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Summary

The use of virtual reality (VR) in medicine is rapidly expanding, particularly in areas like pain management, surgical training, and mental health therapy.
This study examines the implementation and effects of the Cold River VR application, a fully immersive tool designed to help manage pain and anxiety
during dressing changes for burn trauma patients in a Czech hospital. The Cold River application immerses patients in a peaceful, interactive virtual
environment, utilizing eye-tracking technology to engage them without the need for physical controllers, which could interfere with wound care.
The study included 67 participants and found that Cold River effectively distracted patients, making the often painful and anxiety-provoking dressing
changes more bearable. While stakeholder interviews indicated that the VR application was generally well-received and seen as a valuable tool in
reducing patient discomfort, challenges such as lengthy calibration and occasional issues with nausea and headset discomfort were noted. Importantly,
the Cold River application increased patient engagement and reduced the psychological burden associated with burn care, though it also highlighted
the need for customization based on individual patient preferences and conditions. Overall, the experience with Cold River suggests that immersive VR

holds significant potential for improving patient care during burn treatment, particularly when tailored to specific patient needs and contexts.
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Introduction

The application of virtual reality (VR)
across various fields of medicine has ex-
perienced exponential growth in recent
years [1]. VR is particularly utilized in
medicine for surgical training, pain man-
agement, and therapeutic interventions
for mental illnesses [2]. The origins of VR
use in medicine trace back to the early
1990s, driven by the need for medical
professionals to visualize complex medi-
cal data, especially during surgery and in
surgical planning [3]. One of the earliest
therapeutic VR applications was Snow-
World, which successfully reduced pain
and anxiety during dressing changes for
two American teenagers suffering from
burn trauma [4].

Burn trauma occurs when the human
body is exposed to a threshold level of
thermal energy (or, for instance, chemi-
cals) for a sufficient duration, leading to
tissue damage [5]. The severity of burns
is categorized into up to four degrees.
However, trauma does not solely pertain
to physical pain; it is equally important
to address psychological injuries, which
may manifest as heightened anxiety or
depression [6], potentially escalating to
post-traumatic stress disorder [7]. The
intensity of burn pain can significantly
impair patients’ physical, psychological,
and social functioning, drastically dimin-
ishing their quality of life [8].

In addition to pharmacological pain
therapy for burn trauma patients, there

are numerous non-pharmacological in-
terventions (e.g., music therapy, relaxa-
tion techniques, hypnosis, and aroma-
therapy) designed to distract from the
sensation of pain. VR appears to be the
most promising among these interven-
tions, as it not only distracts from pain
but also reduces anxiety symptoms
and enhances patient cooperation [9].
Studies also consistently highlight the
beneficial role of immersion, i.e., the
feeling of being deeply engaged in the
VR experience [10].

The potential of VR in managing symp-
toms in patients with burn trauma, par-
ticularly in areas such as pain, anxiety,
depression, and fatigue, has garnered
considerable attention. loannou etal.
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Tab. 1. Participant demographic.

Count %
Gender
female 22 33
male 45 67
Age (years)
18-20 4 6
21-30 7 10
31-40 10 15
41-50 22 33
51-60 1 16
61-70 10 15
71-80 3 4
Education
primary school 14 21
secondary school 36 54
university 15 22
unspecified 2 3

Total burn surface area

0-4% 27 40
5-9% 19 28
10-14% 14 21
<15% 6 9
unspecified 1 1

Etiology

flame burn 32 48
scalding 23 34
electro trauma 6

N

chemical injury

other

synthesized findings from 14 studies and
emphasized the predominantly positive
impact of VR on symptom relief [11].
A notable exception was a study that
measured anxiety levels before and after
burn wound treatment using VR [12].
This review also highlighted the effec-
tiveness of VR in alleviating pain, partic-
ularly among pediatric and adult burn
patients. However, one study diverged

from the majority by concluding that VR
did not have a statistically significant ef-
fect on pain reduction [13].

VR alleviates pain primarily by divert-
ing attention. This diversion engages
our psychological processes, which
compete for the attention typically fo-
cused on pain perception, particularly
during painful procedures such as regu-
lar dressing changes in burn trauma pa-
tients. Matsangidou etal. categorized VR
strategies for procedural pain manage-
ment into two groups - basic (i.e., any
activity within VR) and advanced distrac-
tion techniques using VR [14]. Among
the latter, a snowy environment is par-
ticularly noted, with studies suggesting
that such a setting may induce a sensa-
tion of "coolness,” which could be asso-
ciated with pain reduction, especially
in burn victims. The Cold River applica-
tion we utilized was developed based
on the player/game/therapy model,
which emphasizes the synergy between
the player, the game, and therapeutic
outcomes [15].

The purpose of this article is to pre-
sent the use of fully immersive VR in the
care of patients during dressing changes
within a Czech hospital setting through
the VR application Cold River, and to
share the experiences of the key stake-
holders in our study — namely, the treat-
ing physician, nurse, and the patients
themselves.

Material and methods

Inclusion and exclusion criteria

of the participants

A total of 71 patients from the Univer-
sity Hospital Kralovské Vinohrady in
Prague expressed interest and provided
informed consent to participate in this
study. However, only 67 participants saw
it through to completion (Tab. 1). Before
obtaining written consent, every partic-
ipant received comprehensive informa-
tion regarding the research’s purpose
and procedures. No financial induce-
ments were provided to the participants.
The research spanned from September

2021 to August 2023. To be eligible, par-
ticipants needed to meet the following
criteria - they must have sustained
a thermal injury covering 0.4% or more
of their total body surface area (TBSA)
and be actively undergoing treatment
for it. Conversely, participants were ex-
cluded if they had significant burns on
the head and face, an acute psychotic
disorder, neurodegenerative diseases, or
any other neurological conditions that
could impair cognitive function.

Stakeholder group identification
and definition

The healthcare personnel, including
doctors and nurses, who were assigned
to the project by the department head
as agreed, underwent training focused
on the standardized use of VR, includ-
ing its calibration and the completion of
a checklist. This was followed by a pilot
test with five participants to verify the
entire procedure, including the devel-
oping VR application, Cold River. After
evaluating and implementing all the
feedback (e.g., for better stability, visual
skids were added to the boat to enhance
the sense of safety and stability in the vir-
tual environment, and more colors were
added to positively influence mood), the
Cold River VR application was finalized.

Instruments

The main tools for this article include VR
and unstructured interviews. The inter-
views were conducted by the first author
of this text (Martin Zielina) with the aim
of determining, after all patients in the
study had completed the process, what
challenges the individual stakeholders,
including the attending physician and
nurse, encountered during the repeated
use of the virtual application for dress-
ing changes in burn trauma patients and
how they assess the further use of VR.

Virtual reality

VR comprises both hardware and soft-
ware components. In our study, the
hardware used included the HTC® Vive
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Pro Eye HMD (HTC Corporation, Taiwan),
which integrates Tobii® eye-tracking
technology (Fig. 1). This device features
dual OLED displays with a resolution
of 2,880 x 1,600 pixels (615 PPI) and is
equipped with 3D spatial sound, provid-
ing an immersive audio experience. For
the software, we utilized the Cold River
application to create a highly immersive
virtual environment [16].

Cold River

We named the VR application Cold
River because it immerses the patient
in a serene experience of floating down
a river in a small boat, peacefully drift-
ing through a landscape at the cusp of
winter and spring. Through the head-
phones, the patient hears not only the
gentle sounds of flowing water but also
the chirping of birds. Along the river-
banks, there are rocky outcrops adorned
with mysterious symbols, hot air bal-
loons hovering overhead, and occasion-
ally, colorful crystals appear. The patient
interacts with the virtual environment
solely through eye movements, thanks
to an integrated eye-tracking camera,
and is rewarded with points for their
curiosity. This represents a revolution-
ary approach compared to existing ap-
plications, where navigation in VR has
traditionally been controlled by hand-
held devices, requiring significant move-
ment that could interfere with wound
care. Additionally, before each use, the
VR headset is sterilized to prevent the
potential transmission of infection. Ster-
ilizing the controllers would further in-
crease the time required to use the VR
technology. The revolutionary aspect of
this technology also lies in the installed
eye-tracking camera within the headset,
which responds only to eye movements,
allowing the patient to interact freely
and without restrictions with the digital
environment. This effectively engages
their attention, leaving less capacity to
perceive pain and anxiety during dress-
ing changes. Patients can also choose to
stop at virtual ports to play mini-games,

-

Fig. 1. HTC® Vive Pro Eye VR headset with controllers and base stations [31].

such as feeding animals or throwing
snowballs at snowmen. Users can view
the landscape in 360°, and to enhance
the feeling of safety, they can even see
a life jacket on their virtual body. The
virtual environment is cool, dominated
by cool-toned colors [17], or it features
a snowy setting inspired by previous
hypnotherapy practices used with pa-
tients for inducing local anesthesia [18].
In developing the Cold River therapeu-
tic VR game for burn trauma patients,
we utilized the Player-Game-Therapy
model [15].

Procedure

Each participant underwent two dress-
ing sessions, with a segment of each in-
corporating immersive VR (Fig. 2). The
experimental group was subjected to
a high-immersion VR environment (Cold
River), whereas the control group was
exposed to a low-immersion environ-
ment featuring static images. Addition-
ally, both groups underwent a dressing
session without any VR intervention. We
employed a repeated-measures cross-
over design.

Upon providing informed consent,
participants were sequentially assigned
to either the experimental or control
group. Both groups underwent identical
procedures, differing only in the content
displayed through the head-mounted

displays (HMD) with eye-tracking. Each
participant attended two consecutive
wound care sessions, which consisted
of dressing removal, wound cleaning,
and the application of new dressings.
VR was incorporated into one segment
of each session - either during the ini-
tial phase (dressing removal) or the con-
cluding phase (wound cleaning and
new dressing application). In their sub-
sequent sessions, participants expe-
rienced VR during the segment opposite
to their initial session. The experimental
group viewed a highly immersive envi-
ronment we called Cold River, while the
control group was presented with static
images within the virtual environment
(Fig. 3).

Results

Participant demographics

and burn characteristics

The demographic characteristics of
the study participants are presented in
Tab. 1. The study included 67 partici-
pants, with a gender distribution of 33%
female and 67% male, an age range of
18 to 74 years, with an average age of
46.46 (SD =14.61).In terms of education,
54% had completed secondary school,
22% had a university degree, and 21%
had completed primary school. Regard-
ing TBSA, 40% of participants had burns
covering 0-4% of their body surface,
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while 28% had 5-9% TBSA, and 21% had
10-14% TBSA. The primary etiology of
burns was flame burns (48%), followed
by scalding (34%) and electro trauma
(9%). The mean duration of the VR expe-
rience was 17.26 min (SD =7.22).

Experience of stakeholders

with the VR application

Following the conclusion of the study,
interviews were conducted with the key
stakeholders who were present during
most of the dressing changes and thus
have the most extensive experience
with implementing VR into the care of
burn trauma patients during these pro-
cedures. In the final section, we provide
an overview of the predominant reac-
tions from patients who took the op-
portunity to share their personal expe-
riences with VR.

Treating physician

The physician noted that some patients
were uncomfortable with the winter
landscape because, given their lack of
epidermis, they felt cold. In this context,

Fig. 3. At the top are images from the interactive, highly immersive VR application Cold River (experimental group),
and at the bottom are low-immersive static images (control group).
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she suggested that it might be more ap-
propriate to increase the perceived tem-
perature and emphasize the spring sea-
son instead. She also mentioned that
some patients were upset when they
were assigned to the control group,
which did not allow them to experience
the fully interactive virtual environment.
The doctor noted that the most both-
ersome aspect for healthcare providers
was sometimes the lengthy calibration
process of the VR goggles. This calibra-
tion process also excluded patients with
burns on their hands, as they were un-
able to assist with the calibration due
to the fine motor skills required to turn
the knob. The application seemed to be
more appealing to men; however, there
are generally fewer female burn patients.

Some patients experienced nausea,
which could have been triggered by the
water or the boat they were floating on
in the virtual environment. The boat’s
implied rocking motion could also have
contributed to feelings of nausea, ac-
cording to the doctor. Additionally, the
suitability of patients varied depending
on the number of participants, some of
whom were foreigners and not ideal re-
spondents for this study. The study also
excluded patients who had upper limb
impairments or suffered from epilepsy.
Out of all the patients approached, only
about two declined participation. How-
ever, most were eager to try it, as they
were often bored in the ward. In the
past, patients could engage in various
work activities, which they would also
request themselves.

Initially, VR complicated the dressing
changes, but this gradually improved as
the staff became more accustomed to it
through daily practice. The doctor also
appreciated that they didn't have to en-
gage in as much conversation with the
patients, as sometimes healthcare work-
ers lack the mood, time, or energy for ex-
tensive interactions. In this regard, VR
served as a useful tool. Patients also tol-
erated the dressing changes better with
VR and, in some cases, even looked for-

ward to the next VR-assisted session.
On the other hand, the doctor does not
believe that VR had any impact on the
healing process itself, but it did keep
the patients more entertained. She con-
cluded that while VR influenced the
course of the dressing change, it did not
affect the actual healing of the wounds.
She also appreciated the study’s de-
sign, which allowed patients to see their
bandaged wounds. The doctor even
speculated that if patients had not been
able to see their wounds in this way,
they might not have been as eager to
participate in the study. The most pain-
ful part is the removal of bandages and
the cleaning of the wounds. Overall, the
doctor evaluated the integration of VR
positively: “It's useful, it suits our needs.
Especially for children. Patients particu-
larly liked the snowmen.”

Treating nurse
The treating nurse noted that during the
study, she transitioned to working in the
outpatient clinic, but whenever there
was a need for dressing changes related
to the study, she would always return to
the dressing room. She further stated
that it was not always possible to strictly
follow every protocol due to the need
to adapt to the current conditions dur-
ing the dressing changes. For the nurse,
this was an interesting and new expe-
rience in dealing with burn patients.
However, she immediately mentioned
that, especially at the beginning, it was
challenging to become familiar with
the documentation, fill it out correctly,
and ensure that the correct procedures
were followed without making mistakes.
According to the nurse, it is one thing to
be shown how to do it, and another to
adhere to it precisely under time pres-
sure. She admitted that it was stressful
at first, but over time, she got used to it.
Another stressful aspect was learning
to operate the VR application. While it
was not overly complicated, remember-
ing to first turn on the VR, then calibrate
it, and manage the timers during dress-

ing changes added to the complexity.
Calibration could sometimes be a night-
mare, and there were times when they
had to give up (the nurse set a maximum
of 30 min for calibration because pa-
tients would start sweating and become
anxious, feeling it was their fault; for the
nurse, this was stressful because she was
exhausted from both the calibration and
calming the patient, and even when suc-
cessful, both she and the patient were
worn out).

Even though the work was divided
among the staff (one nurse was respon-
sible for the practical part, another for
documentation, and the physician for
patient selection), coordinating their ef-
forts was sometimes very challenging,
especially when there was an influx of
patients.

The nurse described the patients as
generally cooperative. Despite receiving
analgesics, the dressing changes were
still painful and demanding for the pa-
tients. According to the nurse, VR helped
to distract the patients mentally, allow-
ing them to perceive less pain. Based
on her experience, the nurse would rec-
ommend using VR for large and exten-
sive dressing changes. She also found
that VR had the advantage of reducing
the need for conversation, allowing her
to focus more on the dressing change it-
self. For her, this was a mental and verbal
relief. The nurse noted that she also had
more time to focus on herself. She re-
called five patients who strictly refused
VR during the project, stating that they
didn’t see the point or that it made them
feel sick. There were occasional uncom-
fortable situations when patients in the
same room were split between the ex-
perimental and control groups. Some-
times this was amusing. In cases where
patients protested, the nurse managed
by honestly explaining that they re-
ceived what was assigned to them ac-
cording to the study protocol. Patients
differed in that some wanted to expe-
rience VR again, even after completing
all dressing changes in the study, while
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others were glad when their VR expe-
rience ended after the second session.

The nurse believes that VR is not suit-
able for the elderly or for people in states
of anxiety, who have an increased need
to control the situation, including moni-
toring the dressing process. When asked
whether VR should be used only for part
of the dressing change or throughout
the entire procedure, the nurse thought
it should vary from patient to patient.
Some patients wanted to see the dress-
ing process, while others preferred not to.
According to the nurse, dressing changes
also vary in terms of pain, and it is impos-
sible to predict in advance how a patient
will react to their burned areas during the
change. This could often be discerned
non-verbally, even when patients were
wearing the VR headset. There might be
just a brief moment, but then they would
quickly re-engage with the game. Some-
times, they might even vocalize their dis-
comfort with a brief "ouch!” The only time
VR couldn’t be used was when patients
had to lie on their stomachs. In such cases,
they always tried to position the patientin
a semi-sitting posture.

The greatest challenges occurred at
the beginning when they were learn-
ing to navigate the study design in all
its aspects, properly manage their time,
and learn how to interact with the pa-
tients. This experience highlighted the
importance of organizing everything ef-
ficiently. The nurse also emphasized the
strong support she received in the work-
place and that she always had access to
everything she needed. Nevertheless,
there were far more dressing changes
done without VR than with it. This was
due to several exclusion criteria, such as
various psychiatric diagnoses, visual im-
pairments, bandaged fingers that pre-
vented fine motor skills during calibra-
tion, epilepsy, or language barriers.

The nurse doesn’t recall any explic-
itly negative reactions. In her view, one
could say there was a mix of positive and
somewhat negative responses. A cer-
tain group of patients was disappointed

that they only had static images. On the
other hand, younger patients who had
the experimental application found it
enjoyable. There were also neutral pa-
tients, as well as those who did not wish
to comment on the experience.

Patients

After each dressing change, patients
completed a series of questionnaires
and had the opportunity to provide
feedback on the study. Since every pa-
tient enrolled in the study underwent
the dressing change procedure twice,
they had repeated opportunities to
share their thoughts. Not every patient
chose to use this option, but the major-
ity did, and overall, their reactions were
positive. However, there were also sev-
eral neutral comments, and some feed-
back was rather negative.

In terms of positive responses, pa-
tients particularly appreciated how
VR distracted them from the proce-
dure (e.g., "The experience was beauti-
ful for me because | saw a stunning win-
ter landscape and didn’t think about the
dressing change at all,” or "When | had
the headset on, | didn’t even notice that
they were doing anything to me”). This
distraction made the dressing change
more bearable for many and alleviated
their distress (e.g., "Thanks to VR, | com-
pletely forgot about the real world and
didn't have to focus on my injury. | didn't
have to look at the wound, and | felt
much less anxious,” or VR was fun; it was
a nice change and an excellent way to
relax — good for a laugh”).

There were also several neutral reac-
tions, where patients indicated that VR
did not particularly engage them ("Un-
fortunately, VR didn't interest me much.
| was already in a milder stage of heal-
ing”). Besides the healing progress, a sig-
nificant factor influencing patients’ reac-
tions was whether they were placed in
the experimental group, where they
could experience a highly immersive
virtual environment, or in the control
group, where they only saw static im-

ages. Some patients in the control group
felt that the static images did not meet
their expectations of VR (e.g., “The im-
ages kept repeating. | might as well have
looked at the pictures in the doctor’s of-
fice, and it would have been the same,’
or "Virtuality needs a story, energy, and
impact. It can't just be flipping through
images — without sound”). Some expec-
tations were beyond what the current
VR application could fulfill (e.g., "l would
have liked more images or programs
with different seasons, complemented
by relaxing music”).

Finally, the negative feedback mostly
concerned the physical aspects of VR
(e.g.,"The headsetis heavy and difficult to
put on,” or "My glasses fogged up during
the VR session”). Another group consisted
of patients with heightened anxiety, who
admitted that they needed to have con-
trol over the dressing change, which VR
distracted them from (e.g., "When | had
the headset on, | felt more afraid and un-
certain about what was happening to
me. When they took it off, | felt calmer be-
cause | could see the cleaning process,” or
"At first, it was fine, but during the treat-
ment, VR annoyed me - | couldn’t com-
municate well and couldn’t prepare for
the pain or gauge how much longer it
would take. I'm someone who has dif-
ficulty relaxing and likes to have things
under control. | think it's great for chil-
dren and other personality types”). There
were also occasional complaints about
nausea ("During the VR session, | felt
quite nauseous, started sweating, and
felt slightly dizzy. After removing the VR
headset, | felt fine, and everything went
smoothly. | didn't feel much pain during
VR. If  hadn't felt sick, it would have been
a good way to relax the patient”) or the
loss of contact with the caregivers (e.g.,
"Perhaps [in my opinion] there was a lack
of contact with the caregiver - the head-
phones drown out communication”).

Discussion
Stakeholders and participants in this
study agree on the positive effects that
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VR can offer burn trauma patients dur-
ing dressing changes. However, it is im-
portant to distinguish between the dif-
ferent technologies collectively labeled
as VR. With the rapid advancement of
VR technology, it is crucial to distinguish
between its various definitions and tech-
nological improvements. In contempo-
rary VR, high-resolution HMD have be-
come the norm [19]. The fundamental
principles of VR are presence, immer-
sion, and interactivity [20]. Presence re-
fers to the sensation of being in a partic-
ular place, even when physically located
elsewhere [21]. Immersion encom-
passes both the technical configuration
of the VR system and the user’s engage-
ment within that virtual realm [22]. This
heightened sense of immersion can be
facilitated by a user’s unfamiliarity with
VR and gaming [23]. Interactivity as-
sesses the capabilities of users to ma-
nipulate the virtual environment [24].
Although VR can be immersive or non-
immersive [25], immersive interven-
tions, especially fully immersive ones,
have been found to be more effective in
reducing burn pain intensity [26]. In the
context of burn patient dressings, the
most substantial pain control benefits
derive from fully immersive and interac-
tive VR [27].

There is also consensus among stake-
holders and participants regarding the
weaknesses associated with the use
of VR in this study. The main issues can
be summarized as cybersickness, cali-
bration problems, the weight of the VR
headset, the unsuitability of the VR head-
set for patients with heightened anxiety,
and older age related to vision difficul-
ties. The side effects of using VR are gen-
erally very minor, with a reported low in-
cidence of 0 to 8% [28], and the most
common ones include nausea, vom-
iting, eye strain, and dizziness, which
are collectively referred to as cybersick-
ness [29]. This phenomenon is most ex-
plained by the sensory conflict theory.
This refers to the discrepancy that oc-
curs between the ocular and vestibular

systems when the senses do not receive
the usual sensory feedback that would
be expected in such a scenario. This lack
of synchronization is believed to cause
cybersickness [30].

The calibration challenges primarily
stemmed from the necessity to stand-
ardize the correct placement of the VR
headset for the study. To address this,
healthcare personnel assisted not only
with the application of the headset but
also with the calibration of the eye-
tracking camera. This process was often
complicated by the participants’ inex-
perience. Additionally, the calibration in-
structions were displayed solely within
the VR headset, leaving healthcare staff to
rely on verbal descriptions, which did not
always facilitate an accurate calibration.
In some cases, the calibration process was
unsuccessful. Another complication in-
volved the weight of the headset, which
was particularly noticeable to some par-
ticipants during extended use, especially
when considering the various positions
required for wound care. Several partic-
ipants reported increased anxiety when
they lacked visual control over the dress-
ing change, which limited the benefits
of VR for these individuals. Lastly, it is
important to note that visual impair-
ment, often associated with older age,
posed a significant challenge. To main-
tain standardization, these participants
typically required a much longer calibra-
tion process.

Conclusion

The study’s findings highlight that Cold
River effectively distracted patients,
making the painful and anxiety-induc-
ing dressing changes more tolerable for
many. Stakeholder interviews revealed
that while the VR application was gen-
erally well-received and considered
a valuable tool in reducing patient dis-
comfort, there were challenges such as
the lengthy calibration process and oc-
casional issues with nausea and head-
set discomfort. Importantly, the Cold
River application allowed for greater pa-

tient engagement and lessened the psy-
chological burden associated with burn
care, though it also underscored the
need for customization based on indi-
vidual patient preferences and condi-
tions. As part of future development,
there are plans to adapt Cold River for
use in low-cost VR headsets to reduce
the weight of the device and make it ac-
cessible for outpatients.
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