Threat and challenge: cognitive appraisal and stress
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OBJECTIVES Training and practice in medi-
cine are inherently stressful. Research into the
effects of acute stressors has revealed significant
variability in individual responses to stressors,
with performance impairments occurring in
those who demonstrate elevated subjective and
physiological responses. Cognitive appraisals
(subjective assessment of situational demands
and available resources) of a stressor have been
proposed as a predictor variable in stress
responses. However, the relationship between
cognitive appraisal and stress responses has not
been tested empirically in complex realistic
situations. The purpose of this study was to
determine the extent to which cognitive
appraisal affects a medical trainee’s subjective
and physiological stress responses to high-acuity
simulated clinical situations.

METHODS Thirteen emergency medicine and
general surgery residents participated in high
(HS) and low (LS) stress trauma resuscitation
simulations. Subjective (cognitive appraisal and
State-Trait Anxiety Inventory [STAI]) and
physiological (salivary cortisol) measures were
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collected at baseline and in response to partic-
ipation in each scenario.

RESULTS Post-scenario STAI scores, cognitive
appraisal and cortisol levels were higher in the
HS scenario compared with the LS scenario.
For the participants who appraised the scenar-
ios as ‘threats’ (in which the demands out-
weighed the resources), the ratio of perceived
demands to resources was positively correlated
with cortisol levels (r= 0.59, p < 0.05) and
STAI responses (r=0.64, p < 0.05). By con-
trast, for the participants who appraised the
scenarios as ‘challenges’ (in which resources
were sufficient to meet the demands), the
perceived ratio of demands to resources was
not correlated with either the STAI scores or
cortisol levels.

CONCLUSIONS Subjective appraisals of a
situation appear to play an important role in
stress responses, which have previously been
shown to impair performance. As such, training
for high-acuity events should include interven-
tions targeting stress management skills.
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INTRODUCTION

Education and practice in the field of medicine have
long been perceived as stressful endeavours. Signifi-
cant levels of stress have been well documented in
medical trainees.'™” Potential sources of stress are
many and include working under conditions of sleep
deprivation, managing family life in a busy schedule,
overload from coursework, and demands related to
caring for critically ill patients.l’4

Although there has been significant research into the
effects of chronic stress on the physical and mental
health of medical tralinees,‘r’_7 there has been rela-
tively little research into the effects of acute stress on
performance during acute medical crises. An under-
standing of the impact of stress in this context is
critical as performance impairments could have
immediate effects on the care provided to patients. A
review of the few studies looking at the effects of
stress on the performance of health professionals
reveals that performance under high-acuity situations
can be either enhanced or impaired.® The findings
from related domains of research, such as the military
and psychological domains, reveal similar equivocal
results, showing that performance can at times be
impaired, enhanced or unaffected under stressful
conditions.”™"!

In an attempt to better understand performance
under stressful conditions, researchers have explored
the circumstances in which performance is impaired
under stress. One consistent finding is that the
activation of the hypothalamic—pituitary—adrenal
(HPA) axis and the ensuing release of the hormone
cortisol are associated with impaired performance
during high-stakes events.'*™'® Not everyone demon-
strates a cortisol response in high-acuity events. Those
participants who do demonstrate elevated cortisol
responses to stressful events are more likely to exhibit
performance impairments on tasks of memory,
attention, decision making and clinical performance
(A Harvey, G Bandiera, A Nathens, V LeBlanc,
unpublished data, 2008).*'*7'® As such, it is impor-
tant to understand and predict the circumstances in
which activation of the HPA axis, and the ensuing
cortisol response, will occur.

Cognitive appraisals have been proposed as an
important predictor of stress responses under high-
acuity conditions. The cognitive appraisal theory,
currently the leading explanatory model of stress
responses, states that when faced with a situation that
threatens an important goal, an individual undergoes

a specific cognitive process.'”'? The individual sub-
jectively assesses the demands of the environment
(primary appraisal) and subsequently makes a deter-
mination of his or her resources that can be applied
to the situation (secondary appraisal). If the individ-
ual determines that his or her resources are sufficient
to meet the demands of the situation, the situation is
appraised as a challenge and the potential for gain
(i.e. elevated self-esteem, learning) is recognised. If
the resources are not judged to be sufficient, the
situation is appraised as a threat because of the
significant potential for loss. Socio-evaluative stressors
(when behaviour is potentially judged by others) and
uncontrollable situations are more likely to be
appraised as threats than challenges. Cognitive
appraisals have been associated with indices of
cardiovascular reactivity.'® Although some research-
ers have proposed that cortisol release is associated
with the appraisal of a situation as a threat,”>*! the
relationship between cognitive appraisals and stress
responses has not been empirically tested.

The goal of this proof-of-concept study was to
determine whether activation of the HPA axis, as
determined by the elevation of salivary cortisol levels,
is related to an individual’s cognitive appraisal of a
stressor during a high-acuity clinical event. The main
hypothesis of the study was that cognitive appraisals
are associated with stress responses and that threat
appraisals are more likely to lead to elevated stress
responses than challenge appraisals.

METHODS
General study design

Emergency medicine and general surgery residents
were asked to participate in two different simulated
trauma resuscitations of high stress (HS) and low
stress (LS), respectively. The scenarios were separated
by = 85 minutes to allow cortisol levels, as measured
by salivary samples, to return to baseline.?' Physio-
logical and psychological measures of stress were
recorded during each of the simulation sessions. (See
Measures, below, for more details.) The experiment
timeline is shown in Fig. 1.

A standardised 10-minute introduction to the simu-
lation room and manikin were provided for each
participant. The participant then sat quietly in a
room, reading magazines of neutral content, for
30 minutes. Subjective and physiological baseline
stress measures were obtained at 30 minutes,
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Figure 1 Timeline of experiment

15 minutes and 1 minute prior to the start of the
scenario. The participant then entered the simulation
room and managed a simulated trauma resuscitation.
Each scenario was terminated when all of the appro-
priate management steps had been taken or after
20 minutes had elapsed, whichever was accomplished
first. Subjective and physiological stress measures
were obtained immediately following the simulation
and 30 minutes after the start of the scenario. After
the prescribed rest period, this procedure was
repeated for the second scenario.

To control for any learning effects or carryover stress
that might confound the results, the residents were
randomly divided into two counterbalanced groups.
Residents in Group A were assigned to the LS
condition first, followed by the HS condition. Resi-
dents in Group B were assigned to the HS condition
first, followed by the LS condition. Participants were
blinded to the group allocation and randomisation
was stratified by training level.

Participants

Thirteen general surgery and emergency medicine
residents (from postgraduate years 1-4) enrolled at
the University of Toronto were recruited for partic-
ipation in this study. All residents had undergone
advanced trauma life support (ATLS) certification
and had completed a minimum of one clinical
rotation in trauma prior to the study. As such, they
had the basic knowledge and training required to be
able to serve in the capacity of trauma team leader in
the scenarios. Participation was voluntary. A small
stipend was provided to all participants. The Health
Sciences II ethics review board at the University of
Toronto approved the study.

Simulated trauma resuscitations scenarios

The scenarios were run at the Allan Waters Family
Patient Simulation Centre at St Michael’s Hospital
using the Laerdal SimMan® (Laerdal Medical
Canada, Toronto, Canada) placed in a simulated
trauma bay. All medications and equipment required

during the clinical scenarios were available in the
simulated clinical environment.

The residents were instructed to assume the role of the
trauma team leader and to carry out evaluation and
management as they would in a real-life situation. In
each scenario, one registered nurse and one respira-
tory therapist were present to aid in the resuscitation,
but did not advise the participant. When participants
requested procedures or tests that could not be
performed on the manikin, the respiratory therapist
was trained to intervene and provide results in an
appropriate time-frame. Basic imaging (chest, neck
and pelvic X-rays) were provided digitally in the
simulated trauma bay. Ultrasound and laboratory
results were phoned into the room following a prede-
termined time delay after the participant’s request.

Scenarios were designed by three of the authors (AH,
GB and ABN), all of whom had experience in trauma
resuscitation. The scenarios were piloted using two
medical trainees with backgrounds relevant to the
tasks. This piloting was used to develop the roles of
the actors, to ensure the smooth operation of the
manikin and to confirm that the scenarios differed
with respect to subjective stress.

The low-stress (LS) scenario involved a multiple
trauma victim with a head injury caused in a motor
vehicle collision. The patient’s Glasgow Coma Scale
score was < 8, requiring definitive airway manage-
ment. Respiration was further compromised by rib
fractures and a pneumothorax demanded oxygen
therapy and chest tube placement. A low-grade
splenic injury in conjunction with a femur fracture
was the source of blood loss, resulting in mild
transient haemodynamic instability, which responded
promptly to fluid resuscitation. Overall, this patient
was considered relatively stable.

A similar pattern of injury was seen in the high-stress
(HS) scenario. The major difference referred to a
more significant splenic laceration resulting in
haemodynamic instability such that the residents
would expect that the victim could potentially die
from her injuries. We chose this approach in order to
standardise the difficulty level of the basic approach to
the two scenarios while increasing the ambient stress
in the HS scenario. In addition, the HS simulated
victim was identified early on as a young female
paramedic who was 15 weeks pregnant. Although this
did not affect the appropriate management steps (a
foetus would be non-viable at this stage of pregnancy),
itadded emotional content to the scenario. Additional
emotional content was included by scripting some
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minor discord between the nurse and the respiratory
therapist actors (ensuring that this caused no delay to
or direct adverse effects on the management of the
patient). A distraught paramedic (the victim’s super-
visor) was also present in the trauma room environ-
ment. This scripted role, played by a trained
standardised patient, was developed in conjunction
with an experienced paramedic. The purpose was to
provide a critical observer to enhance concerns of
negative performance evaluation (as the role was
scripted to verbally challenge the trauma team’s
capability). Finally, noise was added by increasing the
volume of the monitors, including all alarms.

Measures
Cognitive appraisals

Cognitive appraisal was assessed immediately before
and after each scenario, using the method described
by Tomaka et al.'®'? Primary appraisal was examined
by asking the participants to answer the questions
‘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. Second-
ary appraisal was measured by asking the participants
to answer the question: ‘How able are [were] you to
cope with this task?” The participants indicated their
answers on an anchored 10-point Likert scale. An
index of cognitive appraisal was then calculated as the
ratio of the primary appraisal (demands) to the
secondary appraisal (resources). If the resources were
assessed as being equal to or greater than the task
demands, the situation was appraised as a ‘challenge’
(ratio < 1). If the task demands were appraised as
being greater than the resources, the situation was
appraised as a ‘threat’ (ratio > 1).

Subjective stress responses

Subjective measures of stress were recorded at

30 minutes, 15 minutes and 1 minute preceding the
simulation, at completion and at 30 minutes post-
scenario start time. The participants’ subjective stress
responses were measured using the ‘state’ form of the
State-Trait Anxiety Inventory (STAI).

The state anxiety (S-anxiety) scale consists of 20
statements (e.g. ‘I am tense’), with which respon-
dents indicate their level of agreement in terms of
how they feel at the given moment on a 4-point scale
(1 = not at all, 4 = very much so). Each question is
given a score of 1-4, which generates a total score
of 20-80. The internal consistency of the S-anxiety
scale is high, with an alpha of 0.92.%* In a previous

study with paramedics, the S-anxiety scale was sensi-
tive to anxiety increases that resulted from participa-
tion in acutely stressful simulated scenarios.”

When validated with working adults, mean baseline
scores on the STAI were 35. Individuals who were
asked to imagine sitting a high-stakes examination
scored an average of 42 on the STAL??

Activation of HPA axis by cortisol levels

Activation of the HPA axis was measured using salivary
cortisol levels, which have shown a close correlation
with plasma cortisol levels,?*2° Samples were taken at
30 minutes, 15 minutes and 1 minute prior to the
scenario to capture baseline levels. In addition,
samples were collected 20 minutes and 30 minutes
after the start of the scenarios because previous work
has shown that cortisol response to stressors peaks
during this timeframe.*' Participants chewed on a
roll-shaped saliva collector (Salivettes, Sardstedt,
Germany) until the collector was saturated with saliva
(~ 30-60 seconds). The saliva collector was then
placed in a collection tube and frozen. All participants
had been asked to refrain from eating and drinking
for 1 hour prior to the study period as this might
interfere with the measurement of salivary cortisol.
Duplicate analyses of the salivary cortisol levels were
conducted using an enzyme-linked immunosorbent
assay (ELISA) technique in a commercial laboratory.
The average intra-assay coefficient of variability was
3.7%. In experimental studies, mean cortisol re-
sponses to acute stressors have ranged from 29% to
> 200% above baseline levels.'*'°

Analysis

The subjective and physiological stress response mea-
sures were expressed as both absolute values and
change parameters. The ‘change’ parameter consisted
of the difference between the peak individual response
after the scenario and the individual pre-scenario
baseline score. The mean of the three pre-scenario
cortisol levels was taken as a baseline measure. In
addition, the highest post-scenario level was recorded
as the peak level, in light of previous work showing
individual variation in the time-course over which the
cortisol response reaches its highest level.”’

As a manipulation check, each of the subjective

and physiological values was used as a dependent
variable in separate general linear, repeated measures
analyses. Scenario (HS versus LS) and time-point
around each scenario served as independent variables.
One-sample ttests were used to determine whether the
mean cognitive appraisals in each of the groups were
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significantly different from 1. To test the main
hypothesis of the study and assess the relationship
between cognitive appraisals and stress responses, we
calculated the Pearson correlation coefficients be-
tween each of the absolute and change measures of
cognitive appraisals, STAI scores and cortisol levels.

All results are expressed as mean + standard error of
the mean (SEM) values. Statistical analyses were
conducted using spss Version 15.0 (SPSS, Inc.,
Chicago, IL, USA). The level of statistical significance
for this study was set at p < 0.05.

A power calculation was performed based on the
results of a similar study with paramedics.” In that
study, a difference of 10 points on the state scale of the
STAI was observed between the LS and HS conditions,
and the standard deviation (SD) was 15 points. Setting
alpha at 0.05 (two-sided) and beta at 0.20, it was
determined that 12 participants were required to
attain sufficient power to detect a 10-point difference
on our outcome measure with an SD of 15 points.

RESULTS
Participants

Overall, 13 residents volunteered to participate in the
study; seven participants were emergency residents
and six were general surgery residents. All partici-
pants completed both simulated scenarios. All
participants were in postgraduate years (PGY) 1-4
(PGY1: n = 4; PGY2: n = 4; PGY3: n = 3; PGY4: n = 2).
After randomisation, six residents were placed in
Group A (LS scenario first) and seven in Group B
(HS scenario first).

Subjective measures of stress
State-Trait Anxiety Index

Group means and SEMs for the STAI at all five
time-points across both scenarios are shown in Fig. 2.
Pre-scenario values were similar between both groups
at 30 minutes, 15 minutes and 1 minute before
simulation start times. By contrast, significant differ-
ences were noted between the HS and LS groups at
both the immediate (p < 0.05) and 30-minute post-
scenario (p < 0.05) time-points.

Cognitive appraisal

Group means and SEMs for the cognitive appraisals
are listed in Fig. 3. Pre-scenario cognitive appraisal
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Figure 2 State-Trait Anxiety Inventory (STAI) scores at the
five time-points for low- and high-stress scenarios
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Figure 3 Pre- and post-simulation cognitive appraisal scores
for low- and high-stress scenarios

scores did not significantly differ between the HS and
LS conditions prior to the scenarios (p = 0.34).
Following the simulations, appraisals in the HS group
suggested a threat appraisal (p < 0.001). In the LS
group, post-scenario appraisals indicated challenge
appraisals (p < 0.001). Post-scenario cognitive
appraisals were significantly different between the HS
and LS simulations (p < 0.04). Over the course of the
scenarios, cognitive appraisals increased in the HS
group (0.39 + 0.17; p < 0.001) and decreased in the
LS group (= 0.53 + 0.17; p < 0.001).

Cortisol levels

Values for two participants were unavailable as a
result of collection or laboratory measurement errors,
leaving values for 11 participants. Group means and
SEMs for the cortisol levels are listed in Fig. 4.
Pre-scenario cortisol levels did not significantly differ
between the HS and LS simulations. The analysis of
average pre-scenario and post-scenario peak values
revealed a significant interaction of scenario by time
(p < 0.05). Cortisol levels increased as a result of
participating in the HS scenario and decreased as a
result of participating in the LS scenario
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Figure 4 Pre- and post-simulation cortisol levels for low- and
high-stress scenarios

(HS: 1.56 + 1.09 nmol L™ [20% increase over
baseline levels]; LS: — 1.23 + 1.21 nmol L™ [13%
decrease from baseline levels]; p < 0.05).

Correlations between cognitive appraisals and stress
responses

The relationship of cognitive appraisal to cortisol
response was explored in both the HS and LS groups.
In the HS group, post-scenario cognitive appraisal was
significantly correlated with the increase in cortisol
levels (r=0.68, p = 0.01). In addition, the change in
cognitive appraisal across the HS scenario was signif-
icantly correlated with the change in cortisol levels
(r=0.621, p = 0.023). In the LS group, post-scenario
cognitive appraisal was significantly correlated with
post-scenario peak cortisol levels (r= 0.74,

p = 0.004), but not with the change in cortisol levels.
Post-scenario cognitive appraisal and STAI scores
were found to be positively correlated in the HS
group (r=0.711, p < 0.006). This correlation was not
found in the LS group (r=0.290, p = 0.34).

Irrespective of LS or HS scenario, all participants
were then divided into challenge and threat groups
depending on their post-scenario cognitive appraisal
(/r < 1 = challenge, t/r 2 1 = threat). In the chal-
lenge group (n = 14), no significant correlations
between cognitive appraisal measures and cortisol
levels were noted. However, in the threat group
(n=11), post-scenario cognitive appraisal was signif-
icantly correlated with post-scenario peak cortisol
level (r=0.586, p = 0.045) and change in cortisol
levels across scenarios (v = 0.642, p = 0.025).

DISCUSSION

The objective of this study was to determine whether
trainees’ appraisals of the perceived demands and

resources of high-stakes events would predict stress
responses. Previous research has shown significant
individual differences in response to acute stressors,
with greater cortisol responses being associated with
impairments on tasks of memory, attention and
decision making.8 As such, it is important to identify
factors that are associated with greater stress re-
sponses during high-acuity events. If we can identify
which trainees are more likely to have elevated stress
responses during high-acuity events, we can target
stress management training and support to those in
need of it.

Our findings confirm that cognitive appraisals of
threat and challenge were differentially associated
with cortisol responses. In the HS scenario, in which
the majority of participants appraised the situation as
a threat, cortisol responses were greater than those
measured following the LS scenario. When the
subjects were subsequently divided into ‘threat’ and
‘challenge’ groups (#/r >/< 1), a significant correla-
tion between appraisal and cortisol level was evident
only in the threat group. As such, this evidence
lends support to the hypothesis that threat appraisals
lead to activation of the HPA axis. In addition, it
appears that there is a dose-response relationship in
the threat group: the greater the threat appraisal, the
greater the cortisol response.

The analyses conducted in this study are associative
and therefore any conclusions regarding causal rela-
tionships must be interpreted with caution. However,
cognitive appraisal theorists believe that the cognitive
evaluation precedes, and contributes to, the physio-
logical response.'®'? Tomaka et al., in a series of
three experiments, provided good evidence for the
cognitive appraisal approach to stress.'” In these
experiments, Tomaka et al. attempted to manipulate
the subject’s response to a mental arithmetic task by
cognitive (instructions) and physiological (cold-water
immersion) stimuli. The results showed that cogni-
tive, but not physiological, stimuli were successful in
influencing an individual’s response to a stressful
task. It appears that this appraisal precedes any
physiological stress response. Thus, a potential way of
modifying cognitive appraisal in high-stress scenar-
ios might be to use interventions targeted at
enhancing the subject’s ability to interpret high-
stakes events as challenges rather than as threats. One
can impact cognitive appraisal by changing the
perceived demands of the tasks or by altering the
actual or perceived resources of the individual in a
stressful setting. In this regard, it is encouraging that
previous research demonstrated the ability to
manipulate an individual’s cognitive appraisals in
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laboratory settings.'"®'? Given our findings that
cognitive appraisals are associated with cortisol
responses, and that elevated cortisol responses have
previously been linked with performance impair-
ments, interventions aimed at modifying trainees’
perceptions of the demands and resources of
high-acuity events could significantly impact clinical
performance. Opportunities are known to exist in
this regard because it has been demonstrated that
some residents feel unprepared for the acute care
obligations they are faced with while on call.?’
Furthermore, deficiencies in preparation for practice
(and thus ability to feel equipped to handle high-
stakes situations) have been felt to exist throughout
the medical education system.”*? Further research
will be needed to confirm this hypothesis.

The trend toward a higher pre-scenario cortisol level
in the LS group highlights one of the limitations of
the experimental design. Groups were counterbal-
anced with respect to the order of scenario and
sufficient time was provided between simulations for
the HPA axis to return to baseline. Previous work
has suggested that persistent elevations of cortisol
beyond 40-60 minutes are rare.”’ However,
although the HPA axis may have returned to
baseline, there is invariably some memory of the
previous situation which might have contributed to
differing levels of pre-scenario anticipatory stress.
In short, subjects entering the LS scenario always
did so in one of two settings in which the LS
scenario either served as the first simulation or
followed the HS scenario. The HS scenario was
encountered either as a first simulation or following
the LS scenario. Thus, although levels of anticipa-
tory stress would be similar in those entering their
first scenario, subjects entering the LS scenario
second would be doing so with the memory of the
previous HS scenario. In these subjects, the memory
of the previous ‘threat appraisal’ and potential for
harm to the ‘social self” might have resulted in
higher levels of anticipatory stress compared with
those who entered the HS scenario second with the
memory of the preceding ‘challenge appraisal’.
Thus, we estimate that the observed difference in
cortisol responses between the HS and LS scenarios
is a conservative estimate.

The small sample size is another limitation of this
study as it does not provide us with the statistical
power required to conduct analyses into the contri-
butions of the specialty or level of training of the
participants. As such, the contribution of experience
in mediating cognitive appraisals and stress responses
is a matter for further studies.

CONCLUSIONS

In summary, the purpose of this study was to examine
whether cognitive appraisals are associated with stress
responses during high-acuity events. With few excep-
tions, participants appraised the HS scenario as a
threat and the LS scenario as a challenge, and these
patterns were accompanied by increases in subjective
stress and cortisol levels in the HS scenario compared
with the LS scenario. Subjective appraisals were
strongly associated with subjective and physiological
stress responses to the scenarios. The results of this
study thus shed some light on a potentially important
determinant of stress responses during high-acuity
events, namely, individuals’ subjective assessments of
the demands of a situation in relation to their
assessments of the resources available to meet those
demands. Given that elevated stress responses are
associated with impairments in performance, training
that targets the emotional management and reap-
praisal of potentially threatening situations has the
potential to improve the care provided to patients
during high-acuity events.
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