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ABSTRACT

Introduction In situ simulation (ISS) consists of
performing a simulation in the everyday working
environment with the usual team members. The feasibility
of ISS in emergency medicine is an important research
question, because ISS offers the possibility for repetitive,
regular simulation training consistent with specific local
needs. However, ISS also raises the issue of safety, since
it might negatively impact the care of other patients in

the emergency department (ED). Our hypothesis is that
ISS in an academic high-volume ED is feasible, safe and
associated with benefits for both staff and patients.
Methods A mixed-method, including a qualitative method
for the assessment of feasibility and acceptability and a
quantitative method for the assessment of patients’ safety
and participants’ psychosocial risks, will be used in this
study.

Two distinct phases are planned in the ED of the CHU

de Québec-Université Laval (Hopital de I’Enfant-Jésus)
between March 2021 and October 2021. Phase 1: an

ISS programme will be implemented with selected ED
professionals to assess its acceptability and safety and
prove the validity of our educational concept. The number
of cancelled sessions and the reasons for cancellation

will be collected to establish feasibility criteria.
Semistructured interviews will evaluate the acceptability
of the intervention. We will compare unannounced and
announced ISS. Phase 2: the impact of the ISS programme
will be measured with validated questionnaires for the
assessment of psychosocial risks, self-confidence and
perceived stress among nonselected ED professionals,
with comparison between those exposed to ISS and those
that were not.

Ethics and dissemination The CHU de Québec-
Université Laval Research ethics board has approved

this protocol (#2020-5000). Results will be presented

to key professionals from our institution to improve
patient safety. We also aim to publish our results in peer-
reviewed journals and will submit abstracts to international
conferences to disseminate our findings.

INTRODUCTION
Simulation is a teaching tool used for the
acquisition of technical and nontechnical

3,4

Strengths and limitations of this study

» This study is the first to simultaneously assess the
acceptability, feasibility and safety of conducting in
situ simulation (ISS) in a busy academic emergency
department.

» The issue of patient safety during ISS is an important
ethical consideration, which is rarely included in the
design of simulation research.

» Even though ISS offers the possibility of improving
patient safety through training, it can also jeopardise
the quality of ongoing care by redirecting human re-
sources from patients to the training process.

» The positive impact of ISS on patient outcomes was
highlighted in a systematic review, however, without
mention of patients’ safety.

» As it often is the case in simulation studies, the
scope of our results might be restrained by meth-
odological limitations such as the absence of ran-
domisation and the inability to blind participants to
the outcome.

skills." Numerous studies have shown that
simulation is associated with a significant
beneficial effect for every health profes-
sional.? * This is also the case in emergency
medicine (EM), which is a complex interpro-
fessional specialty that requires a broad range
of clinical knowledge as well as the mastery of
multiple technical (ie, intubation, chest tube
insertion, lumbar puncture) and nontech-
nical clinical skills (ie, communication, task
distribution, leadership and followership).
Simulation enables new skill acquisition as
well as continuing clinical education and
training, which are necessary to manage both
everyday situations and rare clinical cases. A
wide variety of simulation aids exist, ranging
from simple task manikins to virtual reality or
hybrid simulation using live actors and mani-
kins to increase realism.* The choice of the
right tool must be based on a proper balance
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between learning objectives and the required level of
realism. Realism, also called fidelity in simulation,’ greatly
impacts the quality of learning and especially the transfer
of these skills to the real clinical world.® However, educa-
tors must carefully examine the stress generated by the
simulation exercise. Stress can limit skill acquisition if the
exercise is too complex for the participant’s qualification
and previous experience.

Simulation training can take place in a dedicated
centre that is sometimes located off site, which conse-
quently limits the training’s wide implementation. Simu-
lation centres necessitate human resources and structural
expenditures, resulting in significant costs. The condi-
tions they simulate are also quite different from those
of the emergency department (ED) environment, thus
decreasing the realism of the training.

It has also become increasingly difficult to get partici-
pants to engage in regular simulation training, especially
when it is set to take place far from their usual workplace
and outside usual working hours.”"" This is a problem
for knowledge and skill retention given that effective
learning seems to require repetition in training.'* For
example, the use of simulation is now recommended
to teach and train basic and advanced life support.”” A
recent study found that the optimal training frequency
for adequate retention of cardiopulmonary resuscitation
was once a month.'* However, training all ED staff every
month is impossible for most institutions.

In situ simulation (ISS), a type of simulation integrated
into the targeted clinical environment, is a practical solu-
tion to these issues. The rationale for using it is based on
the importance of environmental fidelity and its potential
impact on learning."” Studies comparing simulation in a
dedicated centre to ISS are scarce. This could be due to
the complex methodology required to implement them.'®
Nevertheless, a 2015 randomised study highlighted that
participants’ perception of realism was considerably
higher in the in situ group.'® "’

ISS also offers the interesting possibility of identifying
conditions—known as latent safety threats (LST)—that
can lead to errors in the usual working environment.'®
LSTs are ‘system-based threats to patient safety that can
materialise at any time and are previously unrecognised
by healthcare professionals and/or hospital administra-
tion”." One of the benefits of ISS is that since the simu-
lations occur in a real-life environment, they enable the
identification of LSTs such as equipment malfunctions or
suboptimal team organisation and responsibility aware-
ness. This leads to a better understanding of potential
errors and, therefore, to the possibility of reducing their
incidence.”® Numerous studies illustrate the positive
impact, including improved patient outcomes, of ISS
on the clinical practice of healthcare professionals from
various specialties.””* However, the complex environ-
ment of an ED can be challenging for those conducting
ISS training. The difficult work conditions (overcrowding,
task interruptions, understaffing) in EM can be a major
practical limit to the implementation of ISS training.** The

literature exploring different types of ISS is still scant.”
Different modalities have been compared through qual-
itative analysis and mostly using self-assessment tools.”
For example, some authors compared unannounced ISS
(outside of the scheduled work period) to announced
ISS (during the scheduled work period) and found no
difference in terms of preference or stress. These find-
ings should be confirmed with objective and validated
assessment tools combined with the exploration of more
practical considerations, such as the safety of ISS itself.
The ISS process can be used to enhance patient safety.”
Simulation is an effective strategy for training many
skills—including, as in this case, handover communica-
tion skills. Our work aims to confirm the innocuousness
of ISS training. ISS is often used as a tool to improve the
quality and safety of patient care, but it might also cause
harm by redirecting resources and attention from patient
care to the training process.

Therefore, our study will explore different modalities
of exposure to ISS in the ED: no ISS (control group),
announced ISS (outside the work shift) and unannounced
ISS (unexpected simulation during the work shift).

Objectives
Primary objective
Phase 1: to assess and compare the feasibility of two
types of ISS in the ED: announced and unannounced.
Phase 2: to assess whether ISS improves participants’
psychosocial impact (stress reduction, satisfaction and
self confidence improvement) when compared with no
exposure to ISS (control group).
Secondary objectives
1. To assess and compare the safety of two types of ISS in
the ED: announced and unannounced.
2. To compare the number of LST identified during un-
announced ISS and announced ISS."”

METHODS AND ANALYSIS

Study design and setting

We will conduct a two-phase mixed-method study at the
CHU de Québec-Université Laval (Hopital de I'Enfant-
Jésus), a Canadian university-affiliated level 1 trauma
centre with an annual total of 67000 visits. In this centre,
the ED resuscitation/trauma team is activated by the
triage nurse. All simulations will take place between March
2021 and October 2021 in the resuscitation/trauma area
of the ED where real trauma patients are usually assessed
on their arrival.

Patient and public involvement

Patients or the public were not involved in the design of
this study, nor will they be involved in its conduct or in the
reporting and dissemination of our research.

Population

ED health professionals from the CHU de Québec-
Université Laval (Hopital de 'EnfantJésus) will partic-
ipate in the ISS training after informed verbal consent
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is obtained by research assistants. Teams of seven partic-
ipants will be involved in each of the sessions (three
nurses, two emergency physicians, a respiratory therapist
and a resident). The emergency physicians are either
Royal College emergency specialists (5-year training) or
EM-trained family physicians (3-year training) from the
Canadian College of Family Physicians. This team size
and composition exactly match the trauma team that is
activated when a real critical patient is admitted to the
resuscitation/trauma area of our ED.

Phase 1 simulations will be announced and unan-
nounced. Participants will be selected volunteers.?’
During phase 2, participation will be random, as the
sessions will be only unannounced.

Scenario design

Scenarios are inspired by real patients from a different
ED in order to prevent participants from recognising
real cases, which may lead to increased stress and unsolic-
ited cognitive load for some ED professionals.”® * These
scenarios will encompass common clinical presentations
and will focus on two pathologies of interest for this ED:
severe trauma (eg, traumatic brain injury, penetrating
thoracic trauma, massive transfusion protocol activa-
tion) and cardiac arrest. The simulation team tested
the scenarios beforehand during dedicated simulation
training with a different population than the study partic-
ipants. One of the key purposes for designing this study
was to fulfil specific local teaching needs. Therefore, our
tested training format will be useful to participants and
could easily translate into improved patient care.

Simulations

For this study, we will use a Crash Kelly manikin from
Laerdal (Laerdal Medical, Stavanger, Norway). Like other
authors, we believe that the fidelity of the manikin itselfis
likely to be weakly correlated to the quality of learning,”*!
whereas the fidelity of the environment or of the scenario
has a much greater probability of impacting the learning
process.’ % We will use a thoracic prototype (created by
one of the authors (CM)) to enhance realism and ensure
flow immersion® for the scenarios requiring thoracic
invasive intervention (insertion of a chest tube, thora-
cotomy). The different health professionals included in
our study have all been exposed to manikins, prototypes
and simulation training of this type within the ED’s sim
lab. They were familiarised with this material through
interprofessional training for the residents’ simulation
programme.

We will use real medications, with the exception of
opioids and blood-derived products. If they are required
for the simulation, we will reproduce blood products
with saline bags coloured in red. For opioids, we will
use saline with labels. We chose to use real medication
to enhance realism and to better identify potential LST.
Since training will take place in the trauma resuscitation
area, the research team must limit the risks of mixing up
real and fake medications.

In order to ensure patientsafety and prevent disruptions
to patient care in the ED during ISS, simulation experts
have prepared a list of specific ‘go/no go’ criteria (see
online supplemental material). These criteria are based
on the existing literature on ISS in clinical settings such as
the ED,** and we have adapted this list to some organisa-
tional specificities of our department. The ‘no go’ criteria
include heavy clinical load, understaffing, low bed avail-
ability on wards and equipment needs (eg, unavailability
of the fast flow fluid warmer). If a real trauma activation
is expected or ongoing, the ISS will be cancelled, and the
simulation team will leave the trauma room in its original
state. This system will not only enhance realism but also
ensure safety.”

The ISS training sessions will be short—40min in total
(20 min of simulation and 20 min of debrieﬁng)%—and
will follow the classic briefing-simulation-debriefing
format.”” Based on published reports™ ** and our expe-
rience, keeping sessions and debriefings short greatly
improves participant buy-in and reduces the impact on
ED workflow. This approach was applied and successfully
completed with a predefined objective of 30 min.*® ***

Debriefing, an essential component of effective
learning, will follow the plus delta model to optimise the
educational impact for all participants.*’ This short format
offers the possibility of repetitive simulation training and
debriefing, whereas most traditional forms of sim training
are rarely available to complete interprofessional teams."'

During each ISS, no matter the format, LST identifi-
cation will be performed by an external observer with a
specific LST grid identification tool."

Procedure

Phase 1

In the first phase of our study (figure 1), we will assess
the feasibility and safety of implementing announced or
unannounced ISS during working shifts in a busy ED. A
mixed-method with a convergent design will be used."
Both qualitative and quantitative data will be collected
within a similar timeframe and will then be analysed
separately and merged. Electronic study data will be kept
in a password-protected file on the CHU de Québec-
Université Laval’s secure server. Paper data will be kept
in a locked office within the CHU de Québec-Université
Laval research centre. In order to protect participantiden-
tity, all data will be denominalised and participants will be
identified using a research number. The key code linking

Unannounced

Selected participants Safety
Quantitative analysis

Announced

Acceptability
Feasibility (interviews)
Qualitative analysis

Figure 1 Phase 1.
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patient’s name to the research number will be kept by the
researcher in charge. All study data will be kept for 10
years and destroyed according to local modalities.

Feasibility

Feasibility will be assessed via semistructured individual
interviews. Feasibility, according to Bowen et al, can be
assessed through eight areas of focus: acceptability,
demand, implementation, practicality, adaptation, inte-
gration, expansion and limited efficacy testing.”* Our
study will assess the feasibility of each type of ISS with
the following criteria: acceptability, implementation and
practicality.

Acceptability and practicality, in particular, will be
explored using semistructured individual interviews,
which will take place after the exposition to ISS and cover
topics based on our pre-established thematic framework
(see online supplemental material). The themes of the
semistructured interviews have been determined with
the help of a qualitative research specialist and include
previous professional experience and exposition to simu-
lation, expectations, fear and thoughts regarding simu-
lation training and assessment of a preference for an
ISS format (announced or unannounced) (see online
supplemental material). These interviews will take place
at the end of phase 1.

Another aspect of feasibility, implementation (ie,
the extent to which the simulation can be successfully
conducted),* will be measured by compiling the number
of cancelled sessions with a descriptive analysis of the
circumstances and the reasons for cancellation.

The number of identified LSTs during announced and
unannounced ISS will also be collected. We hypothesise
that this number should be identical for both formats
(announced or unannounced), and this is included in
our feasibility analysis.

Safety

Safety is often an obstacle to ISS with working staff."’
Indeed, even though this factor is rarely assessed and
included in the methodology of research projects
exploring ISS, it is reasonable to fear that during an ISS
training session—especially a long one—ED staff may
neglect the other patients under their care. This may
lead to patients leaving without being seen, or unno-
ticed adverse events leading to increased morbidity
or mortality. Therefore, quantitative parameters
measuring the impact of these training sessions on
patient care will be collected: (1) the ED median wait
time 6 hours before and 6 hours after ISS (stretcher and
ambulatory care separately) by triage category and (2)
the number of patients who left without being seen or
against medical advice 6 hours after ISS. This informa-
tion will be extracted from the institution’s ED patient
tracking software, and the data pertaining to the day
of the unannounced ISS will be compared with that
of the 3days preceding the ISS, divided by working
shifts (8 am to 4pm, 4pm to 12 am and 12 am to 8

Stress

Simulation group Self confidence

Unannounced ISS Satisfaction

Control group
Figure 2 Phase 2.

am). Dedicated research staff will be present in the ED
during the simulations and for up to 1 hour afterwards
in order to record the occurrence of reported patient-
related adverse events (accident report) and the impact
of the simulations on the working staff (understaffing
and work overload). The research team will collect
information regarding the impact of the training on the
working staff using open-ended questions. Official acci-
dent reports will be collected and reviewed as needed,
and unreported adverse events will be categorised by
research staff.

Phase 2

Following phase 1, we will implement unannounced
ISS—simulations that will take place during a work shift
without advance notice to participants. This second
phase (figure 2) will focus on assessing the impacts of
unannounced ISS on health professionals as regards
psychosocial risks such as stress, self-confidence and
professional well-being using validated satisfaction and
stress scales."™® The state anxiety questionnaire will be
used along with the measurement of perceived stress,"
both validated for this type of methodology. The psycho-
social risk assessment questionnaire and the assessment
of self-confidence will reflect general professional well-
being with validated assessment tools from the litera-
ture."” ** In a recent study, simulation training provided
a significant decrease in work stress among nurses in an
intensive care unit.** To demonstrate this benefit, staff
members exposed to either unannounced or announced
ISS training (ISS group) will be compared with those
that were not exposed to ISS (control group) using the
same questionnaires. The questionnaires will be filled out
by every healthcare professional working in the partici-
pating ED at the end of phase 2 in order to compare the
answers of the ISS group and the control group. Research
assistants will collect the questionnaires with a tablet and
ensure the completeness of our results.

Outcomes
Primary outcome:

Phase 1: proportion of successful ISS and qualita-
tive exploration of feasibility among the two groups:
announced and unannounced.

Phase 2: psychosocial risk levels among the two groups:
ISS and no ISS (control).
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Secondary outcomes:
Phase 1:
» Quantitative patient safety parameters (wait times,
adverse events, departures without being seen).
» Number of LSTs among the two groups: announced
and unannounced.
Phase 2:
» Self-confidence levels among the two groups: ISS and
no ISS.
» Stress levels among the two groups.

Analyses

Number of sessions

During phase 1, a total of 16 sessions will be required
(eight announced, eight unannounced) with a total of
112 participants. This number is in line with the previous
literature in this field.”

We will conduct semidirected interviews until we reach
data saturation, with a view to including sufficient variety
in the different sociodemographic characteristics of
participants.

During phase 2, a total of 10 unannounced ISS will be
required to compare the group of participants exposed to
ISS (n=70) to the professionals not exposed to ISS (n=70).
Based on previous publication,* this sample size will allow
the detection of a 10% difference of the psychological
demand score between groups (alpha: 0.05, power: 0.8).

Thematic content analyses

Audio-taped interviews will be transcribed, and thematic
content analysis will be performed by two independent
evaluators using a deductive approach guided by the
semistructured interview’s themes. The evaluators will
follow Braun and Clarke’s proposed six phases of thematic
analyses.”” We will use NVivo V.12 Pro software. We have
chosen to use the widely accepted and recognised criteria
outlined by Lincoln and Guba to illustrate the quality of
our study.50 ' To achieve credibility, we will employ peer
debriefing to provide an external validation of the research
process. Participants will be given chance to review the data
collected by interviewers and the data’s interpretations
(member checking). This will offer the participants the
opportunity to verify their statements and fill in any gaps
from earlier interviews. We will provide thick descriptions
to ensure transferability. To demonstrate dependability, we
will ensure that the research process is logical, traceable
and clearly documented. To achieve conformability, we will
include markers such as the reasons for theoretical, meth-
odological and analytical choices throughout the entire
study, so that others can understand how and why decisions
were made. A qualitative research expert and teacher from
our university will be involved in each step of our research
to provide guidance and ensure all of the above-mentioned
quality control parameters.

Quantitative analyses
The quantitative analyses will include comparisons
between the different participating groups. Continuous

data will be expressed as an average (SD) when they are
normally distributed and as a median (IQR Q1-Q3) other-
wise. Continuous data will be analysed by paired t-tests,
Wilcoxon signed rank tests and multiple linear regression,
if applicable. The categorical variables will be expressed
in numbers (percentages) Categorical variables will be
compared using the % test or the Fisher’s exact test and
logistic regression, if applicable. Bonferroni correction
of multiple comparisons will be made. SAS statistical soft-
ware will be used for all statistical analysis.

Ethics and dissemination

The CHU de Québec-Université Laval Research ethics
board approved our study (number: 2020-5000). Poten-
tial participants in this study will receive an information
form via email and in person before the announced
ISS training. This information form will be distributed
to every emergency professional and will include the
research team’s contact information should they have
any question or should they refuse to participate in the
study. Verbal consent will be obtained, and participants
can withdraw at any time. The risks of participating in the
study are no higher than when providing routine care to
patients and/or during simulation training.

Limitations

Our study has some methodological limitations, most of
which are inherent to simulation studies. ISS is new to
the study site’s ED. Therefore, to improve acceptance
from the professionals, we have limited the number of
announced and unannounced simulation to eight each.
Therefore, we will conduct eight announced and eight
unannounced ISS, excluding the cancelled sessions.
As each session will involve seven participants, the total
numbers of participants should be a minimum of 112
emergency professionals. After phase 1, we will adapt
the number of ISS to the results obtained from our qual-
itative analysis. We accepted the selection bias created
by the selection of volunteer participants during phase
1. As the aim is to validate our concept, the recruitment
of motivated volunteers from the ED staff seemed to be
an acceptable limit to the generalisation of our results.
However, identifying and preparing selected participants
is a widely accepted practice and is also recommended by
change implementation experts.

For obvious reasons, randomising participants would
not have been ethically acceptable. It was also impossible
to blind participants to the outcomes of the study because
the information form indicated they would have to fill
out questionnaires and undergo semidirected interviews.
However, the analysis and group comparisons will respect
allocation concealment. The statistician will be blinded
to the nature of the intervention, and the research staff
conducting the safety analysis and the qualitative anal-
ysis will be blinded to the ‘announced or unannounced’
nature of the intervention.
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It was difficult to find the optimal compromise between
holding short, pragmatic and acceptable ISS training
sessions (to limit the risks of negatively impacting ED
operations) and maintaining educational objectives to
ensure effective learning. With these considerations in
mind, we will choose ‘quieter’ moments of the day to hold
the simulations and will, therefore, be unable to repro-
duce the inherent chaos of the ED with perfect realism.
Still, we feel this is an ethical imperative for a research
team wishing to conduct ISS in a busy ED.

Dissemination strategy

This is the first scientific work to assess both feasibility and
participant-centred outcomes. It is, therefore, an original,
unexplored training situation, which may be associated
with a practical clinical impact. ISS is a practical and safe
teaching method that suits the specific constraints and
needs pertaining to EM. In addition, one of the main
limits to the wide implementation of simulation is its high
cost. If ISS proves feasible in the ED, it could reduce the
costs inherent to the structure (simulation centre) and
associated human resources while increasing the safety
of the process. Assessing the feasibility of a new interven-
tion such as ISS and taking into account the opinions
of the professionals involved will facilitate future imple-
mentation and uptake by targeted users. The impact of
these training sessions on patient care could be measured
through simple epidemiologic data collection. Improved
care for severe trauma patients would also translate into
lower public health costs. In addition, few studies exist on
the importance of realism in simulation, but the impor-
tance of training in conditions close to real practice
has already been shown.™ For all these reasons, we are
working in close partnership with important knowledge
users from our institution towards a single, shared goal
to improve patient safety. Publications in peerreviewed
journals and international conferences presentations are
also planned.

Twitter Marcel Emond @marcel_mond
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