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Abstract

Background: Preoperative state anxiety (PSA) is distress and anxiety directly associated with perioperative events. PSA is
associated with negative postoperative outcomes such as longer hospital length of stay, increased pain and opioid use, and higher
rates of rehospitalization. Psychological prehabilitation, such as education, exposure to hospital environments, and relaxation
strategies, has been shown to mitigate PSA; however, there are limited skilled personnel to deliver such interventions in clinical
practice. Immersive virtual reality (VR) has the potential for greater accessibility and enhanced integration into an immersive
and interactive experience. VR is rarely used in the preoperative setting, but similar forms of stress inoculation training involving
exposure to stressful events have improved psychological preparation in contexts such as military deployment.

Objective: This study seeks to develop and investigate a targeted PSA intervention in patients undergoing oncological surgery
using a single preoperative VR exposure. The primary objectives are to (1) develop a novel VR program for patients undergoing
oncological surgery with general anesthesia; (2) assess the feasibility, including acceptability, of a single exposure to this
intervention; (3) assess the feasibility, including acceptability, of outcome measures of PSA; and (4) use these results to refine
the VR content and outcome measures for a larger trial. A secondary objective is to preliminarily assess the clinical utility of the
intervention for PSA.

Methods: This study comprises 3 phases. Phase 1 (completed) involved the development of a VR prototype targeting PSA,
using multidisciplinary iterative input. Phase 2 (data collection completed) involves examining the feasibility aspects of the VR
intervention. This randomized feasibility trial involves assessing the novel VR preoperative intervention compared to a VR control
(ie, nature trek) condition and a treatment-as-usual group among patients undergoing breast cancer surgery. Phase 3 will involve
refining the prototype based on feasibility findings and input from people with lived experience for a future clinical trial, using
focus groups with participants from phase 2.
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Results: This study was funded in March 2019. Phase 1 was completed in April 2020. Phase 2 data collection was completed
in January 2024 and data analysis is ongoing. Focus groups were completed in February 2024. Both the feasibility study and
focus groups will contribute to further refinement of the initial VR prototype (phase 3), with the final simulation to be completed
by mid-2024.

Conclusions: The findings from this work will contribute to the limited body of research examining feasible and broadly
accessible interventions for PSA. Knowledge gained from this research will contribute to the final development of a novel VR
intervention to be tested in a large population of patients with cancer before surgery in a randomized clinical trial.

Trial Registration: ClinicalTrials.gov NCT04544618; https://www.clinicaltrials.gov/study/NCT04544618

International Registered Report Identifier (IRRID): DERR1-10.2196/55692

(JMIR Res Protoc 2024;13:e55692) doi: 10.2196/55692
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Introduction

Background

Overview
There is increasing recognition of the detrimental effects of
anxiety and distress in medical populations. The National
Comprehensive Cancer Network (NCCN) has advocated for
psychological distress to be the sixth vital sign [1]. Both the
aging demographic and overall population are increasing in
Canada, which confers an elevation in the overall cases of cancer
and those requiring surgery [2]. The patients’ lived experience
of anxiety and distress before surgery is a near-universal and
often overlooked aspect of the perioperative journey. In a study
of >15,000 patients undergoing nonobstetric surgery in the
United Kingdom, anxiety was rated by patients as the worst
aspect of the perioperative experience [3]. Preoperative anxiety
and distress have been shown to significantly affect negative
perioperative outcomes (eg, increased hospital length of stay,
pain, opioid use, and rehospitalization) [4]. However, few
feasible preoperative interventions exist to mitigate preoperative
anxiety and distress (hereinafter termed preoperative state
anxiety [PSA]) [5].

PSA Risk and Defining Features
Rates of psychiatric disorders (eg, anxiety disorders and
depression) are elevated across surgical samples, with
particularly high rates among patients undergoing breast cancer
surgery [6]. These psychiatric disorders are associated with a
range of poor postoperative health outcomes [7], including
increased mortality [8,9]. The presence of a psychiatric disorder
at the preoperative stage is also associated with significantly
greater health care costs incurred among patients undergoing
breast cancer surgery [6]. A history of psychiatric disorders also
increases the risk of acute PSA in elective surgery [10], although
PSA can also occur outside the context of threshold psychiatric
disorders. PSA is defined by anticipatory distress or anxiety
related specifically to perioperative factors such as pain, loss
of independence, the surgery itself, anesthesia, and death
[11,12], but it can also relate to unfamiliar environments, such
as the operating room (OR) and encounters with health
professionals (G Klar, unpublished data, February 2024) [13].
PSA tends to be transient in nature based on a current stressor

(eg, upcoming surgery); however, it can be clinically significant
and debilitating in approximately 40% of patients undergoing
surgery [14]. PSA is often impacted by unfamiliarity and
uncertainty regarding the surgical process [15]. Research by
our group and others (G Klar, unpublished data, February 2024)
[12] demonstrates that PSA relates to several OR environmental
stimuli, including exposure to, and placement of, the anesthetic
face mask; intravenous cannula insertion; limb restraint
application; and inadequate information about the intraoperative
process across surgical groups. Patients undergoing oncological
surgery experience elevated rates of preoperative distress,
ranging from 23% to 77% in recent research [16-18]. PSA in
this population has been found to relate to uncertainties of what
the surgeon might find and operative procedures or regarding
the effects of surgery itself [10]. The experiences with PSA of
patients undergoing oncological surgery have been associated
with increased postoperative pain, nausea, discomfort, fatigue,
and analgesic consumption (G Klar, unpublished data, February
2024) [10-13], highlighting the significance of PSA and raising
the question of whether reducing PSA can impact postoperative
outcomes.

Interventions Targeting PSA
It is well understood that psychological states and disorders are
highly responsive to a range of empirically supported targeted
psychological and behavioral treatments. In light of this, there
is a growing body of literature examining preoperative
psychological interventions to reduce negative postoperative
sequelae, with some promising but mixed results. A Cochrane
review by Powell et al [19] examined the evidence on
psychological preparation before surgery using general
anesthesia on a range of postoperative outcomes. The authors
concluded that there were significant positive effects for a range
of interventions, but overall, the quality of evidence was low,
which in part related to the heterogeneity of the data and the
methodologies used. The interventions with the most empirical
support across a range of outcomes used relaxation strategies
at the preoperative stage. In oncological surgeries specifically,
systematic reviews have demonstrated that preoperative
psychological interventions are associated with improved
outcomes, particularly patient-reported outcomes such as mood
and anxiety, quality of life, fatigue, and somatic symptoms
[20,21]. However, many psychological interventions, such as
cognitive behavioral therapy, are high-resource approaches
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requiring expert administration and are not feasible to be
implemented for the large and growing number of surgical
interventions. This is particularly true in publicly funded and
often (already) overwhelmed health care systems. Although
digital technology options have addressed some of these
challenges (eg, cost and accessibility), these tend to be focused
on more general cognitive behavioral therapy. Formal
mobile-based cognitive behavioral therapy interventions still
require greater and longer patient engagement and often mental
health professional support [22]. In addition, cognitive
behavioral therapy is most often used to address trait anxiety
or mental disorder symptomatology by dealing with maladaptive
thoughts and behaviors over time [23], rather than the more
transient nature of PSA, which is a psychological state directly
related to the stressor [24]. Thus, virtual reality (VR) may be
optimally suited to address PSA because it requires less time
commitment and may be undergone at any point in the weeks
leading up to surgery, providing greater flexibility. The VR
technology can reduce the need for direct health care provider
support and has the potential for at-home use.

The vast majority of existing studies examining nonbehavioral
interventions for PSA have focused on preoperative education
with mixed results and often smaller effect sizes [25].
Educational interventions typically take the form of patient
reading material (eg, informational brochures), which are often
underused, lack important information, are provider directed
rather than patient directed, and require a higher level of health
literacy [25]. Successful educational initiatives for mitigating
PSA, which also translate to decreased perioperative pain and
increased functioning, often include poorly feasible,
high-resource initiatives such as preoperative classes led by
anesthesiologists and surgeons [26]. Researchers have also
examined the impact on PSA levels by enabling patients to tour
the OR before surgery [27] because the OR environment is an
anxiety-inducing trigger for patients undergoing surgery
[12,13,28]. Although this approach has been associated with
reductions in PSA levels [27], it has limited feasibility to be
administered broadly due to the infrequent availability of ORs
and limited resources and personnel to implement this
intervention. The feasibility of such an approach is even further
reduced in the context of COVID-19 and future pandemics,
where hospital accessibility is restricted and maintaining sterility
in patient areas such as the OR is of the utmost importance.

With respect to the use of medications for PSA, the use of
anxiolytics at the preoperative stage is a somewhat controversial
practice. A survey was conducted among 3661 anesthesiologists
from the American Society of Anesthesiologists to determine
whether anesthesiologists ask their adult patients about
preoperative anxiety and what methods they use to reduce it
[29]. They found that >60% of the anesthesiologists reported
asking their patients about anxiety and that 91.6% of these
anesthesiologists prescribed anxiety medication (most
commonly, the benzodiazepine Midazolam) [29]. In the
preoperative environment, benzodiazepines may be used for
relaxation, sedation, ease of administering anesthesia, or the
suppression of seizure activity. Although there are reasons for
the use of benzodiazepines outside of PSA, they are not without
risk and not ideal in all populations. Specifically,

benzodiazepines can be associated with adverse outcomes such
as impaired motor and cognitive functioning, delirium, and
respiratory depression [30]. Benzodiazepines are also not
recommended for use in older adults aged >65 years because
they are at increased risk for cognitive impairment and delirium
[30]. Furthermore, the use of benzodiazepines for anxiety
reduction in the acute preoperative period is not associated with
any differences in patient satisfaction as assessed on the day
after surgery, suggesting the lack of clinical benefit for patients
[31]. Other anxiolytics, such as selective serotonin reuptake
inhibitors, are not suitable for PSA and are more commonly
prescribed for chronic mental disorders. Pharmacological
interventions also do not target the cause of anxiety experienced
by patients before surgery, such as a lack of perioperative
information and fear of the OR environment, nor do they provide
foundational exposure (ie, exposing patients to a feared
environment to reduce avoidance and promote habituation) and
relaxation paradigms proven to be effective for PSA in other
contexts.

VR Interventions
VR is a computer-generated 3D environment in which a user
may be immersed through visualization and interactions. VR
can be used to approximate reality to achieve ecological validity
for a targeted environment and can yield affective responses
[32]. VR represents a potentially novel targeted modality for
PSA because it enables the integration of several effective
intervention techniques, such as exposure to hospital
environments, education, and relaxation strategies. VR
interventions have been shown to significantly reduce anxiety
and other psychiatric symptoms in other contexts (eg, fear of
flying, injection phobia, and fear of heights) and are used as a
predeployment prehabilitative intervention to prepare military
personnel for anticipated exposure to acute stress during combat
(ie, stress inoculation training [33]). Evidence suggests that
prehabilitative VR interventions may be associated with
reductions in psychological distress, both before [34,35] and
after [36] deployment. Recently, researchers evaluated whether
preoperative VR simulations that expose patients to the OR can
mitigate PSA [37,38]. Preliminary research in pediatric
populations has found that preoperative exposure in a VR
simulation to the OR environment reduces PSA and increases
compliance during the induction of anesthesia [38], and it is
regarded positively and accepted by patients [39]. In recent
years, some targeted VR interventions have also been developed
for adult populations. Systematic reviews by Yu et al [40] and
Mbewe and Smith [41] identified 5 previous studies using VR
to reduce perioperative anxiety in adult patients. Yu et al [40]
included studies examining both perioperative and
periprocedural anxiety, and the eligibility criterion was limited
to VR interventions focused on OR tours specifically. The
interventions were all in video format, with the VR experiences
ranging from first- [42] to third-person points of view [37,43],
some of which also provided 360° visuals [44,45]. Each
intervention was meant to educate the participant on the surgical
procedural process and expose them to the OR environment.
Results varied, with some studies reporting no differences in
anxiety levels between the VR intervention and control groups,
[43,44] while others found anxiety to be significantly decreased
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with the VR intervention [37,42,45]. Importantly, VR
interventions were also found to improve patients’ procedural
understanding and increase patient satisfaction and preparedness
[37,45]. Mbewe and Smith [41] included 3 additional studies
in their meta-analysis because they were focused on surgical
cases and did not restrict VR interventions to OR tours, thus
including other VR interventions (eg, nature scenes). The
alternative VR interventions included a training video focused
on educating patients on wide-ranging aspects of the surgical
process [46], a 360° nature video with relaxing music and
birdsong [47], and an audio narration of a progressive muscle
relaxation technique showing a beach scene [48]. The results
of the meta-analysis demonstrated that VR interventions have
greater positive impacts on preoperative anxiety compared to
the standard of care; however, the effect size was relatively
small [41].

The impact of these VR interventions may have been limited
because they lacked relevant perioperative information or
exposure and only displayed re-enactments or simply exposed
patients to features of the surgical process as opposed to an
immersive patient-directed VR experience. Immersive
patient-directed VR refers to environmental fluidity changes
with head movement, which facilitates presence and immersion
and deepens engagement [49]. Displaying videos offers a limited
sense of presence and immersion because the user cannot
directly interact with the environment, and therefore ecological
validity is reduced [50]. The importance of immersion and
interactivity on agency and embodied learning has been
supported in prior research [51]; for example, when using VR
exposure to treat anxiety disorders, first-person body experiences
and other features that enhance immersion, such as movement
tracking and audio and tactile exposure, have been found to be
important components of effective VR interventions [52]. A
sense of immersion is not only positively related to feelings of
anxiety (which is a necessary component of exposure-based
paradigms), but it may also enhance the effectiveness of the
intervention in facilitating behavior change [52,53]. In addition,
the immersive aspect of VR is biologically supported with
studies demonstrating that immersing patients in a stressful VR
environment can alter biomarkers of stress [54]. This initial
research is promising and provides preliminary support for the
utility of immersive VR to mitigate PSA, which ultimately may
improve perioperative outcomes. However, one way in which
this body of literature is limited is that very few, if any, studies
have examined the feasibility of this type of intervention, which
is a critical step given its novelty in the perioperative setting.

Study Overview and Objectives
On the basis of these gaps in the literature and the importance
of developing practically implemented, low-resource

interventions for PSA, we designed and are evaluating the
feasibility of a novel immersive VR intervention, first targeting
PSA among patients undergoing breast cancer surgery. Patients
undergoing cancer surgery were identified as the first target
group given their high rates of PSA [16-18] and the large volume
of cases (nearly 50% of patients with cancer undergo surgery),
which are scheduled as elective surgeries. The use of VR is
particularly advantageous for elective procedures, given that it
provides the opportunity for preoperative interventions in the
weeks before surgery. The development of the intervention is
an iterative and collaborative process using multidisciplinary
health professional input and later using focus groups of patients
with lived experience. The use of both qualitative and
quantitative methods promotes our ability to hear the patient
voice and to make relevant adaptations to the application as
directed by our analysis based on the feasibility and focus group
findings. This will be achieved in 3 phases as depicted in Figure
1, developed in line with international guidelines established
by the Virtual Reality Clinical Outcomes Research Experts
(VR-CORE) committee for VR trials in health care [55]. Phase
1 (completed; in line with the framework from the VR-CORE
guideline’s VR1 phase) involved the development of an initial
VR prototype that was developed in conjunction with health
care professionals working in the OR and engineers (authors
MSDS, CP, and VGS) at the National Research Council of
Canada [56]. This prototype comprises an immersive VR
representation of the OR and patient induction process for an
individual undergoing breast cancer surgery with general
anesthesia. Phase 2 (underway; in line with the framework from
the VR-CORE guideline’s VR2 phase) uses a randomized design
(VR intervention vs VR control [ie, Nature Treks VR] vs
treatment as usual [TAU]) to assess feasibility on a sample of
patients undergoing breast cancer surgery. The feasibility study
used quantitative scales to understand the recruitment and
randomization capability, acceptability, and feasibility of the
study design, along with preliminary utility for reducing PSA.
In phase 3 (underway; also in line with the VR-CORE
guideline’s framework VR1 phase because we are collecting
user-testing feedback to improve the VR content), we are
conducting focus groups with select participants from the
feasibility trial, and the results based on the focus groups, along
with the feasibility findings, will inform continued refinements
of the prototype for a future randomized clinical trial (in line
with the framework from the VR-CORE guideline’s VR3 phase).
An effective PSA-reducing intervention has the potential to
mitigate poor perioperative mental and physical health outcomes
in patients undergoing oncological surgery and yield significant
cost savings to the overall health care system. An initial
successful VR platform could be modified and applied to other
surgical populations in the future.
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Figure 1. Flowchart of the 3-phase development. VR: virtual reality.

Methods

Phase 1 (Complete)

VR Development
Phase 1 involved the development of the initial VR prototype,
developed in the Unity game engine (Unity Technologies) and
deployed using the Oculus Rift S headset (Meta). We aimed to
develop the initial VR prototype to simulate an OR and
anesthetic induction at the Health Sciences Centre (HSC) in
Winnipeg, Manitoba, Canada, a tertiary care university-affiliated
hospital connected to a provincially mandated cancer agency.
With institutional approval, several photographs and videos
were taken of the OR, and 1 live induction process was audio
and video recorded (refer to the Ethical Considerations section
for consent details). Furthermore, an email was sent to all
attending anesthesiologists at the HSC requesting them to
provide their standard patient induction and safety scripts. We
received 4 scripts that were compared, and consistent elements
across the scripts were amalgamated into a standard script to
be integrated into the VR simulation.

An iterative and collaborative development process was used
to create the VR environment and simulation. The initial
prototype was based on all elements included in an induction
sequence on a real patient, which was filmed. On the basis of
input and feedback from coauthors and OR professionals at the
HSC in addition to consultations between coauthors and the VR
development team at the National Research Council, further
elements to be implemented (equipment, personnel, narrations,
animations, etc) were identified and prototypes were developed.
In the interest of having a prototype to test in a timely manner
and to reserve the bulk of the grant funds to commit to the
development of the intervention after patient feedback via the
feasibility trial and focus groups, specific decisions were made
to animate aspects in the OR that have been reported by patients
to be the most anxiety provoking (G Klar, unpublished data,
February 2024). Prototypes were trialed regularly by coauthors
and feedback incorporated in the next round of refinement.
Phase 1 commenced in November 2019 and was completed by
April 2020 (refer to Figure 2 for screenshots of the immersive
VR OR environment and Figure 3 for the administration setup).
A manuscript detailing the technical aspects of the VR creation
is in development.

Figure 2. Screenshots of the immersive virtual reality operating room environment.
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Figure 3. Virtual reality administration and setup.

Components of the Initial VR Prototype
The user starts the simulation seated on a virtual operating table
in the OR. The user is provided a minimum duration of 5
minutes to visually explore the environment, which includes
surgical (eg, instruments, lights, medical devices, sterile items,
and x-ray images) and anesthetic (eg, medications and anesthetic
monitors) items. The environment also includes background
noises (eg, a beeping monitor) and lighting consistent with the
OR environment. Several health care personnel (ie, an
anesthetist, a surgeon, and 2 nurses), including a woman and a
racial and ethnic minority person, are present in the room. After
at least 5 minutes of exploration, an induction narrative
simulation commences. The patient is instructed to lie supine
(on the virtual OR table) and is taken through a mock anesthetic
induction process from a first-person perspective. For the initial
prototype, the patient’s avatar was developed as White and
gender neutral. One of the virtual nurses and the virtual
anesthetist speak to the patient and walk them through the steps
while the procedures are being performed. The narrative
component includes describing surgical procedures such as
attaching electrocardiogram stickers, attaching a pulse oximeter,
completing a safety briefing, and placing an oxygen mask over
the patient’s face. The additional steps of attaching a blood
pressure cuff, attaching an intravenous line to the cannula on
the hand, and injecting antibiotics and anesthesia are described
but not animated in the VR. As mentioned previously, the
animation of these steps was not included due to time and
funding constraints, along with the desire to have the final
simulation (including the animated components) be patient
informed. At the point in the virtual induction where the patient
would be falling asleep, the VR screen fades to black, and the
simulation ends. To further encourage immersion, the induction
script includes periods of patient engagement, including having
the patient place their right arm correctly for the nurse and
specifying their name, date of birth, type of surgery, and whether
they have any allergies (as would be done as part of the
mandatory World Health Organization surgical safety briefing).

All this is done in real time. The OR induction process is
controlled by a combination of autoadvancement methods, based
on the detection of certain physical positioning requirements,
and input from research personnel who progress the patient
through each phase of information delivery and patient
engagement (eg, responding to questions). However, haptic
feedback to participants was not provided because this was
beyond the scope of the study objectives, and the resources
available at the time were insufficient.

Phase 2 (Completed)

Study Design
This study used a single-center feasibility and pilot randomized
clinical trial with 3 arms. The study was registered on
ClinicalTrials.gov (NCT04544618) on September 10, 2020 [57].

Overview
Phase 2 assessed the feasibility and preliminary outcomes of
the VR OR prototype among patients undergoing breast cancer
surgery. Specifically, with respect to the feasibility of this
intervention, this study evaluated (1) recruitment capability and
the characteristics of the resulting sample, (2) data collection
procedures and selection of an appropriate outcome measure of
PSA, and (3) participant acceptability and suitability of the VR
OR intervention (ie, the active intervention) as well as the
inclusion and acceptability of a VR control group (Nature Treks
VR; ie, a non-OR immersive VR nature environment) and a
TAU group. In addition, as a final aim, this study (4) pilot-tests
the preliminary impact of the active intervention on PSA.

This study aimed to recruit 45 participants (n=15, 33%
randomized to each arm [ie, active intervention, VR control,
and TAU]). This target sample size is consistent with
recommended guidelines for determining the sample size of a
feasibility study and previous studies of this nature [58,59].
Furthermore, as an aim of this feasibility study, we are
evaluating the extent to which we are able to recruit participants
within the target population, which will inform modifications
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to the recruitment method as well as the expected duration of
the upcoming randomized controlled trial (RCT).

Inclusion and Exclusion Criteria
The inclusion criteria for participation are as follows: (1) being
aged ≥18 years, (2) able to speak and read English, (3) having
a breast cancer diagnosis, and (4) scheduled or being scheduled
to undergo breast cancer surgery under general anesthesia at
the HSC. Those who do not meet these criteria, are not
competent to provide informed consent (eg, due to cognitive
impairment), or are unable to participate in a VR intervention
(eg, due to significant visual or auditory impairments) are
excluded.

Recruitment
Patients undergoing oncological surgery are recruited from the
HSC via posters, patient surgical oncology appointment, or
preoperative education class at the Shared Health Breast Health
Centre (ie, a public health breast center that coordinates clinical
assessment, diagnostic tests, treatment, education, and support)
or the Breast & Gyne Cancer Centre of Hope (ie, resource
center). A staff person or physician at the Breast Health Centre
or Breast & Gyne Cancer Center of Hope (or research
coordinator) briefly describes the study, and the contact
information of interested patients is recorded. Recruitment
posters with study staff’s contact information are posted at the
Breast Health Centre, Breast & Gyne Cancer Center of Hope,
the HSC, and on the web for any potential participants not
identified at the time of their surgical oncology appointment or
the preoperative education class.

Protocol
Phase 2 used a single-blind randomized design (1:1:1
randomization; stratified according to surgery type [with vs
without reconstruction] and whether neoadjuvant chemotherapy
was received; stratification enables equal proportions of
participants with these characteristics across each of the 3 study
groups), using quantitative and qualitative methodologies. This
was done to assess the feasibility of, and pilot-test, the VR
simulation to expose patients undergoing breast cancer surgery
to the OR and induction process (ie, VR OR) compared to a
non–surgery-related VR simulation (ie, VR control) and TAU.
All participants complete self-report measures approximately
2 weeks before surgery (ie, baseline; for VR groups, this will
occur on the day of the VR visit as well as before and after
testing the intervention), on the day of surgery (preoperative
period), 5 days after surgery (acute postoperative period), and
30 days after surgery (30-day postoperative follow-up).

Randomization is carried out using a web-based random number
generator (details of how these random numbers are generated
are available on the website) [60]. A master file was created in
Excel (Microsoft Corp) by author JS, which consisted of 4
different stratification groups to correspond to the number of
possible combinations: no chemotherapy and no reconstruction;
no chemotherapy, with reconstruction; chemotherapy, no
reconstruction; and chemotherapy and reconstruction. Using
the web-based number generator, each stratification group was
populated with equal proportions of the randomly ordered
numbers (1, 2, or 3) that corresponded to the intervention groups

to which a participant could be assigned (1: OR intervention;
2: Nature Treks VR intervention, and 3: TAU). Only research
personnel who randomized the participants had access to the
file. Due to the nature of this study, only partial blinding was
possible. Specifically, those in the TAU group received no VR
intervention, but those randomized to VR control versus the
VR active intervention were blinded. Participants randomized
to either the active intervention or VR control group schedule
a meeting date to undergo the VR intervention, approximately
2 weeks before their surgery, during their telephone call with
the study coordinator. On the day of the intervention meeting,
participants complete baseline questionnaires before the
intervention and additional questionnaires after the intervention
(detailed in the Measures section). Those randomized to TAU
are either emailed a link to complete the baseline measures using
Qualtrics software (Qualtrics International Inc) or are mailed a
hard copy, depending on their preference, 2 weeks before their
surgery (baseline). On the day of surgery (preoperative period),
participants again complete the measures assessing PSA that
had been assessed at baseline. Five days after surgery (acute
postoperative period), participants will complete the PSA
measures, in addition to the other initial baseline measures.
Finally, all baseline measures are readministered at the 30-day
postoperative follow-up. For both postoperative follow-ups,
participants have the option to receive hard copies of the
measures via mail (to complete within 72 hours) or a survey
link to complete the measures on the web.

For the active intervention group, the VR simulation begins
with the patient sitting on a hospital bed, wearing the VR
headset, and holding the controllers. The details of the final
prototype are described in the Phase 1 (Complete) section and
represented in Figure 2. For the exploration component, the
patient is instructed to explore the VR OR for a minimum of 5
minutes, although the exploration period can last longer (the
total duration engaged in the simulation is tracked for each
participant). After the exploration period, the scripted portion
of the simulation begins. As detailed previously, the simulation
ends after the virtual oxygen mask is placed on the patient’s
mouth, and the screen darkens. The scripted portion of the
simulation is approximately 3 minutes long (ie, participants will
spend a minimum of 8 minutes engaged in the VR intervention).

Participants randomized to the control intervention have the
opportunity to explore a non–surgery-related VR simulation
preprogrammed in the VR goggles (ie, Nature Treks VR
experience). Participants are instructed to explore a selected
nature environment for a minimum of 10 minutes, and their
total duration engaged with the simulation is tracked.
Participants in the TAU group receive the standard of care; they
receive no additional intervention and have the option to receive
information at their surgical oncology appointment and attend
preoperative education classes, which all patients have the
opportunity to attend. After the completion of the study, all
participants are provided with a debriefing form that explains
the purposes of the study.

Measures
A variety of self-report measures are administered to participants
across 4 time points of this study (ie, baseline or VR visit,
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preoperative period, acute postoperative period, and 30-day
postoperative follow-up). Baseline measures are administered
approximately 2 weeks before surgery (at the VR intervention
visit for the intervention groups or via mail or web-based for
the TAU group). These measures include a background
sociodemographic questionnaire (eg, assessing age, marital
status, diagnosis, type of surgery, previous history of surgeries,
and mental health diagnoses); the Preoperative Intrusive
Thoughts Inventory (PITI) [61]; the Amsterdam Preoperative
Anxiety Information Scale (APAIS) [62]; the NCCN Distress
Thermometer (a visual analog scale; also adapted for anxiety)
[63,64]; the Peritraumatic Distress Inventory [65]; the Primary
Care Screen for Posttraumatic Stress Disorder Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition [66]; the
Brief Resilient Coping Scale (BRCS) [67]; and the
Patient-Reported Outcomes Measurement Information System
(PROMIS) anxiety [68], depression [68], global health [69],
fatigue [70], and emotional support scales [71]. The
sociodemographic data collected were informed by the
methodology used in a previous study by Grocott et al [72] that
itself informed the current methodological approach. All mental
health symptom scales are empirically validated self-report
measures in various health populations, languages, and cultures.
During the VR simulation, we also monitor participants’ skin
conductance (using eSense Skin Response [Mindfield
Biosystems Ltd]) and heart rate (using a Fitbit device [Google
LLC]) while engaged in the VR simulation; participants are
asked to report their level of distress and anxiety (using the
NCCN Distress and Anxiety Thermometer scale ranging from
0 to 10) during the intervention (approximately 7 min from the
start time). Throughout the simulation, research personnel
complete a standardized behavioral observation form recording
any notable verbal or nonverbal indications while in the
intervention. After the simulation, the intervention groups
complete the Igroup Presence Questionnaire [73] and a patient
acceptability questionnaire (developed by the research team and
including both closed-ended and open-ended items for
participants to describe their impressions of the intervention).
The patient acceptability questionnaire contains questions
pertaining to rating the extent (on a scale ranging from 0% to
100%) to which the participant agrees to 13 statements about
the VR intervention (eg, “I found the VR intervention was
helpful” and “The VR intervention worsened my
anxiety/concerns about my surgery”), open-ended and
closed-ended questions about motion sickness, open-ended
questions about what the participant liked and disliked and what
they found helpful about the VR (if applicable), open-ended
and closed-ended questions about whether the VR intervention
was worthwhile, and a closed-ended question about other
elements that should be included in the VR OR simulation.

On the day of surgery, all participants are asked to complete
the PITI, the APAIS, and the NCCN Distress and Anxiety
Thermometer either while they are in the waiting room or in
the preoperative holding area (depending on when is most
convenient and the timings of surgeries). Furthermore, we again
monitor participants’ skin conductance and heart rate at this
time. Participants are also asked to provide an additional rating
for the NCCN Distress or Anxiety Thermometer while in the
OR; instead of using the paper copy in the OR, the study

coordinator or anesthesiologist asks participants to verbally
indicate their current level of distress and anxiety (ie, on a scale
ranging from 0 to 10). Five days after surgery, participants are
asked to complete the NCCN Distress and Anxiety
Thermometers; the PROMIS anxiety, depression, global health,
fatigue, and pain intensity scales; a visual analog anxiety and
distress graph; a postoperative summary form (to capture length
of hospital stay and impressions of the various preoperative
anxiety and distress measures); the BRCS; and the Peritraumatic
Distress Inventory. Those in the active intervention group also
receive open-ended questions requesting feedback to inform
modifications that should be made to the second model of the
simulation (in phase 3). Finally, 30 days after surgery,
participants are asked to complete the NCCN Distress and
Anxiety Thermometers; the PROMIS anxiety, depression, global
health, fatigue, and pain intensity scales; the BRCS; and the
Primary Care Screen for Posttraumatic Stress Disorder
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition.

As will be detailed in the feasibility manuscript, although a
number of self-report and objective measurements were
obtained, the primary measures relate to feasibility (eg,
recruitment and dropout rate as well as VR impressions and
feedback). This feasibility study will also evaluate the extent
to which these measures are completed as instructed and best
represent PSA and whether preliminary trends support decreases
in PSA across the study duration. The primary outcome measure
for the larger future clinical trial will be determined based on
this study. The proposed primary outcome measures of interest
include the PITI, the APAIS, and the NCCN Distress and
Anxiety Thermometers.

Data Analysis
Quantitative data will first be analyzed descriptively: the
recruitment, engagement, and attrition rates will be calculated;
sample characteristics will be summarized (both across the total
sample and within each group); and mean scores on measures
will be reported (within each group). The assessment of
acceptability will be based on open-ended qualitative feedback
regarding impressions of the VR intervention, which will be
analyzed using content analysis with NVivo 12 (Lumivero),
which was designed to assist with qualitative data organization.
We will also determine acceptability based on the developed
Likert scale questions. Means or medians will be reported
depending on the distribution of the data. A triangulation
approach will be used to amalgamate data sources and
comprehensively assess acceptability. Paired samples t tests
(1-tailed) and repeated measures ANOVAs will assess whether
there are changes in participant-reported symptoms across the
duration of the study within the active intervention group. If
power permits, independent samples t tests (or an ANOVA,
followed by post hoc pairwise comparisons) will assess whether
there are mean differences in PSA scores between (1) the active
and control intervention groups and (2) the active intervention
group and TAU (this will be examined descriptively if
underpowered). We will also examine changes in physiological
arousal (an objective indicator of distress), assessed via skin
conductance and heart rate, between and within (ie, during VR
intervention vs within OR) intervention groups, and we will
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assess whether self-reported distress and anxiety scores are
correlated with the indices of physiological arousal.
Physiological data will also be integrated in the VR
technological paper (in development) to understand whether
physiological indices change during the VR experience
(indicative of immersion). Finally, if power permits, independent
samples t tests and ANOVAs will assess whether there are mean
differences in patient-reported symptoms according to certain
sample characteristics (eg, age, clinically significant anxiety,
history of previous surgery, and type of surgery), both within
the active intervention group and within the complete sample.

Phase 3 (Underway)

Focus Groups
The focus groups are being led by 4 authors (RE, KR, GSL,
and JB). The first focus group consisted of individuals
randomized to the VR intervention (ie, those who received the
VR OR intervention before surgery) and took place over Zoom
(Zoom Video Communications, Inc). A second focus group was
then conducted with individuals randomized to the TAU group
or the VR control group (ie, those who did not receive the VR
intervention). This focus group took place in person at the HSC
and commenced with each participant trialing the VR OR
prototype. Due to scheduling conflicts, we held an additional
focus group for TAU participants in December 2023, and an
additional focus group with VR intervention participants in
February 2024. It is important to note, as we discuss in the
Results and the Limitations sections, that the VR control group
(ie, Nature Treks VR experience) ended up being dropped due
to slow recruitment; thus, we only ran the control focus groups
with individuals randomized to TAU.

The focus groups commence by reviewing the purpose of the
feasibility study and the VR prototype. A semistructured
question guide was developed by the research team, including
several open-ended questions regarding patients’ experiences
with the VR prototype, whether they believe it impacted their
surgical experience, and recommendations for further
development. After open-ended questions are asked, more
specific questions regarding feedback on potential adaptation
of the prototype are explored. The focus groups are audio
recorded and transcribed using Trint software (Trint Limited).
Qualitative data will be analyzed using reflexive thematic
analysis [74-76], examining themes identified by the authors
across participants.

VR Refinement
On the basis of the results of phase 2 and the focus groups,
additional modifications and changes are being made to the VR
prototype. As part of the feasibility study, participants from
phase 2 were asked about any additional elements to be included
in the VR simulation. In addition, a coinvestigator meeting was
held in April 2023 where preliminary results from a case series
proof-of-concept study (first 7 participants of the feasibility
trial) were presented. The expert coinvestigators provided
additional input on modifications based on these initial case
series findings. On the basis of the findings from the feasibility
trial, expert input, and focus groups, a list of additional elements
to be integrated into the VR will be developed (eg, artificial

intelligence integration, educational component, guided
relaxation strategies, and exposure to the waiting room or
recovery environments). People engaging with the VR OR will
also be provided with the opportunity to customize their avatar
to be more representative of themselves. This means participants
will be able to change the avatar’s skin color and height to
enhance embodiment. Efforts will also be undertaken to improve
the diversity of the VR OR staff.

On the basis of the results from the feasibility study, focus
groups, and expert input consensus, we will aim to complete
the final prototype by mid-2024 for testing in a future
randomized clinical trial.

Ethical Considerations

Phase 1
No patient participants were involved in the development of
the initial VR prototype; therefore, ethics approval was not
required. However, for the audio and video recording of a live
anesthetic induction process at the HSC, we obtained signed
patient consent (of note, we excluded any visual of the patient).

Phase 2
We received ethics approval from the University of Manitoba
Health Research Ethics Board on June 30, 2020 (HS23957).
Ethics amendments were approved in January 2021, September
2021, April 2022, and November 2022 (Multimedia Appendix
1). Participants first gave verbal consent to be contacted for
research purposes after being briefly told about the study at the
individual’s surgical oncology appointment or at a preoperative
education class. Alternatively, if learning about the study from
a poster, patients contact our research team directly (as described
in the Recruitment section). Participants are randomized during
the recruitment call if they provide verbal consent to participate.
Furthermore, we obtain verbal consent over the telephone from
participants in the screening period and written informed consent
before their participation in the study (via mail or email). All
data are stored deidentified. Participants received a $25 CAD
honorarium for participating in the feasibility trial.

Phase 3
In June 2023, we received ethics approval to conduct the focus
groups from the University of Manitoba Health Research Ethics
Board (HS26054) to recruit participants from phase 2 who
indicated on their consent form that they would be willing to
serve as a patient partner or adviser for future development of
the VR program. For those indicating yes, a research assistant
followed up via telephone to assess continued interest in
involvement. All focus group transcript data are deidentified.
All focus group participants received a $20 CAD honorarium
for participating in the focus groups.

Results

This study was funded by the Government of Canada’s New
Frontiers in Research Fund, an operational research grant
program supporting high-risk and high-reward transformative
research, awarded to author RE as principal investigator in
March 2019. Two extensions were provided on funding related
to COVID-19 delays and parental leave of the principal
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investigator (RE). Author JS led a component of the feasibility
trial for the purposes of her doctoral dissertation and, given the
novelty of this area, analyzed data from the first 7 participants
in a proof-of-concept case series format [77]. Phase 1 was
completed in November 2021, and recruitment for phase 2
commenced in December 2021 and was completed in December
2023. On the basis of some of the initial challenges with
recruitment, such as institutionally mandated shutdowns of
clinical research, there were a few amendments to the initial
protocol (Multimedia Appendix 1). The 2 major changes to the
protocol were initiated because of challenges with recruitment,
which were related to the COVID-19 pandemic restrictions,
including university-wide research shutdowns, and changes to
the formats of the Breast Health Centre’s educational sessions
(classes became virtual). We opted to exclude the VR control
arm for the purposes of feasibility and proceeded with a 2-armed
trial (ie, VR intervention vs TAU). We also expanded
recruitment to all major oncological surgeries (instead of
restricting it to breast cancer surgeries) in November 2022.
However, as of August 2023, no patients undergoing non–breast
cancer surgery have been recruited. We conducted the first 2
focus groups in August and September 2023, and the final focus
group was completed in February 2024. We will submit full
feasibility results and results of the focus groups for publication
after the completion of data analysis in summer 2024. After the
final development of the VR program, we will apply for
additional funding in winter 2024 to conduct an RCT of the
final VR simulation in 2025. We will develop a separate protocol
outlining the details of the final prototype and subsequent RCT.

Discussion

Summary
Despite the high prevalence of PSA and the significant
health-related impact of PSA on perioperative outcomes, little
research has examined feasible and accessible interventions.
Empirically supported treatments for generalized anxiety, such
as cognitive behavioral therapy, are not obtainable before
surgery for most patients in Canada due to limited access to
mental health professionals and limited time before surgery. To
the best of our knowledge, there has not been any comprehensive
immersive VR simulation to be implemented before surgery.
An easily accessible simulation using VR has the potential to
reduce PSA for a large number of Canadians, which may yield
better postoperative health outcomes as well as cost savings to
the health care system as a whole. The final novel VR
intervention that we are developing is intended to be able to be
used by patients independently (including in the comfort of their
own homes), but it could also be offered in hospital settings
(including preanesthesia clinics) and be able to be easily
customized for different surgical procedures under general
anesthesia. The integration of VR in health care shows
tremendous growth and promise [78]. Headsets are now
commercially available at low cost, and advances in the
technology create growing opportunities for easy
implementation (eg, stand-alone wireless VR headsets). It is
expected that the release of the Apple Vision Pro, the company’s
first augmented and VR headset that was unveiled in June 2023,

will further increase awareness, demand, and accessibility of
VR.

Limitations
The development of this research took place during the peak of
the COVID-19 pandemic, and therefore, there were
unanticipated recruitment challenges and overall delays in
development. First, lockdown orders initially slowed the
development and refinement of the VR OR prototype itself due
to work-from-home orders. Once the prototype was completed,
there were further issues due to surgery delays, along with
advisories against unnecessary hospital visits, and changes to
how patients were initially approached for their interest in
participating (the Breast Health Centre changed the format of
education classes from in-person to virtual sessions, and
eventually some classes were canceled altogether). Ultimately,
from December 2021 to December 2022, only 8 participants
were recruited. Of note, during this time, there were also
intermittent periods where no clinical research could be
conducted. However, from January to September 2023, an
additional 15 participants were recruited. This increase in
recruitment may relate to changes in societal and health care
practices (eg, vaccinations, reduced COVID-19 hospitalizations,
and the removal of public health mandates) and will be explored
further in the feasibility analysis.

Although feasibility and pilot studies are critical in the
development of new interventions, the generalizability of the
findings is limited. Therefore, when published, the results of
the feasibility trial will need to be interpreted with caution.
Relatedly, the focus of these 3 initial phases has been on patients
undergoing oncological surgery, namely patients undergoing
breast cancer surgery, which may differ in important ways from
other noncancer surgical samples. In addition, within the VR
program itself, there was 1 variation of the patient avatar, and
it does not reflect differences in gender, body type, or ethnicity,
which may potentially decrease patient embodiment within the
VR intervention and the ecological validity on the day of
surgery. Furthermore, we did not ask background questions
related to ethnicity, sexual orientation, or disability and,
therefore, are limited in understanding feasibility aspects across
diverse populations. The sample size is also underpowered to
reliably detect effects but will be able to inform future RCTs
in terms of design and implementation. Furthermore, preliminary
trends in the data will increase confidence in the potential utility
of the intervention. Relatedly, the exclusion of the VR control
group (ie, non-OR VR) as per our amendment limits our ability
to understand preliminary effects of the VR intervention. It is
possible that any anxiety-reduction trends for the VR
intervention group compared to TAU may relate to a factor
other than the effect of the intervention itself (eg, an additional
appointment before surgery and the opportunity to discuss fears).
It will be particularly important for future RCTs to include a
comparable comparison group to elucidate potential
mechanisms. A future RCT is planned to test the final iteration
of the VR OR, and we intend to compare it to a mobile
phone–based intervention using the same components of the
simulation as well as TAU. This will allow us to disentangle
the potential additive effect of immersion that exists only in VR
applications. Finally, recent research by our group [72] and

JMIR Res Protoc 2024 | vol. 13 | e55692 | p. 10https://www.researchprotocols.org/2024/1/e55692
(page number not for citation purposes)

El-Gabalawy et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


others demonstrates that PSA for oncological surgery relates to
a range of factors, including uncertainty of the health trajectory,
recovery [79,80], and the psychosocial implications of surgery.
Our prototype intervention only targets 1 component of PSA
(ie, exposure to the OR and information regarding induction),
which may not result in meaningful reductions among those
with PSA related to other factors. However, the results from
these 3 phases will allow us to refine the VR intervention to
best meet patients’ needs and integrate all possible features to
further ameliorate PSA (eg, relaxation strategies). Future
versions of the simulation may also include advanced VR
features, such as relevant haptic feedback, as the technology
develops further.

Conclusions
We are developing, testing, and refining a novel VR intervention
aimed to reduce PSA before major oncological surgery using
a general anesthetic. The development of the VR simulation is
guided by both experts in the field and people with lived
experience. VR is a promising tool, given its ability to be
broadly disseminated. This study will lay the groundwork for
a promising intervention to reduce PSA before major
oncological surgery, and future iterations could be easily adapted
to other forms of surgery. This ultimately may have significant
positive effects on patient health postoperative outcomes and
patient experience, along with cost savings for health care
systems in the future.
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