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Purpose: Procedural anxiety of cancer treatments may negatively impact patients and treatments. Mindfulness-promoting
environment modification with virtual reality (VR) is increasingly used across medicine to minimize procedural anxiety. We aimed to
assess the impacts of intrafraction mindfulness-promoting VR use during external beam radiation therapy (EBRT) on radiation
therapy experience and physiological measures of distress.
Methods and Materials: Adult patients receiving EBRT between May and October 2023 at our institution without contraindications
to wearing VR were eligible. Participants had heart rates recorded before and after EBRT and completed a post-EBRT survey for 1
treatment without intervention, and 1 using VR. Participants completed the Radiotherapy Experience Questionnaire and additional
questions regarding VR. Quantitative data were compared between conditions using paired samples t test.
Results: Fifty-two participants completed the project. Between pre- and post-EBRT, a significant decrease in heart rate with VR was
noted (80.35 bpm vs 71.79 bpm; P < .0001*), but not in the control condition (78.90 bpm vs 78.10 bpm; P = .44). Post-EBRT heart rate
was significantly lower with VR than without (71.79 bpm vs 78.10 bpm; P < .01*). Radiotherapy Experience Questionnaire responses
showed participants had significantly lower situational unease (1.46 vs 2.02; P < .001*), a more beneficial situational response (1.55 vs
2.12; P < .01*), and improved environment acceptance (1.30 vs 1.60; P < .01*) when using VR. Most endorsed VR as comfortable
(94%), improved treatment experience (86%), and would recommend it to others (86%).
Conclusions: We report the first evidence of the impacts of intrafraction mindfulness-promoting VR use during EBRT. Physiological
measures of distress and patient perspectives suggest that VR can minimize procedural anxiety, is well tolerated, and improves the
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overall treatment experience. Further research should explore modifying this tool for patients unable to wear headsets and determining
where the most clinically significant benefits can be found.
© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Anxiety and psychological distress are common for
patients undergoing radiation therapy and are experi-
enced before, during, and after treatments.1,2 These can
cause patient suffering, disrupt treatment delivery and
adherence, accrue additional costs, impair clinical work-
flow, and necessitate pharmacological interventions.3-5

Elsewhere in oncology, mindfulness-promoting virtual
reality (VR) has been used to minimize patient procedural
anxiety, such as during chemotherapy infusions or proce-
dural interventions.6,7 For external beam radiation ther-
apy (EBRT), several nonpharmacological approaches
have been investigated, including music therapy,8 relaxa-
tion therapy,9 or even VR-augmented patient education.10

Criticisms of these approaches have been mixed results of
benefits, technical expertise required to offer services, and
time required to provide interventions, thus prompting
calls for further research and exploration of new interven-
tions for EBRT procedural anxiety.11 Interestingly, no
research has examined the ability of mindfulness-promot-
ing VR, which lacks the aforementioned weaknesses, to
improve the patient experience during EBRT.

This project aimed to assess the impacts of using a
mindfulness-promoting VR app during EBRT on patient
radiotherapy experience and anxiety, as well as using
heart rate as a physiological surrogate for anxiety and dis-
tress.12 Although limited in scope, a better understanding
of the effects of mindfulness-promoting VR during EBRT
is a first step in determining its utility in mediating proce-
dural anxiety and settings for its optimal use.
Methods
This was a cross-sectional study approved by the
Health Research Ethics Board of Alberta. At our single
institution, patients aged 18 years and older and sched-
uled to receive EBRT that would not prevent wearing a
VR headset were recruited, and informed consent was
obtained. An Oculus Go headset and the Guided Medita-
tion VR app were used to create the VR environment. To
control potential anticipatory anxiety, participants were
exposed to the headset and selected their preferred scene
among 22 options prior to treatment. Heart rate was mea-
sured using a finger pulse oximeter before and immedi-
ately after treatment. Patient-reported data were recorded
using the Radiotherapy Experience Questionnaire
(RTEQ), a 23-item validated instrument designed to
assess patient experiences of EBRT.13

The first fraction of treatment was delivered per standard
institutional protocol. During the second fraction, heart rate
was recorded prior to treatment, and immediately after-
ward, followed by questionnaire completion. During the
third fraction, heart rate was obtained, and then, a VR head-
set displaying a calming nature scene with accompanying
audio was adjusted onto participants and played throughout
treatment. Heart rate was then recorded, and the headset
was removed. Participants then completed the RTEQ and 5
questions related to VR experience (Appendix E1). Radia-
tion therapist perspectives were obtained through qualita-
tive analysis of semistructured interviews.14

Descriptive statistics were generated for quantitative
variables and compared with paired samples t test using
IBM SPSS Statistics for Windows (Version 27.0. IBM
Corp). The results were considered statistically significant
at the 5% critical level (P < .05).
Results
Fifty-two participants completed the project and were
included in the final analysis. Participants received EBRT
between May and October 2023. Mean age was
64.25 years, with 29 men and 23 women participating.
Overall, heart rate decreased from before EBRT (79.63
bpm) to afterward (74.94 bpm; t = 5.57, P < .0001*).
When using VR, heart rate significantly decreased from
before EBRT (80.35 bpm) to afterward (71.79 bpm;
t = 7.82, P < .0001*), but not in the No VR condition
(78.90 bpm vs 78.10 bpm; t = 0.78, P = .44). With VR,
post-EBRT heart rate (71.79 bpm) was significantly lower
than in the No VR condition (78.10 bpm; t = 3.02,
P = .003*), whereas pre-EBRT heart rate in the No VR
and VR conditions was not significantly different (78.90
bpm vs 80.35 bpm; t = 1.03, P = .31) (Fig. 1).

RTEQ results showed significantly less situational
unease (1.46 vs 2.02; t = 4.54, P < .001*), significantly
improved situational response (1.55 vs 2.12; t = 2.96,
P = 0.004*), and significantly improved environment
acceptance with VR than No VR (1.30 vs 1.60; t = 2.78,
P = .007*) (Fig. 2). The majority of participants strongly
agreed (50%) or moderately agreed (34%) that the VR
headset was comfortable (Fig. 3); strongly agreed (58%)
or moderately agreed (11%) that VR improved overall
treatment experience (Fig. 4); and strongly agreed (62%)
or moderately agreed (11%) that they would recommend
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Figure 1 Heart rate pre-external beam radiation therapy and postexternal beam radiation therapy in virtual reality and no vir-
tual reality conditions. Error bars represent standard error of the mean £ 2.
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using the VR headset to others (Fig. 5). Radiation thera-
pists endorsed VR as an effective anxiety intervention
tool, that VR did not impair communication with
patients, that VR did not prolong treatment set-up, that
VR decreased patient movement during treatment, and as
there were no unintended movements noted during the
study, that VR was a safe tool that they wished to have
access to in the future.

Finally, a thematic analysis of participant likes and dis-
likes of VR was performed, and the proportions of partici-
pants endorsing themes were calculated. Positive aspects
of VR included: distraction from treatment, relaxing, lik-
ing the pictures and sounds displayed, and time passing
more quickly. Negative aspects included: fit of headset dif-
ficult due to glasses, fit of headset difficult, and impaired
awareness of surroundings (Fig. 6).
Discussion
VR technologies are well-suited to mediate procedural
anxiety, with significant uptake across medicine and
oncology in recent years.15 However, for EBRT, nonphar-
macological interventions to address procedural anxiety
are still needed. This is the first study, to our knowledge,
to examine the effect of mindfulness-promoting VR dur-
ing EBRT on patient experience.

Our results suggest that VR can decrease procedural
anxiety, improve patient coping, and increase treatment
environment tolerance. This is demonstrated by signifi-
cantly lower situational unease, improved situational
response, and greater environment acceptance when
using VR. Heart rate may corroborate the patient-
reported benefits of VR, as seen by the significant decrease
in heart rate from before to after treatment with VR
(80.35 bpm and 71.79 bmp), but not in the control condi-
tion (78.90 bpm and 78.10 bpm). Furthermore, the lack of
statistical difference in pretreatment heart rate between
conditions, combined with the significantly different heart
rates after treatment suggests that observed differences
were due to VR, not an external factor, such as decreasing
anxiety through successive treatments or anticipation of
VR use. With most participants endorsing that VR
improved treatment experience (86%), was comfortable



Figure 2 The Radiotherapy Experience Questionnaire responses by theme between virtual reality and no virtual reality condi-
tions. Error bars represent standard error of the mean £ 2.
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(94%), and would recommend VR to others (86%), it may
be inferred that VR could be well tolerated and provide
benefit to many patients receiving radiation therapy treat-
ments. Finally, perspectives from therapists support that
VR is a safe, efficient, and practical intervention. Thus,
Figure 3 Percentage of responses to question “wea
compared with other anxiety-mediating interventions,
such as music therapy, which may require a trained music
therapist, or patient education with VR, which requires
creating a custom application with educational graphics,
VR could be implemented in centers that lack certain
ring the virtual reality headset is comfortable.”



Figure 4 Percentage of responses to question “the virtual reality headset improves the overall radiation therapy experience.”

Figure 5 Percentage of responses to question “I would recommend using the virtual reality headset to others.”
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Figure 6 Percentage of positive and negative themes reported by participants.
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allied health staff, computer science services, or adequate
time for longer interventions.

Conclusions are controlled by several limitations. First,
participants used VR after receiving 2 previous treat-
ments. This was done to ensure VR use did not impair
clinical workflow and workload, which may be larger
when beginning EBRT. Consequently, effects could be
attributable to greater EBRT exposure, although unlikely,
given the patient perspectives on VR benefit, and that pre-
treatment heart rate on the day of VR use was higher,
although not statistically, than for the previous control
treatment. Future research could mediate this potential
bias with a crossover design for whether patients receive
EBRT with or without VR first. Second, we excluded
patients receiving radiation to the head, neck, and brain.
As thermoplastic masks used for immobilization in these
sites are commonly reported as anxiety-provoking,16

efforts should be made to determine if and how the bene-
ficial effects of VR can be used by these patients. Patients
receiving brachytherapy were also excluded. Finally, the
cost of obtaining a VR headset, in our experience several
hundred dollars, may be prohibitive. Interestingly, Schulz
et al17 recently had success in using a low-cost cardboard
VR headset and smartphone to generate an immersive
VR environment. Given these limitations, future research
could examine the effect of VR if used not during but
immediately prior to EBRT, thus making it compatible
with thermoplastic mask use; the effect of VR for patients
receiving brachytherapy; and whether the same magni-
tude of benefit could be seen with a more cost-effective
cardboard and smartphone approach for VR immersion.
Conclusions
With increasing useability, sophistication, and afford-
ability of VR technologies, their practicality and indica-
tions as nonpharmacological anxiety-reducing tools in
medicine are growing. We report the first evidence dem-
onstrating the utility of mindfulness-promoting VR dur-
ing EBRT to decrease procedural anxiety, improve overall
radiation therapy experience, and improve physiological
signs of arousal and distress. We also report high patient
tolerability with limited risk of detriment to patients.



Advances in Radiation Oncology: November 2024 Impact of VR on Anxiety and EBRT Experience 7
Further research is needed to translate possible uses of
VR to patients at high risk of procedural anxiety, such
as patients using thermoplastic masks, and identify
who may derive the most clinically meaningful benefits.
Although VR uses and indications become further
researched, radiation therapy treatment centers wishing
to improve patient experience should consider acquiring
a VR device or a low-cost cardboard-smartphone alterna-
tive and explore avenues for its use in patients at high risk
of procedural anxiety and negative treatment experience.
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