disaster scenarios.
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VIDEO 1. Avideo captured from the virtual reality-extracorporeal circu-

lation (VR-ECC) simulator showing a beta version of the simulator, where

participants prepare the heart-lung machine and go on bypass. Video avail-

able at: https://www.jtcvs.org/article/S2666-2507(23)00198-0/fulltext.

Abbreviations and Acronyms
ECC ¼ extracorporeal circulation
HLM ¼ heart-lung machine
VR ¼ virtual reality

Adult: Education Babar et al
Video clip is available online.

For trainee perfusionists, knowledge of physiology and the
interaction between a patient’s hemodynamic state and the
heart-lung machine (HLM) is essential to prepare them for
their clinical practice. A substantial part of a perfusionist’s
training process is dedicated to transferring this theoretical
knowledge into practical skills. Providing this training pre-
sents logistical and financial challenges, not least during
times of social distancing, travel restrictions, and health
care budget constraints. The high cost of equipment and
supplies puts considerable pressure on the training program
budget, making it challenging to allocate enough resources
for repetitive practice of complex procedures or emergency
scenarios.

Virtual Reality (VR) simulation training may help to
ameliorate these issues, and simultaneously provide equi-
table access to training across the globe. VR can provide
fully immersive, interactive, and realistic scenarios in
which the user can repeatedly train and acquire skills
without the need to travel long distances or being present
physically at a specific location. Other advantages of VR
training for health care professionals include its conve-
nience, flexibility, and cost-effectiveness.1 The efficacy of
the VR modality in training (surgical) skills has previously
been demonstrated.2-4

The application of a VR simulator in the education of
perfusionists appears to be promising but remains to be
fully investigated.5 The initial experience with augmented
reality training of perfusion students demonstrated the sig-
nificant value of this modality, although as of yet does not
include a full HLM simulation.1 To the best of our knowl-
edge, a fully virtual simulation has not yet been imple-
mented in clinical perfusion training. VR can recreate
fully immersive 360� interactive and realistic scenarios,
enabling users to hone their skills without the need for
expensive physical simulation equipment. Users can
make mistakes without fear of consequences. Moreover,
VR can be used in a multiuser setting, allowing different
users to be present in the same scenario while physically
distanced.5 Multiple studies have shown that simulation
training effectively improves knowledge, confidence,
motivation, and satisfaction with training versus standard
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training methods.6-9 Creating an accurate virtual
environment is essential to successfully transfer
knowledge and skills, especially as an alternative
conventional training method.10

To that end, we developed the VR extracorporeal circula-
tion simulator (VR-ECC sim). In this simulator, we have
recreated the process of preparing and building an HLM,
the procedure for initiating cardiopulmonary bypass, the
management of the patient while on bypass, and the proced-
ure for weaning from bypass.

Once built, such a VR training tool requires valida-
tion to demonstrate its educational utility.11,12 This vali-
dation comprises different subtypes, including face
validity and content validity.13 Face validity considers
how realistic the simulator is, and how closely it resem-
bles the look and feel of a physical HLM. This is
judged by experts (qualified perfusionists) and nonex-
perts alike (novices/trainees).11 Content validity refers
to the degree to which the content of a simulator pre-
cisely portrays the intended medical construct, in terms
of knowledge or skills that it aims to impart through
education.13 It is therefore assessed by examining the
ratings that experts give in the usefulness and satisfac-
tion sections of the questionnaire.

We performed a prospective study to assess the feasibility
and to establish the face and content validity of the VR-ECC
sim in a group of novice and expert perfusionists.

https://www.jtcvs.org/article/S2666-2507(23)00198-0/fulltext
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METHODS
Study Design
Software development. We developed a vendor-agnostic VR simu-

lation that recreates the perioperative steps, preparation, initiation, and

termination of cardiopulmonary bypass using an HLM. Unreal Engine 4

(Epic Games) software was used for the simulation development, with vi-

sual modeling being performed in Autodesk Maya (Autodesk Inc).

The VR-ECC sim was designed by a multidisciplinary team consisting

of perfusionists, VR software developers, digital transformation experts,

and cardiothoracic surgeons from the cardiothoracic surgery departments

at Erasmus Medical Centre, Distant Point LTD, and Medisch Spectrum

Twente. Still images captured from the simulator can be found in Figures

1 and 2, and Video 1 shows the simulator.

The software used for this study was an alpha version of the simulator.

One limitation of this early version was that users were not able to make

mistakes. This feature will be included in future iterations of the simulator.

Hardware. A Meta Quest 2 (Meta Platforms Inc) head-mounted

display, in combination with 2 VR controllers was used to run the

VR-ECC sim in a standalone setup, without requiring the use of external

computer hardware.

Interventions. Participants were recruited through the Dutch national

perfusion educational institute and through clinical perfusion departments

in the Netherlands. The Institutional Review Board of the Erasmus MC

University Medical Center approved the study protocol and publication

of data with reference MEC-2023 to 0210 (April 28, 2023). As seen in

Figure 3, a total of 11 novices (58% of the current national cohort of trainee

perfusionists) and 12 experts were included and provided informed con-

sent. A copy of the informed consent form can be found in Appendix E1.

Before running the simulation, each participant was given a short briefing

on the scenario, how to use the VR head-mounted display, and how to

interact with the controls and software to perform the VR ECC sim. Partic-

ipants then entered the simulation and were placed into the virtual oper-

ating theatre environment. They completed the “initiating

cardiopulmonary bypass” scenario, which is interactive and contained a

list of steps to be performed.

Data collection. Data was gathered through means of questionnaires

given to participants that were completed after they completed the simula-

tion. The validated Usefulness, Satisfaction, and Ease of Use Questionnaire

format was employed to assess face validity and content validity specif-

ically.14 This questionnaire employs four different themes to evaluate the

reliability of new technologies and innovations on the subjects of Useful-

ness, Satisfaction, Ease of use, and Immersion. These questions were rated

on a five-point Likert scale, ranging from 1 (fully disagree) to 5 (fully

agree). In addition to the Usefulness, Satisfaction, and Ease of Use Ques-

tionnaire, demographic information and experience with ECC and digital

learning platforms were gathered through a supplementary questionnaire.
FIGURE 1. Screen captures from the virtual reality-extracorporeal circulation

occluder (A), removal of the a clamp from the arterial line (B), an overview of

through the simulation (D).
The end of the questionnaire contained three free text questions, where par-

ticipants were asked to list the advantages and disadvantages of using VR-

ECC sim as a training tool and to leave any comments they had about the

experience of using the simulator. The questionnaire can be found in

Appendix E2, and the raw data from the completed questionnaires can

be found in the Online Data Supplement.

To examine face validity, we used questionnaire results from all partic-

ipants on the ease of use and immersiveness. When assessing content val-

idity, the results from the expert group were considered, specifically

regarding usefulness and satisfaction.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics for Win-

dows, version 28.0 (IBM Corp). The c2 test was used to perform statistical

analyses of categorical data such as the participant characteristics. Contin-

uous data are presented as mean� SD, and categorical data, including Lik-

ert scales, are presented as percentages.
RESULTS
Demographic Data
All participants (n ¼ 23) who were enrolled in the study

completed a questionnaire after completing the VR sce-
nario. The baseline characteristics did not differ signifi-
cantly between the two groups, with the exception of the
group’s exposure to digital learning or serious games, where
the expert group had significantly more experience than the
novice group. The breakdown of baseline characteristics
and experience with virtual reality-related technologies
can be found in Table 1.
Novices
Figure 4 shows the data collected from novice perfusion-

ists after they completed the VR-ECC sim. Concerning the
face validity, this group believed that the simulator was real-
istic, including 10 (91%) participants agreeing that the
depth perception and image quality was good, 7 participants
(63%) stating that they were not distracted from the simula-
tion, and a further 7 participants (63%) believed they were
actively involved in the ECC scenario. Most novice partici-
pants were interested in the progress of the simulation (n¼ 7
[63%]). Concerning content validity, novice participants
(VR-ECC) simulator, featuring from left-to-right: adjustment of the venous

the heart-lung machine (C), and the menu system by which users navigate

JTCVS Techniques c Volume 21, Number C 137
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FIGURE 2. The central picture of this manuscript, displaying selected metrics from the use questionnaires, completed by experts and novices, and a screen

capture from the virtual reality-extracorporeal circulation (VR-ECC) simulator.
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believed the simulator was useful: the whole group (n ¼ 11
[100%]) agreed that the VR-ECC sim was a useful training
tool for perfusionists, 9 participants (82%) reported that the
simulation helped them to remember the steps in performing
an ECC, and 6 participants (60%) said that they learned a lot
fromperforming the simulation.With respect to satisfaction,
all novice participants (n ¼ 11 [100%]) liked taking part in
the VR-ECC sim and enjoyed using VR for learning pur-
poses. Ten participants (91%) suggested that they would
find the VR simulation useful in addition to conventional
classroom training and 7 participants (63%) agreed that
they would prefer VR simulation instead of conventional
classroom training. Almost all novice participants (n ¼ 10
[91%]) would recommend the VR-ECC sim to colleagues
for training purposes. Regarding ease of use, all novice par-
ticipants found it easy to interact with software (n ¼ 11
[100%]), and 8 participants (73%) found it easy to move
around the virtual environment. Most of the novice partici-
pants (n ¼ 9 [90%]) agreed that their head and hand move-
ments were sufficiently mirrored by the simulation. Finally,
only 1 participant (10%) agreed that communication felt
natural, which represents an area that should be addressed
in future iterations of the simulator.

Experts
Figure 5 shows the data collected from expert perfusionists

after they completed the simulation. The results obtained
from the experts broadly mirrored those of the less experi-
enced group. In terms of face validity, experts believed that
the simulator was realistic, including 10 (83%) participants
agreeing that the depth perception and image quality was
138 JTCVS Techniques c October 2023
good, 75% (n ¼ 9) were not distracted from the simulation,
and 66% (n ¼ 8) believed they were actively involved in
the patient scenario. The majority of expert participants
were interested in the progress of the simulation (n ¼ 9
[75%]).When considering content validity, the expert partic-
ipants agreed with novice participants and believed the simu-
lator was useful; almost the whole group (n ¼ 10 [91%])
agreed that theVR-ECCsimwas a useful training tool for per-
fusionists. Experts learned relatively little from the simula-
tion, which is not unsurprising given their level of
experience. Three participants (30%) reported that the simu-
lation helped them to remember the steps in performing an
ECC, and 2 participants (20%) said that they learned a lot
from performing the simulation. Experts were satisfied with
the VR-ECC sim, and all participants (n¼ 12 [100%]) liked
taking part in the VR-ECC sim, and enjoyed using VR for
learning purposes. Eleven participants (92%) suggested
that they would find the VR simulation useful in addition to
conventional Microsoft PowerPoint training and 5 partici-
pants (42%) agreed that they would prefer VR simulation
instead of conventional PowerPoint training. Almost all
expert participants (n ¼ 11 [91%]) would recommend the
VR-ECC sim to colleagues for training purposes. Regarding
ease of use, all expert participants found it easy to interact
with software (n ¼ 11 [100%]), and 75% (n ¼ 9) found it
easy to move around the virtual environment. All experts
(n¼ 12 [100%]) agreed that their head and handmovements
were mirrored by the simulation. Only 25% (n ¼ 3) agreed
that communication felt natural.

All participants were asked to complete a free text section
of the questionnaire addressing the advantages and
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disadvantages of the VR-ECC sim. Full results of this and
the Usefulness, Satisfaction, Ease of Use Questionnaire
data can be found in the Online Data Supplement. Common
themes among the reported advantages included high image
quality, a realistic simulation, the ability to practice proced-
ure steps, establish a good routine, gain experience, practice
with different systems, the ability to make mistakes without
consequences, and to be able to troubleshoot difficult situa-
tions. Disadvantages included a (current) inflexibility in the
order of steps, an unfamiliar HLM type in the simulation,
and the slow progression of the simulation.

DISCUSSION
We present the results of this prospective feasibility

study, which aimed to demonstrate the face and content
validity of our prototype VR-ECC sim. The participants
broadly agreed with all of the statements presented in the
various categories of the USE Questionnaire (Usefulness,
Satisfaction, Ease of Use, and Immersiveness). Therefore,
this constitutes face validity, demonstrating that our simu-
lator is realistic and that the simulated HLM looks and feels
like a physical HLM.
Experts and novices alike felt immersed in the virtual

environment, with only communication standing out as an
area that should be improved in future iterations of the
simulator. They also believed that the depth perception
was good and were not distracted when performing the
simulation. Almost all participants unanimously agreed
that our VR-ECC simulation is a useful way to train for
ECC scenarios and were very satisfied with the simulation
JTCVS Techniques c Volume 21, Number C 139



TABLE 1. Baseline characteristics table showing the baseline characteristics of the participants in both groups, and statistical comparisons and

their significance for each question

Baseline Characteristic Novice perfusionists (n ¼ 11) Expert perfusionists (n ¼ 12) P value Statistical test

Sex 0.37 c2

Female 6 54.5 5 41.7

Male 4 36.3 3 25.0

N/A 1 9.0 4 33.3

Age 29.5 � 6.46 36.8 � 11.5 .11 t test

Period as a trainee/expert (y) 1.35 � 1.09 11.2 � 13.0 .21 c2

How many ECC operations have you participated in? 0.22 Fisher exact

1-5 times 2 18.2 0 0

More than 10 times 9 81.8 12 100.0

Do you have experience with gaming consoles (eg, computer gaming, Xbox, PlayStation)? 0.10 c2

I have never used a gaming console 0 0 4 33.3

I have used a gaming console a few times

before

8 72.7 5 41.7

I am gaming on a regular basis (at least

once a month)

3 27.3 3 25.0

How often do you use VR hardware/software (eg, VR gaming, simulations, consoles, entertainment etc.)? 0.16 Fisher exact

I have never had a VR experience until

today

7 63.6 11 91.7

I have used VR a few times before 4 36.4 1 8.3

Do you have experience with physical simulation trainings in skills labs? 0.67 Fisher exact

I have never had simulation training

before

4 36.4 3 25.0

I have had simulation trainings multiple

times before

7 63.6 9 75.0

Do you have experience with digital training (eg, e-learning or serious games)? 0.02* c2

I have never had such training before 7 63.6 2 16.7

I have had a digital training a few times

before

1 9.1 8 66.7

I have had digital trainings multiple times

before

3 27.3 2 16.7

Do you have experience with a simulation training in VR? N/A

Yes 0 0.0 0 0

No 11 100 12 100

Values are presented as n (%) or mean � SD. N/A, Not available; ECC, extracorporeal circulation; VR, virtual reality. *Result is statistically significant where P<.05.

Adult: Education Babar et al
experience. Experts and students alike found the simulator
easy to use, with prior gaming/digital learning experience
appearing not to be a factor in this regard. The study was
conducted with an alpha version of the simulator. Future it-
erations of our simulator will contain more in-depth simula-
tions allowing for mistakes with physiological
consequences and troubleshooting scenarios with equip-
ment failures and patients with challenging requirements.
These scenarios will additionally be useful for surgeons to
practice, especially for emergency situations requiring
intense cooperation and communication between surgeons
and perfusionists. We envision a multiuser simulator
whereby a surgeon, scrub nurse, and perfusionist can prac-
tice in the same virtual operating theatre, creating a cohe-
sive team before performing real cardiothoracic procedures.
140 JTCVS Techniques c October 2023
When assessing content validity, we specifically consid-
ered the results from the expert group regarding the useful-
ness and satisfaction. The principal finding in this regard
was whether or not experts believed that our simulator
would be a useful way to train perfusionists, which they
almost unanimously agreed that it was. Experts reported
that they did not learn much from the simulation.

This outcome is not surprising, considering the high level
of expertise of the expert group and the current aim of our
simulator, which is to assist trainees in becoming familiar
with the HLM and the operational environment of the oper-
ating theatre. In terms of satisfaction, experts rated the
simulator highly, with a strong majority agreeing with every
statement, with the exception of replacing conventional
classroom/PowerPoint training with VR training, where
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FIGURE 4. Stacked bar charts of the Usefulness, Satisfaction, Ease of Use Questionnaire data completed by novice perfusionists. VR-ECC, Virtual reality-

extracorporeal circulation; HMD, head mounted displays.
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42% agreed. This may be in part due to the early stage of
the simulator, and the current lack of theoretical knowledge
imparted during such a training scenario. This is a feature
that will be implemented in the future, such that a blended
experience of simulation and theoretical learning can be
produced, whilst leveraging the gold standard spaced repe-
tition learning strategy.15

We envision that this training tool will form a part of
blended learning curriculum in combination with traditional
classroom learning, and hands-on clinical practice. Addi-
tionally, it will contribute to more radical educational trans-
formation, including standardization, decentralization, and
flexible learning strategies that can be performed at the
convenience of the user. In thisway, it can be used to increase
and maintain competency. Evaluating user performance in
the simulator will be key in this regard, such that users and
supervisors alike can track progress and demonstrate com-
petency in a proficiency-based curriculum.16

Creating such a curriculumwill require a simulator that is
flexible and can adapt to local practice in terms of equip-
ment and standard operating procedure. Modeling different
systems will require a visual component that is currently be-
ing produced, but also a physical model. Our aim is through
use of real-life perfusion data, to build virtual models from a
variety of equipment and clinical scenarios such that the
simulator looks and responds like it would in a given
JTCVS Techniques c Volume 21, Number C 141



The interaction with the VR-ECC software felt intuitive
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FIGURE 4. Continued.
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clinical situation. With a realistic mechano-physiological
HLM model, perfusionists can transition to new equipment
and practice in a sandbox environment.

The multiplayer, multirole design of this simulator
streamlines the learning of new center-specific protocols
and the utilization of unfamiliar equipment, particularly in
troubleshooting scenarios. It enables interaction between
mentors and students within a simulated setting, allowing
students to execute crucial tasks in a secure environment un-
der expert supervision. Our VR simulation also helps strike
142 JTCVS Techniques c October 2023
a balance between theoretical knowledge and hands-on
practical experience to ensure students are well prepared
for real-life clinical situations.

The field of clinical perfusion is constantly evolving,
with increasing complexity of clinical cases and ongoing
advancements in technology. Although previous this study
and previous studies have demonstrated the value of simu-
lation in training perfusionists, the decision regarding
which modality to choose—physical, augmented reality,
or VR—is less clear. Equipment cost is likely to be a



I learned a lot about ECC in the VR-ECC sim

Usefulness

20%20%

Strongly Disagree Disagree Neutral Agree Strongly Agree

40% 20%

40%30% 20% 10%

20%20% 30% 10%20%

30%20% 20% 30%

9%

9%

64% 27%

The VR-ECC sim helped me being more confident in taking the
lead as a future operator of ECC

The VR-ECC sim helped me remember the steps for an ECC
procedure

After the VR-ECC sim, I have enough knowledge to take the lead
as a future ECC operator

VR-ECC sim is a useful way to train ECC scenarios

I liked participating in the VR-ECC sim

Satisfaction

50%

Strongly Disagree Disagree Neutral Agree Strongly Agree

I enjoy to use VR for learning purposes

I would recommend using VR for training purposes to other
colleagues

I would prefer VR training instead of conventional training (in-
classroom training with PowerPoint and a simulation with...

I would prefer VR training instead of digital training (e.g. e-
learning or serious game)

I would prefer VR training additionally to digital training (e.g. e-
learning or serious game)

I would prefer VR training additionally to conventional training
(in-classroom training with PowerPoint and a simulation with...
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FIGURE 5. Stacked bar chart of the Usefulness, Satisfaction, Ease of Use Questionnaire data completed by expert perfusionists. VR-ECC, Virtual reality-

extracorporeal circulation.
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significant factor in this decision-making process. Current
physical simulators, including the Califia Patient Simulator
(Biomed Simulations) and ECCSIM (Senko Medical In-
strument Mfg Co Ltd) cost in excess of 5 figures, with the
latter cited as costing $40,000.1 Augmented reality is an or-
der of magnitude less expensive, costing around $2100, but
as of yet is not a complete simulation of an HLM.1

The start-up costs for the VR-ECC sim are estimated at
$400 associated with the purchase of the VR headset. Our
software will be provided as a software as a service, with
setup, user licenses, and customer support covered via
monthly subscriptions. Therefore, VR-ECC sim represents
the most cost-effective option to our knowledge to provide
spaced repetition learning of basic skills, as well as simula-
tion training of novel techniques, enabling trainees to stay
up to date with innovation in the field.
Software development costs often remain prohibitively

high across the various platforms currently available, which
represents an issue that should be addressed in future to
ensure access to the benefits of next generation simulators
is equitable. To that end, our subscription model and
geographical pricing strategy greatly lowers entry barriers
and accessibility to both individuals and organizations.
With this feasibility study, we demonstrate the VR-ECC

sim fulfills the criteria for face and content validity. To vali-
date the simulator, we will compare its educational
JTCVS Techniques c Volume 21, Number C 143



17%

17%

25%

42%

25%

25%

25%

33%

The interaction with the VR-ECC software felt intuitive

Ease of Use
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It was easy to learn how to interact with the software

It was easy to move around in the VR environment

It was easy to pick up and move objects in the VR environment

The VR-ECC sim is responding adequately and is not lacking
when using the buttons on the controllers

The delay between the (movements of the) controls and the
response in the VR-ECC sim was not disturbing

When moving my head and hands with the HMD on, the VR-ECC
sim moved corresponding to the movements

I felt like I was actually in a real operating theatre during the VR-
ECC sim

Immersiveness

Strongly Disagree Disagree Neutral Agree Strongly Agree

I was not distracted during the VR-ECC sim

The in-depth perception of the VR-ECC sim was of good quality

It felt actively involved in the patient scenario of the VR-ECC sim

I felt in charge of the case during the VR-ECC sim

I was interested in the progress of the events within the simulation

Communication with the colleagues in the VR-ECC sim felt natural
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FIGURE 5. Continued.
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performance to traditional training methods in terms of pre-
paring perfusionists for disaster scenarios. This comparison
will occur through a physical moulage scenario, and the
outcomes measured will include time, accuracy, and safety,
which will evaluate the simulator’s construct validity. Once
an intermediate difficulty version of the simulator is avail-
able, we will be able to assess participants’ performance
in the simulator with the aforementioned metrics. This
will be rated by experts through a video made of the partic-
ipant’s test scenario in VR and thresholds for expert compe-
tency for each of these targets will be determined in
144 JTCVS Techniques c October 2023
advance. Finally, predictive validity, or the ability of the
simulator to discriminate between novices and experts
should be compared against the gold standard assessment’s
predictive ability. There is little consensus as to what is the
gold standard of practical ECC assessment, making it diffi-
cult at this moment to produce such evidence.

Limitations
Our limitations include a small group of participants

because this was a feasibility study. We did not perform
comparative statistics for the outcomes measured because
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there would not be sufficient data to do so, nor would this
produce meaningful data. The simulator was still in the
alpha stage of development and thus the versions tested
by participants varied slightly with minor bug fixes imple-
mented over the course of this study. Limitations of the
simulator as reported by users included an inflexibility in
the order of steps, an unfamiliar HLM type in the simula-
tion, and slow progression through the simulation. These is-
sues have largely been ameliorated in the new beta version
of the simulator.
CONCLUSIONS
To the best of our knowledge, this is the first VR simu-

lator that recreates the setup and operation of an HLM for
cardiopulmonary bypass. The results demonstrate that this
simulator is valid in terms of face and content validity. Par-
ticipants reported finding it useful, realistic, enjoyable, and
easy to use. Future research should include a randomized
controlled trial whereby the VR-ECC sim is compared
with the gold standard classroom equivalent before per-
forming a physical skills assessment where the time to
completion and number of mistakes are assessed by an in-
dependent expert. With further development and testing,
this high-fidelity simulator has the potential to become an
essential part of the next generation of educational tools
for perfusionists around the world.
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APPENDIX E1. INFORMED CONSENT FORM FOR
PARTICIPATING IN SCIENTIFIC RESEARCH
Participant Information: VR-ECC Face and Content
Validity
General information and objectives

Operating a heart lung machine (HLM) in order to
perform Extracorporeal Circulation (ECC) is a complex
and multifaceted task, requiring a knowledge of protocols
for operating both under normal conditions, and more
extreme deviations occurring with an equipment malfunc-
tion for example. The VR-ECC sim aims to recreate an
HLM in a virtual environment, where perfusionists can
learn and practice their skills. Over the past years emerging
virtual reality (VR) applications have quickly gained broad
attention in the medical field, including cardiology and
cardiothoracic surgery, as well as medical education and
communication. Combining VR technology with head
mounted displays (HMD) (eg, Oculus), enables the design
of a realistic, custom made simulation in a 3-dimensional
and fully immersive environment. Such a VR simulation en-
ables the user to train themselves repeatedly, without the
need for other supplies or instructor-led training sessions.
In this study, we will investigate the face and content valid-
ity of the VR-ECC sim, or how realistic this simulator is for
the purposes of education.

1. What participation involves

If you participate in this study, you will first fill in a short
questionnaire, about experience as a perfusionist/perfusion
student, and experience with digital training methods such
as e-learning and Virtual Reality. You will then be asked
to complete a training scenario from the VR-ECC sim,
and afterwards complete a Usefulness, Satisfaction, Ease
of Use (USE) questionnaire about your experience in the
simulator. No follow up is required. There is a minor risk
of nausea or dizziness that may occur during the simulation
associated with virtual reality. If this occurs, please notify a
research assistant who will help you remove the goggles.

2. If you don’t want to participate and/or stop partici-
pating in the study

Participation is voluntary, so you decide whether to
participate or not in this study. You can decide to stop
participating at any point. Your participation ends if you
choose to stop or when all measurements are completed.

3. Usage and storage of data

Your personal data will be collected, used, and stored
securely for this study. This concerns data such as your

age, experience as a perfusionist, VR and e-learning. The
collection, use, and storage of this data is necessary to
answer the questions asked in this research and to publish
the results. When data is collected, your data will be as-
signed a study code, and the data is anonymized. Only
with a key the data is traceable, this key is safely stored
in the Erasmus MC. Data will be stored on an Erasmus
MC local network drive with automatic overnight back-
up. Stored data regarding anonymous data sets and
personnel included in this study can only be accessed by
the investigators, the Erasmus MC ethics committee,
Erasmus MC auditors and Erasmus MC monitors and any
person or agency required by Dutch law such as the
“Inspectie voor de Gezondheidszorg”. All data will be
treated according to the “Wet Bescherming Persoonsgeg-
evens” and the Erasmus MC privacy regulations. Any infor-
mation from this study, if published in scientific journals or
presented at scientific meetings, will not reveal participant
identity. Data will be stored for a maximum of 15 years after
ending the study.

Title of the research: Virtual Reality Simulation as a
Tool for Training of Perfusionists in Extra Corporeal
Circulation; a Feasibility Study.

I declare that I read the consent form. I had the opportu-
nity to ask additional questions which are answered to my
satisfaction.

� I had sufficient time to consider my participation.
� I am aware that participation is voluntary and that I may

decide at any time not to participate or withdraw from the
study. I do not need to give a reason for this.

� I give permission for collection and use of my data to
answer the research question of this study.

� I am aware that appointed persons may have access to my
data in order to verify the study. These people are listed in
the information sheet. I give consent for the inspection by
them.

B I wish to participate in this study and I give consent for
my data to be used for this study.

B I do not wish to participate in this study and I do not
give consent for my data to be used for this study.

Name of Participant: ............................................................
Signature: .................................................... Date: __/__/__
I hereby declare that I have fully informed this study subject
about this study.
Name of investigator (or his/her representative):
.............................................................................................
Signature: ..................................................... Date:__/__/_
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APPENDIX E2. USER EXPERIENCE
QUESTIONNAIRE FOR THE EXTRACORPOREAL
CIRCULATION-VIRTUAL REALITY (ECC VR)
SIMULATOR

Please complete the following:
Male/female/other Age: __________ Profession:

_______________________________________________

1. How many years of work experience do you have in
thoracic surgery working as a perfusionist or trainee
perfusionist?

_______________________________________________

2. How many ECC operations have you participated in?

� I have never participated in an ECC operation.
� 1 to 5 times.
� 5 to 10 times.
� More than 10 times.

3. Do you have experience with gaming consoles (eg com-
puter gaming, Xbox, PlayStation)?

� I have never used a gaming console.
� I have used a gaming console a few times before.
� I game on a regular basis (at least once a month).

4. How often do you use VR hardware/software (eg VR
gaming, simulations, consoles, entertainment etc.)?

� I have never had a VR experience until today.
� I have used VR a few times before.
� I am experienced and use VR on a regular basis (at

least once a month)
� I am an VR expert (have a VR console and applica-

tions myself)
5. Do you have experience with physical simulation train-

ings in skills labs?

� I have never had simulation training before.
� I have had simulation trainings multiple times before.
� I am a certified simulation trainer.

6. Do you have experience with digital training (eg
e-learning or serious games)?

� I have never had such training before.
� I have had a digital training a few times before.
� I have had digital trainings multiple times before.

7. Do you have experience with a simulation training in
VR?

� Yes.
� No.

1. Fully disagree 2. Disagree 3. Neutral 4. Agree 5. Fully agree N/A

Usefulness

1 I learned a lot about ECC in the VR-ECC simulation

2 The VR-ECC simulation helped me being more confident in

taking the lead as a future operator of ECC

3 The VR-ECC simulation helped me remember the steps in

performing ECC

4 After the VR-ECC simulation, I have enough knowledge to take

the lead of a future ECC operation

5 CPVR simulation is a useful way to train ECC scenarios

Satisfaction

6 I liked participating in the VR-ECC simulation

7 I enjoy using VR for learning purposes

8 I would recommend using VR for training purposes to other

colleagues

9 I would prefer VR training instead of conventional training

(in-classroom training with PowerPoint and a simulation with

multiple participants)

10 I would prefer VR training instead of digital training

(eg e-learning or serious game)

11 I would prefer VR training additionally to conventional training

(in-classroom training with PowerPoint and a simulation with

multiple participants)?

11 I would prefer VR training additionally to digital training

(eg e-learning or serious game)

Ease of use

12 The interaction with the VR-ECC software felt intuitive

13 It was easy to learn how to interact with the software

(Continued)
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. Continued

1. Fully disagree 2. Disagree 3. Neutral 4. Agree 5. Fully agree N/A

14 It was easy to move around in the VR environment

15 It was easy to pick up and move objects in the VR environment

16 The VR-ECC simulation responds adequately and is not lacking

when using the buttons on the controllers

17 When moving the head and hands with the HMD, the VR-ECC

simulation moved corresponding to the movements

18 There delay between the (movements of the) controls and the

response in the VR-ECC simulation was not disturbing

Immersiveness

19 I felt like I was actually in a real operating theatre during the VR-

ECC simulation

20 I was not distracted during the VR-ECC simulation

21 The in-depth perception of the VR-ECC simulation was of good

quality

22 I felt actively involved in the patient scenario of the VR-ECC

simulation

23 I felt in charge of the case during the VR-ECC simulation

24 Communication with the colleagues in the VR-ECC simulation

felt natural

25 I was interested in the progress of the events within the simulation

Write down the advantages and disadvantages of the VR-
ECC simulation training, rank them in order of importance,
from most important (1) to least important (3).

Advantages:

1.

2.

3.

Disadvantages:

1.

2.

3.

Do you have any comments or did you miss something in
the simulation?
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________

Thank you for participating!
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