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Abstract

In recent years, virtual reality (VR) has become an interesting alternative to traditional exposure-based therapies for many
symptoms. VR involves immersion in a computer-generated virtual environment that minimizes avoidance and facilitates
emotional processing. The objective of this systematic review is to evaluate evidence on the intervention effect of VR on
anxiety, depression, fatigue, and pain. The research strategy of this systematic review included three electronic databases
(MEDLINE/PubMed, Cochrane Library, and ScienceDirect) based on predetermined inclusion and exclusion criteria.
Published quantitative studies from 2000 to 2020 were identified, which examined the effect of VR intervention on four
different symptoms related to symptoms experienced by cancer patients. Quality assessments, data extractions, and analysis
were completed on all included studies. A total of 882 titles and abstracts were screened, and 23 studies were included in
the review. The studies were grouped according to the symptoms: anxiety and depression, fatigue, and pain. The review
showed that VR intervention is more effective compared with the control (i.e., standard care) for anxiety, depression,
fatigue, and pain. VR can reduce effectively these symptoms in different contexts and diseases, including cancer. The evidence
suggests that there is value in exploring this intervention as a potential crossover treatment for these symptoms in patients.
This study contributes to evidence that distraction is an effective symptom management mechanism. The findings are
congruent with the theoretical framework, supporting the premise that VR, as an emotion-focused distraction intervention,
decreases the severity of these symptoms.
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What Is Already Known About the Topic?

e Nurses use a variety of different strategies to accom-
modate management of physical and psychological
symptoms in patients. 'Department of Nursing, Cyprus University of Technology

e Symptoms such as anxiety, depression, pain, and jDEPartment of Psychology, University of Cyprus
fatigue represent four of the most commonly reported 4Si|\{ersk?l3D Virtual Reality Technologies Ltd., Nicosia, Cyprus

T . University of Turku
symptoms in individuals across many diseases.
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What This Article Adds?

¢ VR is more effective compared with the control (i.e.,
standard care) for anxiety, depression, fatigue, and
pain.

e Using VR decreases significantly the levels of anxiety,
depression, fatigue, and pain.

e The review provided evidence on the feasibility for
using VR in various inpatient medical settings.

Introduction

For many years, nurses have used a variety of different
strategies to accommodate management of physical and
psychological symptoms in patients. To address all the
needs of the patient, clinicians must consider not only
the biological impact of illness but also the psychosocial
one (Humphreys et al., 2014).

It was as early as the 90s that VR has had promising
applications in science and medicine, including interven-
tion delivery (Medling, 2005; Riener & Harders, 2012;
Riva et al., 2007). In more recent years, VR technology
has become increasingly affordable, immersive, flexible,
and portable, enabling its use in a broader range of envi-
ronments, including the inpatient medical setting
(Ferrer-Garcia & Gutiérrez-Maldonado, 2012; Parsons
et al., 2009).

VR is one of the strategies that have been identified as
cognitive-behavioral intervention. These interventions are
thought to affect symptoms by changing symptom-related
thoughts, diminishing those beliefs that exacerbate symp-
toms, and increasing personal perceptions of control over
symptoms (Anderson et al., 2006; Kwekkeboom et al.,
2003, 2010; Malloy & Milling, 2010).Use of VR interven-
tions has been studied in a wide range of medical condi-
tions, including anxiety, depression, pain, and fatigue that
represent four of the most common symptoms present in
individuals in many diseases (Chirico et al.,, 2016;
Indovina et al., 2018; Llobera et al., 2013; McCann
et al., 2014; Wiederhold, 2006).

To date, there is scarcity of systematic reviews on the
use of VR in the inpatient medical setting and related to
symptom management. Herein, we review controlled
studies evaluating the utility and efficacy of VR-based
treatments for patients suffering from these four symp-
toms. The overall objective of study selection was to
collect published peer-reviewed articles that evaluated
anxiety and depression, fatigue, and pain symptoms
before and after VR exposure therapy.

Virtual Reality

The term V'R was used for the first time in 1989 by Jaron
Lamier. The most popular definition of VR refers to a
particular technological system, which includes a com-
puter capable of providing interactive three-dimensional

visualization, a controller for interaction with the ani-
mations, a position tracker, and a head-mounted display
(HMD) to deliver the visual output. The trackers mon-
itor the position and orientation of the user in space and
provide the information to the computer that updates in
real time the images for display (Biocca, 1992;
Wiederhold & Wiederhold, 2007). VR is immersive and
interactive, engaging several senses simultaneously. This
technology allows an individual to hear and feel stimuli
that correspond with a visual image and can interact
with the virtual environment and the virtual world’s
response in real time to those actions (Liszio et al.,
2018; Yu et al., 2018).

Methods

Study Selection: Search Strategy, Data Sources, and
Screening

A systematical literature search was conducted in the
following databases: MEDLINE/PubMed, Cochrane
Library, and ScienceDirect. The aim was to retrieve
experimental studies of VR in inpatient medical settings
and symptoms management of the four symptoms.
Standard searches were performed, with keywords con-
taining affective domains, as well as references to virtual
reality exposure therapy (VRET) and the field of inter-
est. Keywords used for the search included “Virtual
Reality,” “Anxiety,” “Depression,” “Fatigue,” “Pain,”
and “Symptoms Management” to identify studies pub-
lished between 2000 and 2020.

Study Eligibility Criteria

Inclusion/Exclusion Criteria. All studies selected for inclusion
were English-language publications, which reported orig-
inal empirical findings and were published in a peer-
reviewed journal, between 2000 and 2020. Studies were
required to have used an experimental design and focused
on the efficiency or effectiveness or process of VRET on
the four symptoms. The researchers excluded trials with
no control or comparison group, case studies, outpatient
studies, theses, or dissertations. The samples of the studies
were human participants from all ages having one or
more of the symptoms that were the focus of this review.

Screening. As displayed in Figure 1 (PRISMA flow dia-
gram), the initial first search yielded 882 citations of jour-
nal articles written over the past 20 years. Two-hundred
and twenty-five citations were discarded after identifying
they were duplicates, and 657 more were discarded after
reviewing the abstract. The researchers reviewed the
remaining 68 in more detail and excluded 45 because
they did not meet all the inclusion criteria, the full text
was not available, or they were duplicates. The final



loannou et al.

c
£ Records identified through Additional records identified
5 database searching through other sources
E (n = 838) (n = 44)
-t
c
[
g ! l
Records after duplicates removed
( (n=225)
on
=
c
[
g
o Records screened Records excluded
(n = 657) (n = 589)
Full-text articles Full-text articles
> assessed for eligibility excluded, with reasons
= (n =68) (n = 45)
2 |
o0
i ]
S Studies included in
qualitative synthesis
— (n=23)
|
- 1
[
o
= Studies included in
:é quantitative synthesis
(meta-analysis)
(n=1)

Figure |. PRISMA 2009 Flow Diagram.

eligible for the review 23 studies were grouped based on
the application of VR on the four symptoms: (a) anxiety,
(b) depression, (c) fatigue, and (d) pain. These studies are
described in detail in Table 1.

Data Extraction. The following data were extracted from
the included studies: author, journal, country, research
purpose and questions, theoretical framework, design,
setting, subjects, sampling method, measurements
instruments, reliability and validity, analysis, symptoms
measures (anxiety, depression, fatigue, pain), outcomes
of VR, and significant and nonsignificant results.

Quality Review. Each published article was reviewed for
methodological quality by the research team members
using the Cochrane Collaboration’s tool (Table 2). The
selected tool was used to assess risk of bias for random-
ized control trials. Although the methodological quality
of the reviewed studies has been undertaken as part of
this review, it was not considered as an eligibility crite-
rion for inclusion in the review.

Results

Search Outcome

The search yielded 23 original studies that were included
in the systematic review according to the predetermined
inclusion criteria. Studies randomized patients to VR
conditions, or randomized order of delivery of VR or
standard interventions, using crossover designs. We
observed that studies were heterogeneous with regard
to targeted disease, VR equipment, and intervention
materials. Thus, we categorized results within each of
the following symptoms: anxiety and depression, fatigue,
and pain management.

Overview of VR Intervention to Relieve Symptom
Anxiety and Depression

Fourteen studies in total (Aminabadi et al., 2012;
Dehghan et al., 2019; Gold et al., 2006; Kampmann
et al., 2016; Krijn et al., 2004; Lee et al., 2015; Riva
et al., 2003; Ryu et al., 2018; Schneider et al., 2003,
2004; Schneider & Hood, 2007; Shah et al., 2015; Song
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& Park, 2015; van Twillert et al., 2007) evaluated the
efficiency of a VR intervention on relieving anxiety
and depression. All of these studies found a statistically
significant reduction on patients’ anxiety with the excep-
tion of the study by van Twillert et al. (2007), who eval-
uate anxiety before and after burn wound change after
the use of VR. Four of the studies (Lee et al., 2015; Riva
et al., 2003; Shah et al., 2015; Song & Park, 2015) had a
decrease in the depression level of patients following the
use of the VR intervention. In particular, in the study by
Ryu et al. (2018), where they used a gaming VR inter-
vention in children undergoing elective day surgery and
general anesthesia, findings showed that children who
used VR gaming had lower pretreating anxiety than
those who did not use VR. Krijn et al. (2004) explored
that VR was more effective compared with control in
patients with acrophobia, while Aminabadi et al.
(2012) explored whether VR can help children reduce
their anxiety during dental procedures. Song and Park
(2015) demonstrated that the group with the interven-
tion showed more significant improvement in their
depression state after the intervention than the group
without VR intervention. Moreover, Schneider et al.
(2003, 2004) and Schneider & Hood 2007) found that
VR decreased the mean state of anxiety in cancer
patients during the chemotherapy session.

Overview of VR Intervention to Relieve Symptom
Fatigue

Of the 23 studies selected for this overview, 4 studies
(Cho & Sohng, 2014; Schneider et al., 2003, 2004;
Schneider & Hood, 2007) evaluated the efficiency of
VR on fatigue.Three of these studies (Cho & Sohng,
2014; Schneider et al., 2004; Schneider & Hood, 2007)
found a statistically significant reduction in symptom
fatigue during VR assisted procedure, while the study
by Schneider et al. (2003) did not report any statistically
significant change of fatigue. Two studies (Schneider
et al.,, 2004; Schneider & Hood, 2007) with cancer
patients demonstrated a statistically significant differ-
ence in fatigue (i.e., reduction) immediately after chemo-
therapy treatment when subjects used the VR
intervention. Cho and Sohng (2014) in their study with
hemodialysis patients with end-stage renal failure found
a statistically significant decrease of fatigue at the inter-
vention group with VR exercise program, while almost
no changes were noted in the control group.

Overview of VR Intervention Effects of Pain

As shown in Table 1, VR is used for acute pain manage-
ment in inpatient populations more commonly than for
chronic pain. The review yielded 11 studies (Aminabadi
et al., 2012; Carrougher et al., 2009; Das et al., 2005;

Gergeker et al., 2018; Gold et al., 2006; JahaniShoorab
et al., 2015; Kipping et al., 2012; Maani et al., 2011;
Schmitt et al., 2011; van Twillert et al., 2007, Wint
et al., 2002) that evaluated efficacy of VR on painful
procedures. Six studies (Carrougher et al., 2009; Das
et al., 2005; Kipping et al., 2012; Maani et al., 2011;
Schmitt et al., 2011; van Twillert et al., 2007) used VR
as a distraction intervention during wound changes of
burn injuries in children and adults, while the others
used VR during or after painful procedures. All studies
found statistically significant reductions of pain rates
during and after using VR procedure, with the exception
of the study by Kipping et al. (2012) where no statisti-
cally significant changes between VR group and control
group were found. In the other studies using VR for
other painful procedures, such as dental procedures,
intravenous placement, and lumbar puncture, the results
showed that pain scores were lower in the VR groups
compared with the control groups (Aminabadi et al.,
2012; Gergeker et al., 2018; Gold et al.,2006; Wint
et al., 2002). Furthermore, many positive changes were
recorded on secondary end point measurements such as
emotional unpleasantness, time spent thinking about
pain, and worst pain experience (Carrougher et al.,
2009; Maani et al., 2011).

Discussion

In contrast with previous reviews of case reports and
observational evidence, the present review focused on
experimental studies that describe applications of VR
technology on symptom management. Data from 23 eli-
gible studies provided insights into four current medical
applications of the VR system: anxiety, depression,
fatigue, and pain management. These studies have con-
tributed to our better understanding of the efficiency of
VR in reducing these symptoms in different contexts and
diseases, such as neurophysiological (Motl et al., 2009)
or especially on cancer (Brown & Kroenke, 2009; So
et al., 2009). The findings of this systematic review are
congruent with those of previous researches, and reviews
that suggest that VR can be used to effectively manage
symptoms (Chirico et al., 2016; Dascal et al., 2017;
Hoffman et al., 2000; Wint et al., 2002). Although stud-
ies varied greatly in terms of the contextual setting and
the method of intervention, this review identified some
overarching themes in addressing the research questions
presented in the Introduction section.

Anxiety and Depression

The use of VRET for clinical purpose on anxiety and
depression has been investigated empirically for many
years. The VR has been used as a tool to deliver expo-
sure therapy, psychoeducation, and relaxation therapy
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in people suffering from one or both of these symptoms.
The results of four independent meta-analyses enhance
the conclusion that such interventions lead to significant
decreases in anxiety- and depression-related symptoms
(Morina et al., 2015; Opris et al., 2012; Parsons & Rizzo,
2008; Powers & Emmelkamp, 2008). All the studies with
a primary focus on anxiety and depression that were
included in this review demonstrated an important
decrease on the anxiety and depression levels in patients.
These results contributed to the preceding evidence
showing that the use of VR as an intervention in clinical
settings has important positive effects on depression and
anxiety level.

Fatigue

Fatigue is a major problem and concern for many
patients with diseases such as cancer, stroke, renal fail-
ure, autoimmune disorders, and lung disease (chronic
obstructive pulmonary disease) to name a few. In a
cross-sectional descriptive study with 148 randomly
recruited prostate cancer patients in active treatment,
the aim was to explore cancer-related fatigue and its
impact on quality of life (Charalambous & Kouta,
2016). The results demonstrated that fatigue is a
common symptom among patients with advance pros-
tate cancer undergoing treatment. This was supported by
the high levels of fatigue reported in this sample with
almost two thirds of the patients (66.9%) reporting
fatigue as a problem. Findings from this study show
that VR could be a potential tool to secure better fatigue
levels for all patients. Moreover, findings also identified
a relationship between higher levels of presence in the
virtual environment and lower levels of fatigue and anx-
iety. However, there are limited number of studies that
have been undertaken to measure VR effectiveness on
fatigue. This stresses the need for additional longitudinal
studies in this context.

Pain

The findings of experimental studies within the context
of pain experience showed that VR distraction is an
effective nonpharmacologic intervention for reducing
pain from undergoing unpleasant medical procedures
(acute or chronic), as well as the pain associated with
burn injury care in adult and pediatric patients.
According to the theory of pain management, decreased
pain can be achieved by blocking the information of
pain via analgesics drugs or by creating some sort of
distraction that deviates the focus of the brain on pain
(Gershon et al., 2004; Parsons et al., 2009).Many side
effects can be caused by the medical analgesics such as
nausea, increased length of hospitalizations, and inade-
quate pain alleviation (Teeley et al., 2012). These

traditional pharmacotherapies can be supplemented (or
even replaced in some cases) by VR as a particularly
useful pain distraction intervention. Furthermore, our
results coincide with those of preceding studies that
VR has been reported to be an effective modality to
decrease pain during burn care (Gershon et al., 2004).
A systematic review of nine studies by Morris et al.
(2009) found that VR coupled with standard analgesia
was effective in reducing pain during burn care in eight
of the nine studies. Last, but not least, Indovina et al.
(2018) in their systematic review using Virtual Reality as
a Distraction Intervention to Relieve Pain and Distress
During Medical Procedures stated that VR has proven
to be effective in reducing procedural pain, as almost
invariably observed even in patients subjected to
extremely painful procedures, such as patients with
burn injuries undergoing wound care, and physical ther-
apy. Moreover, VR seemed to decrease cancer-related
symptoms in different settings, including during chemo-
therapy. VR could promise a useful alternative way of
reducing the pain with minimal side effects or one that
could enhance standard pain management.

Although the use of VR in the majority of the studies
included in this review showed a very positive effect on
the specific symptoms of interest, it is possible that some
confounding factors might have affected the effectiveness
of VR. The researches therefore completed a thorough
check of the included studies based on the quality assess-
ment tool. Variables that have been considered included
the type of images on VR that seems to work better, the
best type of the devices, the interaction with the environ-
ment, and finally considering the differentiating of the
sense of presence between immersive and nonimmersive
VR. This assessment highlighted the fact that the tools
utilized in these studies for evaluating the symptoms were
different. However, all tools were valid and reliable to
measure the symptoms and have previously used in clin-
ical studies. According to the assessment, VR interven-
tions that were game based were found more effective
in children as a means to distract them from the hospital
environment and the medical procedures. Adults showed
a preference toward more natural and relaxing environ-
ments and requested to have variety of choices in terms of
the virtual environments they could experience (sea,
mountains, and adventures). Furthermore, the duration
of the intervention varied from study to study, and this
variation appeared to be related to the target symptom.
For example, Dehghan et al. (2019) used VR for
Sminutes only to reduce anxiety in children scheduled
for operation, and in Shah et al. (2015), the intervention
lasted 1hour over 3-day period to reduce anxiety and
depression. Both studies demonstrated a positive effect
of VR on reducing anxiety and depression. Therefore,
further studies are needed to validate the effective time
of the VR intervention. Furthermore, the devices that
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were used in the studies were also different. In the more
recent studies where the latest technology of VR was
used, participants mentioned that the images and the
sense of presence were very realistic, and the interaction
was more efficient by using more advance special control-
lers (e.g., gloves, remote control). Finally, participants did
not report any motion sickness or any unusual symptoms
during the use of VR, which means VR it is safe and does
not cause any side effects.

The studies we reviewed have several strengths. The
majority of the studies reviewed employed a randomized
control trial’s design, offering the highest level of evi-
dence on the effectiveness of the VR interventions
tested. The specific content of interventions was fairly
consistent within each category. Moreover, a wide vari-
ety of patients were studied, including inpatients and
outpatients, patients receiving treatment and those who
had completed it, as well as individuals with various
diagnoses and stages of disease.

This review included studies that were very heteroge-
neous in study design as well as theoretical background
and the way the intervention was conducted. The princi-
pal differences between studies were the use of different
disease, instruments, and analysis. Some of the studies
required the presence of symptoms as an inclusion crite-
rion, reducing the possibility of floor effects in these trials.
Furthermore, sample sizes used in most trials were small
to moderate (N < 50). Specific types (immersive, nonim-
mersive) and doses (duration, frequency, virtual environ-
ment) of VR intervention varied across studies.

Future Research

As the results of this review showed, future studies of
VR should be undertaken in the context of medical inpa-
tients with larger samples and assessed over time to
investigate long-term effects. This intervention has the
potential to be effective for patients with a variety of
diagnoses and across a wide range of ages. However,
although most VR studies are done only in hospital set-
tings, some health professionals point out that VR
should also be promoted as a home-based technique.
Another issue that needs to be considered is the sense
of independence and self-improvement promoted by VR
at the home setting for users to be able to implement the
VR intervention without supervision and on demand,
allowing a sense of control over the symptoms and on
the overall disease.

Conclusion

As VR technology expands and becomes more usable,
effective, and safe, budget concerns give way to ability
for greater impact. The majority of patients were very
satisfied, and in most cases, patients state that experience

with VR was fun, immersive, and enjoyable, with not a
lot of side effects, considering that they would definitely
use VR again. Studies varied in terms of quality, but we
observed no relationship between study quality and key
findings. The findings of this study agree with those of
previous research that suggest that VR can be used to
manage symptoms. The use of VR in medical fields is
relatively novel and promising. It is highly interactive,
flexible, tailored to the individual, and applicable to
people varying in age, sex, and medical disorders. As
technology improves and costs are reduced, VR will
play a major role in the future of health care.
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