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Background: Acute stress impairs physician decision-making and clinical performance in resuscitations.
Mental skills training, a component of the multistep, cognitive-behavioral technique of stress inoculation,
modulates stress response in high-performance fields.

Objective: We assessed the effects of mental skills training on emergency medicine (EM) residents’
stress response in simulated resuscitations as well as residents’ perceptions of this intervention.
Methods: In this prospective, educational intervention trial, postgraduate year-2 EM residents in seven
Chicago-area programs were randomly assigned to receive either stress inoculation training or not. One
month prior to assessment, the intervention group received didactic training on the “Breathe, Talk, See,
Focus” mental performance tool. A standardized, case-based simulation was used for assessment. We
measured subjective stress response using the six-item short form of the Spielberger State-Trait Anxiety
Inventory (STAI-6). Objective stress response was measured through heart rate (HR) and heart rate
variability (HRV) monitoring. We measured subjects’ perceptions of the training via survey.

Results: Of 92 eligible residents, 61 participated (25 intervention; 36 control). There were no significant
differences in mean pre-/post-case STAI-6 scores (-1.7 intervention, 0.4 control; p = 0.38) or mean HRV
(-3.8 milliseconds [ms] intervention, -3.8 ms control; p = 0.58). Post-assessment surveys indicated that
residents found this training relevant and important.

Conclusion: There was no difference in subjective or objective stress measures of EM resident
stress response after a didactic, mental performance training session, although residents did value
the training. More extensive or longitudinal stress inoculation curricula may provide benefit. [West J
Emerg Med. 2022;23(1)79-85.]

INTRODUCTION information. Resuscitation requires a rapid and dynamic
Emergency medicine (EM) residents often encounter integration of numerous cognitive processes including

highly stressful clinical situations and must perform life-saving  information-gathering, communication, decision-making, and

interventions with limited time, resources, and background physical skills.! It has been demonstrated that high levels of
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acute stress and anxiety can critically impair physician decision-
making.> Additionally, high levels of perceived stress have been

shown to impair healthcare professionals’ clinical performance

in acute resuscitation scenarios.** Other high-stress realms such

as the military, aviation, athletics, and business have adopted

and cultivated mental skills techniques to enhance performance

under pressure; however, similar programs have been notably
absent in medical training.%’
Stress inoculation, a multistep, cognitive behavioral

technique, has been demonstrated to be effective across numerous

high-performance domains.*!! Stress inoculation involves

three phases: 1) learning about the effects of acute stress on
performance; 2) acquiring and rehearsing specific mental skills
and coping strategies to optimize performance under stress; and
3) applying these skills and strategies to real-world, high-stress

environments.® Mental skills training has been shown to enhance

performance and coping in stressful situations in pilots, police,
military special forces, professional athletes, and surgeons.'*!¢
While resident physicians frequently encounter stressful clinical
resuscitations, there are no formal Accreditation Council for
Graduate Medical Education (ACGME) recommendations for

educating resident physicians about the impacts of acute stress on

performance; nor is there mention of the potential role of mental
skills training to optimize performance under stress.

While assessing EM residents during clinical patient
resuscitations is desirable, simulation provides a controlled
and reproducible environment for examination of variables
that contribute to both objective and subjective stress as
well as assessment of clinical performance.'” Simulated
resuscitation scenarios have been demonstrated to elicit high
levels of subjective and objective measures of stress in EM
residents, allowing extrapolation of findings from simulation
to clinical medicine.'®

In this study our aim was to assess the implementation
of a brief mental skills training on perceived and actual stress
in EM residents during simulated resuscitation scenarios.

We hypothesized that the intervention group would have less
subjective stress as measured by pre- and post-simulation
scores on the six-item, short form of the Spielberger State-
Trait Anxiety Inventory (STAI-6).!*?° Secondary outcomes
included physiologic measures of stress (ie, heart rate [HR]
and heart rate variability [HRV]) and residents’ perception of
the stress- inoculation skills training program.

METHODS
Study Design

This study was a multicenter prospective educational
trial performed at seven ACGME-accredited EM residency
programs in Chicago, Illinois. The study was reviewed and
approved by each institution’s institutional review board.

Subjects
Eligible subjects for this study were postgraduate year
(PGY)-2 EM residents at the participating programs during

Population Health Research Capsule

What do we already know about this issue?

Acute stress impairs physician decision-making and
clinical performance in resuscitations. Emergency
medicine (EM) residents often encounter highly
stressful clinical situations.

What was the research question?

We studied the effects of mental skills training
on EM resident stress response in simulated
resuscitations, as well as resident perceptions of
this intervention.

What was the major finding of the study?

There was no difference in subjective or objective
stress measures of EM resident stress response after
a didactic mental performance training session,
although residents did value the training.

How does this improve population health?

High levels of acute stress and anxiety can critically
impair physician decision-making. Providing
physicians with stress-modulating techniques is
essential to optimizing clinical performance.

the study period January—February 2020. Participation in the
study was voluntary. Informed consent was obtained from
all subjects. Based upon prior studies, we anticipated a 20%
difference in STAI-6 scores between groups. Power analysis,
with power 0.8 and alpha 0.05, yielded a minimum of 36
subjects needed in each group.

Study investigators recruited eligible participants in
January 2020 during each EM program’s weekly resident
educational conference. During the recruitment session, the
investigator conducted an overview of the study with the
eligible participants and obtained consent for participation
in the study. At that time subjects were randomized into
intervention or control groups in an alternating fashion based
on last name. Due to lower than anticipated attendance at
residency conferences on the days of enrollment, residents
were offered the opportunity to enroll into the control group
on the day of the simulation assessment. In addition, some
initially enrolled subjects were not present on the day of the
simulation assessment due to conflicts with rotations and
therefore were not included in the data collection.

Study Protocol
At the time of study enrollment, each resident completed
a pre-intervention survey that assessed perceptions about the
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incorporation of mental skills training and stress inoculation
principles into residency training as well as prior exposure to
these techniques (Supplemental Material).

During the recruitment session, faculty study investigators
provided a 20-minute interactive, didactic session to the
intervention group about the effects of acute stress on
performance, specific mental skills to mitigate the effects
of stress, and the application of these skills to high-stress
clinical scenarios. The mental skills training was based on the
“Breathe, Talk, See, Focus” (BTSF) approach to performance
under pressure. The BTSF tool is a memory aid and training
primer to help individuals rapidly employ mental skills
proven effective in non-medical, high-stress domains.?'*?

The tool itself consists of a four-step technique: 1) Breathe:
Introduction to the concept of a ritualized form of breathing,
such as “box breathing”; 2) Talk: Positive self-talk, recited
with intention and repeated frequently; 3) See: Visualization
of successful completion of a task; and 4) Focus: Use of a cue
word to turn on selective attention.?! During the lecture itself,
residents were introduced to the BTSF tool and also had the
opportunity to practice using the tool as a group. Participants
in the intervention group were strongly encouraged to review
the BTSF tool and to attempt to implement these mental skills
in their own clinical practice.

Each spring, all PGY-2 residents in Chicago area EM
programs participate in an annual city-wide simulation
assessment. While the assessment is based on the ACGME
milestones and residents are given feedback on their
performance, no participating residency uses the information
to impact a resident’s standing, and this information is
disclosed to the residents prior to participation. This study
was designed to coincide with this event. Described in
detail elsewhere, the simulation assessment consists of two
procedure assessments and two high-fidelity, mannequin-
based critically ill patient scenarios.” During each of the
four assessments, the PGY 2-resident is observed by a
faculty member from a different residency program using
a dichotomous checklist containing essential management
actions corresponding to EM milestones. The PGY-2
residents are not informed of the content of the cases prior to
participation in the assessment. One of the critically ill patient-
simulation cases served as the study assessment. Participants
were not aware of which case served as the study assessment.

Upon arrival for the PGY-2 simulation assessment
in February 2020, residents in both the intervention and
control groups completed a STAI-6 survey. The STAI-6 is
a psychological inventory assessing anxiety about an event
(state anxiety) and anxiety level as a personal characteristic
(trait anxiety). While anxiety and stress are not synonymous,
the inventory has been used in prior research as a surrogate for
acute stress response.?* Both intervention and control group
residents wore Polar H10 heart rate monitors (Polar Electro
Oy, Kempele, Finland). Prior research has demonstrated
correlations between the STAI-6 and HR and cortisol levels

as well as a correlation between the STAI-6 and HRV during
intubation attempts.??* Mefford et al also used HRV as an
outcome measure in the evaluation of stress-modifying
interventions and demonstrated that HRV may serve as an
index of autonomic arousal.” Similarly, Kim et al concluded
that neurobiologic evidence suggests that HRV can be used as
an objective measure of psychological stress.?’ Pre-simulation
physiologic parameters of HR and HRV were measured for

a duration of five minutes using the Elite HRV application
(Elite HRV, Asheville, NC) installed on the iPod Touch, 7%
generation (Apple Inc., Cupertino, CA).

Immediately prior to the start of the assessment case
(and after pre-simulation HR and HRV were measured),
residents randomized to the intervention group were
provided a five-minute refresher on stress inoculation
techniques and particularly in BTSF. The HRV and
HR recordings were initiated five minutes prior to the
assessment case and were recorded continuously until
the case concluded. Biometric data was measured before,
during, and after the simulation case. The following
variables were recorded for each subject: HR (mean);
minimum HR (lowest measured HR value); and maximum
HR (highest measured HR value); HRV (mean). We
calculated relative changes in all variables between
baseline and during the simulation case.

As soon as the assessment case concluded, residents
completed a second STAI-6 assessment. Upon completion of
the PGY-2 simulation assessment, all residents completed the
post-intervention survey (Supplemental Material).

RESULTS
Characteristics of Study Subjects

Among seven EM residency programs, there were
92 eligible PGY-2 EM residents. Ultimately, 47 residents
underwent randomization after informed consent at the time of
initial study enrollment. On the day of the PGY-2 simulation
assessment, an additional 23 residents were consented for
participation in the control group. Nine residents who initially
were enrolled did not ultimately complete the study (six
control and three intervention): three did not participate in
the simulation assessment at all, one did not complete the
surveys, and five declined to participate in the study. In total,
61 residents participated in the study, including 25 residents in
the intervention group and 36 in the control group. There were
no significant differences in age, gender, or ethnicity between
the control and intervention groups (Table 1).

Primary Results

The change in the pre- and post-resuscitation STAI-6 scores
was not different between groups (-1.7 intervention, 0.4 control;
p = 0.38), and there were no significant differences in mean pre-
and post-resuscitation STAI-6 scores between groups (Table
2). In the control group, the mean STAI-6 scores pre- and post-
resuscitation were 40 (standard deviation [SD] 6.6) and 41 (SD
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Table 1. Subject demographic data.

Intervention Control p -value

Experience

Military 2 (15.4%) 1(8.3%) 1.0

Law enforcement 0 (0.0%) 0 (0.0%) N/A

Firefighting 1(7.7%) 1(8.3%) 1.0

Aviation 2 (15.4%) 2 (16.7%) 1.0

Sports 7 (53.9%) 6 (50.0%) 0.85

Arts 5 (38.5%) 4 (33.3%) 0.79
Age

20-25 0 (0.0%) 0 (0.0%)

25-30 15 (62.5%) 27 (77.1%)

30-35 8 (33.3%) 6 (17.1%)

>35 1(4.2%) 2 (5.7%) 0.33
Gender

Male 18 (75.0%) 22 (62.9%)

Female 6 (25.0%) 13 (37.1%) 0.33
Race

Black 0 (0.0%) 4 (11.1%)

White 15 (62.5%) 16 (44.4%)

Latinx 2 (8.3%) 1(2.8%)

Asian 6 (25.0%) 4 (11.1%)

African 0 (0.0%) 0 (0.0%)

Middle Eastern 1(4.2%) 0 (0.0%)

Native American/Inuit 0 (0.0%) 0 (0.0%)

Pacific Islander 0 (0.0%) 0 (0.0%)

Other 0 (0.0%) 11 (30.6%) <0.01

*P-value <0.05 indicates significance.
**% is based on the number of individuals who answered each
question.

5.9). In the intervention group, the mean STAI-6 scores pre- and
post-resuscitation were 41.33 (SD 10.54) and 39.6 (SD 9.73).
For reference, scores on the STAI-6 range from 20-80 with
higher scores indicating more anxiety.

Secondary Results

There were no significant differences in biometric
data between groups (Table 3). The mean maximum HR
during simulation was 133 in the control group and 136 in

the intervention group (p = 0.97). The mean minimum HR
during simulation was 70 in the control group and 71 in
the intervention group (p = 0.76). There was no significant
difference in mean HRV between groups (-3.8 millisecond
[ms] intervention, -3.8 ms control; p = 0.58).

We found no significant group differences in the pre-
intervention survey (Table 4). There were, however, significant
differences in the post-intervention survey (Table 4). In
response to the question “How relevant is the topic of stress
inoculation to the resident physician?” 91% of the intervention
group responded “very relevant” compared to 26% of the
control group (p <0.01). In response to the question “How
important is it to include education about stress inoculation
topics in residency training?” 75% of the intervention group
responded “very important” compared to 28% of the control
group (p <0.01).

DISCUSSION

In this multicenter, prospective educational trial of
mental skills training for PGY-2 EM residents we found no
demonstrable differences in subjective or objective measures
of stress responses between the intervention and control
groups. Nevertheless, there were statistically significant
differences between the groups on the post-intervention
surveys regarding resident perceptions of the importance of
mental skills and stress-inoculation training in EM residencies.
These differences were present only on the post-intervention
survey, indicating that EM residents appreciated the value of
this program only after exposure to this training.

Multiple prior studies have demonstrated the deleterious
effects of acute stress on physician decision- making, physical
performance, and performance during simulations.>* Relatively
few studies have directly investigated the role of mental skills
training and stress inoculation in mitigating these effects. A
2016 study of surgery trainees examined the impact of a mental
skills curriculum on subjective stress.** A study of novice
PGY-1 EM residents demonstrated an association between
perceived stress and anxiety and biometric data (HRV) when
performing endotracheal intubations on live patients.? To the
best of our knowledge, this is the first study to investigate
the effects of mental skills training on EM resident-perceived
stress and anxiety as well as biometric data during a high-
stress, simulated resuscitation. While our study failed to find
significant differences between the groups in the self-reported

Table 2. Comparisons of mean State-Trait Anxiety Inventory-6 scores between control and intervention groups.

Intervention n = 25 Control n = 36 p -value
Pre-case STAI-6 score, mean + SD 41+£11 40.2 +6.6 0.13
Post-case STAI-6 score, mean + SD 40 +9.7 41 459 0.83
Change in STAI-6 score, mean + SD -1.7 £3.3 0.4 6.6 0.38

STAI-6, six-item short form of the Spielberger State-Trait Anxiety Inventory; SD, standard deviation.

Western Journal of Emergency Medicine
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Table 3. Comparison of mean biometric data between control and intervention groups.

Intervention n = 25 Control n = 36 p -value
Baseline HRV, ms (mean = SD) 55 £8.5 55 9.0 0.94
Change in HRV, ms (mean + SD) -3.8 £8.7 -3.8 £10 0.58
Baseline HR, bpm (mean + SD) 83 10 87 +11 0.11
Baseline maximum HR (mean £ SD) 118 £36 131 44 0.06
Max HR during simulation (mean + SD) 136 +42 133 £35 0.97
Change in maximum HR (mean + SD) 18 £29 1.8 £48 0.29
Baseline minimum HR (mean + SD) 6113 64 +11 0.38
Minimum HR during simulation (mean + SD) 71 +61 70 £17 0.76
Change in minimum HR (mean £ SD) 8.7 +11 5.4 +14 0.46
HRYV, heart rate variability; ms, millisecond; SD, standard deviation; HR, heart rate; bpm, beats per minute.
Table 4. Comparisons of pre- and post-intervention survey responses®.
Control Intervention Control Intervention
pre-study pre-study post-study post-study
How valuable would it be to incorporate a formal stress inoculation
curriculum into EM residency training?
Very valuable, n (%) 6 (40%) 3 (18%) 10 (28%) 18 (75%)
Somewhat valuable 6 (40%) 6 (35%) 14 (39%) 4 (17%)
Neutral 3 (20%) 6 (35%) 11 (31%) 1(4.2%)
Not valuable 0 (0%) 2 (12%) 1(2.8%) 1(4.2%)
How relevant is the topic of stress inoculation to the EM resident physician?
Very valuable, n (%) 7 (47%) 6(35%) 9 (26%) 19 (91%)
Somewhat valuable 6 (40%) 6 (35%) 14 (40%) 2 (13%)
Neutral 2 (13%) 4 (24%) 12 (34%) 0 (0%)
Not valuable 0 (0%) 1(5.9%) 0 (0%) 0 (0%)

*% is based off the number of individuals who answered each question.

EM, emergency medicine.

and biometric data, the measurement of these parameters in
the setting of a simulated resuscitation during which a group of
subjects employed a mental skills technique was novel.

There are several possible explanations for the lack
of significant differences in the STAI-6 and biometric data
between the intervention and control groups. The intervention
group received the initial training lecture approximately
one month prior to the simulation assessment, and with the
exception of the five-minute refresher prior to the simulation
assessment there were no formal intervening reinforcements of
the technique with the subjects. While the intervention subjects
were encouraged to practice the BTSF tool during the month
between the initial introduction and the simulation, utilization
was not tracked. The lack of deliberate practice and delay from
the initial exposure could have attenuated the benefits obtained
from the introductory lecture, and decreased STAI-6, biometric,
and performance data differences between the groups. It is
also possible that the BTSF model is an ineffective method

of performance enhancement under stress in EM residents.
This seems less likely, however, as mental skills training has
been shown to enhance performance and coping in stressful
situations in other elite performance realms such as aviation,
law enforcement, military special forces, professional athletics,
and surgery, and that the BTSF model was developed by
drawing on elements of similar effective paradigms.!'*!62!

Our tested residents were in their second year of residency
and may have already learned methods with which to manage
stress in acute resuscitation scenarios based on either former
didactic exposure or clinical experience. It is also possible that
more of a stress effect would be demonstrated in a real-life
scenario rather than a simulated one. Finally, to detect a 20%
difference between groups we anticipated needing to enroll
36 subjects into each group. Due to conflicts impeding ability
to participate, the intervention group only had 25 residents,
which may have decreased our ability to detect a difference
between the groups.

Volume 23, No. 1: January 2022
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Future studies should focus on longitudinal investigations
of mental skills training and stress-inoculation programs
in which the mental performance tools are periodically
reinforced prior to study assessment. Studies could also
examine long-term resident perceptions of mental skills and
stress-inoculation curricula, as well as resident perceptions
of their own performance after being exposed to these topics.
Finally, wearable technology such as the HR monitors used in
this study could be used to measure biometric data during in
vivo resuscitations or other high-stress medical scenarios.

LIMITATIONS

There are several important limitations to this study.
Foremost, initiatives to change behavior often require
substantial time investment, training, and practice. While
our stress response intervention was designed to be brief and
easily implemented, the lack of directed and longitudinal
exposure to the concepts likely affected the results. We also
used the STAI-6 as a measure of acute stress response. While
this has been previously used in other studies assessing similar
stress response, it has not been independently validated in this
utilization. In addition, although this was a multicenter trial,
the study population was a convenience sample of PGY-2
residents in one specific geographic area. Furthermore, while
subjects receiving the mental skills training were encouraged
to use the techniques learned in the didactic session during the
weeks preceding the simulation assessment, overall utilization
was likely variable and not measured.

There were also a number of subject-specific, non-
controlled confounders that may have impacted the biometric
data, including stimulant ingestion (eg coffee, energy drinks),
prescribed medications, sleep quality/duration in the preceding
evening, and nutritional intake. Additionally, while the pre-
simulation biometric data was gathered prior to the subjects
participating in any simulated cases, it is possible that the
subjects were anticipating the simulations and therefore
were in a heightened physiologic state. Furthermore, the
pre-simulation biometric data was collected for five minutes,
which may not have been enough time to establish a
completely accurate physiologic baseline for each participant.
These factors may have confounded the biometric data.

We also did not examine resident performance in the
simulated scenario as an outcome in the study. There could
be an unexamined difference in stress response based on
performance that was not determined. Finally, there were a
few discrepancies in the biometric data (ie, a record heart
rate in the mid-200s) that did not make physiologic sense and
may have been due to artifact from the HR monitors and the
biometric data-aggregation application. Such discrepancies
may have skewed the biometric data.

CONCLUSION
A brief, didactic mental skills training intervention
did not demonstrate significant differences in subjective or

objective measures of stress responses in EM residents during
a simulated resuscitation. Residents in the intervention group
were more likely to rate mental skills training as relevant and
important. Future investigations involving comprehensive,
longitudinal stress inoculation curricula are warranted.
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