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With asymmetrical conflicts ongoing, many countries have an increasing number of major trauma events but limited capacity to
cope with these events. Training for such events comprises primarily of simulations requiring significant resources and that are
time-consuming and expensive. Virtual patients are defined as computer-based programs presenting authentic cases support training

Assisted learning technologies augment simulated trauma team training and can improve trauma team competencies. The aim was
to investigate if virtual patients increased competencies in decision making required and to identify deficiencies in care for the

A prospective educational intervention study with mixed methods, measuring the effects of a novel virtual patient model on trauma
teams, was performed. The population consisted of surgeons, anesthesiologists, emergency department physicians, nurses, and
paramedics (n = 30) and constituted six trauma teams from eight countries; three trauma teams formed the participating group,
and three were allocated as control group. The participating group was exposed to virtual patients before, during, and after the live
simulation exercise. Data sources were derived from individual preassessments and postassessments, evaluations made by experts
in trauma, and video recordings of performance during the live simulation exercise and analyzed by the thematic analysis method.
Using virtual patients contributed to improved individual knowledge about the management of major trauma patients and improved
teamwork. Virtual patients as support for reasoning in decision making were directly correlated to level of previous knowledge and
experience. Two of the three participating trauma teams showed lower levels of existing knowledge and competence in managing

Results demonstrated advantages using virtual patients during a major civil military trauma live simulation exercise and appear to
be supportive especially for teams who are not as experienced. (J Trauma Acute Care Surg. 2023;95: S99-S105. Copyright © 2023
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ajor trauma is any injury with the potential to cause pro-
longed disability or death and is now the leading cause
of death and disability in the United States in those younger than
44 years." With asymmetrical conflicts, many countries now
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have an increasing number of major trauma events, including
terrorist-associated incidents." When these events occur, there
is often limited capacity or the skills to deal with either the com-
plex nature of the injuries or multiple patients. The nature of
Western European medicine is currently characterized by early
specialized training, more limited exposure to patients outside
the chosen field, and limited exposure to trauma patients. Mili-
tary style injuries now occur in a civilian environment. Many
countries have reduced the size of their peacetime military med-
ical capability, making greater use of reserve personnel working
in civilian hospitals, who have minimal exposure to the complex
trauma patient, especially those with penetrating injuries or fol-
lowing explosive blast. Hospital-based training comprises primar-
ily of large-scale simulations but has neglected specific training
on management of patients with complex life -threatening (some-
times competing) injuries or emphasizing team skills.>

Virtual patients are computer-based programs that present
authentic cases and scenarios that simulate real-life scenarios.
The participants' function as health care providers is to obtain
a history, conduct a physical examination, and make diagnostic
and therapeutic decisions.”® Although virtual patients have been
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used for decades in medical education, their design has been
aimed at undergraduate students requiring binary decisions only.
Virtual patients designed to be complex enough to challenge the
reasoning and decision-making skills of postgraduates are still
rare.'®!! There is an identified knowledge gap in the design of
virtual patients with injuries and complexity similar to a real pa-
tient. Previous studies involved postgraduates who were experi-
enced in their own (nontrauma) field but identified a gap in their
decision making when out of their professional context and zone
of comfort.!" The team often understood an injury itself but
lacked the knowledge and the experience to deal with competing
injuries in the same patient, especially when there may be more
than one way of addressing each one. The design of such virtual
patients needs to reflect consequences, with further decisions re-
quired and choices to be made, to stimulate the decision making
and team management of trauma patients.

Previous studies have also highlighted lack of knowledge
and support for educators in surgical education, regarding inte-
gration of learning technologies.' !> The existing learning tech-
nologies are mainly focusing on technical skills, and there is a
lack of learning technologies focusing on decision making and
clinical reasoning.'>"?

HYPOTHESIS

Assisted learning technologies such as virtual patients can
augment simulated trauma team training and can improve trauma
team competencies.

The aim of this study was to investigate whether virtual
patients, developed from real-life patient data, integrated as a
part of conventional trauma education, increased competencies
in the decision making and team interaction required for the
management of trauma patients during a multinational civil mil-
itary trauma exercise, NATO Vigorous Warrior 2019.

OBJECTIVES

The following are the objectives of the study:

 To determine the potential for a complex virtual patient to im-
prove team interaction during simulated training;

* To assess if a virtual patient model improves trauma compe-
tencies during simulated training;

* To assess if a virtual patient model highlights competency
gaps overall in the management of complex trauma patients,
which can be addressed to improve care;

» To measure the acceptability of a virtual patient model in
multinational civil military medical live simulation exercise.

PATIENTS AND METHODS

The study was an educational intervention prospective
study where the population was exposed to the determination
of novel virtual patient models, during a documented period of
11 months: February to December 2019. The virtual patient
models applied were interventions based on previous studies'?
and developed as branched clinical trauma scenarios focusing
on nontechnical skills and decision making in management of
trauma patients with complex injuries, for example, multiple
gunshot wounds. The learner was required to make specific key
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management decisions based on choices offered. Each decision
in turn provided more decision choices affecting the outcome of the
patient. Virtual patient models with a branched decision-making
tree allows the learner to practice clinical reasoning and explore
the management of the patient in depth, with specific good or
poor outcomes on the patient, and encourages members of the
team to interact, enhancing team communication.

The study design consisted of mixed methods, with multi-
ple data collection methods applied to measuring the educational
effects of virtual patients on trauma team training (Fig. 1)."*'3
The study conforms to the STrengthening the Reporting of OB-
servational studies in Epidemiology Checklist of the EQUATOR
Guidelines (Supplemental Digital Content, Supplementary Data 1,
http:/links.Iww.com/TA/D12).

Study Setting

The project took place during a NATO multinational mil-
itary exercise involving 18 participating nations, 16,000 troops
including 1,600 moulaged “patients,” across 10 Role 2 field hos-
pitals, in Transylvania, Romania, from April 4 to 9, 2019. The
hospitals were all tented or containerized, erected a day or two
before the exercise commenced. A standard Role 2 hospital is
classified as having seven core modules available, including an
initial immediate surgery response and immediate postoperative
care only. Enhanced modules (Role 2 enhanced) such as inten-
sive care or computed tomography were not available. The hos-
pital surgical team contained a mix of surgeons, anesthesiolo-
gists, emergency department physicians, nurses, and paramedics
deployed by their national military and numbered a total of 12 to
20 personnel. The concept of a forward surgical team is not con-
sistent internationally—several teams were made up of a single
surgeon, anesthesiologist, emergency department physician,
nurses, and other emergency staff; many were very junior med-
ical personnel, while others were highly professional and mili-
tarily experienced. Most were part-time military, working full
time in a variety of civilian health care facilities. Patient arrivals
were often multiple, stretching the resources, and so disciplines
were not as available for each patient but spread across more
than one. The patient load was consistently applied to the hospi-
tals for 5 days, so staff may have been absent through rest pe-
riods and were diluted by the need for simultaneous care of sev-
eral patients. There was a single Role 3, which was not part of
our study. There was no equivalent of American College of Sur-
geons Level I (or even Level II Facility).

Ethical Clearance

Ethics approval was obtained from the supervising institu-
tional review board: number 2016/1701-31-5 Regional Ethical
Review Board, Stockholm, Sweden, and number 12-15/2019 NATO
Centre of Excellence for Military Medicine, Hungary.

With the assistance of the NATO Centre of Excellence for
Military Medicine, participants were recruited between December 1,
2018, and March 1, 2019. Commanders of military field hospi-
tals representing several countries participating in the exercise
were responsible for communicating the study information and
obtaining informed consent from the participants.

The data sources were derived from individual preassessments
and postassessments, and evaluations made by experts in trauma ed-
ucation using the Team Emergency Assessment Measure (TEAM)

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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bination with video recordings of the trauma teams' performance
during the live simulation exercise.'” !

Inclusion and Exclusion Criteria

The inclusion criteria for this study were as follows: sur-
geons, anesthesiologists, emergency department physicians, nurses,
and operational paramedics or similar, all of whom were part
of the deployment by their own national military service for
the exercise. Many had only limited experience of joint civil mil-
itary trauma care or austere conditions and needed to have ade-
quate understanding of verbal and written English. The exclu-
sion criteria were nonmedical personnel or those with inade-
quate comprehension of English.

Study Population

The population consisted of surgeons, anesthesiologists,
emergency department physicians, nurses, and paramedics
(n = 30) and made up six trauma teams, provided by trauma
team members from eight countries (two teams used participants
from two countries). Three trauma teams formed the participat-
ing group, and three were allocated as the control group. The
participating group was exposed to virtual patients before and
after the live simulation exercise. One team of each group repre-
sented a full-time military team who had served in actual com-
bat; one team consisted of senior experienced personnel, with
some junior personnel, who were working predominantly in
the civilian sector; and one group was made up of personnel with
limited seniority and experience. The two groups had similar
characteristics and differences in their makeup, seniority of the
team leader, and breadth of training, but the control group had
not participated in the virtual training.

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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Data Collection Methods
1. Preassessment of experience in trauma management and
use of learning technologies

A virtual patient with a complex injury from a gunshot,
with the focus on the decision making required for management,
was sent 2 months in advance to individuals in the participating
group. The participants were asked to self-assess themselves on
their own competence and skills (Appendix 1: Preassessment
Score Questionnaire; Supplemental Digital Content, Supple-
mentary Data 2, http:/links.lww.com/TA/D13).

2. Individual assessment and evaluation of trauma manage-
ment during exercise

A similar virtual patient with increased complexity of
gunshot injuries was provided individually to the participating
group on April 4 and 5, 2019. The results from the virtual patient
and the gunshot case itself were then discussed during a seminar
arranged by surgical experts in trauma education and training.
The participants self-assessed themselves after the seminar.

3. Evaluation of trauma teams' performance during live
simulation
The participating group and the control group at military
field hospitals received simulated trauma patients with gunshot
and other competing injuries on April 7 to 9, 2019, as part of
the exercise. The teams were expected to assess, resuscitate,
and treat the patients. Team performance was assessed by inde-
pendent observers who were experienced surgical trauma surgeons
and educators (Appendix 2: Live exercise simulation: TEAM score
sheet; Supplemental Digital Content, Supplementary Data 3, http://
links.Iww.com/TA/D14). Assessment included nontechnical skills
and interprofessional communication using video recordings,
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evaluation using the TEAM measurement scoring protocol,'®
and assessment of clinical decision-making performance during
the large-scale real-time simulation exercise. The performance
of teams in the participating group was compared with teams
in the control group.

4. Individual postassessment of education and training in
trauma management

A further assessment was sent to the participating group
6 months after the live simulation exercise during December
2019, and participants were asked to self-assess their knowledge,
performance, and experience in civil military trauma management
(Appendix 3: Postassessment score sheet. Questionnaire; Supple-
mental Digital Content, Supplementary Data 4, http://links.Iww.
com/TA/D15). They were also given the opportunity to provide
written feedback (Fig. 1).

Analysis

The analysis was performed by the project team and
consisted of discussions of results from each data set in relation
to the hypothesis, aim, and objectives of the study. In the pro-
spective educational intervention study with applied mixed
methods design, there were two different types of data sets to
be analyzed.'* The first set of data was analyzed, based on per-
formance from individual and trauma teams' assessments and
evaluation of performance in the form of excel spreadsheets dur-
ing the live simulation exercise. The second set of data evaluated
the nontechnical team skills from the live simulation by using
the TEAM scoring protocol,'® with data sources from video re-
cordings sessions, and the assessors' observations and were ana-
lyzed by applying the method of thematic analysis. Thematic
analysis is defined as data analysis that involves the evaluation
of specific themes and the identification of patterns within the
data derived from the video recordings and observations. The
thematic analysis consisted of six steps: 1, familiarizing with the
data; 2, generating codes; 3, searching for themes; 4, reviewing
themes; 5, defining and naming themes; and 6, the final stage,
compilation of the themes in relation to the objectives and overall
aim of the study.'>!719-2!

This study was primarily aimed at a study group, who
were exposed to virtual patient training before the exercise and
compared with a control group. The research team had no con-
trol of the makeup of the trauma teams or roles of individuals
in that team, all determined by their own military deployment.
The assessment was based on level of knowledge displayed

Trauma - Givil

Scene Anslysis ‘Average Years of Experience: 23.25 Scene s

Average Yearsin Trauma: 15,75,

® Team A: Before @ Team A: 6 months

© TeamB:Before @ Team B: Afer § months.

and level of teamwork and was based on a numerical scale of
specific aspects of performance of both clinical and team
traits.'® The results are displayed as “splats” also known as “ra-
dar” diagrams, since the knowledge base affected the team inter-
action (and vice versa).

Patient outcomes were not assessed, since the assessment
was from the point of arrival of the patient to the emergency area,
where the assessment was done, and the assessment was stopped
once the patient was moved to the next stage/tier of care. Thus,
for example, a patient with head and abdominal injuries would have
been moved out of the receiving bay for further care quite soon, and
the assessment stopped. Outcomes of the care itself, apart from the
initial decision making, cannot be determined. The nature of both
the project and the exercise is that individual teams were not
debriefed because they were fully occupied with other patients.

RESULTS

Results from the data sources showed that virtual patient
models were accepted by the participating group as a valid part
of the simulation exercise during the training.

Data collected about the use of the virtual patients showed
differences between the participating trauma teams (A—C) re-
garding time spent on the trauma scenarios presented by the vir-
tual patients. On average, participants required two attempts to
deal with virtual patient scenarios. Data from the virtual patients
showed that most participants faced challenges at the same kind
ofkey decision points, especially related to decision making dur-
ing examination of the injuries.

The trauma teams' performances showed differences in
their structures according to roles and responsibilities, experi-
ence, and national cultures. The participating group consisted
of three field surgical teams from different NATO countries,
each of which contained a mix of part-time civilian- military
and wholly military participants.

As displayed on the radar diagrams (Figs. 2—4), each sub-
ject was scored from 0.1 (poor) to 1 (excellent).

Team A (Fig. 24) differed significantly from the other two
teams by having exceptional knowledge and experience from ac-
tual combat experience and as full-time military medical person-
nel, although at various levels of seniority. Even this team re-
ported virtual patients as valuable in stimulating their mindset
by increased awareness of the different steps taken during the de-
cision making process in managing trauma patients. There were
no significant differences in Team A's self-assessment before
and after the exercise.

gg YourRole

Quick decisions

‘Average Yearsof Experience: 6.92

‘Average Years of Experience: 18.0 Scane Analysis
Average Yearsin Trauma: 153

Average Years in Trauma: 6.5

© Team C: Before ® Team C: 6 months after

Figure 2. (A) Team A, before and after live simulation exercise. (B) Team B, before and after live simulation exercise. (C) Team C, before

and after live simulation exercise.
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Figure 3. Individual team performance comparison during the live simulation exercise.

Team B (Fig. 2B) was also made up of senior members but
who were not used to working together as a team, as they were
mainly not working in the military medical environment but
worked in different civilian hospitals, had lower levels of
existing knowledge and competence in managing major trauma
patients, and had needed to make more effective use of virtual
patients. There was sometimes competition as to who was lead-
ing the team. It is of note that, although their self-assessments
(before and after) were not significantly different from Team A,
there was a trend toward overconfidence in the preassessment
compared with the postassessment.

Team C (Fig. 2C) consisted of younger participants with much
more limited experience or knowledge base for trauma, working al-
most exclusively in a peacetime civilian trauma environment, but

who felt that there had been a substantial improvement in their
knowledge and cooperation as a result of the simulation exercise.

During the subsequent live simulation exercise, the results
from the evaluation conducted and scored by external trauma ed-
ucational experts and the video recordings the teams' perfor-
mance showed significant differences between the teams, in
the management of major trauma patients because of different
setups of roles and responsibilities, communication, and delega-
tion of work when receiving patients simultaneously (Fig. 3).

Team A showed the best performance in the live simula-
tions, with excellent scores in every aspect of the assessment.
This is not unexpected in a team who was experienced in the
care of the complex trauma patient and who was used to regu-
larly working with each other.

Communication EXT

Communication INT 09

Analysis

Primary survey

Secondary survey

Trauma Competence

09 Outcome

Leadership

Team Integration

Appropriate
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Decision making skills

Documentation
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Figure 4. Participating group compared with the control group during the live simulation exercise.
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Team B, with experienced senior members, also scored
well, but the assessment showed areas that could have been im-
proved upon, particularly in the assessment of the live simulated
patient, and there was a “top down” approach, rather than “bidi-
rectional interaction,” between the senior and junior members of
the team, so those aspects of patient injuries and care were omit-
ted because some vital data and information were not communi-
cated between the team leader, as well as the less experienced
members, and therefore prioritization of care suffered.

Team C members were younger, with a lower baseline of
knowledge and experience, so they had more difficulty in adapting
to the “changing” state of the patient, and each member concen-
trated on their own tasks, without the necessary coordination or
communication between team members.

The comparison of the performance of the participating
groups compared with the matching control groups showed im-
proved performance in favor of the groups exposed to virtual pa-
tients (Fig. 4). Both groups showed weaknesses in the documen-
tation of the care and some differences in the overall assessment,
which would be suitable aims for education of subsequent teams.

The effective utilization of virtual patients as support for
reasoning, during the learning process in decision making, was
negatively correlated to levels of previous knowledge and expe-
rience. Using virtual patients contributed to improved individual
knowledge and decision making within conventional teaching.
Analysis also showed improved interprofessional teamwork for
professionals less experienced in military medicine or with
working in austere environments.

The analysis of qualitative data from the individual
preassessments, video-recorded observations during the edu-
cational trauma seminar, and postassessments suggested in-
creased awareness of flexible thinking, individually and within
the teams.

DISCUSSION

This study was an educational interventional prospective
study with mixed method design, where the population was ex-
posed to the determination of novel virtual patient models, over a
documented period of 11 months. The multiple data collection
methods applied to measuring the educational effects of virtual
patients on trauma team training. However, the purpose with
mixed methods was to explore and investigate how the virtual
patient model was received, if it effected and improved nontech-
nical skills in the management of major trauma patients, and
whether there were any gaps in competency that could be iden-
tified and indicators for evaluation of educational techniques to
improve clinical performance of civil military trauma teams in
the future.

The results confirmed variability that, in what should have
been similar training, differed across a wide organization, with
many languages, national traits, and variety, both in the training
itself but also in the case mix seen by the professionals in their
nonmilitary jobs.

All moulaged patient scenarios were assessed by at least
two trauma surgeons, who were trained surgical educators and
experienced in the Nontechnical Skills Program. Trauma patients
were presented virtually, and the assessment and management of
cases such as were presented during the exercise. Unfortunately,

S104

blurring took place in trauma teams, where the nontechnical skills
and knowledge base were dependent on each other and weakness
in one negatively affected the other.

Identified significant indicators (Fig. 3) represented areas
of potential as support for improvement in major trauma educa-
tion and training. The indicators are generic and applicable in the
design of education and training aimed for this target group.
Team B, with experienced team leaders, highlighted gaps in
two-way interaction, which could be addressed. The most inex-
perienced trauma team (Team C) had the greatest potential for
change, and educational policies that are modified should take
this into account. The identified indicators as results from this
study are valuable as a basis for the design of future studies
and will be used in planning of the next multinational civil mil-
itary medical exercise scheduled for 2024.

Different setups of roles and responsibilities between the
trauma teams affected the quality of data and challenges in anal-
ysis of results from data sources. Extended inclusion and exclu-
sion criteria for future studies are of importance, and standard-
ized templates need to be developed.

Differences in the level of experience of military medicine
or work in austere environments showed significant differences
in learning outcomes for the trauma teams who had less experi-
ence as compared with the teams with more experience of deal-
ing with combat injuries. This could have been related both to
the maturity of each team and the ease of communication be-
tween team members. Improved individual knowledge and inter-
professional teamwork were directly correlated to using virtual
patients in combination with conventional teaching of managing
military trauma patients and is most efficient for the less experi-
enced group. This kind of indicator is helpful in the future de-
sign of education and training and development of suitable vir-
tual patients.

Of particular interest is that the most inexperienced partic-
ipant team (Team C) showed the greatest improvement as their
confidence improved, both in their skills and their approach to
the critically ill patient.

The educators' level of experience about how to integrate
learning technologies in teaching and training to support learn-
ing and provide flexibility for participants is of great importance
since the educators as senior trauma professionals have an enor-
mous impact on the education and training system. Previous
studies have highlighted needs for new educational methods
and development of new learning technologies for postgradu-
ates. Virtual patients aimed for the target group have been vali-
dated as results from this study and provide the support for edu-
cators' understanding to integrate learning technologies when
designing education and training. Virtual patient models are also
able to provide flexible learning and training, as highlighted in
previous studies and validated during this study.

CONCLUSION

The results show a trend that might reduce the actual time
spent and the costs involved in trauma education, by allowing
more time to be available focused on practical skills training
and teamwork. The use of virtual patients to change the mindset
and philosophy of participants before they attend the course or
training exercise seems to have great potential. The results

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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demonstrated several advantages in the use of virtual patients as
preparation for major trauma exercises and appear to be support-
ive, especially for teams with limited experience. The key to suc-
cess, however, is the support for educators, to increase their
knowledge of how to integrate learning technologies because
of their impact in the education and training system. Identified
indicators as part of the results might be the basis for future de-
sign of modern military medical education and training.

This educational study was helpful in identifying and de-
signing methods for both medical and team training, by highlight-
ing limitations in the application of combat care. Many combat
teams learn their skills in time of conflict, and there is a major at-
trition of these in times of peace.

The results highlighted different areas for improvement,
which were themselves different, not only on the knowledge
and confidence base but also the seniority and team interaction
between the various members of the same team. Learning tech-
nologies such as virtual patients in combination with more con-
ventional teaching and simulation methods supported prepara-
tion before the exercise and indicated the design of future virtual
patients, both for better care and for better integration within the
trauma team. The lessons from the study will be applied in a pro-
spective interventional study focusing on evaluation of educa-
tional techniques to improve performance of civil military
trauma teams and with significant larger number of participants,
planned for the next major exercise scheduled for 2024.
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