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ABSTRACT

Simulation training plays a crucial role in anaesthesia training. However, there is a potential for
simulation to induce stress in trainees, which could impact their performance and psychological
well-being. Therefore, this systematic review aimed to synthesise research that has considered the
stress—both physiological and psychological—associated with participation in simulation activities
among anaesthesiology doctors. A systematic search was conducted through five databases to
identify relevant articles for inclusion. All the included studies underwent a quality assessment using
the Quality Assessment Tool for Studies with Diverse Designs (QATSDD), and data were extracted on
relevant variables. Narrative synthesis was employed due to the heterogeneity of the studies included.
A total of 19 studies were included. Eleven studies used subjective tools to assess the degree of stress
developed, while eight used a mix of subjective and objective tools. Our results demonstrated how
simulation training can impact learners’ psychological well-being through the development of stress
and other variables related to that type of stress (i.e., performance, memory). High-fidelity simulation
training is crucial for anaesthesiologists to master both clinical and non-clinical skills. Psychological
and physiological stress often develops during these activities. Whenever stress develops, it
could affect participants’ performance, memory, and participation in future activities. Ensuring
psychological safety is a crucial tool to optimise learning outcomes. Acknowledging participants’
efforts and avoiding judgment are vital tools to decrease the stress that can develop through these
educational activities.
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INTRODUCTION

Managing critical medical situations is a primary aspect of being an anaesthesiologist.
Careful, correct management of such situations is essential. Errors can occur in seconds,
leading to catastrophic consequences for both patients and healthcare professionals (1).
Traditionally, anaesthesia training was mainly dependent on traditional lectures and the
experiences gained through repeated exposure (2). However, in recent decades, healthcare
simulation has become a primary component of anaesthesia training worldwide, as it creates
a safe environment for teaching and acquiring new skills, including both clinical and non-
clinical ones (2). The word simulate means to create an effect of, or to imitate (3). Professor
Gaba mentioned that the definition of simulation as an educational technique that replaces
or amplifies real experiences with guided experiences that evoke or replicate substantial
aspects of the real world in a fully interactive manner (4).

The application of simulation training in anaesthesiology practice has undergone various
stages. Laerdal’s Rescue Anne was the first ever simulator used for cardiopulmonary
resuscitation programmes (5). In 1960, ‘Sim One’ was created at the University of
Southern California. It was one of the earliest versions of high-fidelity simulators (5). The
Harvey cardiology mannequin was also developed around that time and could simulate
approximately 27 cardiac conditions (5).

High-fidelity simulation training is gaining considerable popularity nowadays, and several
studies have demonstrated its impact on the learning process of healthcare professionals
(6-8). The positive impacts of using high-fidelity simulation training include improving
learners’ self-confidence, knowledge, and skills without causing harm to real patients
(9). Using high-fidelity simulators in training may enable participants to recall previously
experienced events, learn from their mistakes or inaction, and manage similar situations
more effectively the next time they face them (10, 11). However, high-fidelity simulations
have also been criticised in many studies regarding their cost compared to other low and
medium-fidelity simulators (12), the amount of knowledge gained and improvement of skills
(13-15), the self-confidence level during decision-making scenarios (16, 17), and the level of
stress and anxiety experienced by participants (18, 19).

The impact of high-fidelity simulation training is usually related to the extent to which it
can immerse learners in these learning situations (20). It has been suggested that the more
realistic the simulation scenario, the greater the benefit the learner will receive (21, 22).
A realistic scenario not only affects the participant’s learning but can also impact their
psychological well-being (21, 22). There is often consideration of learner well-being when
planning for simulation activities and when deciding to what extent the simulation activity
should be realistic or challenging (21, 22). The death of the mannequin or the presentation
of a severe complication during the simulation activity are good examples of scenarios
where a learning opportunity may arise. However, careful consideration of the learner’s
well-being is required. Some studies have suggested that death or other serious patient
deterioration should not happen during the simulation to ensure the psychological safety
of the participants (21, 22). However, other scholars argue that such events should be liable
to occur according to the consequences of events and actions produced by the participants
(1, 23). Other causes that could contribute to the development of psychological stress during
simulation activities are the fear of negative evaluation (FNE) (24) and the highly anxious
personality (25). Participants who are afraid to practice in front of others usually develop
high levels of stress during these educational activities (24). They often fear being judged or
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criticised while dealing with complicated cases (24). The same happens with those who are
very anxious and have high scores of trait anxiety (25). For these reasons, many participants
in simulation activities experience a certain degree of stress (26, 27).

It is widely agreed that simulation facilitators should ensure psychological safety for all
learners to achieve a good learning outcome (28, 29). Understanding how, when, and what
aspects of healthcare simulation may cause stress to participants is crucial for supporting
simulation educators in addressing this issue (28, 29). Given the widespread use of simulation
within anaesthesiology, it seems particularly important to understand learner experiences
in this discipline. Therefore, this systematic review aimed to synthesise research that has
considered the stress—both physiological and psychological—associated with participation
in simulation activities among anaesthesiology doctors.

METHODOLOGY

Study Design

A systematic review was chosen as the most suitable method for this study, as it could
answer questions that could not be answered by individual studies. This systematic review
adhered to the guidelines of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (30). No ethical approval was required as the review synthesised
previously published studies and did not involve the collection of any original research data.

Study Eligibility

This review included studies that (a) focused on healthcare simulation activities delivered for
anaesthesiologists of any grade; (b) used a subjective or objective tool for stress assessment;
(c) were published in peer-reviewed journals in the English language; and (d) were published
between the first of January 2001 and the end of February 2023. This is common practice
in reviews of research relevant to patient safety, as To Err is Human (31) was published
this year and is considered to have started the modern patient safety movement, of which
simulation is a key component.

Studies were excluded if they (a) focused on learning or teaching activities other than
simulation activities; or (b) if it was not possible to extract the data specific to participating
anaesthesiologists; (c) not in the English language; and/or (d) were not published in peer-
reviewed journals.

Study Identification and Selection

The search strategy included five electronic databases, utilising a search strategy comprising
Medical Subject Headings (MESH) terms and other free-text search terms: Medline, CINAHL
Complete, Psychology and Behavioural Sciences Collection, ERIC, and APA PsycINFO.
Table 1 presents the search strategy for Medline; this strategy was adapted as necessary for
the other databases. The search strategy comprised two discrete sets of keywords. The first
set of words includes variations of “psychological stress” and its subtypes. The second set of
words includes variations of “simulation” and its subtypes. The search strategy was informed
by engagement with several other review papers (20, 31-36). The search trial commenced in
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December 2022 and concluded in March 2023. Two authors reviewed the titles and abstracts
of the returned papers to assess their eligibility for inclusion. Where eligibility was unclear,
a full text was obtained, and studies were examined in more detail to make an informed
decision on inclusion or exclusion. An Excel file was used to categorise database returns into
one of four categories: include, exclude, to be confirmed, and duplicate. Any conflicts or
uncertainties during the categorisation process were resolved through discussion among the
three authors.

Another search was conducted through the references of the included studies by screening
the titles to identify any additional studies that could be added. Searching the reference list is
one of the essential tools for providing an excellent, comprehensive review, as it empowers
the information provided and gathered in it (37).

Table 1: Medline search strategy

Searching Titles and Abstracts Searching Titles and Abstracts

1. exp *Stress, Psychological/ 10. exp *High Fidelity Simulation Training/

2. exp *Stress, Physiological/ 11. exp *Patient Simulation/

3. exp *Psychological Distress/ 12. (healthcare or medical) adj1
Simulation*1)

4. stress 13. (manikin*1 or mannequin*1)

5. distress 14. (simulated or standardi?ed) adj1
patient*1)

6. psychological And 15. (Simulated adj1 practice).

7. anxiety* 16. 10 or Mor12 or 13 or 14 or 15

8. (mental adj1 exhaustion)

9.1Tor2or3ord4or5o0or6or7or8

Data Extraction

Data extracted from each study included were the publication details, characteristics of
the sample, characteristics of the simulation activity done, details of the method used to
measure the degree of mental stress (i.e., type of measure (psychological/physiological)
and information on the measure), findings (i.e., detail on measurements of stress and any
association with participants’ performance), and if there were any other variables mentioned
related to that stress on the participants (i.e., association between stress and performance,
association between stress and personality). The experience level of participants was divided
into two categories based on the level of training they had, namely juniors (one to three
years of training) and seniors (more than three years of training).

Duplicate Data Extraction

A random sample of studies (n = 5; 20%) was reviewed by the third researcher and examined
independently to determine if they were suitable for inclusion in the review. The importance
of this step is to avoid any errors in data extraction, which could be missed if no other
extractor is available (38). Any conflicts in the choice trial were resolved through discussion
among the three researchers.
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Quality Appraisal

The methodological rigour of the studies included in our review was examined using the
Quality Assessment Tool for Studies with Diverse Designs (QATSDD) (39). QATSDD is a
validated tool used for assessing the quality of different quantitative, qualitative, and mixed
studies. It consists of 16 items that deal with various aspects of the study, including the
theoretical framework of the study, a clear description of the research methods, sample size
selection, a detailed description of the data collection and recruitment process, and points
of strength and limitation. Fourteen out of 16 items included in the QATSDD are suitable
for qualitative studies, 14 out of 16 are suitable for quantitative studies, and all 16 items are
suitable for mixed studies (39). The primary author assessed each study and assigned it a
score based on the quality appraisal, recorded in an Excel sheet, on a 0-4 scale. Total scores
were then converted to a percentage (the total score was divided by the maximum score that
could be obtained and multiplied by 100). Studies were classified according to a percentage
scale into high quality (>75%), good quality (50%-75%), moderate quality (25%-50%), and
poor quality (<25%) (40).

Data Synthesis

Narrative synthesis was employed in the current review due to the heterogeneity of the
studies included. A textual description approach is considered the most suitable tool for
describing the results and findings of each study, providing a more in-depth explanation
of the interventions in each study (41). Three themes were identified through our review:
(a) the relationship between stress and simulation; (b) the association between stress and
performance; and (c) other factors related to the development of stress. Previous studies
employed narrative synthesis in their reviews and served as a guide for our data synthesis
(42, 43).

RESULTS

Our electronic search identified 900 studies, 857 studies through the Medline database and
43 studies from other databases. Ultimately, 14 studies were deemed eligible for inclusion.
The reference list reviews conducted yielded an additional five studies. As a result, 19 studies
were included in this review. The search process is illustrated in the PRISMA diagram
(Figure 1).
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Figure 1: PRISMA flow diagram showing the selection process of studies included.

Study Population

The number of participants varied between studies, ranging from eight participants in the
smallest study (44) to 149 participants in the more extensive population study (45). The mean
number of participants per study is 54. All of the studies included anaesthesiologists from
different grades as per the study’s inclusion criteria. Eight studies (42%) focused on junior
trainees (1, 20, 27, 44, 46-49). One study focused on seniors (50), and the rest (52%) included
a mixture of junior and senior doctors (18, 20, 45, 51-58). Three out of the 19 studies (15%)
included participants from other specialities, such as nurses (51), critical care doctors (50),
general surgeons and surgical technologists (58), as well as anaesthesiologists.

Regarding the previous simulation experiences, participants in four studies had no prior
exposure to simulation activities (20, 44, 51, 56). In two studies, only 48% (47) and 66% (18)
of the participants had previous exposure to simulation activities, and in one study (46), all
participants had prior experience with simulation training. In another study, participants
were previously Advanced Cardiac Life Support (ACLS) certified (48), and in another study,
participants were excluded if they had attended more than three simulation courses (27).
The remaining studies did not mention prior simulation experiences.

Characteristics of the simulation activity
All the included studies focused on various simulation activities related to anaesthesiology

training. Eighteen studies (94%) used high-fidelity simulation training, and only one used the
Resusci Ann mannequin (57). Nine studies (47%) were concerned with different anaesthesia
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emergencies (1, 44, 45, 47, 51, 53, 55-57), one (5%) with mortality experience (46), four (21%)
with operating room crisis (18, 50, 54, 58), one (5%) with problems during patients’ transport
(20), two (10%) with paediatric crisis (27, 52), one (5%) with ACLS training (48) and one (5%)
with communication skills (49).

Methodological rigour

Quality assessments were conducted for all included studies. No study was excluded
depending on this assessment. Seven studies (36%) were identified as good quality (18,
27, 45, 50, 52-54) with scores ranging between 50% and 70%, and the rest were marked as
moderate quality with scores ranging between 25% and 47%. Most studies scored high values
on items related to the description of the research settings. On the other hand, lower scores
were obtained on items related to the involvement of users in the study and to the statistical
assessment of the reliability and validity of the tools used.

Assessment of stress and its relationship with simulation

Different tools were used to assess the degree of stress participants felt during the simulation
activities. These tools varied between subjective (i.e., measuring self-reported stress) and
objective (i.e., obtaining a physiological measure of stress) ones. Table 2 presents the
assessment tools and main findings from each study. In 11 studies, subjective tools only were
used to measure the degree of stress perceived by participants. State-Trait Anxiety Inventory
(STAI) (1, 45, 46, 54, 56) was used in five studies, the visual analogue scale (VAS) was used in
four studies (45, 50, 53, 54), the Likert scale was used in two studies (44, 55), FNE scale was
used in two studies (45, 54), and the French validated translation of perceived stress was
used in one study (46). In one study (57), a questionnaire designed by Calamassi et al. (59)
was used. In another study (50), a Thayer questionnaire (60) was used to assess the degree
of stress that participants experienced. The National Aeronautics and Space Administration
Task Load Index (NASA-TLX) (61) was used in the study conducted by Guris et al. (49).

In eight studies (Table 2), subjective and objective tools were used together to investigate
the occurrence of stress. These objective and subjective tools were a variety of salivary
amylase levels combined with a numerical scale (47), heart rate monitoring combined
with STAI and VAS (18), heart rate monitoring combined with a numerical scale (51), heart
rate and blood pressure measurements combined with STAI and FNE scale (20), heart rate
variability combined with STAI and the French version of the Perceived Stress Scale (52),
electrodermal activity combined with heart rate variability and STAI (48), Galvanic Skin
Response combined with STAI (58), and salivary cortisol level combined with heart rate
measurements and Depression Anxiety Stress Scale (27).

The STAI was the most commonly used tool in various studies to measure stress; it was
employed either alone in some studies or in combination with other objective tools. Most
studies that used the STAI to measure stress levels during simulation activities reported low
to moderate stress levels, with scores below 44/80. Only two studies (1, 54) reported a higher
degree of stress during simulation activities, with scores exceeding 45/80, as shown in
Table 2. STAI was used in one study (18) to describe the residual anxiety participants
experienced after the end of the simulation activity. It was noted that this type of anxiety
affected nearly 21% of the participants. When STAI was combined with other subjective
tools, such as VAS used in the study of Lilot et al. (45), to focus on the effect of relaxing breaks
between two groups participating in a simulation activity, a slight difference was observed
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between the two scales in the findings obtained. In the mentioned study (45), STAI measured
at the end of debriefing correlated with moderate stress, while the VAS score measured at
the same point indicated a low degree of stress. However, when the VAS was used after the
simulation activity ended, the score correlated with moderate stress (45). When STAI was
used in conjunction with objective tools, it showed a correlation with heart rate changes (20,
48) and with Galvanic Skin Response (58).

The second most commonly used tool by researchers for measuring stress during simulation
activities was the VAS. In the study performed by Evain et al. (53), both the intervention and
control groups scored more than 60 points out of 100. This high score was achieved despite
the intervention group receiving a team planning discussion during the break during the
simulation activity. Similar results were obtained in two additional studies performed by
Lilot et al. (45) and Sigwalt et al. (54).

Schlatter et al. (50) also used the VAS in their assessment of the effect of relaxing breathing
paired with cardiac feedback on performance during simulation activities. They found that
the relaxing breathing training decreased the degree of stress perceived by participants in
the intervention group compared to the control group, which did not receive this particular
intervention and reported high stress (Table 2). This finding correlated with the results of
the Thayer questionnaire, which was used in the same study (50).

The Likert scale was used by McMullen et al. (44) and Suet et al. (55) in their studies. In both
studies, participants reported a significant degree of stress. In the study of McMullen et al.
(44), the reported stress led to the activation of the pause button in 50% of the scenarios.
A questionnaire developed by Calamassi et al. (59) was used by Shailaja et al. (57), which
showed that 14% of the participants in that study reported feeling anxious during the high-
fidelity simulation activity. NASA-TLX was used by Guris et al. (49) to detect the occurrence
of cognitive burden among all learners during various simulation activities they participated
in.

Physiological stress was assessed using different parameters, as stated earlier (Table 2).
Studies that utilised heart rate and blood pressure monitoring revealed an increase in these
values during the simulation activities. This finding was correlated with other subjective
tools used in these studies (18, 20, 51). In another two studies, the hemodynamic parameters
used showed a decrease in their values in groups that received a specific preparation
compared to other groups that did not (48, 52). Again, in the study of Bong et al. (27), they
found that participants who acted as observers showed lower stress values than those in
the active group, as evidenced by low physiological and psychological parameters. The
salivary amylase levels were used by Geeraerts et al. (47) in their study. They found higher
values detected in participants’ post-simulation scores than before and correlated with the
numerical scale used to assess psychological stress (47) (Table 2).
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Table 2: Characteristics of studies included regarding the methods used to measure the
stress and the main findings

Authors and year of Methods used to measure

publication

the degree of stress

Main findings

a) Studies used subjective tools only for the assessment of stress:

Goldberg et al. (46)

Evain et al. (53)

McMullen et al. (44)

Lilot et al. (45)

Suet et al. (55)

Sigwalt et al. (54)

BlyUk et al. (56)

Schlatter et al. (50)

Goldberg et al. (1)

Guris et al. (49)

STAI

VAS (0-100)

Likert scale

STAI and iterative VAS

for anxiety VAS-A (0-100)

and FNE

Likert scale

The French validated
translation of the
Perceived Stress Scale,
STAI-Trait and the FNE
scale, VAS of stress

STAI

VAS-stress, Thayer
questionnaire scores

STAI

NASA-TLX

Groups showed increased STAI scores
immediately before entering their first simulation
training scenarios. The always death group
showed elevated STAI scores post-training
(moderate anxiety) and preceding the assessment
scenarios compared to the other two groups.

Perceived level of stress (PLS) was similar
between intervention and control groups
(moderate stress) at the three time-points
measured.

Some participants reported increased levels of
stress after the start of the simulation activity,
which led to the activation of the pause button in
50% of the scenarios.

No significant difference between relax and
control groups with regards to the mean end of
debriefing STAI-state score (moderate anxiety),
the mean end of the debriefing VAS-A (low
degree of stress). VAS post-scenario showed no
difference (moderate degree of stress) between
the relax and the control one in the active
participant group.

Those played active roles experienced more
stress compared to the observers.

No significant difference between groups with
regard to the VAS of stress and STAI-State
before specific preparation (moderate-high
degree of stress). No significant difference
between groups regarding post-scenario VAS of
stress, post-debriefing VAS of stress. The median
VAS of stress was 17% lower in the tactics to
optimise the potential group than in the control
group after the specific preparation.

No difference between the pre- and post-state-
trait anxiety scores between the two groups.
Moderate level of anxiety.

The control group showed high degree of stress
compared to the other two groups.

STAI-Trait were similar between groups at
baseline. The independent group having higher
STAI-State scores (high stress) after the first
exposure. In contrast, after the phase 2 scenario,
STAIl-state levels were similar between groups
(moderate stress).

The scenarios showed different degrees of
cognitive load; assessed by NASA-TLX. The
greatest cognitive load was noted in the third
scenario, and no difference in cognitive burden
reported between groups.

(Continued on next page)
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Table 2: (Continued)

Authors and year of
publication

Methods used to measure
the degree of stress

Main findings

Shailaja et al. (57)

Questionnaire designed by
Calamassi

14% of the participants reported being anxious
during the activity.

b) Studies used subjective and objective tools for assessment of stress:

Evain et al. (18)

Gouin et al. (51)

Bauer et al. (20)

Bertrand et al. (52)

Bhoja et al. (48)

Bong et al. (27)

Phitayakorn et al.
(58)

STAI-Y, instructor
estimate subject’s anxiety
using VAS, PS using VAS,
HR monitoring

Numerical scale (0-10),
haemodynamic response
by continuous recording
of HR by a Holter ECG
system

STAIl: Gauthier and
Bouchard’s French-
Canadian adaptation, FNE,
HR and BP measurements

Validated French version
of the STAI. Fifteen days
before the simulation
activity; trait anxiety
was measured, as well
as basal stress level,
using the French version
of the Perceived Stress
Scale. HR variability was
measured throughout the
activity.

STAI-1,
electrocardiography (HR
variability) and EDA.

DASS, HR and salivary
cortisol level.

Subjective and objective:
STAl and GSR.

HR increased during scenario. PS before scenarios
was significantly lower among anaesthetists.

PS after debriefing was significantly lower than
before and after the simulation. RA (>36/ 80) was
observed for 15 subjects. There was a correlation
between RA and trait-anxiety.

Median perceived stress was high in the first
three sessions for junior and senior doctors.
Four participants exceeded 80% of the TMHR.
HR change was not related to the participant’s
experience.

STAI-1 and 2 were in the low categorisation. FNE
score was at the moderate level. HR increased by
nearly 24% compared to baseline.

Psychological and physiological stress responses
were lower in the intervention group. Median
PLS after handover and median state anxiety at
discharge were lower in the intervention group
compared to the control group (both low degree
of anxiety).

Both control and intervention groups showed
moderate level of state anxiety pre-simulation.
Subjects in the intervention group showed
significantly less state anxiety provoked by the
second ACLS simulation compared to the control
group. Subjects in the intervention group showed
significant reduction in LF/HF ratio compared to
the control group.

The observer role is less stressful than those in
the ‘hot-seat’. The hot-seat role is associated
with a high physiological stress response. Mean
SC was significantly elevated from baseline in all
three sessions in the hot-seat. HR (beats/min)
was elevated in sessions 1 and 2.

Anaesthesiologists, anaesthesia nurses and
general surgery residents reported similar
STAI-Trait and higher scores than nurses and
surgical technicians. After the debrief session,
no differences in the STAI-State between
specialities (moderated degree of anxiety) or
between resident physicians and the nurses/
CRNAs/surgical technicians’ group (moderated
degree of anxiety). Anaesthesiologists and CRNAs
showed an increase in maximal GSR from the
orientation to the case phases.
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Table 2: (Continued)

Authors and year of Methods used to measure Main findings
publication the degree of stress
Geeraerts et al. Numerical scale for stress A moderate degree of stress was reported before
47) and salivary amylase the beginning of the scenario, and a high degree
levels. of stress was noted post the simulation session.

Salivary amylase concentration was higher at the
end of the activity compared to before.

Notes: STAI = State-Trait Anxiety Inventory; ANTS = Anaesthetists’ non-technical skills; VAS = Visual analogue
scale; FNE = Fear of negative evaluation scale; NASA-TLX = National Aeronautics and Space Administration Task
Load Index; HR = Heart rate; RA = Residual anxiety; PS = Psychological stress; TMHR = Theoretical maximum heart
rate; BP = Blood pressure; PLS = Perceived level of stress; EDA = Electrodermal activity; ACLS = Advanced Cardiac
Life Support; LF = Low frequency; HF = High frequency; DASS = Depression Anxiety Stress Scale; SC = Salivary
cortisol; GSR = Galvanic Skin Response; CRNAs = Certified Registered Nurse Anaesthetists

Association between stress and other variables

The association between developing stress and participants’ clinical and non-clinical
performance was studied in nine studies. Four out of the nine studies (44%) showed an
inverse relationship between the development of psychological or physiological stress and
learners’ performance (50, 51, 53, 54). A similar finding was reported in another study by
Goldberg et al. (46); higher scores on technical skills were observed in the variable death
group compared to the always-death group (46). Studies performed by Geerarts et al. (47) and
Bong et al. (27) showed no correlation between the development of stress and participants’
performance. Lilot et al. (45) found in their study that the rate of recalling important
messages from the simulation activity was 13% higher in the intervention group (which
received a relaxation break before debriefing) compared to the control group. Anxious
personality, inappropriate debriefing and female sex were noted in two studies (18, 20) as
critical factors associated with the development of stress during simulation practice.

DISCUSSION

Simulation training has become one of the cornerstones of medical education nowadays
(62). It enhances the acquisition of non-technical skills and enables participants to master
a range of clinical and non-clinical skills (62). One of the main drawbacks of participating
in simulation activities is the development of stress (51). We aim to focus the light on the
development of stress during these educational activities and explain how stress is assessed,
as well as the factors associated with its development. We found through this review a high
link between participation in simulation activities and the development of stress. Other
findings include the inverse relationship between stress and performance (clinically and
non-clinically).

Simulation Activity and Experience of Stress

In our systematic review, all included studies showed a certain degree of stress occurring
with all simulation activities. Although the assessment tools were different between
studies, they reported the same event: the experience of stress during these simulation
activities. These findings ranged from higher scores on the subjective tools to increases in
the participant’s vitals or a rise in the hormonal assay conducted during the activity. These
findings correlate with those in a study done by Price et al. (63), who surveyed 599 candidates
(167 of the included personnel were anaesthesiologists) and reported that a high degree
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of anxiety was noted in the simulation activities they participated in. In another study by
Savoldelli et al. (19), 30% of the participants reported feeling anxious during the simulation
activity. McGuire et al. (64) reported similar findings to ours in their review, which included
studies from 2009 to 2016 on medical students and various healthcare practitioners. They
mentioned that simulation activities were associated with stress development, as evident by
the rise in cortisol levels measured during these activities (64).

Ensuring psychological safety for all participants and applying strategies to alleviate any
stress that may develop during simulation activities are key to improving the learning
outcomes of these educational activities. LeBlanc et al. (65) reported various options
available to improve psychological safety in their study. These tools include creating an
environment where the fear of negative evaluation is absent. Other options include early
detection of other emotions associated with simulation activities, such as facial expressions
that could be difficult to manage or detect. Distracting the learner’s attention whenever
emotional instability or stress is detected is a goal to alleviate any stress that may develop
(65).

Stress and Performance

As noted, participation in healthcare simulation was associated with experiencing stress.
Elevated STAI scores are typically considered a hindrance to good performance due to their
impact on the body’s cognitive processes and memory functions (66). Studies (18, 20, 48,
52) in our review showed a correlation between high STAI and an increase in participants’
cardiovascular parameters, and these findings also correlated with other studies that used
both STAI and cardiovascular parameters as assessment tools for stress development (67).
Cassady et al. (68) found that elevated STAI is associated with difficulty recalling information
from previous experiences, which affects problem-solving exams among different learners.
These facts were also apparent in our review of studies that used STAI to measure the degree
of participants’ experiences during simulation activity (45, 54).

Our findings in this review align with those of other reviews (69) regarding the impact of
stress on both clinical and non-clinical performance. Tjonnas et al. (69) reported in their
review that the effect of stress on performance was controversial; one of the studies (70)
included in it reported an inverse relationship between the development of acute mental
stress and clinical performance. On the other hand, another study included in the review
of Tjonnas et al. (69) reported increased efficiency in performance with the development of
stress. However, this efficiency came at the expense of accuracy during surgical procedures,
where more errors were recorded with the development of stress (71).

Another variable which is usually affected by the development of stress is working memory.
Working memory is the capacity of our cognitive system to store and recall information for
a specific period (72). The effect of stress on memory is a topic of controversy in various
studies (72). Some studies have shown that experiences developed in association with
negative emotions usually last longer than those with neutral ones (72, 73). Other researchers
argued that decreasing the stress level during any learning process could empower and
boost memory-recalling power (74-76). This controversy may be related to the neuro-
hormonal response involving different hormones, such as cortisol and catecholamines,
and the difference in their release times that occur with stressful events (72). One of the
studies in our review showed a better recall of the messages gained during the simulation
activity in the intervention group (offered a relaxation break) than in the control group (45).
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This finding correlates with another study by Beilock et al. (77) which showed that stress is
typically associated with poor problem-solving in mathematics, often relying on recalling
events through working memory.

A previous study by Saunders et al. (78) demonstrated that stress inoculation training is
an effective method for relieving stress and anxiety associated with clinical practice and
training sessions. Applying this way of thinking and behaviour during a simulation session
is one of the ways that can change the direction of a stressful activity to a more productive
one (78, 79).

Other Factors Contributing to the Experience of Stress during Simulation

Highly stressful scenarios were associated with the development of anxiety and stress (18).
Goldberg et al. (46) reported in their study that exposure to the mortality of the mannequin is
associated with a high degree of stress compared to other groups. This finding correlates with
the results of previous research conducted by Truog and Meyer (80), who documented how
stressful simulation activities, such as exposure to a patient’s death, can affect participants’
well-being and may have future consequences for their clinical practice or participation
in other simulation activities. Another factor that could be related to the development of
stress is the anxious personality and the female gender. Evain et al. (18) found that anxious
participants with high STAI-Trait were associated with the development of high STAI-State
and residual anxiety than those with lower STAI-Trait scores. These findings correlated
with the results of a study done by Laidlaw (24), which showed that individuals with high
levels of anxiety due to fear of negative evaluation are usually afraid to participate in high-
fidelity simulation or other training activities with other individuals. These types of learners
typically experience a high degree of stress during simulation activities (24).

The difference between male and female psychology could also contribute to the
development of stress during simulation activities. Previous studies (81, 83) have shown that
females are more prone to develop anxiety and stress than males of the same age.

Another important factor Evain et al. (18) flagged for the development of stress and residual
anxiety is the low-quality debriefing. Debriefing is considered one of the cornerstones of
simulation activity. Doing it correctly is usually associated with better learning outcomes
and reducing the fear of participation in future activities (84, 85). Many novice participants
fear participating in simulation activities because of the debriefing session. Due to their lack
of knowledge, they believe they will be judged by their peers, which could increase their
stress levels and prompt them to avoid these teaching sessions (19).

Because of the differences between individuals and their reactions to a simulation scenario,
educators should pay attention to these differences in personality, gender, and emotional
responses to the simulation event (65). Educators should expect varied responses from
learners in the same event, and they should sometimes be able to adjust the scenario if they
discover that emotional instability or anxiety has developed in any of the participants (65).

Correlation between Subjective and Objective Stress Assessment Tools
By combining the STAI with other objective tools (20), the STAI was used to identify an

anxious group of learners who scored more than 40/80 during the simulation activity (20).
This finding correlated with other tests used in the study, such as the FNE scale and heart
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rate change, which both showed an increase in their values in the anxious group (20). Bhoja
et al. (48) used the STAI, combined with physiological parameters, to detect the degree of
stress occurring during a healthcare simulation scenario. In this study, the STAI scores in
the intervention group were lower compared to the control group, and they were correlated
with the heart rate variability measured for participants, indicating a less sympathetic tone
throughout the scenario (48). In another study reported by Phitayakorn et al. (58), STAI
correlated with the Galvanic Skin Response; both anaesthesiology doctors and certified
registered nurses showed an increase in both STAI and the Galvanic Skin Response during
the simulation activity.

Strengths and Limitations

The review was conducted in accordance with the PRISMA guidelines (30). The search
strategy was comprehensive, encompassing electronic database searches and reviews
of the reference list. It is the first of its kind to address the experience of stress during
simulation activities among anaesthesiologists. There are, nonetheless, several limitations
to our systematic review. First, it was limited to English language studies only. There
were insufficient resources to search outside of the English research literature. Second, it
was limited to include studies where anaesthesiologists were the main participants in the
simulation activities. Third, due to the different tools used to assess the stress developed
during simulation activities and the heterogeneity of the included studies, it was not possible
to conduct a meta-analytic synthesis; therefore, a narrative synthesis of the results was
performed.

CONCLUSION

Simulation teaching is vital to mastering clinical and non-clinical skills in anaesthesiology
training. Psychological stress is one of the elements associated with these educational
activities. Several factors are associated with the development of stress, including the
scenario itself, the participants’ personalities and genders, and the debriefer. Stress not
only affects the participant’s performance but also impacts their memory and motivation
to participate in future sessions. Ensuring psychological safety for all participants, as well
as encouraging and acknowledging their efforts, are essential tools for achieving better
learning outcomes. Debriefing is an excellent opportunity to gather participant feedback
and address knowledge gaps in a safe and comfortable environment. Stress and anxiety
reduction through improved supervision during simulation activities and avoidance of
unnecessary stressors are the goals of achieving informative training sessions.
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