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1.1 Investigators responsibilities
The research team combines a strong academic, education and clinical background. Dr. Sylvain Boet
is a faculty Anesthesiologist at The Ottawa Hospital and a Senior Research Associate at the Academy
for Innovation in Medical Education (AIME). He holds a Masters in Education and is currently a PhD
candidate. He has published extensively in simulation and medical education. Dr. Karl Schebesta is a
Fellow in Simulation and Medical Education at the University of Ottawa Skills and Simulation Centre
& The Academy for Innovation in Medical Education, is a Senior Research Associate at the Dept. of
Anaesthesie at the Medical Universtiy of Vienna and has published in the field of simulation and
medical education. Kristina Khanduja, MBChB, MEd is a Staff Anesthesiologist at Mount Sinai
Hospital and Assistant Professor in the Department of Anesthesia at the University of Toronto. She
holds a fellowship in medical simulation and a Masters in Education for health care professionals. Dr
Meghan Andrews is an Anesthesiology Fellow in Simulation and Medical Education at the University
of Ottawa Skills and Simulation Centre & The Academy for Innovation in Medical Education Dr. Vicki
LeBlanc holds a PhD in psychology, serves as the Associate Director for the Wilson Centre for
Research in Education, and is an internationally recognized expert in stress and simulation. Dr. M.
Dylan Bould is faculty Anesthesiologist at the Children’s Hospital of Eastern Ontarioand a Senior
Research Associate at AIME. He holds a Masters in Education and has published extensively in
medical education and simulation.

All investigators are involved in the development of the original idea, study protocol and scenario
scripts. KS, SB and DB will be responsible for REB approval, preparation of a case report form. VL will
furthermore provide an expert review of stress and emotion assessment methods. MA, KS, KK, SB
and DB will be responsible for recruitment of participants, conducting the trial, data collection and
data analysis as well as training of expert reviewers and confederate actors. KS, SB and DB will
thereafter prepare the initial manuscript. All investigators will review and optimize the manuscript
before it is passed on to a journal. KS and SB will present the results of this trial at international
conferences.



2. ABSTRACT

Background
High fidelity simulation is an increasingly used teaching tool that is proven to be effective for
learning. According to the literature, by gradually increasing stress and emotions, more effective
learning can be achieved. However, allowing the simulated patient to “die”, as a deliberate stressor,
is controversial. There is no previous research on the educational effect of letting a simulated patient
die. We aim to evaluate the effects of simulated unexpected death on skill retention, stress levels,
and emotions. We hypothesize that the occurrence of unexpected death will impact skill retention,
and will be associated with higher stress levels and stronger emotions.

Methods
After Institutional Research Ethics Board approval, 56 residents and fellows of different medical
specialties will be randomized to either the intervention (unexpected death) or control (survive)
group. Participants from both groups will have to individually manage a simulated cardiac arrest
crisis. In the intervention group, the scenario will end by the death of the simulated patient, whilst in
the control group the simulated patient will survive. Each participant will be immediately debriefed
by a trained instructor. Three months later, skill retention will be assessed in a similar scenario. Crisis
management performance of all scenarios will be rated by 2 blinded raters. Biological stress,
cognitive appraisal, and emotions will be measured during both scenarios.

Implications
The impact of simulated unexpected death on skill retention of residents and fellows will provide
instructors with evidence to optimize scenario design and approach the role of stress and emotions
in simulation based education.



3. BACKGROUND

Trainers are more frequently employing high fidelity medical simulation to allow learners to acquire
complex skills at minimal risk to real patients.1 The presence of crticial observers during such training
invokes a stress response and emotional reactions in participants. Invoking emotional responses,
both positive and negative, appears to enhance the participant’s memory of the event and can
ameliorate learning.2 Some educational researchers take advantage of such responses to overcome
the challenges presented by workload, rising expectations, and resource limitations to create a
memorable simulation learning event.

The utility of stress for enhancing learning is controversial and its use may be a net negative.2,3 Stress
is closely associated with anxiety and is generally considered a negative occurrence. Cogntiive
appraisal theory considers the perception of whether the resources available to a person facing a
stressful incident are adequate; if they are, then the situation is viewed as a challenge whereas
inadequate resources cause the situation to be seen as a threat. Situations perceived as a threat
invoke anxiety in the subject and activate biological pathways, specifically in the sympathetic nervous
system and the hypthalamic pituitary adrenal axis. 4,5 Endocrine activity cause the subject to be more
attentive and perceptive and to develop stronger memories of the threatening events.6 9 There
appears to be a direct correlation between the cortisol levels in an individual during an event and the
degree of retention of the memory of that event, though heightened cortisol may negatively affect
the recall of older memories during the event.6 Despite the promising evidence in favour of
heightening cortisol during learning, educators almost must consider the consequences of inflicting
negative emotions and stress onto participants. The positive effects of cortisol on memory decay as
cortisol concentrations increase, ultimately causing impairment of learning and performance at very
high levels.8 On the other hand, situations appraised as a challenge are not accompanied by cortisol
release and may result in less retention.10

Evidence consistently suggests that learning and retention are affected by emotional states, both
positive and negative.11 Positive emotions encourage individuals to absorb greater degrees of high
level information, while negative emotions reinforce the learning of specific details. The translation
of knowledge to a new situation is facilitated by positive emotions occurring when the knowledge
was gained, while negative emotions that occur during learning improve the individual’s recall of
detail information pertaining to the specific situation in which they were learning. In carefully
balancing the effects of emotions and stress on learning, some educators have used intentional
stressors as an effective element in educational efforts.3,12 Many potential stressors are present in
medical simulation, including time pressures, unfamiliarity of the environment, ineffective medical
treatments and bad patient outcomes. The use of a deliberately bad patient outcome has become a
particularly heated discussion within the medical education field and there is a scarcity of evidence
to support this discussion.

Critical care situations can invoke a powerful stress response and negative emotions in their demand
for expedient actions and quick decisions in rapidly changing situations. The death of a patient can
have a potent effect on a provider’s emotions even if he or she is highly experienced in clinical
care.13,14 Educators commonly make efforts to prepare medical learners for expected death by
causing the death of the mannequin in a simulation for which death is the expected outcome.15 An



unexpected death of the mannequin may occur in a simulation session in which the learner does not
correctly manage the situation.16,17 The use of unexpected death in simulation is unsupported by
evidence.15,16,18 Educators in favour of its use propose that unexpected death may help to cement the
event as memorable2 and thereby enhance learning. 3,12 The other side of the discussion fears that
unexpected death in simulation will exacerbate negative emotions and subject learners to undue
stress, including the physical manifestations of stress. Such an experience could also cause
psychological damage to participants or lead them to withdraw from simulation research. 16,18,19 To
date, the literature discussing the impact of simulated death on learning has been limited to
retrospective surveys and opinion pieces.15,16,20 The true effect that unexpected death has on stress
levels, performance and retention remains to be seen.

This study aims to elucidate the effect of unexpected death in a simulation scenario on the retention
of crisis management skills. We hypothesize that unexpected death will be detrimental to the
retention of these skills and will result in increased stress and negative emotions among participants.

4. OBJECTIVES OF THE CLINICAL INVESTIGATION (HYPOTHESIS)

4.1 Primary Objective
Our primary objective is to evaluate the impact of an unexpected simulated death experience on
non technical skill retention at 3 months. We hypothesize that the unexpected death of a simulated
patient during a simulated cardiac arrest scenario will impair the retention of this skill.

4.2 Secondary Objectives
Our secondary objectives are:

(i) To assess if unexpected death of a simulated patient is associated with an impaired
retention of technical resuscitation skills.

(ii) To examine if unexpected death of a simulated patient is associated with future higher
stress levels and stronger emotions during simulated crisis.

(iii) To investigate the relationship between stress levels as well as emotions and future
performance in crisis.

We furthermore hypothesize, that simulated death will lead to higher stress levels as well as more
negative emotions and will thereby impact the ability to retain critical skills.

5. DESIGN OF THE CLINICAL INVESTIGATION
This study will be designed as multi center, investigator blinded, randomized, controlled, prospective
trial with qualitative and quantitative methodology.

5.1 Population

5.1.1 Subject population
Residents and fellows of the departments of anesthesiology, critical care, emergency medicine,
medicine, obstetrics and gynecology, surgery and family medicine at the University of Ottawa and
the University of Toronto, including all subspecialities, will be invited to participate in this trial.
Participants will be recruited by means of personalized contact via email, phone invitations and
poster advertisement at the respective departments.

5.1.2 Inclusion criteria
Participants will be enrolled after approval of the respective site coordinator. Participants are
required to refrain from physical strains, smoking, drinking caffeinated or low pH beverages and



eating for at least one hour before enrollment. Furthermore participants will be included between 11
AM and 8 PM, when cortisol levels are most stable.

5.1.3 Exclusion criteria
Residents with physical burden limiting their ability to manage simulated crisis and pregnant women
will be excluded. Participants with a known endocrine disease or taking corticosteroids will not be
enrolled.

5.1.4 Withdrawal of participants
Criteria for withdrawal
Participants may prematurely discontinue from the investigation at any time.

Participants must be withdrawn under the following circumstances:
at their own request
if the investigator feels it would not be in the best interest of the subject to continue
if the subject violates conditions laid out in the consent form / information sheet or
disregards instructions by the clinical investigation personal

In all cases, the reason why participants are withdrawn must be recorded in detail in the case report
form (CRF). Should the investigation be discontinued prematurely, all investigation materials
(complete, partially completed and empty CRFs) will be retained.

6. METHODOLOGY
Institutional ethics approval will be sought from the Ottawa Hospital Research Ethics Board and the
University of Toronto Research Ethics Board for Health Sciences. Informed consent and a
confidentiality agreement will be obtained from participants.�Participants will be enrolled after
approval from their resident site coordinator. They are asked to refrain form physical strains,
smoking, drinking caffeinated or low pH beverages and eating for at least one hour before
participating. The trial will be conducted between 11 AM and 8 PM to warranty stable cortisol levels.
All participants will be asked to switch of their mobile phones and pagers in order to prevent
distraction during the study.

Initial Test
After a standardized accommodation phase of 15 minutes, all participants will be exposed to a
prerecorded, 15 minute long video review of the actual advanced cardiac life support algorithms. We
will collect baseline data including demographic data, stress markers and data on anxiety therafter as
described below.

Immediately before a short scenario briefing the participants will be randomized to either the
intervention (unexpected death) or control (survive) group. Participants from both groups will have
to individually manage a simulated in hospital cardiac arrest scenario as team leader (Appendix C). At
the initial test, in the intervention group (unexpected death), the scenario will be designed to
ultimately lead to the death of the simulation mannequin, regardless of the participant’s
performance. In the control group (survive), the mannequin will survive. We will attempt to ensure
that participants do not anticipate the series of events in the retention resuscitation scenario based
on their experience during the intial rescuscitation scenario (recall bias). Therefore, the scenarios will
be different in terms of order of the presenting arrhythmia. For example the participant who
manages a patient with ventricular fibrillation (VF), then pulseless electrical activity (PEA), followed
by asystole in the initial scenario will go on to manage a patient with pulseless electrical activity
(PEA), then ventricular fibrilliation (VF), then return of spontaneous circulation (ROSC) in the
retention test. The clinical stems of the scenarios in the intitial test versus the retention test will also



differ slightly in order to eliminate the potential for this recall bias decribed above. In summary, the
scenarios are of equal complexity, but differ primarily with respect to the clinical context, initial
cardiac arrest rhythm and pre determined outcome (Appendix C).

Two well trained confederates will act as registered nurse and as respiratory therapist within the
team. These roles were prescripted to ensure standardization for each participant. The conferderates
will be instructed to help and to perform tasks when directed but not to offer crisis management
advice or differential diagnoses. An individualized, video assisted, instructor led, structured
debriefing lasting 30 minutes will follow the initial scenario. As suggested by Gaba, highly
experienced and well prepared instructors will lead the debriefing phase in order to deal with
potential upcoming emotions and issues.19 All scenarios and debriefings will be video recorded for
performance analysis.

Retention Test
Previous data have shown that, even with high fidelity simulation, resuscitation knowledge and skills
deteriorate between as early as 2 weeks and 1 year after the learning intervention, with a faster
decay in skill. 21,22 Therefore a retention test is planned 3 months after the initial test. After a short
accommodation phase of 15 minutes and assessment of baseline data a standardized scenario
briefing will be done. Participants from both groups will be asked to be team leader in a cardiac
arrest scenario to test for skill retention. Again, two confederates, one acting as registered nurse and
one acting as respiratory therapist will be team memebers. While the scenarios will be the same as in
the initial test, the case presentation of the scenario and the mannequin “outcome” will be switched
for the retention test. The mannequin will survive for the “unexpected death” group and it will die in
the “survive” group. That way, each participant will be exposed to simulation death in the study
once. To maximize learning opportunities for participants in this study, an individualized debriefing
with a specially trained facilitator will follow the retention test as well.
All scenarios and debriefings will be video recorded for futher performance analysis.

Following the retention scenario and completion of risk assessment, participants will be interviewed
to determine their subjective views of their decision making and performance within an orally
administered survey approximately 30 minutes in length.

Both Phases
The setting and equipment will be the same in the initial and the retention phase, reflecting an
appropriately equipped normal ward room at our hospital. SimMan (Laerdal, Stavanger, Norway)
will be used as the standardized simulation mannequin in all scenarios. The mannequin will be placed
in a patient bed. The mannequin will be operated by an experienced simulation specialist from a
separated control room. All scenarios will be peer reviewed and validated by experts in the field of
medical simulation and resuscitation. The scenarios will be prescripted for a duration of maximum 15
minutes. The confederates acting as team members during the scenarios will receive extensive
precourse training with prescripted responses and interactions. Predefined, peer reviewed cues will
be given by the supporting staff in case the participants fail to recognize the cardiac arrest situation.
These cues will include the repetition of the case presentation and vital parameters.

Each phase is accompanied by assessment of baseline data, stress parameters and emotions. All
scenarios and debriefings will be video recorded to allow performance assessment by two
independent experts raters blinded to group allocation.

In order to collect meaningful qualitative data from a maximum of subjects, all subjects will be
exposed to unexpected death either during their initial or retention scenario. Subjects of group
“unexpected death” will have their simulated patient survive during the retention test while subjects
from the group “survive” will have their patient die during the retention scenario. The course of both



subsets of scenarios is the same up until the final two minutes, and the final outcome of the
scenarios will not be seen by the expert raters. Therefore, we do not consider this trial as a crossover
design.

6.1 Data collection

6.1.1 Demographics and knowledge
Demographic data including age, gender, post graduate year level, specialty, previous advanced
cardiac arrest experience and training as well as simulation experience will be collected in the initial
and retention phase after a short standardized accommodation phase.

6.1.2 Performance Assessment

Non Technical Skill
Non technical skills for crisis resource management including leadership, communication skills,
problem solving, resource utilization, situation awareness and overall performance will be evaluated
by using the established and validated Ottawa Global Rating Scale.23,24 Two blinded, independent
expert raters will review all video recorded scenarios. Both raters will be intensively trained in using
the checklist prior to the start of the study in order to improve inter rater reliability. The same two
raters will assess all scenarios.

Technical Skill
Technical skill performance will be measured by using a task specific checklist. For this purpose we
will use an internaly validated and adapted version of the American Heart Association’s Megacode
Checklist. The main items will be the team leader performance, management of the initial
tachycardia, management of the pulseless electrical activity and the actions taken during the
following ventricular fibrillation. Post resuscitation care will not be assessed to guarantee the
blinding of the investigators. Therefore a total score of 18 points instead of 21 will be reachable.
Furthermore the overall performance will be rated using “pass“ and “fail“. The same two
investigators who assessed for non technical skills will assess all scenarios for technical skills as well.

6.1.3 Stress Assessment
Acute stress will be assessed by means of salivary cortisol, the State Trait Anxiety Inventory (STAI)
and questionnaire aligned with the cognitive appraisal theory.4,5,10,25

Salivary Cortisol
The activation of the hypothalamic pituitary adrenal axis as surrogate for psychological stress will be
measured using salivary cortisol levels that show a close to linear relationship to plasma cortisol
levels.4,5,26 Cortisol levels will be measured in both simulation tests (initial test and retention test).
Salivary cortisol peaks at 20 to 40 minutes after the onset of a stressor.4 In order to apporach cortisol
kinetic, 5 cortisol samples will be obtained per participant per scenario: when participants arrive at
the simulation center (sample 0), just before each scenario (sample 1), immediately at the end of the
each scenario (sample 2), 30 minutes after the start of the scenario (sample 3), and at the end of the
debriefing phase (sample 4). The cortisol sampling schedule for the initial and the retention test will
be identically, resulting in a total of 10 cortisol samples per participants (see Appendix D). A roll
shaped synthetic saliva collector (Salivette for Cortisol testing, Starstedt, Montreal, Quebec, Canada)
will be used and will be frozen at 20°C until analysis using an ELISA technique at the Technische
Universitat Dresden, Germany.

State Trait Anxiety Inventory (STAI)



To evaluate acute and subjective stress the standardized test battery of the STAI will be used. With
STAI state anxiety at the very given moment can be measured using 20 statements to which the
participants agree or disagree on a four point Likert like scale (1 – not at all, 4 very much so). The sub
scores are summed up and provide a sensitive basis for acute changes in anxiety related to stressful
simulation.10,25 STAI will be assessed after the resting phase before each scenario and immediately
after the debriefing of the initial and the retention scenario.

Cognitive Appraisal
Cognitive appraisal will be measured at the end of each scenario briefing and immediately after the
scenario using the method described by Tamoka et al. and evaluated for the use in simulation by
Harvey et al.10,27,28 Primary appraisal (demand) will be measured by asking the question “How
demanding do you expect the upcoming task to be?” before the scenario and “How demanding was
the task you just completed?” after the scenario. Secondary appraisal (resources) will be assessed at
both times by asking “How able are/were you to cope with this task?” 10 point Likert like scale will
be used for this assessment. A cognitive appraisal index will be calculated thereafter by dividing
results of primary appraisal by results of secondary appraisal. An index <1 will indicate that resources
do not meet demands and the task is appraised as “threat” while an index >1, where resources are
greater than demands will indicate a “challenge”.

6.1.4 Emotion Assessment
Emotions are inevitably linked to the occurrence of expected and unexpected death while treating a
patient or patient simulator.16 As these feelings may foster or impair the learning effect, emotions
that occurred throughout the simulation scenarios will be asessed. Participants will be asked to
classify their emotions they experienced throughout the study by using the established Positive and
Negative Affect Schedule (PANAS) at the end of each scenario. This assessment will be done
immediately after debriefing of the respective scenarios.

6.1.5 Survey
Following each scenario and completion of risk assessment, participants will be interviewed to
determine their subjective views of their decision making and performance. In order to contextualize
the effects of simulated death, an open ended orally administered survey will follow the retention
test phase (see Appendix E) for all subjects. The orally administered surveys will be approximately 30
minutes in length and will be recorded for transcription. Transcripts will be anonymized. This open
ended survey is intended to provide basic contextual information, thus data will be analyzed using
inductive thematic analysis 29 31 to create general themes. Analysis will be guided by a Research
Associate with specialized qualitative research training. Findings from the qualitative component will
help to inform directions for future research.

6.1.6 Debriefing Asssement
In order to assess the debriefing quality and avoid potential bias by inconsistent quality, all
debriefings will be video recorded and rated by two independent expert raters using the validated 8
item 5 point OSAD scale.32 Again, the raters will be intensively trained in using the scale prior to the
start of the study.

6.2 Randomization
In order to create groups of participants that are similar in regards of their baseline characteristics
and in order to increase the power of our study we will use the approach of stratified randomization
to allocate the participants to the intervention and control group. In order to keep the number of
strata and the resulting covariates small we will stratify the participants regarding their level of
training (PGY1 – PGY3 residents, vs. PGY4 – PGY 5 residents and fellows),their likelihood of providing
acute care (acute care specialities will include anesthesia, emergency medicine and critical care
trained personnel). Thereafter computer block randomization will be performed using the algorithm
provided at www.randomization.com for all subgroups. Participants will be assigned to the



intervention (initial test ending with asystole) and control (initial test ending with sinus rhythm)
groups in a 1:1 ratio. To ensure even allocation to the intervention and controll group blocks of 4
participants will be predefined. Sealed, numbered, opaque envelopes, containing the random
allocation, will be opened after the resting period immediately before scenario briefing begins.

6.3 Blinding
Investigators performing data analysis and video raters will be blinded to group allocation by editing
audio/video material in such a way that the final end of the scenario, with the occurrence of death or
return of spontaneous circulation is not visible. Participants will be blinded to the nature of the
study, their group assignment and scenario at the time of enrollement and scenario briefing during
the initial and retention test.

6.4 Benefit and risk assessment

6.4.1 Benefits
By participating in this trial all participants will benefit from a short review of the actual resuscitation
guidelines and will have the opportunity to improve their technical and non technical skills in
resuscitation and teamwork within two high fidelity simulation sessions with video debriefing free of
charge. Furthermore, as the save environment of simulation and stress exposure training do
effectively reduce state anxiety as well as performance anxiety during a real emergency situation and
enhance performance during stress, participants will benefit from these positive effects during real
clinical emergencies.

6.4.2 Risks
By creating a close to real setting and urging the participants to immerse into the scenario high
fidelity simulation is known to increase physiological and psychological stress throughout the
simulation significantly above baseline levels. Especially with the occurrence of death, which is a
potent stressor in the real clinical settings, emotions and stress might be aggravated. However,
normal stress levels are reached at the end of the adjuncted structurized debriefings at common high
stakes simulation sessions.

In order to detect any serious negative reactions to the scenarios, all scenarios will be debriefed by
an experienced simulation instructor. The debriefers will specifically ask the subjects about their
feelings and thoughts about the death of the “patient”, and will provide debriefing and coping
strategies for dealing with death in the real life setting. Participants with overwhelming emotional
responses, and who are emotionally troubled by the simulation experience, will be offered a
voluntary professional referral to the counseling service of the University of Ottawa or the University
of Toronto. In previous studies by one of the co investigators (V LeBlanc) looking at highly stressful
situations with over 400 front line workers and trainees, the subjects’ stress levels consistently
returned to baseline levels at the end of the scenarios. Any residual negative emotions following
such scenarios were consistently due to reflections on their own level of performance rather than on
the emotional components of the scenarios themselves.

Fruthermore there is a minimal risk of physical strain within this study. In order to minimize this risk,
all participants will be familiarized with the mannequin prior to strating the first scenario.



7. ANALYSIS

7.1 Quantitative analysis

7.1.1 Primary outcome parameter
The difference in retention of non technical skills for crisis management between the intervention
and the control group (measured by the Ottawa Global Rating), specified as the difference in
performance between the initial and the retention test, will be our primary outcome.

7.1.2 Secondary outcome parameters
Secondary outcomes will be (i) technical resuscitation skills (performance and retention) measured
by the American Heart Association’s Megacode Checklist (ii) stress including salivary cortisol,
cognitive appraisal and STAI and (iii) valence of emotions.

7.2 Sample size considerations
A priori sample size calculation was performed on the basis of an estimated Cohen’s d effect size of
0.8, which is considered large and acceptable for a teaching intervention.33 We aim at a two tailed
level of significance of p<0.05 and a power of 0.8. Using the recommended sample size estimation
approach for ANCOVA34 with an estimated r2 of 0.12, derived by a previous, not now published trial
(Boet. S et al, Learning crisis resource management: Practice versus observing, CAS 2013 Abstract
1653689, accessible at http://www.cas.ca/English/AM Abstracts 2013), a number of 46 participants
would be needed. In order to account for an estimated attrition rate of 20% we need to recruit 56
participants. G*Power for MAC (version 3.12, Düsseldorf, Germany) was used for sample size
calculations.

7.3 Statistical analysis
As it has been suggested as best practice for stratified randomized controlled trials, ANCOVA will be
used to analyze the outcome parameters using the level of training (PGY1 3 vs PGY 4 5 and fellows)
and specialities (acute care specialities vs. non acute care specialities) as covariates.35 Group
assignment (unexpected death, alive) will be used as the independent variable. Demographic data
will be analyzed using an unpaired Student’s t test or chi square test, where appropriate.

Curved/linear regression analysis will be performed to assess the correlations between each
outcome and stress as well as emotions. As it is common practice, results of Likert like scales will be
treated as interval measures and thereby analyzed by using parametric tests.36,37

7.4 Qualitative analysis
Qualitative data will be analyzed according to grounded theory by sorting, coding and redefining into
emergent topics. Thereafter interview transcripts will be compared against each other.38,39 By using
an iterative approach, ongoing preliminary analysis of the results gathered by the semi structured
interviews will lead to adaptation of the interviews. Thereby thematic categories will be established
and continuously refined. This process will be performed until coding results in an explanation of the
observations, and saturation is reached.

8. IMPLICATIONS AND LIMITATIONS

8.1 Implications
Over the past decades, high fidelity simulation has gone from being a relatively limited teaching tool
to one of the most, cutting edge ways to teach medical trainees. Several studies have demonstrated
the effectiveness of simulation in teaching both technical and non technical skills, such as Crisis
Resource Management.40 42 However, by creating an environment that requires the learners to
immerse into a “make believe world”, participants are exposed to a high level of stress and



emotions.18 As of yet, no work has been done to establish precisely the impact of an unexpected
simulation death on skills retention of residents.

Even though medical professionals are exposed to patient death on a regular basis, these events
have been shown to be linked to a considerable emotional and stress load, even in the most
experienced personnel. However, transferring such an event into the secure environment of medical
simulation is a matter of current discussion.16,18,19 Especially, the impact of the unexpected death of a
mannequin remains unclear. While some educators fear exaggerated negative feelings, distraction
from the learning objective and refusal of further simulation sessions, the occurrence of death as a
“to be remembered event”2 might improve the learning outcome.43 Presently, simulated death is
mostly avoided partly because of lack of reliable data on its impact on learners. This study aims to
compare skills retention at 3 months after experiencing or not simulated unexpected death. In doing
so, we hope to provide the foundation for an evidence based approach to effective scenario
development in simulation education. The results of this trial will have immediate and practical
impact on the simulation scenario design, and may serve as evidence based guidance for the
development of universal simulation guidelines.

Little is known on the emotional effects of medical education including simulation. This study is a
collaborative effort between simulation experts, specialists in crisis management, stress and medical
education and the findings will be applicable and generalizable across several disciplines. It is the
intention of the study to evaluate a skill that is as generalizable as possible. The investigation of
stress levels, cognitive load and emotions will deepen our understanding of the effects of simulation
based education on learners and will potentially help to improve teaching effectiveness. The effect of
negative emotion on learning and retention has implications for education outside this particular
stressor (simulated death) to other causes of learner distress and may be generalizable outside of
simulation. Our insights into the effects of emotions and stress on learning and skills may be
applicable to other teaching techniques, potentially having a large impact on medical education.

8.2 Limitations
The study design is limited by the sample size. A small difference between the two groups might
therefore not result in a significant way and the study might be underpowered to draw definitive
conclusions. However, all aspects of the study will be hypothesis generating, no matter of the
resulting power and thereby will help to direct further investigations.

9. PUBLICATION

The findings of this study will be published by the investigators in a scientific journal and presented
at scientific meetings. Also, we plan to disseminate the knowledge gained from our study via open
access methods, in order to increase readership and impact. Open source publication allows readers
to read publications for free and is proven to increase citations of publications.

Karl Schebesta will be assigned as first and corresponding author, while Sylvain Boet will be the last
and senior author. The ranking of the other authors will be done in accordance to their contribution
to the study.



10. REFERENCES

1. Maran NJ, Glavin RJ: Low to high fidelity simulation a continuum of medical education?
Med Educ 2003; 37 Suppl 1:22 8
2. LeBlanc VR: The Effects of Acute Stress on Performance: Implications for Health Professions
Education. Academic Medicine 2009; 84:S25 S33
3. DeMaria Jr S, Levine AI: The Use of Stress to Enrich the Simulated Environment, The
Comprehensive Textbook of Healthcare Simulation, Springer, 2013, pp 65 72
4. Kirschbaum C, Hellhammer DH: Salivary Cortisol, Encyclopedia of Stress (Second Edition).
Edited by Editor in Chief:¬†¬†George FinkAssociate Editors:Bruce M, Kloet ERd, Robert R, George C,
Andrew S, Noel R, Ian C, Giora FeuersteinA2 Editor in Chief:¬†¬†George FinkAssociate Editors:Bruce
McEwen ERdKRRGCASNRICGF. New York, Academic Press, 2007, pp 405 409
5. Hellhammer DH, Wust S, Kudielka BM: Salivary cortisol as a biomarker in stress research.
Psychoneuroendocrinology 2009; 34:163 171
6. Cahill L, Gorski L, Le K: Enhanced human memory consolidation with post learning stress:
interaction with the degree of arousal at encoding. Learn Mem 2003; 10:270 4
7. Nater UM, Moor C, Okere U, Stallkamp R, Martin M, Ehlert U, Kliegel M: Performance on a
declarative memory task is better in high than low cortisol responders to psychosocial stress.
Psychoneuroendocrinology 2007; 32:758 63
8. Abercrombie HC, Kalin NH, Thurow ME, Rosenkranz MA, Davidson RJ: Cortisol variation in
humans affects memory for emotionally laden and neutral information. Behav Neurosci 2003;
117:505 16
9. McGaugh JL: Memory a century of consolidation. Science 2000; 287:248 51
10. Harvey A, Nathens AB, Bandiera G, Leblanc VR: Threat and challenge: cognitive appraisal and
stress responses in simulated trauma resuscitations. Med Educ 2010; 44:587 94
11. McConnell MM, Eva KW: The role of emotion in the learning and transfer of clinical skills and
knowledge. Acad Med 2012; 87:1316 22
12. Demaria S, Jr., Bryson EO, Mooney TJ, Silverstein JH, Reich DL, Bodian C, Levine AI: Adding
emotional stressors to training in simulated cardiopulmonary arrest enhances participant
performance. Med Educ 2010; 44:1006 15
13. Hayes CW, Rhee A, Detsky ME, Leblanc VR, Wax RS: Residents feel unprepared and
unsupervised as leaders of cardiac arrest teams in teaching hospitals: a survey of internal medicine
residents. Critical Care Medicine 2007; 35:1668 72
14. Shorter M, Stayt LC: Critical care nurses' experiences of grief in an adult intensive care unit.
Journal of Advanced Nursing 2010; 66:159 67
15. Leighton K: Death of a Simulator. Clinical Simulation in Nursing 2009; 5:e59 262
16. Corvetto MA, Taekman JM: To Die or Not To Die? A Review of Simulated Death. Simul
Healthc 2012
17. Costello J: Dying well: nurses' experiences of 'good and bad' deaths in hospital. J Adv Nurs
2006; 54:594 601
18. Truog RD, Meyer EC: Deception and death in medical simulation. Simul Healthc 2013; 8:1 3
19. Gaba DM: Simulations that are challenging to the psyche of participants: how much should
we worry and about what? Simul Healthc 2013; 8:4 7
20. Phrampus PE, Cole JS, Phrampus PE, Winter PM: Perceptions of Experiencing Simulated
Death. Simul Healthc 2006; 1:117
21. Yang CW, Yen ZS, McGowan JE, Chen HC, Chiang WC, Mancini ME, Soar J, Lai MS, Ma MH: A
systematic review of retention of adult advanced life support knowledge and skills in healthcare
providers. Resuscitation 2012; 83:1055 60
22. Lo BM, Devine AS, Evans DP, Byars DV, Lamm OY, Lee RJ, Lowe SM, Walker LL: Comparison of
traditional versus high fidelity simulation in the retention of ACLS knowledge. Resuscitation 2011;
82:1440 3



23. Kim J, Neilipovitz D, Cardinal P, Chiu M: A comparison of global rating scale and checklist
scores in the validation of an evaluation tool to assess performance in the resuscitation of critically ill
patients during simulated emergencies (abbreviated as "CRM simulator study IB"). Simul Healthc
2009; 4:6 16
24. Kim J, Neilipovitz D, Cardinal P, Chiu M, Clinch J: A pilot study using high fidelity simulation to
formally evaluate performance in the resuscitation of critically ill patients: The University of Ottawa
Critical Care Medicine, High Fidelity Simulation, and Crisis Resource Management I Study. Crit Care
Med 2006; 34:2167 74
25. Spielberger CD: Manual for the State Trait Anxiety Inventory. Palo Alto, California, USA,
Consulting Psychologists Press, 1983
26. Kudielka BM, Schommer NC, Hellhammer DH, Kirschbaum C: Acute HPA axis responses, heart
rate, and mood changes to psychosocial stress (TSST) in humans at different times of day.
Psychoneuroendocrinology 2004; 29:983 92
27. Tomaka J, Blascovich J, Kibler J, Ernst JM: Cognitive and physiological antecedents of threat
and challenge appraisal. J Pers Soc Psychol 1997; 73:63 72
28. Tomaka J, Blascovich J, Kelsey RM, Leitten CL: Subjective, physiological, and behavioral
effects of threat and challenge appraisal. Journal of Personality and Social Psychology 1993; 65:248
29. Hammersley M: Theory and evidence in qualitative research. Quality and Quantity 1995;
29:55 66
30. Mays N, Pope C: Rigour and qualitative research. BMJ: British Medical Journal 1995; 311:109
31. Hsieh H F, Shannon SE: Three approaches to qualitative content analysis. Qualitative health
research 2005; 15:1277 1288
32. Arora S, Ahmed M, Paige J, Nestel D, Runnacles J, Hull L, Darzi A, Sevdalis N: Objective
Structured Assessment of Debriefing Bringing Science to the Art of Debriefing in Surgery. Annals of
Surgery 2012; 256:982 988
33. Cohen J: Statistical power analysis for the behavioral sciences, Lawrence Erlbaum, 1988
34. Teerenstra S, Eldridge S, Graff M, de Hoop E, Borm GF: A simple sample size formula for
analysis of covariance in cluster randomized trials. Stat Med 2012; 31:2169 78
35. Kahan BC, Morris TP: Improper analysis of trials randomised using stratified blocks or
minimisation. Statistics in medicine 2012; 31:328 340
36. Norman G: Likert scales, levels of measurement and the "laws" of statistics. Adv Health Sci
Educ Theory Pract 2010; 15:625 32
37. Cariio J, Perla R: Resolving the 50 year debate around using and misusing Likert scales. Med
Educ 2008; 42:1150 1152
38. Kennedy TJ, Lingard LA: Making sense of grounded theory in medical education. Med Educ
2006; 40:101 8
39. Glaser BG, Strauss AL: The Discovery of Grounded Theory: Strategies for Qualitative
Research. Chicago, USA, Aldine Publications Co., 1999
40. Yee B, Naik VN, Joo HS, Savoldelli GL, Chung DY, Houston PL, Karatzoglou BJ, Hamstra SJ:
Nontechnical skills in anesthesia crisis management with repeated exposure to simulation based
education. Anesthesiology 2005; 103:241 248
41. Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT, Erwin PJ, Hamstra SJ:
Technology enhanced simulation for health professions education: a systematic review and meta
analysis. JAMA : the journal of the American Medical Association 2011; 306:978 988
42. Bruppacher HR, Alam SK, LeBlanc VR, Latter D, Naik VN, Savoldelli GL, Mazer CD, Kurrek MM,
Joo HS: Simulation based training improves physicians' performance in patient care in high stakes
clinical setting of cardiac surgery. Anesthesiology 2010; 112:985 992
43. Schwabe L, Joels M, Roozendaal B, Wolf OT, Oitzl MS: Stress effects on memory: an update
and integration. Neurosci Biobehav Rev 2012; 36:1740 9


