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a b s t r a c t

People with epilepsy (PwE) are at a greater risk of comorbid anxiety, which is often related to the fear of
having another seizure for safety or social reasons. While virtual reality (VR) exposure therapy (ET) has
been successfully used to treat several anxiety disorders, no studies to date have investigated its use in
this population. This paper discusses Phase 1 of the three-phase AnxEpiVR pilot study. In Phase 1, we
aimed to explore and validate scenarios that provoke epilepsy/seizure-specific (ES) interictal anxiety
and provide recommendations that lay the foundation for designing VR-ET scenarios to treat this condi-
tion in PwE.
An anonymous online questionnaire (including open- and closed-ended questions) that targeted PwE

and those affected by it (e.g., through a family member, friend, or as a healthcare professional) was pro-
moted by a major epilepsy foundation in Toronto, Canada. Responses from n = 18 participants were ana-
lyzed using grounded theory and the constant comparison method. Participants described anxiety-
provoking scenes, which were categorized under the following themes: location, social setting, situa-
tional, activity, physiological, and previous seizure. While scenes tied to previous seizures were typically
highly personalized and idiosyncratic, public settings and social situations were commonly reported
fears. Factors consistently found to increase ES-interictal anxiety included the potential for danger (phys-
ical injury or inability to get help), social factors (increased number of unfamiliar people, social pres-
sures), and specific triggers (stress, sensory, physiological, and medication-related).
We make recommendations for incorporating different combinations of anxiety-related factors to

achieve a customizable selection of graded exposure scenarios suitable for VR-ET. Subsequent phases
of this study will include creating a set of VR-ET hierarchies (Phase 2) and rigorously evaluating their fea-
sibility and effectiveness (Phase 3).
� 2023 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction seizure-related injuries, stigma, cognitive deficits, and troublesome
Background

The consequences of living with epilepsy often extend beyond
the seizures themselves. For example, many PwE experience
side effects from anti-seizure medications [1]. Psychiatric comor-
bidities, such as depression and anxiety, affect 33 % of PwE and
are linked with decreased quality of life [2]. Peri-ictal (pre-ictal,
ictal, and postictal) anxiety has a temporal relationship to the sei-
zures themselves. Conversely, interictal anxiety has no temporal
relationship and is associated with exaggerated fears of the social
and physical consequences of having a seizure, often resulting in
avoidance behaviours that impact quality of life [3].
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Hingray et al. (2019) suggested that epilepsy/seizure-specific
(ES) interictal anxiety should be characterized as a set of distinct
disorders, specifically: 1) anticipatory anxiety of epileptic seizures,
2) seizure phobia, 3) epileptic social phobia, and 4) epileptic panic
disorder (Table 1) [4]). ES-interictal anxiety has drastic conse-
quences for the sufferer and requires special attention that is dis-
tinct from peri-ictal anxiety or other classical disorders seen in
PwE [4]. Nevertheless, very limited research is currently available
on the content of specific epilepsy/seizure-related worries and on
effective methods to treat these fears [5]. Namely, the details of
anxiety-provoking situational factors that would be necessary to
design a targeted exposure therapy program to treat ES-interictal
fear remain poorly described.

Exposure therapy (ET) is a widely used and evidence-based anx-
iety treatment that involves exposing people to their fears [7]. Its
utility in treating ES-interictal anxiety has been investigated in a
limited number of studies with promising results demonstrating
safety and efficacy [7,8]. Exposures are typically administered in
a hierarchical manner where the individual is repeatedly exposed
to situations that first provoke the least amount of anxiety, moving
gradually to situations that provoke the greatest amount of anxi-
ety. The goals of ET are for individuals to habituate to the anxiety
and/or learn that they can handle anxious feelings without needing
to implement unnecessary safety-seeking behaviours [9].

Virtual reality (VR) has successfully been used for delivering ET
(VR-ET) to treat several anxiety disorders [10–13] as well as other
neurological conditions [14] with generally comparable [15,16] or
in some cases superior [17] effectiveness to in vivo therapy expo-
sure. Arguably, as VR is a useful tool for delivering ET and allows
the therapist to customize exposures to the individual’s needs
[18], it has potential to treat the unique fears experienced by
PwE. Considering that many PwE have suspended driver’s licenses,
VR-ET may hold particular benefit for this population by reducing
the need to travel to in-person treatment [15]. The ability to per-
form ET remotely similarly increases accessibility for those who
do not live in urban centers and those who have been advised to
limit in-person interactions, such as for immunocompromised
individuals during a pandemic.
The AnxEpiVR study

This paper reports on the results of Phase 1 of the three-phase
‘‘AnxEpiVR” pilot study; to our knowledge this study will be the
first to use VR to deliver ET to PwE. The study is aimed at assessing
the feasibility and efficacy of a pilot VR-ET intervention targeted at
decreasing ES-interictal anxiety in PwE (see [19] for the full proto-
col). Phase 1 involved engaging individuals affected by epilepsy,
either directly or through someone they know, to learn more about
the scenarios and triggers that cause anxiety related to
epilepsy/seizures.

Phase 2 of the study will involve filming 360� videos of expo-
sure scenes (with varying intensity levels) that were most com-
Table 1
Major Categories of Anxieties and Classic Disorders in PwE.1

SPECIFIC TO EPILEPSY CLASSIC DSM-52

DIAGNOSESPERI-
ICTAL

INTERICTAL

Pre-Ictal
Ictal
Post-Ictal

Anticipatory anxiety of seizures
(AAS)
Seizure phobia
Epileptic social phobia
Epileptic panic disorder

Generalized anxiety
disorder
Panic disorder
Agoraphobia
Social phobia

1 Adapted from [6].
2 DSM-5:Diagnostic and Statistical Manual of Mental Disorders, fifth Edition.

2

monly reported by participants as producing ES-interictal anxiety
in Phase 1.

Phase 3 will involve exposing PwE with ES-interictal anxiety to
these 360� films using a VR head-mounted display in order to eval-
uate the feasibility of the intervention and refine the study proto-
col for a subsequent larger clinical trial (ClinicalTrials.gov ID:
NCT05296057).

Objectives

This paper details the results from Phase 1 of the AnxEpiVR pilot
study, which aimed to gather information on ES-interictal anxiety
for the purpose of designing the VR-ET scenarios. Specifically, we
sought to:

1. Identify scenarios (situations, locations, or environments) that
are most strongly associated with ES-interictal anxiety.

2. Describe factors within these scenarios that contribute to
increasing ES-interictal anxiety.

3. Validate existing assumptions regarding ES-interictal anxiety as
they relate to designing exposure scenarios and graded levels of
exposure hierarchies that can be readily created and would suit
a variety of individuals.

Methods

Data was collected through an anonymous online questionnaire
delivered through a secure York University Qualtrics account (see
Appendix B). Both PwE and people affected by PwE (through some-
one they know) were invited to participate. This study received
Research Ethics Board approval by the York University Human Par-
ticipants Review Committee (certificate number: 2022–105) on
May 31, 2022.

Questionnaire design

The questionnaire included open- and closed-ended questions
which were informed by the diagnostic protocol described by Hin-
gray et al., (2019) [4] and other reports of ES-interictal anxiety (e.g.,
[7]). Questions were intentionally created to collect information
useful for informing the design of VR-ET scenarios for PwE (i.e.,
anxiety-provoking locations and elements that might be readily
filmed). Demographic questions were kept minimal to maintain
participant privacy. Participants were directed to alternate ver-
sions of the questionnaire depending on whether they identified
as a PwE or as someone affected by PwE.

Open-Ended questions
Participants were asked to list up to five scenes that would

cause them anxiety related to their epilepsy/seizures and rate their
avoidance behaviour for each scene using a four-point Likert-scale.
Subsequently, participants were invited to describe what they
see/hear/feel in that situation, factors about that scene that could
increase or decrease their anxiety, and what specifically about
the scene made them feel anxious.

Closed-Ended questions
We sought to confirm how the following elements might affect

the level of anxiety experienced by PwE:

1) Level of familiarity with the people in the scene
2) Number of people in the scene
3) Potential for danger
4) Scenes with combinations of these factors

http://ClinicalTrials.gov
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Participants were provided with a matrix of 14 scenes based on
the above elements and asked to rate their agreement with respect
to the scenes provoking ES-interictal anxiety (Appendix B).
Participants

Recruitment & consent
We aimed to target a sample of n = 15 individuals meeting the

following inclusion criteria:

1) Identify as having epilepsy or being affected by PwE (e.g.,
through a family member, friend, as a personal caregiver,
as a health professional, etc.)

2) Be 18 years of age or over
3) Be willing to share details of ES-interictal anxiety for the

PwE

Participants were recruited through Epilepsy Toronto, a non-
profit community-centered organization, that promoted the ques-
tionnaire in their monthly newsletter and social media accounts
(see Appendix A). Digital informed consent was obtained before
proceeding with the survey. A snowball strategy was used wherein
participants were prompted upon completion to share the ques-
tionnaire link with others in their network who may be interested
in participating. Participants who took part in the questionnaire
were eligible to receive a $5.00 e-gift card.
Response validation process
The Phase 1 questionnaire was open online for seven weeks

(from June 19th to August 7th, 2022) and a total of 55 responses
were collected over this period. All responses underwent a rigorous
validation process to determine whether they would be included in
the study, resulting in a final sample of n = 18 (see Fig. 1 and
Appendix D). Accordingly, for this study, ‘‘participants” or ‘‘respon-
dents” will refer to the 18 individuals whose responses were
accepted and analyzed.
Analysis

Responses to open- and closed-ended questions were analyzed
separately. Grounded theory [20] and the constant comparison
method [21] were used to analyze the open-ended responses.
Quantitative data from closed-ended questions were analyzed
using descriptive statistics and then compared with emerging
themes from the qualitative analysis to corroborate the findings.
55 Total Resp

25 Completed

11 Rejected 14 Accepted

18 Total Acc

Fig. 1. Phase 1 Survey R
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Open-Ended questions
All open-ended responses (n = 18 participants) underwent the-

matic analysis. Two authors (DT and SL) manually coded the data
using Excel spreadsheets, Word documents, and paper-and-pen
methods. The coding process was performed separately by the
two authors over multiple iterations, with the authors meeting to
discuss connections between the codes and agree on emerging
themes at each stage. Ambiguities and discrepancies were dis-
cussed by the two raters and compared to supporting context
within the dataset (i.e., avoidance ratings, seizure type, and
descriptions of thoughts, feelings, perceptions, PwE vs person
affected by PwE) until agreement was reached.

The feared scenes listed by participants were first categorized
using open coding, and then analyzed again with a revised scheme
based on the remaining open-ended descriptions. An axial and
selective coding process was then used to derive meaning with
respect to developing VR exposure scenario hierarchies.

Closed-Ended questions
Responses from n = 16 participants (n = 12 PwE; n = 4 people

affected by PwE) were analyzed using descriptive statistics (2/18
were excluded as they contained no closed-ended responses). A
weighted point system was created to rank the 14 matrix scenes
from most to least feared (Table 4). Responses from PwE and from
people affected by PwE were analyzed separately using different
weighting systems to allow for comparison between the two
groups.
Results

Demographics

A final sample of n = 18 accepted responses was obtained
(n = 14 PwE and n = 4 people affected by PwE) (Table 2). The people
affected by PwE included professionals (one psychologist, one
epileptologist) and family members (one mother, one brother).
The average age of PwE was 34.9 years with 57.1 % female.
Table C.1 (Appendix C) summarizes reported epilepsy and seizure
symptoms. Over half of participants (11/18, or 61.1 %) reported los-
ing muscle control and half (9/18, or 50.0 %) reported losing con-
sciousness during seizures.

Open-Ended questions

The feared scenes listed by participants were found to fall
broadly under six main categories: location, social setting, activity,
onses

30 Incomplete

26 Rejected4 Accepted

epted

esponse Collection.



Table 2
Demographics.

TOTAL PWE 77.8 % (n = 14)

SEX AT BIRTH
Female 57.1 % (n = 8)
Male 42.9 % (n = 6)
AGE (YEARS) AVG = 34.9 YEARS
18–20 21.4 % (n = 3)
21–30 28.6 % (n = 4)
31–40 14.3 % (n = 2)
41–50 14.3 % (n = 2)
51–60 14.3 % (n = 2)
60+ 7.1 % (n = 1)
TOTAL AFFECTED BY PWE 22.2 % (n = 4)
TOTAL PARTICIPANTS n = 18
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situational, physiological, and previous seizure. Fig. 2 provides a
visual representation of scenes listed by participants based on
these categories.

Reports of feared scenes tied to a previous seizure emerged as
separate from scenes that were situational or linked to social set-
tings. Following further thematic analysis, themes from the
open-ended responses were synthesized with respect to 1) main
categories of exposure scenarios based on location and 2) elements
of scenes that increase anxiety related to epilepsy. These themes
are summarized in Table 3 and are described in detail below.
Main categories of exposure location

a) Locations associated with past seizure
Feared locations tied to previous seizures were variable and

unique to the individual (e.g., a specific street ‘‘Lawrence St.” or
store ‘‘Petsmart”, or ‘‘at home”). Anxiety associated with these
locations centered around the fear of having another seizure or
Fig. 2. Categories of Scenes Id

4

specific memories of a previous seizure. For example, one respon-
dent reported that their sister ‘‘. . .will mostly get anxious about her
epilepsy when in an environment where she has had a previous sei-
zure. She will actively avoid these select locations when it is reasonable
for her to do so.” Another respondent described their ES-interictal
anxiety as being strongest when entering their condo hallway to
leave their home: ‘‘Approximately 80 % of my seizures happen leaving
or coming back home to my condo [. . .] I fear leaving my condo and
going outside into the public.”

b) Public & social settings
The locations of feared scenes not tied to a previous seizure largely
fell into two categories: 1) public settings and 2) social settings. For
public settings, respondents reported worry of having a seizure in
front of unfamiliar people, as well as a general fear of being out in
public. Specific sensory triggers related to certain public spaces
(e.g., bright lights/sun, noise) were sometimes specified. Con-
versely, descriptions of anxiety related to social settings were typ-
ically social in nature (e.g., feeling pressured to socialize, be around
others, meet new people, or disclose having epilepsy to others), or
related to situational stress (e.g., at work or school).

Factors that increase anxiety

a) Scenes with potential for danger consistently related to: 1)
activities with a risk for physical danger should a seizure
occur, and/or 2) being completely alone or unable to get
help. Fears of physical injury were sometimes related to a
previous seizure, (e.g., fear of riding a bike or sitting on
stools), but not always (e.g., fear of falling on subway rails).
For those who reported fear of being unable to get help,
some reported anxiety when alone in familiar locations
including their own home, backyard, or street. Others
reported feeling particularly helpless when there were peo-
entified by Participants.



Table 3
Summary of Themes: Exposure Scenario Categories and Factors That Increase Anxiety.

1) Main Types of Exposure Location

a) Associated With
Past Seizure

� Often tied to a specific location
� Varied/idiosyncratic, unique to the individual
� May be linked to first seizure or multiple seizures
on different occasions

b) Other Locations Public Settings
� Malls, shops, grocery stores
� Public transit, planes
� Walking outside

Social Settings
� School/work
� Parties/gatherings
� Social venues: church, movie theatres, concerts

2) Factors (Fear Elements) that Increase Anxiety
a) Potential for

Danger
i) Unable to get help
� Being completely alone
� Unfamiliar location/far from home or hospital

ii) Physical danger
� Activities with risk of falling or injury such as rid-
ing a bike

b) Social Factors i) Number of People
� Many people/crowds

ii) Low Familiarity of People
� Strangers, acquaintances

iii) Social Pressures
� Self-disclosure
� Pressure to socialize

c) Presence of Triggers i) Stress
� High pressure to perform
� Interpersonal conflict

ii) Sensory/Space
� Bright lights/sun
� Flashing lights
� Small, crowded, or cluttered space
Noise

iii) Physiological
� Extreme hunger/fatigue, migraine, drinking too
much

iv) Medication
� Forgetting to take medication
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ple around but no one whom they trusted, particularly if
they were in an unfamiliar location. One participant
explained, ‘‘I would be even more anxious if there is no one
around that I know because if something were to happen I
am not sure who can or would help me.” Another described
their feared scene as, ‘‘Since I’m in such an unfamiliar place,
if I were to have a seizure or start to have an aura, I won’t be
able to properly give a location to ask/call for help [. . .] I’ll be
completely vulnerable due to not knowing where I am + loss
of consciousness.”

b) Social factors
For public and social settings, anxiety related to social fac-
tors centered around the presence of 1) many people or
crowds, 2) unfamiliar people, and 3) social pressures. While
many respondents reported feeling unsafe without others
present, many also described large crowds of people as most
anxiety-provoking. Generally, the presence of only strangers
or acquaintances was associated with increased anxiety for
safety reasons as described above, or due to fear of embar-
rassment or judgement. For example, one parent explained,
‘‘Feeling embarrassed [. . .] continues to be his strongest trigger
for anxiety [. . .] he’d ‘‘wake up” [after an absence seizure] to
scolding by the teacher and laughter from fellow students.”
Some respondents also described worrying about upsetting
others (e.g., "What if they call an ambulance [. . .] people will
get scared.”). Other socially driven fears related to situations
that would require the individual to socialize with, or dis-
close that they have epilepsy to, new people or acquain-
tances (e.g., ‘‘Disclosing my epilepsy to professors or
5

supervisors”, ‘‘Others finding out that I have epilepsy”). It is
worth mentioning here that although the presence of
trusted and familiar people was reported as helpful by some
respondents, others reported feelings of guilt about their
condition as contributing to their anxiety. For example,
one respondent’s feared scene described their child’s hospi-
talization for mental health reasons. They described anxiety
about the impact of their epilepsy on their child: ‘‘[My child]
has claimed that feeling guilty about my seizures and witness-
ing them, as well as related conflicts in family relationships,
have had traumatic effects on [their] life.”

c) Presence of triggers
Respondents described specific triggers for their ES-
interictal anxiety, which fell broadly under the categories
of 1) stressful situations, 2) sensory/space related, 3) physi-
ological, and 4) medication-related fears. In each case, the
source of anxiety was described as fear of having another
seizure after recognizing a known seizure trigger. For one
individual, the presence of specific triggers caused more fear
than any specific location: ‘‘The physical context and location
can vary but high-pressure deadlines or details to remember,
lack of sleep or hunger, high humidity and unfamiliar routines,
big changes, all seem to be triggers.”
Examples of stressful situations included school or work, or
were interpersonal in nature, such as dealing with disagree-
ments and family conflict. In some cases, the anxiety
described by participants was first related to the specific
stressor itself (e.g., fear of flying, fear of failure) and second,
centered around effectively managing the stressor to pre-
vent a seizure under stress (e.g., ‘‘Should I have a seizure
[. . .] I would have to stop studying to relax and sleep as I would
lose time where I could be [studying].”).
Sensory/space-related triggers included bright lights or sun,
flashing lights (e.g., at concerts), small, crowded or cluttered
spaces, and noise. Physiological triggers included extreme
hunger/fatigue, headaches, migraines, and drinking too
much alcohol. Some participants also described a fear of for-
getting to take medication (e.g., ‘‘Time freezes and I get ner-
vous. I lose control of my breathing and I can only think
about the earliest time I will be able to take my medicine.”).

Closed-Ended questions

Table 4 presents the 14 validation scenes ranked in order from
highest to lowest points (column 1), followed by the percentage of
respondents who agreed that the situation would provoke ES-
interictal anxiety (column 2). PwE ranked having few or no familiar
people nearby as highest for provoking anxiety, whether alone or
in a public/social setting. Consistent with qualitative findings
above, over 50 % of participants agreed that each scene in the
matrix would cause ES-interictal anxiety with the exception of
the lowest-ranking scenario for both groups: ‘[Being] with a few
people that I have a close relationship with’.
Discussion

Through a combination of open- and closed-ended questions
we were able to identify a number of anxiety-provoking scenes
and commonly feared elements that may be used to inform the
design of a VR-ET for PwE. In our sample, feared locations and sit-
uations associated with past seizures were varied, highly personal-
ized, and idiosyncratic. Conversely, anxiety-provoking scenes not
tied to a past seizure often occurred in public or social settings.
Consistency across responses was observed with respect to factors
reported to increase or decrease anxiety. These findings broadly



Table 4
Validation Scenes Ranked by Points.

RANKING BY PWE (n = 12) PTS1 %2 RANKING BY INDIVIDUALS AFFECTED BY PWE (n = 4) PTS3 %4

7. Completely alone 18 83.3 % 1. On a subway platform 4 100 %
12. Surrounded by complete strangers in a public setting 17 91.7 % 2. On a subway train 4 100 %
6. At a shopping centre 15 91.7 % 10. At a large social gathering or party where I only know a few

people
4 100 %

10. At a large social gathering or party where I only know a few
people

15 83.3 % 11. At a large social gathering or party where I know some/all
people

4 100 %

8. With a few people that I know (but not well) 14 91.7 % 12. Surrounded by complete strangers in a public setting 4 100 %
14. Exercising with gym equipment 13 91.7 % 4. On stairs or elevated platforms 3 75 %
3. On a bus 12 66.7 % 6. At a shopping centre 3 75 %
4. On stairs or elevated platforms 11 75.0 % 8. With a few people that I know (but not well) 3 75 %
13. Going for a walk outside 11 75.0 % 13. Going for a walk outside 3 75 %
1. On a subway platform 11 66.7 % 3. On a bus 2 50 %
2. On a subway train 11 66.7 % 5. In a washroom or other place with hard surfaces 2 50 %
11. At a large social gathering or party where I know some/all

people
11 66.7 % 7. Completely alone 2 50 %

5. In a washroom or other place with hard surfaces 9 66.7 % 14. Exercising with gym equipment 2 50 %
9. With a few people that I have a close relationship with 6 50.0 % 9. With a few people that I have a close relationship with 1 25 %

1 Scoring: Each ‘‘Strongly Agree” earned 2 points (pts); each ‘‘Somewhat Agree” earned 1 point.
2 % refers to percentage of PwE who selected ‘‘Somewhat Agree” or ‘‘Strongly Agree” (n = 12).
3 Scoring: Each ‘‘Agree” earned 1pt.
4 % refers to percentage of individuals affected by PwE who selected ‘‘Agree” (n = 4).
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support our original assumptions that the following factors
increase ES-interictal anxiety: 1) the number of people and 2) level
of familiarity with people in a scene, as well as 3) the potential for
physical danger and 4) combinations of these factors. We also
found that specific triggers (stress, sensory/space-related, and
physiological) are elements that may also be built into VR-ET envi-
ronments to create graded exposure hierarchies.

Our findings indicate that increasing the number of strangers in
the environment can lead to increased ES-interictal anxiety due to
a fear of embarrassment and/or lack of trust that someone will seek
help. General social anxiety (e.g., feeling pressured to interact with
unfamiliar people at a party) was also commonly described. On the
other hand, having a small number of trusted people nearby, and
being in a familiar location were helpful for reducing anxiety, pos-
sibly due in part to the anxiety-reducing effect of familiar stimuli
[22]. Still, some described their anxiety as related to guilt associ-
ated with the emotional distress caused by loved ones witnessing
a seizure (e.g., ‘‘The fear and concern of my wife made me feel bad.”).
Similar feelings of guilt have been described by other people living
with chronic conditions [23].

Respondents commonly indicated feeling anxious and often
avoiding scenarios that could be dangerous (e.g., exercising with
gym equipment, riding a bike, swimming/walking alone). Compa-
rably, elements of the physical environment that pose a greater
risk of injury, such as hard or slippery surfaces, have been found
to augment fear of falling and avoidance behaviours in people with
Parkinson’s disease, in particular when among strangers who may
overreact when trying to help [24]. It is important to note that
avoiding high-risk activities (e.g., driving, certain sports) may be
medically recommended for certain PwE and that avoidance would
be considered reasonable in this case [4].

Overall, examples in the data support the assumption that sce-
nes with a combination of factors were more highly anxiety-
provoking (e.g., navigating a crowded mall alone with excessive
environmental stimuli such as noise and bright lights, with a time
pressure). Nevertheless, exactly which combinations of feared ele-
ments are most likely to increase anxiety may depend on the speci-
fic epilepsy-related anxiety disorder diagnosis. For example, we
might hypothesize that for individuals who present primarily with
epileptic social phobia, elements related to social fears (e.g., pres-
ence of crowds, social interactions with strangers) would affect
their level of anxiety more than factors related to physical danger.
6

This notion is supported by our analysis where social situations
emerged as more independent from other types of feared scenes.
Although additional research will be required to confirm whether
this is the case, one study using VR-ET to train coping mechanisms
to counter alcohol cravings reported a similar finding where people
responded to different factors (i.e., visual alcohol cues vs social
pressures) within the scene depending on the type of relationship
they had with alcohol (e.g., alcohol dependent vs social drinker)
[25].

In designing a VR-ET program, it is necessary to consider which
scenarios can be effectively reproduced in a virtual environment,
as well as suit a variety of individuals. Although highly personal-
ized exposure scenarios (e.g., based on a previous seizure experi-
ence) could prove to be more effective for treating anxiety for a
given individual, extensive scene customization can be costly in
terms of both time and resources [26,27]. 360� video is a cost-
effective and photo-realistic medium for designing VR-ET scenar-
ios with potential to induce a strong sense of presence within a
scene [28–31]. Based on our results, we predict that tailoring of a
VR-ET program for PwE that uses 360� video may be achieved by
designing several exposure sets, each addressing different
aspects/types of ES-interictal anxiety. Thus, a program may be
designed for individuals to select the exposure set and specific sce-
nes that best resonate with their anxiety. To address anxiety
resulting from previous seizures without filming highly individual-
ized scenes, exposure sets may include scene variations filmed to
simulate the perspective of someone who has just experienced a
seizure (i.e., through low camera height and varied reactions of
surrounding people).

Based on the results of Phase 1, along with considering which
locations could be readily filmable in 360� video and may be com-
mon/significant for daily life or social functioning, we propose the
following example exposure sets:

SET A: Social Setting (Dinner Party)
Exposure scenes in this set may focus predominantly on incor-

porating varied social fear elements (e.g., number of people, famil-
iarity of people, social pressures) including social interaction with
actors within the scenes.

SET B: Public Setting 1 (Subway)
Scenes in this set may focus on varying elements that can affect

a person’s sense of risk of physical harm should a seizure occur.
Environmental factors might include noise, lighting, crowds of peo-
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ple, and proximity to subway tracks. Additionally, scenes may
involve few or no other people, since some respondents feared
being alone and unable to get help in an emergency situation.

SET C: Public Setting 2 (Shopping Centre)
Another exposure set may consider a second common public

setting such as a shopping centre, where we alter different ele-
ments of the physical environment (e.g., noise, lighting, crowds
of people). Some scenes within this scenario may include a task-
oriented component requiring social interaction.

It is important to highlight that the proposed VR-ET program is
not meant to be a standalone treatment for ES-interictal anxiety.
Instead, VR-ET should supplement therapy delivered by a trained
clinician for maximum benefit [18]. Cognitive behavioural therapy
(CBT) is considered to be the primary treatment for anxiety disor-
ders in PwE [5]. Additionally, we recommend that the design of
exposure scenarios include consultation with specialists (e.g.,
epileptologists, psychologists) to ensure that the program is safe
for PwE.
Limitations

The novelty of this research, methodology, and small sample
size presents limitations that impact the generalizability of the
findings. First, the study included a relatively small sample of par-
ticipants (n = 18). Many scenes did not include detailed descrip-
tions, and without greater context, it was not possible to know
the specific underlying cause for the individual’s anxiety. Likewise,
some scenes were clearly described as linked to previous seizures
(e.g., a condo hallway) as opposed to other fears, but other cases
were unclear. Responses to open-ended questions were not
mandatory, and skipped questions further reduced the number of
useful responses available for analysis. A further limitation of our
dataset is that we were not able to describe whether any differ-
ences may exist based on epilepsy/seizure type, (i.e., in individuals
who lose consciousness during a seizure vs in those who do not) or
any other key demographics. As knowledge of such differences
may be relevant to designing effective exposure scenarios,
follow-up studies with larger and more diverse samples will be
required.

Additionally, the questionnaire was designed to be anonymous,
collected limited personal information, and was distributed
through social media links. Consequently, it was necessary for
the researchers to determine ‘‘true” respondents to the question-
naire by examining the data. It is possible that some legitimate
questionnaires were excluded, however a rigorous process of sort-
ing the responses (see Appendix D) was followed by two coders to
reduce this risk. We must also acknowledge the limitation that vol-
untary online surveys can introduce a sampling bias due to selec-
tive non-response.

Finally, little prior work has been done in this area and evidence
on ES-interictal anxiety is overall scarce. As such, we are not able to
directly compare to other literature in terms of how the fears
described by respondents may be used to create virtual scenes.
Further qualitative research will be needed to gather information
from a larger sample size, and to collect more in-depth responses
from individuals (e.g., such as through interviews). We plan to
interview participants when piloting scenes in Phase 3 to collect
their feedback on how effectively these virtual scenes recreated
the feared scenarios and presented a graded exposure hierarchy.
Conclusion

This paper describes the results from Phase 1 of the AnxEpiVR
pilot, which to our knowledge, is the first study to design and eval-
uate a VR-ET to treat ES-interictal anxiety in PwE. Given the rela-
7

tive paucity of literature describing how ES-interictal anxiety is
experienced, our findings add to the body of knowledge on treating
anxiety more generally in this population. We identified a number
of common themes across scenes feared by PwE and discussed
implications for designing VR exposure hierarchies to capture
these elements. These findings provide a foundation for designing
exposure scenarios that include public locations and social settings
in combination with varying levels of factors that increase ES-
interictal anxiety.
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