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Aims Statin treatment is one of the hallmarks of secondary prevention after myocardial infarction. Adherence to statins
tends to be difficult and can be improved by patient education. Novel technologies such as mixed reality (MR) ex-
pand the possibilities to support this process. To assess if an MR medication-application supports patient education
focused on function of statins after myocardial infarction.

...................................................................................................................................................................................................
Methods
and results

A human-centred design-approach was used to develop an MR statin tool for Microsoft HoloLensTM. Twenty-two
myocardial infarction patients were enrolled; 12 tested the application, 10 patients were controls. Clinical, demo-
graphic, and qualitative data were obtained. All patients performed a test on statin knowledge. To test if patients
with a higher tendency to become involved in virtual environments affected test outcome in the intervention
group, validated Presence- and Immersive Tendency Questionnaires (PQ and ITQ) were used. Twenty-two myo-
cardial infarction patients (ST-elevation myocardial infarction, 18/22, 82%) completed the study. Ten out of 12
(83%) patients in the intervention group improved their statin knowledge by using the MR application (median 8
points, IQR 8). Test improvement was mainly the result of increased understanding of statin mechanisms in the
body and secondary preventive effects. A high tendency to get involved and focused in virtual environments was
moderately positive correlated with better test improvement (r = 0.57, P < 0.05). The median post-test score in the
control group was poor (median 6 points, IQR 4).

...................................................................................................................................................................................................
Conclusions An MR statin education application can be applied effectively in myocardial infarction patients to explain statin

function and importance.
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Keywords Design thinking • HoloLens • Human-centred design • Mixed reality • Statins • Medication

adherence • Myocardial infarction

Introduction

Global mortality and morbidity due to coronary artery disease is high;
roughly 85% of all cardiovascular deaths is due to myocardial infarc-
tion alone.1 Hypercholesterolaemia is an important risk factor in the
development of coronary atherosclerosis, and an important determin-
ant of recurrent myocardial infarction.2 Statin treatment is the hall-
mark of secondary cardiovascular disease prevention, however statin
adherence among patients remains a challenge.3,4 Non-adherence to
statins increases the risk of new cardiovascular events drastically.5

Statin non-adherence is commonly related to both unintentional
(practical) and intentional (motivational) barriers.4,6,7

Sociodemographic patient factors, negative media coverage, and the
nocebo effect are contemporary factors that negatively affect statin
adherence.8,9 To improve statin adherence, patient education is es-
sential.10 Visual anatomy or pathophysiology models can support
healthcare professionals in this process.11–14

Visual education of myocardial infarction patients is commonly
done via conventional methods in the outpatient setting, such as
booklets or online videos. Nonetheless, improvements regarding
visual education have been made over the years.15,16 With rapid
development of new technologies such as augmented reality and
mixed reality (AR/MR),17,18 options in visual patient education are
expanding.19,20 MR creates interactive digital three-dimensional (3D)
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..holographic projections, overlaying virtual objects on the real-world
environment. While AR only overlays objects, MR anchors virtual
objects to the real world, fostering interaction between user and vir-
tual object. For medical students, MR technology supports education
and improves learning.18,21

Papers with a focus on patient education with extended realities
such as virtual reality or AR become more present in daily clinical
care.22–24 However, education through MR is scarce and non-
existent in clinical cardiology to date. Interestingly, a recent study
found that statin education might be a feasible target for an MR appli-
cation in myocardial infarction patients.25

The aim of the present study was to develop and test the feasibility
of an MR statin education application in the outpatient setting of
myocardial infarction patients. It was hypothesized that an interactive
MR model is effective in transferring knowledge about the function of
statins after myocardial infarction. Furthermore, it was hypothesized
that patients who become easily focused and immersed within virtual
environments would benefit the most from this technology.26

Methods

This non-randomized controlled observational study is part of a project
investigating the clinical application of MR in myocardial infarction
patients. Ethical approval for the project was obtained through the local
medical ethics committee of Leiden University Medical Center (protocol
number P18.132).

General study design
An overview of the study design is presented in Figure 1. Twenty-two
patients who visited the dedicated myocardial infarction outpatient clinic
were asked to participate in the study; 12 underwent the intervention, 10
patients were used as a control group.

For the intervention group, inclusion criteria were; patients, of 18 years
or older (i) who had either a ST-elevation myocardial infarction (STEMI)
or non-ST-elevation myocardial infarction (NSTEMI) and were treated in
our centre, (ii) were 1 month after initial myocardial infarction, and (iii)
without impaired vision or hearing which could interfere with using the
application. Patients were excluded if they had participated in the previ-
ous study in our centre concerning MR use in the outpatient setting.25

Informed consent was collected prior to study participation.
Demographic data such as age, gender, and occupation were collected.
Initial diagnosis (STEMI/NSTEMI), pharmaceutical data such as type of sta-
tin used, dosage and possible side effects were collected from the elec-
tronic medical record.

An MR model was shown to all patients in the intervention group in
the outpatient clinic via a first generation MicrosoftTM HoloLensTM. The
procedure was guided by a research assistant. Patients were instructed to
follow HoloLens audio cues and use all functionalities of the application
for 1 h. General comments on application-use were simultaneously col-
lected by the assistant. Patients in the intervention group filled out a pre-
test on statin knowledge and the Immersive Tendency Questionnaire
(ITQ, see below) before using the MR model. The pre-test score was
deemed ‘test-score after conventional education’ (T = 0, Figure 1). The
ITQ assesses if a patient has either a high or low tendency to become
focused in virtual environments. After using the model, the Presence
Questionnaire (PQ) was filled out; this assesses if the MR model gener-
ates high levels of focus for what is shown (statin function). The post-test
(T = 1, Figure 1) consisted of a telephone interview with a focus on statin

knowledge. A control group was used to determine the general effect of
conventional statin education via a nurse on statin knowledge in myocar-
dial infarction patients. For the control group, inclusion criteria were:
patients, of 18 years or older (i) who had either a STEMI or NSTEMI and
were treated in our centre, (ii) were discharged one month prior to study
begin or longer and had received conventional education from a special-
ized nurse at hospital discharge and during outpatient follow-up. All con-
trol patients were naı̈ve for the purpose of the study and completed the
post-test via telephone at either 1, 6, or 12 months after discharge. This
post-test score (T = 0, Figure 1) was deemed ‘test score after conventional
education’. Patients were excluded if they had participated in the previous
study in our centre concerning MR use in the outpatient setting.25

Development of the mixed reality model
The ‘double-diamond’ human-centred design approach, as introduced by
the British Design Council in 2005, was used to create the application27–29

(Figure 2). This approach maps the divergent and convergent stages of a
design process, showing different modes of design thinking in a struc-
tured manner (Figure 2A–D). The first phase (Figure 2A) comprised the
preceding study and concluded that statin therapy might be a feasible
target for an MR application.25 For the next phase, a correct anatomical
3D heart model (Figure 2B) was obtained online to develop further into
a first prototype (Figure 2C). The final phase (Figure 2D) concerns the
development of a commercially available product and, as such is not
part of the current study.

For prototype development, in addition to the patient perspective,25

interviews with two specialized nurses and two cardiologists frequently
attending myocardial infarction patients in the outpatient setting of our
hospital, were used to define the essential educational topics regarding
statin function to be shown in the model. This concluded that, to under-
stand statin function, the model should contain animations of; (i) choles-
terol particles in the blood, (ii) atherosclerosis in the coronary vessels,
(iii) an effect of cholesterol on atherosclerosis, and (iv) an effect of statins
on cholesterol particles and thus atherosclerosis. Additionally, the effect
of atherosclerosis on blood flow and an effect of blood flow on oxygen
distribution in the heart were incorporated.

The prototype was built using a set of tools to create an MR
model in Blender 2.79, MicrosoftTM Visual studio community 2017,
Mixed Reality Toolkit (Version 2017.4.0.0) and Unity, a game devel-
opment tool, in which 3D or 2D models are programmed using C#
or JavaScript.30 The model was stored on a first generation
MicrosoftTM HoloLensTM, Development Edition with a Windows 10
update (Version 10.0.17763.134). With the MicrosoftTM

HoloLensTM, interactive 3D holographic models can be freely
handled via hand gestures. Additionally, within the prototype, the
user could activate different animations such as ‘show cholesterol
particles’, ‘blood flow’, or ‘show atherosclerosis’ in the coronary
vessels. When ‘statin function’ was activated, the amount of choles-
terol particles would decrease and the severity of atherosclerosis
would decrease. Eight educational audio cues were recorded and
build into the model (Supplementary material online, Appendix 1).
The final version of the prototype (C) was used in the present study.
A video of the model is added as Supplementary material online,
Video Appendix 1.

Assessment of knowledge on statin function
Patient’s understanding of statins was tested via a pre- and post-test.
The pre-test consisted of five questions regarding statin-effects in the
body: (i) ‘what substances in the body are affected by statins?’, (ii) ‘in
what part of the body do statins work/have their function?’, (iii) ‘which
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side effects do statins commonly give?’, (iv) ‘how long do statins stay
active in the body?’, and (v) ‘how fast do statins work in the body?’.
Correct answers, or answers containing elements as ‘cholesterol/LDL’,
‘lower cholesterol and/or prevent new cardiovascular events’, ‘muscu-
lar- and gastro intestinal complaints’, ‘a month’, and ‘within one or
two hours’ were rewarded 10 points maximally (Supplementary ma-
terial online, Appendix 3).

The post-test consisted of one open question for which, identical-
ly, 50 points could be scored maximally: ‘Could you elaborate in
your own words, what the function of statins is in the body and what
negative effects can occur because of it’. Each correct part of the an-
swer was rewarded with 10 points, equal to the pre-test
(Supplementary material online, Appendix 3). Both pre- and post-test
were identical regarding contents. Control patients only took the
post-test. All test outcomes were separately scored by researchers
A.D.H. and J.E. and compared afterwards to reach consensus. The
test improvement (difference in pre- and post-test score) was calcu-
lated for each patient.

Measurement of presence and immersive

tendencies
Patients’ personal tendency to become focused and immersed within the
MR model and its visualizations, were investigated via validated ITQ and
PQ.26 Both questionnaires are used to characterize the likelihood of sub-
jects to become fully focused within a virtual environment.31,32 The ITQ

quantifies a person’s individual tendency to become focused in virtual
environments.

High cumulative scores (minimum 18–maximum 126) represent a high
tendency to become easily immersed in virtual environments. The PQ
quantifies the amount of focus a person experiences on objects or tasks,
generated by a digital application. The higher the cumulative score (min-
imum 22–maximum 154), the higher the focus for the objects shown in
the MR model (see Supplementary material online, Appendix 2). For this
study, two questions regarding haptic feedback were removed from the
original PQ as this feature was not present in our application. Both ITQ
and PQ scores were compared and correlated with the changes in test
results, to determine if these device and patient characteristics showed a
relationship with test improvement.

Analysis
Non-normally distributed ITQ, PQ and pre- and post-test numerical data
are presented as absolute numbers with medians and interquartile range
(IQR). A Spearman rank test for correlation was calculated for non-
normally distributed data; correlation coefficients (r) between Immersive
Tendency and test improvement, as well as Presence and test improve-
ment were calculated. Content analysis was used to structure all qualita-
tive data; authors A.D.H. and J.E. categorized responses to major themes
that emerged from the data. For analysis, SPSS Statistics for Windows,
version 23.0 (IBM Corp), was used. A P-value of <0.05 was considered
significant.

Figure 1 Study overview (intervention- and control group). Intervention group patients completed a pre-test on statin knowledge after
conventional education (T = 0) and a questionnaire on immersive tendencies before using the HoloLens application. After using the HoloLens, a
presence questionnaire was filled out. Three weeks later, all patients completed the post-test on statin knowledge via phone. All control group
patients underwent the post-test via telephone, after they had received the conventional education (T = 0) via a specialized nurse, 1, 6, or 12 months
after their initial myocardial infarction.
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Study population—demographics
Twenty-two myocardial infarction patients were enrolled in the
study; the intervention group consisted of 9/12 (75%) males. Median
age was 60.0 (IQR 9.5) years. The control group consisted of 5/10
(50%) males, median ages was 63.0 (IQR 5) years. All patients in the
intervention group were tested at 1 month after initial myocardial in-
farction. Patients in the control group were recruited at variable
time-points after the initial myocardial infarction: 1 month (n = 3), 6
months (n = 3), and 12 months (n = 4). The majority of patients (18/
22, 82%) suffered initially STEMI (Tables 1 and 2). Most patients used
Atorvastatin 40 mg once daily (16/22, 73%), with an average duration
of 1.5 (SD 0.6) years since the initial myocardial infarction. Muscle
cramps (7/22, 32%) and fatigue (2/22, 10%) were frequent encoun-
tered side effects. Three (3/22, 14%) patients had personally termi-
nated statin therapy during outpatient follow-up; 19/22 (86%) of
patients self-reported full adherence to statins (Tables 1 and 2). In
comparison to the intervention group, the control group consisted
of slightly more; NSTEMI patients (20% vs. 17%, P = 0.82), females
(50% vs. 25%, P = 0.37), and therapeutically adherent patients (100%
vs. 75%, P = 0.08) with a higher median age (63 years, IQR 5 vs. 60
years, IQR 5, P = 0.1). These differences were however not statistical-
ly different.

Test results
Table 3 shows test results, ranked highest to lowest, with patients’
ITQ and PQ scores for the intervention group. Median pre-test score

was 13 out of 50 (IQR 17) points. The pre-test showed that 8 (67%)
patients recalled that statins had some effect on cholesterol in the
body; however, 7 (60%) patients could not elaborate what the under-
lying mechanism was (i.e. lowering of cholesterol and reducing ath-
erosclerosis, preventing new cardiovascular events). Median post-
test score was 21 out of 50 (IQR 11) points; a median increase of 8
(IQR 8) points after 3 weeks (Tables 3 and 4). Test improvement was
mainly related to an increase of understanding that statins have a low-
ering effect on cholesterol, positively affecting atherosclerosis in the
coronary vessels and thereby preventing new cardiovascular events;
10/12 (83%) patients could explain that effect in their own words.
The control group scored a median post-test score of 6 out of 50
points (IQR 4) (Table 4); the post-test showed that 8 (80%) patients
recalled that statins had some effect on cholesterol in the body; how-
ever, 8 (80%) patients could not elaborate what the underlying mech-
anism was (i.e. lowering of cholesterol and reducing atherosclerosis,
preventing new cardiovascular events etc.). Two patients had no
knowledge of why they used statins. In comparison to the interven-
tion group, the control group test score after conventional education
(T = 0, Figure 1) was slightly lower (6 points vs. 13 points, P = 0.02).
Comparing all control group and intervention group patients at 1
month of follow-up, median test scores were comparable (10 points
vs. 13 points, P = 0.4).

ITQ and PQ outcome
Tables 3 and 4 show ITQ and PQ outcomes. Median Immersive
Tendency score was 63(IQR 26), median Presence score was
83(IQR 23). Highest ITQ scores were observed among 5 out of 6
(83%) best performing patients (highest test improvement). Highest

Figure 2 Double diamond method. The double diamond design approach is a standardized method to assess a problem through diverse divergent-
and convergent steps (A–C) and ultimately deliver a solution (D).

Patient education through Mixed Reality 515
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjdh/article/2/3/511/6296837 by Erasm
us U

niversity R
otterdam

 user on 25 M
arch 2023



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
PQ scores were observed among 3 out of 6 (50%) best performing
patients (highest test improvement). Immersive tendencies were
moderately positive correlated with test improvement (r = 0.56,
P < 0.05), whereas presence was not correlated with test improve-
ment (r = 0.038, P = 0.4).

Qualitative outcome—user comments
on the HoloLens application
Forty-three comments were shared. Four themes were identified
through content analysis: (i) general usability of the HoloLens, (ii) visi-
bility and understanding of statin function, (iii) visibility of coronary
atherosclerosis, and (iv) usability of the app in the cardiology depart-
ment. Table 5 gives an overview of example excerpts.

Regarding general HoloLens use, 3/12 (25%) patients noted that the
healthcare professional should control the app and three other com-
mented that the added value of an MR was minimal in comparison to
a video. Statin function was overall clear to 8/12 (75%) of patients.
Atherosclerosis was visible however underexposed in the app accord-
ing to 6/12 (50%) patients; ‘. . .the narrowing of the blood vessels is
clear to me and the effect of statins on it. . .’, ‘. . .how atherosclerosis
develops is missing from the app. . .’, and ‘. . .you can’t see the process
of calcification in the vessels. . .’.

Regarding overall use during hospital admission, 6/12 (50%) of
patients noted that the app should be shown to patients right after
myocardial infarction in the hospital; ‘. . .if I had seen this earlier I
would have understood more why I was hospitalized. . .’, ‘. . .I think I
would have understood my heart attack better if this was shown to
me. . .’, and ‘. . .a few days after treatment it would be good to see
what led to the heart attack and how it could be prevented. . .’ were
typical comments. Overall, none of the intervention group patients
mentioned cyber-sickness related complaints during use of the MR
application (Table 5).

Discussion

Principal findings
To summarize the findings of the current study, it primarily shows
that after myocardial infarction, overall intervention and control
group patients have limited understanding of statins. However, it
shows that an MR model on statin function can be used in clinical
practice: 10 of 12 (83%) patients improved their statin knowledge
after using the HoloLens application. Secondly, stated by patients, MR
seems a feasible medium to extend the possibilities of visual educa-
tion, especially during the clinical admission of myocardial infarction.
This study provides insight in how a collaboration with patients leads
to the development of optimized educational tools to implement in
clinical practice after myocardial infarction.

Education on statin function and health
behaviour
Statin non-adherence is still a contemporary problem which is well
illustrated in a recent randomized study by Wood et al.,9 showing
that, despite the small study sample, 50% of enrolled cardiovascular
disease patients would not resume statin therapy because of experi-
enced side effects. Although patients primarily tend to discontinue

statin therapy due to side effects, medical- or non-medical opinions
and a lack of understanding the importance of the drug increase the
problem further.33,34 Healthcare professionals can improve statin ad-
herence foremost by highlighting the importance of it. The secondary
preventive effect of statins after myocardial infarction is beyond dis-
pute and stressed by all international guidelines,35,36 still statin non-
adherence is a common phenomenon in myocardial infarction
patients.37,38 A seventh of patients in our study discontinued statin
therapy, which is comparable to scientific literature.38,39 In line with a
previous study concerning patient education after myocardial infarc-
tion,25 our results identically shows that patients have minimal under-
standing of statins after myocardial infarction after conventional
education, both in the interventional and control group. To over-
come knowledge gaps, and become familiar with the disease and
medication, patients rate visual aids of high importance in education
after myocardial infarction.40

The question remains if patient education improves statin adher-
ence, as data in this matter is scarce and limited to smaller studies.11,41

To improve statin adherence, patients’ representation of the treat-
ment should be met by the professional.42–44 When education is goal-
oriented, for example promote statin adherence, adoption of new in-
formation into this behaviour will be more effective. As stated by the
cognitive load theory by Sweller,45 this theory states that education
becomes effective when the methods of information exchange (i.e.
presentation of information) promotes low extraneous cognitive
load. Conventional methods (i.e. booklets) in the outpatient setting of
myocardial infarction patients create high levels of cognitive load,
whereas visual methods, such as videos or the MR model, create low
levels of cognitive load.45 The use of MR has been proven useful in
medical education for students18,21 and professionals46,47 and it might
be a feasible medium for patients as well as our study suggests. To test
if this promotes long-term statin adherence, requires further study.

Future development of MR in the clinical
domain
The double-diamond human-centred design approach used in this
study is becoming more frequent in medical research.28,29,48 This
structured method promotes scientific reasoning during the process
of scientific research. Although often described in literature as a con-
cept, studies describing development and utilization of an end-
product are scarce. Our study is the first to use the double diamond
approach to assess a clinical problem in myocardial infarction patients
and hint at a solution with an MR device.

The majority of patients (83%) in our study improved their know-
ledge on statins by using the developed MR application, despite low
levels of involvement and focus for digital environments. This implies
that the MR app might be effective in myocardial infarction patients,
regardless if a patient has a high or low tendency to become focused
and immersed in digital environments. Half of participants stated they
would have wanted to use this technology during the initial admission
of their myocardial infarction, to understand the disease mechanisms
and the long-term effects of medication better.

Both findings add to the existing body of evidence that visualization
might be a feasible method to educate myocardial infarction patients.
Both offer insight in further development of MR technology in the
clinical domain after myocardial infarction, which, to our knowledge,
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is not discussed in the literature so far. To develop the application
further and test its clinical effectiveness, the double diamond ap-
proach can be utilized further to specify additional features. Although
the technology takes some time to get adjusted to, this can be over-
come by letting the physician take the lead. An MR application on a
HoloLens can be shared between multiple HoloLenses, enabling a
visual interactive collaboration between physician and multiple
patients thus enabling group education for instance during rehabilita-
tion. Additionally, the coupling with a desktop version of the app
could support the usability in the outpatient setting. The strength of
MR technology lies in the possibility to see both physician and educa-
tional model without closing of the real world (as with Virtual
Reality), thus minimizing fear of claustrophobia or simulator sickness.

Although a basic heart model was used for our prototype, visual
ultrasound and angiographic data can be incorporated in the moving

model, making the visualizations patient specific. The same model can
then be used to show for instance changes in left ventricular function
over time or new found anomalies in the coronary anatomy after
angiography. As suggested, MR promotes interactivity, irrespective of
the age of the patient.

A study by Rohrbach et al.17 showed in octogenarian Alzheimer
patients that a HoloLens application effectively supported activities of
daily living in these patients. Overall, further testing and comparing
this technology to contemporary educational methods such as book-
lets and videos, is eminent.

Limitations
There are certain limitations to our study that need to be taken into ac-
count when interpreting the results. Firstly, the assessed study group is
small and only consisted of myocardial infarction patients.

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

Table 1 Demographics (intervention group)

Patient Age (years) Sex Education Type of MI Statin Daily dosage

(mg)

Side effects Adherence

P001 60 F Middle school STEMI Simvastatin 40 None Complete

P002 39 M BSc STEMI Atorvastatin 40 None Complete

P003 62 M MSc STEMI Atorvastatin 40 None Complete

P004 72 M MSc STEMI Atorvastatin 20 Muscle cramp Complete

P005 60 M High school STEMI Atorvastatin 40 Fatigue, GI-cramps Complete

P006 55 M High school STEMI Atorvastatin 40 Fatigue Complete

P007 50 M Middle school NSTEMI Rosuvastatin 5 Muscle Cramp Incompletea

P008 60 F High school STEMI Rosuvastatin 5 Muscle Cramp Incompletea

P009 67 F High school NSTEMI Atorvastatin 40 None Incompletea

P010 44 M Middle school STEMI Atorvastatin 40 Muscle Cramps Complete

P011 58 M BSc STEMI Rosuvastatin 10 Tingling sensation Complete

P012 72 M MSc STEMI Atorvastatin 40 None Complete

BSc, bachelor of science; F, female; GI, gastrointestinal; M, male; mg, milligram; MI, myocardial infarction; MSc, master of science; NSTEMI, non-ST-elevation myocardial infarc-
tion; STEMI, ST-elevation myocardial in fraction.
aIncomplete = patients discontinued statin therapy single handed.

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

Table 2 Demographics (control group)

Participant Age (years) Sex Education Type of MI Statin Daily

dosage

(mg)

Side effects Adherence Months

after MI

P013 61 F Unknown STEMI Atorvastatin 40 None Complete 1

P014 62 M MSc STEMI Atorvastatin 40 None Complete 1

P015 66 F BSc NSTEMI Atorvastatin 80 Muscle cramps Complete 1

P016 64 M High school STEMI Atorvastatin 80 None Complete 6

P017 61 F Unknown STEMI Atorvastatin 40 None Complete 6

P018 69 F MSc STEMI Atorvastatin 40 Muscle cramps Complete 6

P019 76 M MSc NSTEMI Atorvastatin 40 None Complete 12

P020 55 M BSc STEMI Atorvastatin 40 None Complete 12

P021 61 F BSc STEMI Atorvastatin 40 None Complete 12

P022 66 M Unknown STEMI Atorvastatin 40 Muscle cramps Complete 12

BSc, bachelor of science; F, female; M, male; mg, milligram; MI, myocardial infarction; MSc, master of science; NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-eleva-
tion myocardial infarction.
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.. Unfortunately, including more patients was restricted due to the
COVD-19 pandemic of 2020 and 2021. A larger study population with
patients of diverse cardiovascular diseases requiring statin use, could
strengthen our results further. Secondly, the majority of patients
included in our study were below 65 years. Although a feasible medium
in older patients, this MR app should be tested in octogenarians as well.
Thirdly, no longitudinal test scores were gathered in both control and
intervention group. Fourthly, clinical endpoints, such as patients’ LDL
value during follow-up, were measured during this study. Lastly, further
randomized studies between conventional and novel technologies are
needed to assess the added value in patient education.

Conclusion

An MR statin education application can be applied effectively in
myocardial infarction patients to explain statin function and

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

Table 3 Test and questionnaire outcomes with ranks (intervention group)

Patient Pre-test Post-test TI Rank TI ITQ Rank ITQ PQ Rank PQ

P001 9 24 15 1 82 2 61 12

P003 12 26 14 2 67 6 88 4

P011 20 33 13 3.5 81 3 93 3

P012 7 20 13 3.5 84 1 80 8

P007 24 35 11 5 79 4 81 7

P009 17 26 9 6 52 10 86 5

P005 1 9 8 7.5 47 12 95 1

P004 15 23 8 7.5 56 8 70 11

P006 15 21 6 9 51 11 94 2

P008 9 12 3 10 74 5 77 9

P010 6 5 -1 11 54 9 84 6

P002 21 16 -5 12 59 7 72 10

ITQ, immersive tendencies questionnaire; PQ, presence questionnaire; TI, test improvement.

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

Table 4 Post-test outcome (control group)

Participant Post-test score Months after MI

P013 6 1

P014 10 1

P015 15 1

P016 6 6

P017 6 6

P018 5 6

P019 10 12

P020 6 12

P021 12 12

P022 1 12

MI, myocardial infarction.

Table 5 User comments; themes and example excerpts

Visibility and understanding statin function ‘. . . this helps me understand what happened and what statins do. . .’

‘. . . the statin function is clear to me now. . .’

‘. . .it reaches the goal of letting me understand my medication. . .’

Visibility of coronary atherosclerosis ‘. . .the diminished blood flow and stenosis can be more dramatic; this looks

too “cute”/’“childish”’

‘. . . I want to know more about how a stenosis develops. . .’

‘. . .a text in the app saying that blood flow is diminished might be useful. . .’

‘. . . the direct effect of statins on stenosis is clear and very useful. . .’

General use of the app in the hospital ‘. . . If I had seen this right after my infarction, it would have made under-

standing it much easier. . .’

‘. . .this is very useful in the overall outpatient care process, maybe with my

own data. . .’

Overall usability of HoloLens technology ‘. . .I am too old for this; not for my generation. . .’

‘. . .this technology needs some practice. . .’

‘. . .this is amazing!. . .’

‘. . .the goggles are too heavy. . .’

‘. . .the doctor should guide the patient with the model. . .’

Cybersickness No complaints regarding nausea, motion sickness or loss of vision or dis-

turbed vision were mentioned by the intervention group.

518 A.D. Hilt et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjdh/article/2/3/511/6296837 by Erasm
us U

niversity R
otterdam

 user on 25 M
arch 2023



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
importance. The use of an MS HoloLens is feasible for this pur-
pose, with no effect of individual immersive tendencies on the
educational process observed. The present study offers insight
into the direction and development of modern visual educational
tools in cardiology.
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