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Abstract

Communication between clinicians and patients and communication within clinical teams is widely recognized as a tool
through which improved patient outcomes can be achieved. As emerging technologies, there is a notable lack of commentary
on the role of immersive virtual reality (VR) and augmented reality (AR) in enhancing medical communication. This scoping
review aims to map the current landscape of literature on this topic and highlights gaps in the evidence to inform future
endeavors. A comprehensive search strategy was conducted across 3 databases (PubMed, Web of Science, and Embase), yield-
ing 1000 articles, of which 623 were individually screened for relevance. Ultimately, 22 articles were selected for inclusion and
review. Similarities across the cohort of studies included small sample sizes, observational study design, use of questionnaires,
and more VR studies than AR. The majority of studies found these technologies to improve medical communication, although
user tolerability limitations were identified. More studies are required, presenting more robust findings, in order to draw
more definitive conclusions and stronger recommendations for use of immersive VR/AR in clinical environments.
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Communication is widely recognized as critical in the
clinical setting, both when considering communication
between clinicians and their patients and communication
within clinical teams. For example, better quality doctor—

Introduction

Immersive virtual reality (VR) and augmented reality (AR)
are gaining increasing attention within the medical field
and have been extensively researched in relation to teaching
and treatment applications. However, there is a notable lack
of commentary on how these emerging technologies impact
different types of communication within a healthcare context.
Immersive VR refers to a simulated virtual environment
delivered to a user via visual, auditory, and sometimes
haptic stimuli through a head-mounted display (HMD).'
The immersive aspect is derived from interactivity and track- London, UK
ing of the user’s head movements, creating spatial presence 7 Department of Biomedical Engineering, King's College London, London,
within the virtual world.> Augmented reality refers to the UK
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simultaneously.® This is facilitated through different means
and is most commonly enabled by smartphones and smart
glasses.*
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patient communication yields increased patient under-
standing, treatment compliance, and satisfaction,”® thus
having an overall direct impact on patient experience.
Health Education England recognizes that “good commu-
nication skills have a positive effect on health outcomes”.’
Better communication can lead to increasing patients’
well-being and, according to the UK “Public Health
Outcomes Framework” (2019-22), self-reported well-
being is an indicator of health improvement, as is emo-
tional well-being of looked after children. This supports
people “to live healthy lifestyles, make healthy choices
and reduce health inequalities.'®”

Recently, VR has established exposure therapy use-cases
in the treatment of psychiatric disorders such as phobias and
anxiety.''"® Other technologies such as 3D printing have
also shown promise in the area of medical communication,'*
which is suggestive of the potential VR and AR have in rep-
licating this effect in the same communicative frame, as an
alternative 3D visualization technology.

Thus, the aim of this scoping review was to map and eval-
uate the current landscape of studies researching immersive
VR and AR interventions in medical communication,
through a comprehensive search strategy and critical
appraisal of the literature. Future research endeavors are rec-
ommended based on the resulting body of evidence.

Methods
Search Strategy

A literary search was conducted (July 2022) using 3 data-
bases: PubMed, Web of Science, and Embase. Four
Boolean logic search strategies were formulated and used
in each database, including: “(((((((((Virtual Reality) OR
(Augmented Reality)) OR (Mixed Reality)) OR (3D
Technology)) OR (3D Technologies)) OR (Holography))
OR (3D Visualisation)) OR (Head Mounted Display))
AND (Doctor-Patient)) NOT (Printing),” “((((((((Virtual
Reality) OR (Augmented Reality)) OR (Mixed Reality)) OR
(3D Technology)) OR (3D Technologies)) OR (Holography))
OR (3D Visualisation)) OR (Head Mounted Display)) AND
(Counselling)) AND (Communication)) NOT (Printing),”
“((C(((((Virtual - Reality) OR (Augmented Reality)) OR
(Mixed Reality)) OR (3D Technology)) OR (3D
Technologies)) OR (Holography)) OR (3D Visualisation)) OR
(Head Mounted Display)) AND (Counselling)) AND
(Discussion)) NOT (Printing),” and “(((((((Virtual Reality)
OR (Augmented Reality)) OR (Mixed Reality)) OR
(Holography)) OR (Head Mounted Display)) AND (Training)
AND (Patient)) AND (Communication)) NOT (Printing).”
These terms were curated to yield a wide diversity of articles
on medical communication by encompassing training, counsel-
ing, and discuss applications of VR/AR, as well as being
expanded to include a variety of synonyms for 3D visualization
technologies. 3D printing was excluded from the strategy as this
was outside the scope of this review.

Inclusion and Exclusion Criteria

The following exclusion criteria were applied to the results of
the search: any type of review article (due to no original find-
ings), conference proceedings or abstracts (to avoid duplicate
findings if published as an article), and duplicate articles
across different searches.

Inclusion criteria were that the study must be assessing an
immersive VR intervention delivered through an HMD or
headset, rather than a traditional virtual experience on a flat,
non-immersive display. Augmented reality interventions inher-
ently also use head-mounted devices, but other projection-based
devices were also accepted. The study must also evaluate the
effects on communication within a medical context (between
doctor and patient, or between healthcare professionals within
a team). Articles commenting on the tolerability or feasibility
of using the technology in this context were also included.

A manual review of the remaining articles was performed
(IA), a second party was consulted where necessary (GB),
and a third party would intercede if a dispute arose over
inclusion (VS).

The final articles were then screened, mapped in detail,
and tabulated, to identify patterns and themes in the relevant
literature. Critical appraisal was performed, with an emphasis
on gauging types of VR/AR interventions used and establish-
ing that a study indeed assessed or measured changes in com-
munication or empathy or perceptions around the technology
in a communicative setting (eg, not for surgical training).

The process of the literature search is summarized in Figure 1
as a PRISMA flowchart. From the 3 databases, n = 1000 articles
were identified, of which 194 reviews, 154 conference proceed-
ings/abstracts, and 29 duplicate articles were excluded, leaving
623 articles of the original 1000 to be screened further. A
further 601 articles were excluded for not matching inclusion cri-
teria, either as a consequence of not including immersive VR or
AR technologies, or failing to address medical communication
applications. Therefore, 22 relevant articles were ultimately
reviewed. With PubMed database serving as the primary
search, Web of Science and Embase only added one unique
article each to the final inclusions. The 22 identified articles
were published between 2012 and 2022, with 13 (59%) pub-
lished most recently in 2021 to 2022; 14 employed cohort/cross-
sectional design,'>?® 4 were case series/report,*~* and 4 were
randomized control trials (RCTs).>*°

Results

All study characteristics are summarized in Table 1. It is worth
noting that only 2 studies had a longitudinal design, measuring
results at 2 or more different points in time.'>® Sample size
ranged from n=2.%" to n=165.""

Themes

Articles on VR (n=17) outnumbered articles on AR (n=
5). Similarly, more articles commented only on doctor—
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Figure |. PRISMA flowchart.

patient ~ communication  (11/22), compared to
commenting only on intrateam communication (4/22),
while 3 of 22 articles commented on both simultaneously.
Six of the aforementioned articles additionally commented
on tolerability or feasibility of their respective

. . 16,19,21,26,31,32 __1 - .
interventions,'®1%:21:2631:32 while a further 2 studies com-

mented solely on tolerability.'”'® A final 4 of 22 articles
focused on measuring empathy response after VR/AR
intervention and were grouped in a separate
category.22:23:25.35
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Table I. Summary of Study Characteristics.

Article Year  Study design Population and sample Technology Theme of results
Real et al'® 2017 Cohort, 24 postgraduate pediatric residents VR Doctor—Patient
Longitudinal Communication
Real et al'® 2022 Cohort 22 clinicians deployed at 8 institutions VR Doctor—Patient
Communication,
Tolerability
Maloca etal'” 2022 Cross-sectional 165 surveys from children aged 12-18 VR Tolerability
Hara et al'® 2021 Cohort 13 nursing educators and 30 nursing students VR Tolerability
Mill et al'® 2021 Cohort 3 instructors, 53 medical students, 7 patient AR Team Communication,
surveys Tolerability
Weright et al®® 2020 Cross-sectional 50 surgical patients and 19 postgraduate VR Doctor—Patient
neurosurgical residents in a single institution Communication
Yoon et a*' 2021 Cohort 31 nurse trainees AR Doctor—Patient/Team
Communication, Feasibility
Ma et al?? 2021 Cohort 138 nursing students from 2 universities VR Empathy
Kim et al®® 2021 Cross-sectional 21 nursing students VR Empathy
Diaka et al** 2021 Cross-sectional Interviews 39 stakeholders—10 health center AR Team Communication
nurses, 5 hospital doctors, | | patients, and 13
others
McLaugzlsﬂin 2021 Cohort 10 medical students VR Empathy
et al
Zahl et al*® 2018 Cohort 23 volunteer medical students AR Team Communication,
Feasibility
Kenngott et al’’ 2022 Cross-sectional 57 medical students, 48 surgeons, and 53 nurses VR Team Communication
Chang et al*® 2020 Cohort 20 residents teaching 32 patients VR Doctor—Patient
Communication
Phan et al*’ 2022 Case Series 46 SEEG patients VR Doctor—Patient
Communication
Lin et al*® 2013 Case Series 2 surgeons VR Doctor—Patient/Team
Communication
Alexandrova 2012 Case Series 2 scenarios VR Doctor—Patient
et al®' Communication, Feasibility
Mamone et al®> 2020 Case Report Case report AR Doctor—Patient

Communication, Feasibility

Real et al*? 2017 RCT 24 postgraduate pediatric residents in VR Doctor—Patient
intervention group, 21 in control group Communication

Perin et al** 2021 RCT 33 patients—I | per group VR Doctor—Patient
Communication

Sapkaroski 2022 RCT 70 trainee practitioners and 9 practitioners VR Doctor—Patient
etal®® Communication

Liaw et al*® 2020 RCT 120 undergraduate medical and nursing VR Doctor—Patient/Team

students Communication

Abbreviations: VR, virtual reality; AR, augmented reality; RCT, randomized control trial.

Interventions

VR-based studies contained a large variety of interventions—
all with the aim of improving medical communication.
Different intervention types included: 4 of 17 studies using
VR to simulate a patient encounter,'>>'2*3¢ 4 of 17 imple-
menting a VR teaching curriculum,'®**33% 2 of 17 provid-
ing a VR video game experience,'®** 4 of 17 using VR to
educate patients,”*?°>* 2 of 17 using the headsets to
view video recordings,'’* and 3 of 17 using headsets to
view 3D models. Interventions involving 3D model
viewing were mostly associated with patient education,*®>°
or facilitation of faster and easier preoperative planning.?’
Other articles with interventions targeted at enhancing

patient education achieved so by attempting to streamline
informed consent.?®** In some studies, the VR intervention
was supplemented by other training methods like workshops,
such as in those of Real et al.'® and Kim et al.>* Articles that
assessed empathetic response mainly used simulation inter-
ventions, for example, a VR video game and simulation or
recording of patient consultations, attempting to place the
user in the patient’s perspective.

There was more homogeneity with AR interventions: 4 of
5 articles used AR in live streaming, video recording, or
remote communication purposes, and the remaining study
described a wound projection intervention for enriched
doctor—patient communication.*> Across both VR and AR,
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10 study interventions were deployed in a live clinical envi-
ronment, while the remaining 12 functioned in a training
context. Moreover, only 4 studies compared VR/AR with
one or more other interventions outside of VR/AR.2%34-3¢

Where specified, HMDs used in the VR-oriented studies
include 6 uses of the Oculus Rift, 2 uses of the Oculus Go
VR, one use of the HTC Vive, and 2 uses of the nVisor
SX60 HMD. Meanwhile, AR-oriented studies listed a
single Microsoft HoloLens 2 use, 2 Google Glass uses, a
single Iristick Smart Glasses use, and 1 article which used
a custom AR projection apparatus. The distribution of equip-
ment used is displayed in Figure 2.

Measures

Some studies employed different measures to gain multiple
results, such as one quantitative measure to assess communi-
cation and another qualitative measure to assess participant
opinions on the intervention.

There were 15 studies that used questionnaires across
the cohort, the large majority of which were self-report.
These questionnaires comprised a mix of quantitative
and qualitative items, and 8 of them were standardized,
validated questionnaires that had been previously used in
other studies (eg, Spatial Presence Experience Scale®?
and Video Review Assessment Effectiveness Scale).?®
Further nonempirical measures included interviews,
which were used in 3 studies,*™> retrospective observa-
tion of VR use in clinical cases,?” and simple observations
about the feasibility of a VR training curriculum in medical
schools.?!

Only 4 studies used empirical measures, including 2 RCTs.
One RCT measured vaccine refusal rate as a measure of doctor—
patient communication,>® while the other measured objective
patient understanding of a treatment procedure.** The other 2
studies recorded number and success of referrals stemming
from the use of an AR intervention®* and gauged the feasibility
of an AR projection device, determined through various empir-
ical measures of accuracy.’® Of all studies, only 9 collected
baseline or control measurements for comparison to assess the
relative performance of interventions.

Effect of Interventions

Results regarding intervention efficacy in enhancing commu-
nication were mostly positive across all types of communica-
tion. This applied to both VR and AR solutions.

In one RCT,** a 9.3% reduction in vaccine refusal rate
was measured, which aligns with the VR intervention’s
purpose. Another RCT found that objective comprehension
of a treatment procedure by patients was higher in the VR
intervention group, compared with non-immersive 3D
display and 2D display groups.** All 4 studies addressing
empathy found that VR increased empathy response, includ-
ing the third RCT in which a 5% increase in empathy
response was seen.’> The only RCT in which the VR

intervention did not improve on the control was Liaw
et al,*® which found VR simulations of patient encounters
to be of equal efficacy to live simulations when training cli-
nician communication skills. However, this result was not
framed to stigmatize VR but to propose it as a valid substitute
for less efficient live simulations.

The only study in which the intervention was found to
be ineffective in improving doctor—patient communica-
tion?! concluded that live streaming of clinical encounters
using AR glasses only made it more difficult for students
viewing the stream to identify communication skills and
patient condition, also finding this system to be plagued
with technical issues such as motion blur and vague
audio transmission.

Other studies discussing feasibility and tolerability
showed mixed results, with common difficulties being dizzi-
ness, sickness, and technical issues. For example, audio and
visual quality criticisms were expressed by Mill et al'® Real
and colleagues'® stated that 14% to 23% of clinicians expe-
rienced tolerability issues such as dizziness and eye strain.
Similarly, Maloca et al'” found VR to be highly intolerable,
with 54.89% of participants experiencing heavy symptoms
and only 11.28% experiencing no symptoms at all.
Conversely, Hara et al'® reported that participants had
minimal tolerability problems with a VR game, and participants
in the study of Zahl et al*® preferred the visual and audio quality
of its Google Glass recording compared to a static camera
recording. Furthermore, one study’> concluded that their
custom AR projection device demonstrated enough accuracy
to be classed as feasible for clinical use.

Logic Model

The logic model shown in Figure 3 describes the mecha-
nisms through which the interventions explored in this
review achieved their effects. Studies focusing on
empathy response placed the clinician in a consultation
from the patient’s perspective, while simulating any
impairments (eg, deafness) or troubles they may experience
through a 360° video or rendered video game.
Subsequently, the clinician can more intimately understand
the patient’s experience during an interaction, and what
they could personally change about their behavior to
show empathy. This can then result in more considerate
and effective communication seen when clinicians show
increased empathetic response. Some VR studies®?-*%-3%-34
and an AR study”’ were able to enhance patient education
and the informed consent process by allowing patients to
view relevant, individualized 3D models (VR) or wound
projections (AR). This evidently increases patient under-
standing and provides a visual route for learning.
Deductively, this can encourage the patient to remain
adherent to treatment and engage in more informed dia-
logue about their condition with clinicians. The latter
logic model is presented together with a previous one'*
relating to 3D printing, merging considerations of both
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VR Equipment Use

m Oculus Rift = OculusGo VR  ® HTC Vive = nVisor SX60 HMD

AR Equipment Use

m Google Glass m [ristick Smart Glasses = Microsoft HoloLens 2 = Custom Projection Device

Figure 2. Distribution of equipment used in virtual reality/augmented reality (VR/AR) interventions.

3D visualization technologies, and showcasing similar ~ showed that supplementing the VR experience with
functions between them. An external study®’ reinforcing  haptic feedback through peripherals (eg, Oculus Touch)
this resemblance between VR/AR and 3D printing can increase immersion and, therefore, amplify its effect,
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Figure 3. Logic model for virtual reality/augmented reality (VR/AR) (top), and logic model for 3D visualization technologies including VR,

AR, and 3D printing (bottom).

mirroring the haptic experience 3D-printed models
provide.

Discussion

In this review, the imbalance between the number of VR studies
compared to AR studies is immediately clear. The overall
limited quantity of evidence is amplified for AR, with only 5
studies identified. More research into the use of AR interven-
tions specifically is required to form valid conclusions.

In general, communication as an abstract concept is diffi-
cult to quantify and operationalize. Quantitative measures of
communication can have empirical merit, but they can be
considered simplistic and reductionist when attempting to
measure multifactorial human interactions. Hence, qualita-
tive measures appear to be more suitable, in order to gain a
more complete understanding of communicative processes.

It should also be noted that communication style evolves
over time. Contextual circumstances, such as during the
Covid-19 pandemic when strict social distancing measures
were in place, prompted innovative use of VR and AR in
healthcare. Clinical staff and educators might not be adapting
fast enough to convey lessons and ideas through this new
medium. Furthermore, one key characteristic of patient—phy-
sician communication both in general practice and clinical
care is empathy, which has been indicated as “the backbone
of the patient—physician relationship™® and defined as “the
ability to understand the personal experience of the patient
without bonding with them”.°

Most studies in this review gathered self-report data from
questionnaires and interviews, which may introduce social
bias into the results. An interview style also poses a host of
researcher and confirmation biases, through potential
leading questions and agenda promotion. Therefore, future
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research should focus on qualitative measures for a holistic
evaluation of communication but take actions to minimize
innate biases from interviews (such as using third party or
multiple interviewers), or gather data from external observa-
tion performed by a designated panel of experts, as utilized in
Sapkaroski et al*> and Liaw et al.*®

Although most studies were published recently, the VR/AR
space is so rapidly evolving that the 7 studies published prior to
2021 can be perceived to use outdated equipment and software,
which weakens a substantial portion of the small body of evi-
dence identified. Furthermore, the studies published recently
are not guaranteed to be representing the current standard of
technology to its full potential. More studies using modern
VR/AR solutions are needed to expand the evidence presented
here. There should also be an attempt to develop specialized,
tailored software since many of the studies presented use
general-purpose tools such as previously published video
games, simulation software, and video streaming applications.

Only 4 RCT studies were identified in the search, and find-
ings from the case series/report offer lower quality evidence.
For example, Phan et al*° recorded data retrospectively from
clinical records, which entails a lack of control over variables
and dependence on the accuracy of the written record.
Consequently, a deficiency in a high standard of evidence
calls for more RCTs on this topic in the future.

Studies containing small samples produce results that can
only be considered proof-of-concept and ungeneralizable to a
wider population. Sample characteristics should also be consid-
ered critically, with most studies involving clinicians all of a
single sex, or clinicians all in the same stage of training, again
limiting generalizability. For example, Yoon et al*' recruited
a sample of 74% female nurses, and Sapkaroski et al*> recruited
solely first-year medical students. However, strength in some
studies is represented by the attempt to gain a more extensive
understanding of participants by surveying their level of past
experience with VR/AR, allowing the sorting and weighing
of results. Future studies should gather data from larger popula-
tions with matched baseline characteristics, to mitigate any
extraneous variables.

Rigorous assessment of the technology is important to
unravel its role in communicative processes, but in some
instances, these observations may have been confounded or
diluted. For example, Real et al'® included a supplementary
communication workshop alongside the VR intervention,
and the study of Wright et al** is similar in that some partic-
ipants took the intervention on a flat, non-immersive display,
while others experienced immersive VR—both instances
potentially confounding the results. A focused approach to
interventions must be used in prospective studies, preferably
with a control group and randomized design. Furthermore,
with only 3 studies applying additional interventions
outside of VR/AR, more multi-intervention research could
be helpful in deducing how VR/AR interventions perform
compared to other methods within the same framework.

Only 10 studies investigated their intervention’s effect within
a real clinical setting. Studies conducted in a controlled lab

environment hold less external validity to reflect real-life
results or mundane realism, especially in a situation as
dynamic as the clinic. Generalizability to real-world applica-
tions can improve with more studies based in clinical settings.

Only 2 studies'>~*® monitored the effect on communication
over time (more than one point). This is extremely important
as it auditions the intervention in a realistic scenario, where par-
ticipants adjust and adapt appropriately. It gives more opportu-
nity for more data to be gathered, and for temporal changes and
patterns to be identified. Despite the study of Real et al'® being
longitudinal in nature, it is still limited in that only 2 points in
time were measured, over a relatively short one-month period.
More longitudinal research, across a longer period of time, is
a crucial component of gathering a valid wealth of evidence
applicable to a realistic setting.

Limitations

Despite having searched on 3 main databases, it is possible
that some relevant articles exist on other databases. The
focus of this scoping review is to map the landscape of
current evidence on this topic, and while acknowledging pos-
sible biases (eg, confirmation bias in interviews) we did not
measure the risk of bias systematically.

Conclusion

This scoping review identified a gap in literature surrounding
VR/AR usage and their effects on medical communication.
The body of evidence is not only small in quantity but also
superficial, particularly in the case of AR. Although there
is unanimously positive sentiment toward the role of immer-
sive VR and AR in improving medical communication, it is
difficult to definitively conclude that their use is viable in
current clinical applications, without more robust evidence.
The apparent motion sickness and reliability limitations are
also hurdles to overcome before widespread clinical
adoption.
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