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Abstract

Introduction Emergency care of critically ill patients in the trauma room is an integral part of interdisciplinary
work in hospitals. Live threatening injuries require swift diagnosis, prioritization, and treatment; thus, different
medical specialties need to work together closely for optimal patient care. Training is essential to facilitate smooth
performance. This study presents a training tool for familiarization with trauma room algorithms in immersive virtual
reality (VR), and a first qualitative assessment.

Materials and methods An interdisciplinary team conceptualized two scenarios and filmed these in the
trauma room of the University Medical Center Mainz, Germany in 3D-360°. This video content was used to create
an immersive VR experience. Participants of the Department of Anesthesiology were included in the study,
questionnaires were obtained and eye movement was recorded.

Results 31 volunteers participated in the study, of which 10 (32,2%) had completed specialist training in
anesthesiology. Participants reported a high rate of immersion (immersion(mean) =6 out of 7) and low Visually
Induced Motion Sickness (VIMS(mean)= 1,74 out of 20). Participants agreed that VR is a useful tool for medical
education (mean=1,26; 1 very useful, 7 not useful at all). Residents felt significantly more secure in the matter after
training (p < 0,05), specialist showed no significant difference.

Discussion This study presents a novel tool for familiarization with trauma room procedures, which is especially
helpful for less experienced residents. Training in VR was well accepted and may be a solution to enhance training in
times of low resources for in person training.

Prior presentation: Preliminary results were presented at the
Viszeralmedizin Conference 2022 in Hamburg (16.09.2022), the
abstract of these preliminary results was published in the conference
journal, as well as at the DCK 2023 (18.04.2023, online).
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Introduction

Emergency care of trauma patients is an integral part
of in-hospital work. Trauma care in Germany is admin-
istered into different hospitals by their competency
level and available specialties [1]. The University Medi-
cal Center Mainz, Germany is a level 1 trauma center
and thus provides care for all types of injuries, amount-
ing to about 1000 patients treated in the trauma room
per year. The trauma room team consists of a core team
including anesthesiology, radiology and orthopedic
and trauma surgery and is extended depending on the
patient’s needs. Every member of the team has specific
tasks to fulfill in order to facilitate a swift and smooth
execution of procedures in the trauma room [2]. Patients
in the trauma room require fast diagnostics, interprofes-
sional decisions and procedures because of their critical
state. Figure 1 depicts the trauma team with their tech-
nical and nontechnical skills and tasks. The emergency
trauma room resembles a well running machine or clock-
work at its best. To accomplish this goal, regular training
is essential [3—6]. Physicians are required to be proficient
in their field and to be able to make life saving decisions
and initiate and perform emergency procedures, which
usually applies to physicians with completed specialist
training or at the end of residency. It is recommended
that each specialty and profession not only train on their
own, but also as an interprofessional teams [7]. A recent
international survey by Bento et al. has found potential
for improvement on training opportunities [8]. Inter-
professional trainings organized on a regular basis in
the University Medical Center Mainz and is a precious
resource in times of personnel shortages, thus only a
handful of employees can train at a time. These train-
ings are elaborate and require regular hospital work to
be reduced since the premises must be blocked off, and
physicians, who would be needed in the OR need to be
set free for the day to train. It has been common prac-
tice for younger residents to shadow during emergency
trauma room procedures and to take on smaller parts
of the procedure, such as assisting in documentation
or patient transfer. Younger colleagues have mostly not
taken part in an interdisciplinary trauma room training,
since their availability is limited and usually reserved for
advanced residents or early specialists. There is a written
protocol to reference the procedure. Detecting a need for
more training opportunities especially for younger resi-
dents, our group aimed to create a temporally and spa-
tially flexible training resource to familiarize younger
residents with the emergency trauma room setting and
procedures. To be applicable for different specialties,

novices and students we opted for a sole observer of an
emergency trauma room procedure, without teaching
of specific medical knowledge in the first prototype. To
achieve our goal of a temporally and spatially flexible tool
which is independent of trained instructors, and thus
creating a resource-saving widely available tool, we chose
immersive virtual reality (VR). Training in VR has been
shown to be processed like autobiographical memories,
which is thought to be beneficial for learning, in contrast
to reading a text [9]. It has also been shown that train-
ing in VR is well received by different professions and age
groups, making the learning experience more enjoyable
[10, 11]. Therefore, we opted to evaluate subjective mea-
sures, such as self-perceived confidence in the topic as
well as eye tracking as an objective measure. Eye tracking
can indicate interaction with and perception of informa-
tion from different sources in the virtual world [12]. Fur-
thermore, this setting makes training times flexible and
accessible for young residents as well as students, as no
additional instructors or specific time slots or rooms are
needed.

Previously, more realistic scenarios using real-life
video material were preferred for training by partici-
pants over animated videos [13]. Similar projects have
been described especially for military medical education
[14-16] using simulated VR. This exploratory study aims
to evaluate the first prototype of a fully immersive 360°
VR trauma room training among anesthetists of different
experience levels.

Materials and methods

Conceptualization of scenarios and video shoot

An interdisciplinary team of persons responsible for the
trauma team training in the different departments con-
ceived and scripted two scenarios. In both scenarios, the
trauma leader explains his work and the processes of the
trauma room to a medical student. When the patient
arrives, clear communication between all team mem-
bers is key and is depicted, enabling the viewer to per-
ceive each action. The general goal of the VR application
was to supplement trauma room experience to medical
professionals. The aim of this first evaluation described
was acceptance of VR training methods and differences
among the users depending on their prior experience and
personal characteristics.

Scenario 1

A young man riding a bicycle was involved in a traf-
fic accident and brought to the trauma team by
an emergency physician. The patient is awake and
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Fig. 1 depiction of all members of the trauma team with their respective key roles. It should be noted that most team members are able to supplement
or switch to different roles, however those are not their main duties. In the center of all is the patient

cardiorespiratory stable on arrival, he has no vis-
ible wounds and claims to have abdominal pain. In the
trauma diagnostics No injuries were found in the trauma
diagnostics.

Scenario 2

An elderly patient is brought in by an emergency doctor
with reduced vigilance and compromised blood pressure
but no known trauma. In the focused assessment with
sonography for trauma (FAST), large amounts of free
intra-abdominal fluid are found. A CT scan shows a rup-
tured spleen, and the patient is brought to angiography
for further treatment.

A detailed script of the scenarios is provided as a sup-
plement (Supplement 3).

In both scenarios, the role of each team member is
clearly depicted and their tasks are emphasized. A total
of ten physicians, three nurses and one medical student
are involved in both scenarios, an actor portrays the
patient. The videos were filmed using a 3D 360° cam-
era in 8k (Insta360 Pro 2; Insta360, Guangdong, China)
with the support of a company specialized in 360° video
shooting (Visual-Impressions GmbH, Magdeburg, Ger-
many). Filming took place in the actual trauma room and
the Department of Radiology and included real medical
equipment. Each scenario is about 35 min long.

Creation of the 360° immersive virtual reality environment
The 360° videos obtained were edited and stitched based
on the scenarios using Shotcut video editing tool (Melty-
tech, LLC, United States). We utilized the cross-platform
game engine Unity (version 2019.2.18f1) as an environ-
ment for VR development. A Virtual Reality Toolkit
(VRTK) was used to develop basic VR interactions. The
VR environment with 360° videos was developed in a
manner similar to the that described in [18]. We used the
VIVE Media Decoder, a high-performance video decod-
ing plugin, to implement video streaming in VR. For eye
tracking, VIVE SRanipal and Tobii XR SDKs were used
to access the eye tracking capabilities of HTC Vive Pro
Eye VR headset in Unity. This VR headset provides 110°
trackable field of view with 120 Hz tracking gaze data
output frequency and 0.5°-1.1° accuracy for eye tracking
performance. A heat map was generated using tracked
gate data that visualizes the points of interest during the
session. A mapping layer with the heat map texture was
developed to track the gaze data and generate the heat
map in real time. Additionally, recorded gaze data and
timestamps can be applied to create a replay video with
real-time gaze and heat-map visualizations. We used FB
Capture SDK (version 2.25) and its metadata injection to
record the replay 360° video while the user is perform-
ing in VR. This allows post-hoc assessment and scoring.
Patel et al. [19] described their process of creating an
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immersive 360° VR environment, which differs from our
set-up, but may be helpful for other centers seeking to
create their own applications.

Recruiting and data collection

The study collective is comprised of volunteering physi-
cians working in the Department of Anesthesiology of
the University Medical Center Mainz. Informed consent
was obtained from all participants. Potential participants
were informed about the study via regularly repeated
e-mails as well as on a personal basis. The subjects
watched both videos wearing a VR headmounted-display
(HTC Vive Pro Eye, Taoyuan, Taiwan). Before starting the
application, a short introduction into the study and VR
equipment as well as the possibility of motion sickness,
was provided. The head mounted display was calibrated
for the subject before use, utilizing the Eye Tracking Cali-
bration of the Steam VR dashboard. Eye Tracking was
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recorded as a separate data file as well as video file. The
results are displayed as colored heat maps. A brief look
only turns the track blue, a longer observation will turn
the heat map yellow, and finally red. An example of this
is shown in Fig. 2. Subjects were instructed to follow the
video attentively and were blinded to the use of eye track-
ing. Following the scenarios, each subject completed a
short questionnaire that consisted of personalized data,
the Visual Induced Motion Sickness Scale (VIMS Scale)
[17], the Immersion Scale by Nichols [18] and questions
to subjective knowledge regarding trauma care and per-
ception of beneficing of VR equipment in medical educa-
tion and training using a 7 point Likert scale.

Subjective knowledge of procedures in the emergency
trauma room were assessed using a 7-point Likert scale
and compared between physicians who had completed
specialist training in anesthesiology and residents using

Fig. 2 a shows a scene of the training scenario in immersive virtual reality, the patient has been transferred to the CT, different medical professionals are
working on the patient, while the trauma leader on the right supervises them. In b regions of interest (ROIs) are defined by yellow squares, in this part
of the scenario ROIs are the patient, the second anesthesiologist and the monitor. € shows the heat map of an experienced anesthetist (13 years of work
experience) and d the heatmap of an anesthetist in his first months of his first year. While the experienced anesthetist watches the patient, the monitor
and the examiner, the young colleague appears to mainly watch the examiner. This may be due to the inexperienced anesthetist trying to learn from the
actions of the examiner. This effect, while interesting did not show a significant difference in eye tracking overall
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ANOVA. Subjects were asked to assess their knowledge
prior to VR training and past VR training.

Statistical analysis

The participants’ characteristics were analyzed using
descriptive parameters. Further questionnaire items were
analyzed using Chi-square and ANOVA test and group-
ing for different parameters. Statistical analysis was per-
formed using SPSS 23 (SPSS, IBM, Armon, NY, USA).
Eye Tracking was only analyzed in video 1. For analysis,
regions of interest (ROIs) were defined, and two physi-
cians of the study group (LH and LV) rated if participants
looked at ROIs briefly [1], extensively [2], or not at all (0)
by assessing the colors. Both raters were blinded to the
identity and experience of participants and only worked
by identification numbers. Raters scores were added and
analyzed using Mann-Whitney-U test. An example of an
eye tracking heat map and ROls is depicted in Fig. 2.

Results
A total of 31 volunteers of the Department of Anesthe-
siology of the University Medical Center Mainz were
included. Ten (32.2%) participants had already completed
specialist training in anesthesiology, 14 (45.2%) had fin-
ished emergency medical training and were working as
emergency physicians. The other participants had not
finished 3 years of specialist training, yet. The Univer-
sity Medical Center Mainz organizes emergency trauma
room trainings on a regular basis. Of the participants 13
(41.9%) had attended this training or a similar one in the
past. Detailed participants’ characteristics are displayed
in Table 1. Participants were further analyzed by their
experience with VR equipment (see also supplement
4). While mean age did not differ significantly between
groups, there was a significant difference in gender distri-
bution with more male participants with VR experience
(p=0.032).

Mean VIMS was 1.74 with a standard deviation of
3.098 and a minimum of 0 and maximum of 13. None of
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the participants had to interrupt or discontinue the train-
ing because of VIMS or any other reason.

Specialists felt very secure about the procedures prior
and after VR training. Residents reported to feel unsure
prior to VR training and rather secure after. Both prior
and after VR training there was a significant difference in
subjective knowledge between specialists and residents
(Pprior < 0.05; Ppose = 0.002). Specialists showed no sig-
nificant change in subjective knowledge (p=0.168), while
residents felt significantly more secure in the matter after
VR training (p<0.05). Figure 3 depicts the details of these
results.

Participants reported to feel like they were present in
the emergency trauma room, reaching a mean of 6 out of
7 (1 - not at all to 7 - very much). Furthermore, they were
asked if they felt VR to be a useful tool in medical educa-
tion on a 7-point Likert scale (1 - very useful to 7 - not
useful at all). Subjects regarded the use of VR in medical
education as very useful (mean 1.26), specialists and resi-
dents agreed on this matter (p=0.724).

Eye Tracking was evaluated in 25 of 31 participants due
to technical difficulties in recording of eye movements
in 6 participants. Participants were divided by “special-
ist training in anesthesiology completed (yes / no)” There
was a significant difference in the observation of the
emergency physician during patient hand-over, with resi-
dents watching the emergency doctor for a longer time
(p=0.008). For all other ROIs there was no significant
difference between residents and specialists. To further
explore the different groups Mann-Whitney-U Test was
also performed using “emergency medicine qualification
obtained (yes / no)” and “participated in an emergency
trauma room training in the past (yes / no)” as group-
ing variables. There were no significant differences in
the observed ROIs in these tests (P=0.695 and P=0.734,
respectively). Interobserver reliability was high (Cron-
bach’s Alpha=0.95).

Table 1 Participants characteristics including personal and professional features

Parameter n

n 31
m/f/d 18/13/0
Age (median, min.; max. in years) 33 (26;58)
Specialist training completed 10/21
y/n)

Years working in anesthesiology (median, min.; max.) 4(1;25)
Emergency medicine training completed (y / n) 14717
PGY 3 or younger 14

Prior experience with VR technology (none / less than 5 times / more than 5 times / more than 10 times) 19/9/1/2
Visual aid (y / n) 19/12
Visual aid used (y / n) 13/6
Emergency trauma room training completed in the past (y / n) 13/18
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Fig. 3 Participants were asked how secure they felt concerning emergency trauma room procedures prior and after training, 1 was “very secure” while 7
was “very insecure”. Specialists felt very secure before and after training, which is likely to be attributed to their long-term work experience. Residents were
significantly less secure than specialists (p(prior) < 0.05; p(post) < 0.05) and felt significantly more secure after training (p < 0.05)

Discussion

We introduce an innovative tool for familiarization and
training in emergency trauma rooms, which received
positive feedback from participants. This novel training
method was feasible even during the COVID-19 pan-
demic, which acted as a catalyst for the project’s initia-
tion. Additionally, other groups demonstrated that virtual
reality (VR) could supplement existing training programs
and courses, effectively substituting certain components
even during periods of social distancing [19, 20]. Fur-
thermore, training sessions can be conducted at flex-
ible hours and on short notice, such as during extended
lunch breaks or at the end of regular shifts. Participants
reported gaining a more comprehensive understanding
of emergency trauma room procedures. While typically
focused on their specific tasks within the trauma team,
they gained greater insight into the overall process and
the responsibilities of other team members. This was par-
ticularly beneficial for PGY1 residents, who were eager
to train before their first night shifts. Eye-tracking data
indicated a tendency for younger residents to observe
the second anesthetist working on the patient, likely due
to their future role in the trauma team (see Fig. 2). How-
ever, this finding was not statistically significant. The only
significant difference observed in eye tracking was dur-
ing patient handover, where younger residents focused

on the emergency physician. This behavior suggests
that more experienced anesthetists, accustomed to the
trauma leader role, listen to the handover while monitor-
ing the overall situation, whereas younger residents focus
on the emergency physician to avoid missing any infor-
mation. This is consistent with previous studies showing
that experienced surgeons can engage in multitasking,
such as taking phone calls, without impairing their sur-
gical performance, unlike their less experienced counter-
parts. [21].

The immersive VR training was met with curiosity and
high interest, with overwhelmingly positive feedback
from participants. However, there are several limitations
to the current program. The application is tailored spe-
cifically to the procedures and facilities of the Univer-
sity Medical Center Mainz, making it difficult to adapt
for use in other institutions. Currently, the application
simulates the role of an independent observer in the
emergency trauma room and does not support interac-
tive capabilities. Consequently, while it is suitable for
familiarizing all medical specialties and professions with
emergency trauma room procedures, it does not provide
in-depth training on specific knowledge or medical pro-
cedures in its initial prototype. Future developments will
include flow charts of responsibilities and educational
slides within the VR application. Additionally, training
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in decision-making and task simulations will be incorpo-
rated to benefit more advanced physicians. Similar appli-
cations using animated simulations have been described
previously and are partially available commercially [14,
16]. We agree with Couperus et al., who have presented
a prototype of a military application for trauma training
in simulated VR, that these types of simulations can cre-
ate systems comparable to fight simulation training [14].
However, these advanced applications may not be as suit-
able for first-time employees or medical students, as they
are more specialized for different medical fields. Cur-
rently, there is an educational gap in procedural knowl-
edge and organizational understanding among novice
physicians that we aim to address. The current program
was well received and provides a foundation for future
expansions tailored to various specialties and experience
levels.

Optimal trauma room care requires training not only
in medical knowledge and procedures but also in com-
munication and leadership skills. For this reason, our
hospital incorporates real-life training that includes seri-
ous games conducted in larger groups. Prior studies [3,
22] have underscored the importance of such training
methods, independent of VR usage. The current pro-
gram allows users to observe optimal communication
practices, as noted by several participants, but it does not
provide direct instruction or training in communication
skills. Effective communication training requires group
participation to enable practical exercises. While VR can
enhance communication team training, our focus was on
its capability to provide flexible, individual training with-
out the need for training partners and instructors.

This study presents an initial user evaluation of a proto-
type for a new custom educational tool in immersive VR,
and thus, the number of participants is limited. Future
goals include implementing this tool for new and first-
time employees, as well as further evaluating and devel-
oping interactive solutions.
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