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ARTICLE INFO ABSTRACT

Keywords: Objective: To identify the information needs and perceptions of patients regarding the application of virtual reality in
Anxiety pre-surgical patient education.

Cardiac surgery Methods: A qualitative study was conducted between March and July 2020. The study population consisted of a pur-
Information needs

posive sample of patients scheduled for cardiac surgery from a single institution. Semi-structured individual interviews
(n=19) were conducted and analysed using thematic analysis.

Results: Patient perceptions regarding virtual reality and information needs related to hospitalisation and surgery could
be categorised into three themes: Creating familiarity, contents to explore and challenges and preconditions.
Conclusions: Virtual reality technology is a promising tool that can enhance conventional patient education to improve
understanding and to potentially reduce concerns and anxieties. The virtual reality environment creates an opportu-
nity for patients to be in control of the timing, quantity, depth and frequency of patient education. A virtual reality ed-
ucation tool should not be a substitute for personal contact with the physician.

Innovation: Patient information needs were identified profoundly to the further development of a virtual reality inter-
vention. This intervention aims to educate patients prior to elective cardiac surgery.

Patient education
Qualitative research
Thematic analysis
Virtual reality

1. Introduction

Many patients experience cardiac surgery as a life-threatening event
that influences physical and emotional well-being with feelings of depen-
dency and anxiety [1]. Patients scheduled for general anaesthesia and
major surgery often become anxious and stressed [2,3], especially in
more complex or invasive procedures such as cardiac surgery [4]. Anxiety
could be triggered by expectations of postoperative pain, separation from
family, incapacitation, loss of independence and fear of surgery, complica-
tions and death [5,6]. Although anxiety is often considered a normal part of
the preoperative encounter, patients have to cope with this situation. When
stress exceeds individual patient resources, it may negatively affect recov-
ery from surgery and quality of life [2,3,7-9].

To address preoperative anxiety and stress, preoperative patient ed-
ucation could be helpful in reducing anxiety and stress [10-12]. Preop-
erative education is defined as helping the patient understand and
mentally prepare for the surgical procedure and the recovery process

during the postoperative period [10]. Providing information helps pa-
tients understand what to expect during their hospital stay and treat-
ment, improves adherence to treatment and could minimize their
worries and anxieties [10,13,14]. However, due to the complexity of
medical information, patients experience difficulty in understanding
and retaining the information given to them, especially when patients
have limited literacy [12,15]. Different methods of presenting informa-
tion can promote understanding and successful retention of the informa-
tion [12,16]. In this context, applications of state-of-the-art information
technology, such as web-based education programs [16,17], serious
gaming [18] and apps to promote healthy behaviour [19,20], are
being developed and investigated. These interventions are promising,
as they appear to be at least as effective as conventional education
programmes and, in many studies more effective for improving knowl-
edge, skills, and patient satisfaction. An additional direction of develop-
ment in information technology for patient education could be the
application of virtual reality.

* Corresponding author at: Heart and Lung Department, Utrecht University Medical Centre (UMC Utrecht), Internal PO E03.511, PO Box 85500, 3508 GA Utrecht, The Netherlands.
E-mail addresses: M.vanderlinde@umcutrecht.nl (M. van der Linde-van den Bor), S.A.Frans@umcutrecht.nl (S.A. Frans-Rensen), F.Slond@umcutrecht.nl (F. Slond),
0.C.D.Liesdek@umcutrecht.nl (O.C.D. Liesdek), L.M.deHeer-3@umcutrecht.nl (L.M. de Heer), W.J.L.Suyker@umcutrecht.nl (W.J.L. Suyker), Tiny.Jaarsma@liu.se (T. Jaarsma),

S.Weldam@umcutrecht.nl (S.W.M. Weldam).

http://dx.doi.org/10.1016/j.pecinn.2021.100015

Received 17 September 2021; Received in revised form 17 December 2021; Accepted 29 December 2021
2772-6282/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.pecinn.2021.100015&domain=pdf
http://dx.doi.org/10.1016/j.pecinn.2021.100015
S.Weldam@umcutrecht.nl
http://dx.doi.org/10.1016/j.pecinn.2021.100015
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/pecinn

M. van der Linde-van den Bor et al.

Virtual reality is a medium composed of interactive computer simula-
tions that sense the participant’s position and actions and that provide feed-
back to one or more senses, giving the feeling of being mentally immersed
or present in the simulation [21]. Key concepts in virtual reality are interac-
tivity and integration of senses (visual, haptic, aural and olfactory) [21]. In
patient education, virtual reality can be used for the purpose of better pre-
paring the patient by increasing knowledge, improving patient satisfaction
and participation and reducing anxiety and distress [23-25].

To address anxiety and to improve understanding, we instituted a vir-
tual environment to prepare patients for elective cardiac surgery. In this
‘Virtual Patient Tour’, the patient experiences a tour of the hospital admis-
sion process. The patient is introduced to the nursing ward, the operating
theatre, the intensive care unit and the medium care unit. The ‘Virtual Pa-
tient Tour’ was developed using 360 degree video and filmed from the pa-
tient's perspective. A narration track of the script was recorded for overlay.
Patients can experience the ‘Virtual Patient Tour’ by a Head Mounted Dis-
play system with hand motion controller).

The methodological framework to guide the design, implementation
and evaluation of virtual reality applications in healthcare is used [26].
An important part of this framework is the incorporation of patients’
needs because non- adaptation to user feedback can lead to the failure of
digital interventions [26]. Therefore, the objective of this study is to iden-
tify the information needs and perceptions of patients regarding the appli-
cation of virtual reality in pre-surgical patient education, in order to
adjust the content of the ‘Virtual Patient Tour’ accordingly.

2. Methods
2.1. Design and context

A qualitative design was used. Two of the authors, a health scientist and
a nursing scientist, conducted semi-structured interviews (MLB and SFR).
They were not known to the participants of this research prior to undertak-
ing the study.

The study was conducted at the cardiac surgery department of a single
institution.

A purposive sampling strategy was used to focus on patients’ percep-
tions and information needs regarding virtual reality in patient education.
We strived for a heterogeneous sample with regard to sex, age and familiar-
ity with the concept of virtual reality and aimed to include patients both
prior to surgery and after surgery. All patients scheduled for elective cardiac
surgery (coronary artery bypass grafting and/or heart valve repair or re-
placement) and physically and mentally able to participate in an interview
were asked to participate in the study. Patients were excluded if they did
not speak Dutch. Patient recruitment continued until no new information
was added.

2.2. Data collection

In-depth, semi-structured interviews were held with patients individu-
ally. Ten interviews were conducted with patients prior to surgery, and
nine interviews were conducted with a separate group of patients after sur-
gery. The interviews were held from 2 days to 16 hours prior to surgery for
the preoperative participants, and 2 days to 6 weeks after surgery for the
postoperative participants. A pre-prepared interview guide was created
based on the literature on perceptions and expectations of cardiac surgery
patients [1], education and information transfer [27], personality and cop-
ing [2], factors influencing health-related behaviour [28] and expert con-
sultation. The interview guide consisted of the following main topics:
patient experiences preceding and during hospital stay, pre- and postoper-
ative information needs, degree of anxiety and distress, and opinions on vir-
tual reality related to patient education. Because information needs are
linked with coping mechanisms, topics on personality and coping were
also added. All interviews were digitally recorded.

To evaluate the patients’ perception of virtual reality objectively, the
prototype of the Virtual Patient Tour was not presented to the participants.

PEC Innovation 1 (2022) 100015

As a consequence, some participants were unable to specify which informa-
tion would be desirable in a virtual reality environment. If this was the case,
the participant reflected on a number of hypothetical possibilities, like an
anatomic model or patient story, proposed by the interviewer. Data collec-
tion continued until no new information was added. Patient profiles, such
as age, sex, diagnosis and treatment, were collected from medical files.

2.3. Data processing and analysis

Thematic analysis was used as a method for identifying, analysing, and
reporting patterns within data [29]. Verbal data were anonymised, and par-
ticipants were given gender-neutral pseudonyms. The verbal data were
transcribed verbatim and imported into the software program QRS NVivo
Pro version 12 [30]. The researchers familiarised themselves with the
data by reading and rereading the data and noting initial ideas. Data were
initially coded independently according to a coding outline. All codes
were compared and discussed until consensus was reached. Codes were col-
lating into potential themes and patterns and checked for coherence. The-
matic maps were constructed and discussed with all authors of this paper
in two peer review meetings. After peer reviewing, the themes were defined
and the analysis was linked back to the literature and the research ques-
tions, and complemented with compelling examples [29]. The analysis
was conducted in a non-linear, iterative process of describing, comparing,
relating and adjusting [31]. Reporting was in accordance with the Stan-
dards for Reporting Qualitative Research, which is accounted in appendix
A [32].

2.4. Techniques to enhance trustworthiness

The trustworthiness of qualitative studies can be assessed by their cred-
ibility, transferability, conformability and dependability [33]. The first in-
terview (P1) was used to train the researchers and to ensure that the
questions were well understood by patients and therefore excluded from
the analysis. To enhance credibility and to reduce potential bias, triangula-
tion was applied in various ways. For methodological triangulation, field
notes with observations were collected during the interviews, and they
were matched with the transcripts. To implement investigator triangula-
tion, the researchers coded separately. All codes were compared and dis-
cussed until consensus was reached. For data triangulation, transcripts,
codes and themes were iteratively analysed throughout the process. Mem-
ber checking was done as the researchers regularly summarised the infor-
mation provided to them, to verify they had a clear understanding. To
facilitate transferability, the context, the selection, the clinical profile of
the respondents, the data collection and the analysis process were docu-
mented carefully. Dependability and confirmability were enhanced by re-
cording major decisions in an audit trail [34] and having the detailed
description of the data analysis and structure of the themes verified by
three investigators. Three peer debriefing sessions were conducted to eval-
uate the interview process and to discuss difficulties.

2.5. Ethical issues

The study was conducted in accordance with the Declaration of Helsinki
and Dutch regulations. The Medical Research Ethics Committee of the Uni-
versity Medical Centre Utrecht concluded that Medical Research Involving
Human Subjects did not apply to the study: therefore no approval was
needed. Patients were recruited during outpatient visits. Patients were ade-
quately informed in person about participating in the study. Written in-
formed consent was obtained from all participating patients. Data were
only used for research purposes. The interviews were conducted between
March 2020 and July 2020.

3. Results

Twenty patients gave their consent. One patient (P4) was excluded due
to failure of the audio equipment during the interview. Consequently,



M. van der Linde-van den Bor et al.

nineteen patients were included in the study. The interviews were con-
ducted in a face-to-face meeting. However, due to the COVID-19 pandemic,
five interviews were conducted by video call. The interviews lasted be-
tween 16 and 51 minutes. The clinical profile of the participants are pre-
sented in Table 1.

The qualitative analysis deduced three themes: creating familiarity,
contents to explore using virtual reality and challenges and preconditions
in development and implementation. The findings are summarised in
Table 2.

3.1. Creating familiarity

The application of virtual reality in patient education in addition to tra-
ditional education was considered valuable. By experiencing hospital ad-
mission virtually, expectations of what is to come became more realistic.
It was reassuring to know what to expect, and it could reduce worries and
concerns. This was especially true if the patient had never been admitted
to a hospital before (Q1).

The addition of vision next to listening and reading was also men-
tioned as a benefit of virtual reality. Multimodal information (listen-
ing, watching and reading) will provide something appealing to
every patient. When provided verbally or in writing, important infor-
mation tended to be understood only partially and retained only tem-
porarily due to language barriers or by experiencing anxiety and
stress. A cultural barrier was also mentioned as a reason for limited
understanding of verbal information. In some culture, patients confirm
to the physician that they understood the information provided to
them out of politeness even when they do not understand it or do so
only incompletely. A virtual reality environment could potentially
reduce these barriers (Q2).

3.2. Contents to explore

Participants had a very clear opinion about what they would and would
not like to experience in a virtual reality environment. However, these
needs are heterogeneous and depend on personal preferences and past hos-
pital experiences.

Table 1
Clinical profiles of participants (n = 19).
Participant®  Sex Age Surgery” Familiar with ~ Timing
(range) virtual reality  interview

P2 Female 50-59 MIDCAB Unknown Pre-operative
P3 Male 50-59 CABG Yes Pre-operative
P5 Male 50-59 MIDCAB No Pre-operative
P6 Male 50-59 CABG Yes Post-operative
pP7 Male 60-69 CABG Yes Pre-operative
P8 Male 50-59 CABG No Pre-operative
P9 Male 60-69 MIDCAB Yes Pre-operative
P10 Male 70-79 CABG No Pre-operative
P11 Female 50-59 MIDCAB Yes Post-operative
P12 Male 60-69 CABG + MVP  Yes Pre-operative
P13 Male 50-59 MIDCAB No Pre-operative
P14 Female 50-59 CABG Yes Pre-operative
P15 Female 50-59 Mini AVR Unknown Post-operative
P16 Female  40-49 AVR Yes Post-operative
P17 Male 70-79 MIDCAB Yes Post-operative
P18 Male 60-69 MVP Yes Post-operative
P19 Male 70-79 MVP Yes Post-operative
P20 Male 70-79 CABG Yes Post-operative
P21 Male 70-79 CABG Yes Post-operative

$ P1 was excluded as the first interview was used to train the researchers and to
ensure that the questions were well understood by patients. P4 was excluded due to
failure of audio equipment during the interview.

# CABG: Coronary Artery Bypass Grafting; AVR: Aortic Valve Replacement;
MIDCAB: Minimal Invasive Coronary Artery Bypass; mini-Aortic Valve Replace-
ment; MVP: Mitral Valve Plasty
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Table 2
Summary of the findings regarding patient needs and perceptions of virtual reality
in patient education.

Themes Subthemes Findings
Creating « Reassurance by experiencing what is to come
familiarity « Potentially reduction of worry and concern
+ Multimodal information provision improves
understanding and reduces language and cul-
tural barriers
Contents to Factual « Virtual tour of hospital stay

explore knowledge + 3D anatomic model

« Physical therapy education
+ Importance of a good health before surgery
« Physical labour and pain management

Emotional « Distraction and relaxation

support « A patient story
+ Addressing personal concerns

Challenges and  Development « Identification with virtual patient

Evocation of fear

Personalized information

Avoid being overwhelmed

Facultative information

Interactivity

Pleasant experience for all generations

preconditions  and design

Implementation -« Involvement of partner or relative in virtual
experience

Frequency and timing at own pace

Complementary to conventional information
provision
Voluntary to experience

Each of these themes are described in the following paragraphs and illustrated by
quotes of the participants in Table 3 (Q references in the text refer to quotes of spe-
cific themes).

3.2.1. Factual knowledge

Participants stressed the importance of a virtual tour encompassing
the entire duration of their hospital stay, including information on
what they would encounter during their time in the hospital (Q3). Pa-
tients indicated that they were interested not only in seeing the different
departments they would go through, but also in obtaining an explana-
tion of the necessary medical equipment and the accompanying sounds.
Opinions were divided on the experience of the operation itself: from
“no need” to “very interested”. No need was indicated because patients
do not consciously experience the time in the operating theatre. In addi-
tion, there was a certain fear of being confronted with scarifying images.
Participants referred to the large number of people who were present in
the operating theatre. They wondered what these people were doing,
and they were interested in the tasks and responsibilities of these
healthcare professionals.

Incorporating a 3D anatomical model in virtual reality in the preopera-
tive education would be valuable as a supportive tool for the explanations
of diagnosis and treatment. Patients also indicated the need for
personalised information on diagnosis and treatment. An interactive 3D an-
atomical model in which the patient’s diagnosis, for instance, valve insuffi-
ciency, is visualised, could improve understanding (Q4).

On the topic of improving physical condition, participants men-
tioned this in all phases of the surgical encounter. Prior to surgery, to
provide information about the importance of healthy physical condi-
tion. Physical recovery is facilitated if the patient is in a good physical
condition, and it reduces the risk of postoperative complications. During
hospital stay, education on physical therapy is important to encourage
exercise to prevent pneumonia and regain mobility. During the recovery
period, information is needed on physical exertion and pain manage-
ment. Patients indicated that they were interested in what to expect dur-
ing the recovery period (Q5).

3.2.2. Emotional support
Participants indicated that they were interested in contents related to
their need to feel informed and understood, and also those that address
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Table 3
Ilustrative quotes related to the identified themes

(Sub)Themes Quotes

Creating familiarity Q1  P12: “When you are admitted to the hospital, you end up

in a completely different environment. If you have

already experienced that before, you will be better

prepared for what awaits you”

Q2  P3: “Iwork in an organisation with many people who are
inclined to say yes, to be polite or because the doctor says

s0”

Content to explore
- Factual Q3
knowledge

P9: “I think, for those who are open minded, a tour
through the different departments can be very
informative. I'd like to see that personally”

Q4  P6: “A 3D model of the heart would be very helpful in the
preoperative consult. Questions can not only be answered
verbally, but also visually by pointing it out in the model”

Q5  P7: “Iread about the importance [of regaining mobility] in

the booklet. Show me how to do this, show me what to

expect”

P12. “Especially the part about moving my body during

the recovery period ... How do you do that? What do you

encounter? That would be helpful in virtual reality”
P21: “I would like to know which physical exertion is
allowed and which is not”

P9: “I dread the moment of awakening from the

anaesthesia. Suppose I choke, suppose I get something in

my lungs and that creates a complication... this is
worrisome to me”

P19: “The wall of my heart has been thinned because of

my illness... there is risk of rupture ... I'd rather have

surgery done today than tomorrow”

- Emotional Q6
support

Challenges and preconditions
- Development Q7  P6: “The power of virtual reality is to be able to identify
and design yourself with the virtual patient. The patient's experience
in the virtual reality environment must be as close as
possible to the patient's own experiences”

Q8  P12: “You have to ensure that the message you want to
convey remains manageable. You should not want to put
in too many peripheral phenomena that distract from the
main message*

P17: “A virtual environment is lifelike. A 2D picture also
gives an image, but does not come to you as penetratingly
as in virtual reality”

P21: “Be careful which images you show in a virtual
reality environment. It can be too immersive and become
frightful. An animation in virtual reality may be
sufficient”

Q9 P18: “I wouldn't be much interested in the virtual reality
experience. That's my generation, I did not grow up with
digital skills”

- Implementation Q10 P7: “You want to meet the person who will ‘cut your
tissue™”

emotional needs. The use of a virtual reality environment as distraction or
relaxation prior to surgery to reduce anxiety and stress was also mentioned.
Although not all participants felt the need for distraction, they did acknowl-
edge the added value in its availability.

A patient’s own story of his or her experiences of hospital stay and sur-
gery was considered a topic for further development. A patient is an expert
by experience, and messages from fellow patients could be different from
the information provided by healthcare professionals. At the same time,
participants indicated that a patient’s own story is difficult to be developed
for virtual reality because the experience of the virtual patient cannot be a
substitute for the personal experience of the affected patient, which is con-
sidered a requirement.

In addition to general concerns related to surgery and anaesthetics,
physical discomfort, fear of death or complications during surgery, patients
expressed personal concerns caused by past experiences with surgery or
physical impairments in daily life. Daily confrontation with the conse-
quences of heart disease could lead to uncertainty, worries or anxiety.
This was reinforced by a long waiting period before surgery (Q6).
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3.3. Challenges and preconditions

3.3.1. Development and design

Patients wanted to feel ‘this is about me’. Therefore, the virtual environ-
ment should approach reality as closely as possible and all senses should be
addressed (Q7).

Personalised information was preferred, especially with regard to
diagnosis and treatment. Incorporation of facultative elements
was recommended, to be able to choose additional or in-depth infor-
mation or to be able to make the choice not to see/read/experience
this information.

Participants warned that care must be taken so that information
would not become overwhelming. Moreover, images in a reality-based
environment could evoke or even aggravate feelings of anxiety and
stress (Q8).

Interactive features should be implemented to improve engagement.
A participant with professional virtual reality experiences stressed that
the virtual reality experience should be intuitive and a pleasant experi-
ence regardless of generation, although there will always be patients
who are not interested in virtual reality technology. A patient who
responded that he did not see the added value of virtual reality stated
that he did not need to know all the details on hospital stay and surgery.
He trusted the skills and experiences of the physicians. An elderly indi-
vidual indicated that his disinterest in virtual reality was probably due
to his age, as he did not grow up with today's digital possibilities (Q9).

3.3.2. Implementation

Involvement of the partner or relatives in the patient education to foster
social support and understanding is considered important. Additionally,
partners and relatives have their own concerns that need to be addressed.
Availability of the virtual reality tool was mentioned. It is desirable to expe-
rience the virtual reality environment at their own pace. Information can
then be accessed repeatedly if questions remain unanswered or new ques-
tions arise.

The virtual reality tool should be available at any time, not just in the
preoperative phase, and should not be restricted to the period of hospital
stay. Virtual reality content that is irrelevant or less relevant prior to surgery
could be interesting or useful in the recovery period. Virtual reality educa-
tion should be complementary to conventional modes of instruction and
cannot replace them completely, because personal contact with the physi-
cian is essential (Q10). Moreover, personal connection with the surgeon
was found to be important to feel confident about his or her expertise. Fi-
nally, a patient should be free to choose whether or not to engage in the vir-
tual reality environment.

4. Discussion and conclusion
4.1. Discussion

This qualitative study was designed to identify the information needs
and patients’ perceptions regarding the application of virtual reality in
pre-surgical patient education so that a virtual reality prototype environ-
ment can be adjusted accordingly. With regard to information needs and
perceptions, three main themes were identified: Creating familiarity: seeing
and experiencing what is to come in advance creates realistic expectations.
Moreover, the combination of visual and auditory information potentially
improves understanding and reduces worries and concerns. Contents to ex-
plore; various applications of virtual reality in pre-surgical patient educa-
tion were suggested, with a general interest in a virtual tour of the
hospital stay. Challenges and preconditions: create a realistic environment
wherein identification with the virtual patient is guaranteed and facultative
elements are integrated so that the user can make a choice whether to ac-
cess in-depth information or not. Moreover, involvement of the patient’s
partner in the virtual reality experience is important in implementing the
virtual reality tool in clinical practice.
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Although the amount of literature on the application of virtual reality in
pre-surgical patient education and patient participation in virtual reality de-
velopment is limited, some of the findings in the current study are in line
with previous studies.

Our finding that the combination of visual and auditory information po-
tentially improves understanding is reflected in a qualitative study on pa-
tient education prior to radiation therapy [35]. In this study, a prototype
virtual reality intervention was presented to patients, and the patients
were asked to give feedback. Consistent with this current study, patients in-
dicated that the virtual reality intervention potentially improved under-
standing and reduced anxiety. Similarly, they reported that realism,
timing and age barriers needed to be taken into account in the further de-
velopment of virtual reality interventions [35]. On the other hand, in con-
trast to our findings, accuracy, generalisability and language issues were
mentioned. This difference might be due to the fact that, in their study,
the patients gave feedbacks on their actual experience of the virtual reality
prototype as opposes to our study, where the patients responded to imagi-
nary experiences.

In this current study, patients proposed interesting topics to explore in
virtual reality, of which three were investigated in previous research. The
first proposed topic is an anatomical 3D model. Various 3D models in vir-
tual reality are used in the education of healthcare professionals. A few of
these models are adapted for patient education to facilitate explanation of
diagnosis and treatment. Ongoing developments incorporate personalised
information in these models based on patient anatomy reconstructed
from computer tomography or magnetic resonance imaging. Patients per-
ceived virtual reality to be a useful educational resource [15], which im-
proved understanding and decreased anxiety and distress [36,37]. The
second proposed topic is the physical therapy. In the literature, exercises
in a virtual reality environment are used to promote functional mobility
training to improve balance and reduce the risk of falling. The results are
promising, as the rehabilitation after total hip replacement was facilitated
[38] and the balance and the gait in patients with Parkinson’s disease im-
proved [39]. The third topic is distraction or relaxation. The application
of virtual reality to distract in a stressful situation is the subject of research
in various areas. To alleviate pain and distress during medical procedures
[40], and in the management of psychological stress [41]. Virtual reality
as a distraction tool has proven to be effective. The number of hospitals of-
fering virtual reality not only as a therapeutic instrument but also as a tool
of distraction, is increasing.

Some limitations of this study need to be considered. First, although
we strived for a heterogeneous sample, the sample, regarding to sex and
familiarity with the concept of virtual reality, showed limited variation.
This is partly due to the study population. Prevalence of cardiovascular
disease is lower in women compared to men [42]. Consequently the
number of women in the sample is limited. Second, the results of our
study are limited to the early phase of the post-operative period. Conse-
quently, we could not identify changes in experiences and information
needs over time.

With respect to the limited research available within this topic, it is a
strength of this study that the patient’s needs in the development of the vir-
tual reality education tool have been identified in a very early stage. An-
other strength is the credibility of the interpretations. The interviews
enabled a deeper understanding of participants’ information needs and per-
ceptions regarding the application of virtual reality in patient education.
Coding and a profound data analysis were performed in an iterative pro-
cess.

In the development of a virtual reality education tool, the patients’ infor-
mation needs identified in this study should be addressed. Further develop-
ment and research should be undertaken by a joint, multidisciplinary team
of experts on education, communication, virtual reality technology and
healthcare professionals in cardiac surgery. In line with the methodological
framework to guide the design [26] and implementation and evaluation of
virtual reality applications in healthcare, the next step is to test the virtual
reality environment in cardiac surgery patients with a focus on feasibility,
acceptability and safety.
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Additional research is necessary to determine the effect of patient edu-
cation using virtual reality technology on clinical outcomes such as anxiety,
understanding, patient satisfaction and quality of life.

4.2. Innovation

Although in the development of VR interventions patient opinions were
asked (35), this study investigated patient information needs, more pro-
foundly. To the best of our knowledge, this is the first study which identi-
fied patient needs regarding a virtual reality intervention, to invest in the
further development of the virtual reality intervention.

Participants in this current study provided critical insights to be incorpo-
rated in the development and implementation of a virtual environment to
prepare patients for elective cardiac surgery. The original justification for de-
veloping a virtual reality environment for this patient category was to im-
prove understanding and reduce concerns and anxieties for the surgical
encounter. These two goals were also indicated as potential benefits by the
study participants, which supports that implementation of virtual reality as
an education tool in clinical practice is promising. However, it is important
to address and explore the added value of virtual reality over other forms of
technological innovations in patient education. Before further development
and implementation of a virtual reality environment in patient education, it
is important to reflect on both the strengths and weaknesses of virtual reality.

Within this context, several strengths can be considered. Compared to
other forms of web-based technology, such as eHealth apps, eLearning pro-
grams or serious gaming, virtual reality is immersive. All senses are ad-
dressed, which creates a feeling of being present in the situation. In
contrast to conventional (written and verbal) patient education method,
web-based and virtual reality technologies allow optional and interactive
features to be integrated. Technology can address the curiosity-driven inter-
est of patients. Therefore, self-management is facilitated by allowing the pa-
tient to choose the topics, quantity and depth of the information to be
provided. However, some distinction will have to be made between ‘neces-
sary to know’ and ‘nice to know’ information. The availability of web-based
and virtual reality technologies during the patient journey is another
strength over traditional verbal patient education. The patient determines
the moment, quantity and frequency of the virtual reality experience. In re-
gard to out-of-hospital patient education (prior and post admittance) hard-
ware availability, data security, infection prevention and privacy issues
must be taken into account.

Although virtual reality is a promising tool and can address many infor-
mation needs of the patients, weaknesses should also be considered. A vir-
tual reality education tool cannot totally replace the human aspect of
traditional patient education. In addition to providing substantive informa-
tion, the patient also needs emotional reassurance, attention and recogni-
tion. Although virtual reality is very realistic and real physicians and
nurses can be included as actors in the virtual reality environment, it cannot
completely replace the human aspect to address emotional needs. Cur-
rently, virtual reality is complementary and improves communication by
providing a valuable opportunity for additional dialogue between physi-
cians and patients [37].

4.3. Conclusion

Virtual reality technology is a promising tool that offers opportunities to
enhance conventional patient education to improve understanding and to po-
tentially reduce concerns and anxieties. An additional strength of virtual real-
ity is the opportunity for patients to be in control in the timing, quantity and
frequency of the virtual reality experience. However, a virtual reality educa-
tion tool should not be a substitute for personal contact with the physician.
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