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Stress as tool or toxin: physiologic markers and subjective
report in neonatal simulation
Brooke Redmond1, Melissa Joseph2, Jessica Ray2, Veronika Shabanova3, Isabel T. Gross2,4, Christie Bruno1, Jacob McPadden5,
Marc Auerbach2,4 and Lindsay Johnston1

BACKGROUND: Cognitive appraisal of stress can influence performance. Increased awareness could facilitate titration to optimal
stress levels. This study’s primary aim was to investigate whether physiologic variables change with increasingly stressful
simulations. Secondary aims include effect of stress on procedural competency and whether individuals recognize their
experienced stress.
METHODS: This was a single-center, mixed-method, simulation-based study. Participants completed three scenarios requiring
resuscitation under increasingly stressful conditions. Wearable biometric devices recorded physiologic parameters. Subjects
completed surveys assessing knowledge and perceived stress. Intubation success or failure was noted. Heart rate variability (HRV)
analysis was used as a proxy for stress.
RESULTS: Twelve participants completed the study. Survey analysis revealed progressive amplification of endorsement of affective
states associated with stress. Median low frequency (LF)/high frequency (HF) ratio from scenario 1 (median= 2.29, IQR= 1.97, 3.91)
was significantly lower than scenario 2 (median= 4.7, IQR= 2.32, 8.35, p= 0.04) and scenario 3 (median= 4.63, IQR= 2.2, 7.43, p=
0.04). Changes in HRV were noted during all scenarios irrespective of subjective self-assessment of stress. Procedural proficiency
suffered during more stressful scenarios.
CONCLUSIONS: This study demonstrates alterations in subjective assessment and objective physiologic data in simulations with
increasing stress. HRV is useful as a proxy for stress response and does not always correlate with perception.
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INTRODUCTION
Stress can be a tool, or stress can be a toxin. Harnessed for good,
the improved physical and mental prowess associated with stress
can aid in performance. Misdirected, the physical and mental
effects of distress can cripple proficiency. Modern individuals are
under pressure to perform optimally in most aspects of their lives.
The stakes for performing to the best of one’s abilities are high,1

especially in fields where decisions change lives, like the military
or medicine. While investigations of human responses to stress
have been ongoing since the term “fight-or-flight” was first coined
in the late 1920s2,3 and a discussion of the general adaptation
syndrome—alarm, resistance, exhaustion—was elucidated in the
1950s,4 the search continues for ways of maximizing positive
performance under stressful mental and physical conditions.
Stress was introduced as a concept in the context of adaptation or
maladaptation to situations, with a focus on nonspecific features
of acute and chronic disease.5 One framework differentiates
“stressors,” physical or psychological experiences which may serve
as potential obstacles to major goals, and “distress,” a state that
results from individual interpretation of stressors leading to states
like bewilderment.6

Little is published about how physicians qualitatively and
quantitatively experience, differentiate, and manage aspects of
stress. Cognitive appraisal is inextricable from individual stress/

distress response.7 Different people can respond to the same
stimulus in different ways and the same person can respond to
the same stimulus in different ways at different times.8 Appraisal
of a situation is enough to change the condition itself9 and the
quality of, though not necessarily the degree of, autonomic
nervous system (ANS) response.6 When a person encounters a
stressful experience, what determines her approach is the
juxtaposition of the stressor’s inherent characteristics with
individual traits like personality, coping style, memories, and
relationships.6,8 While little can be done to modify the intensity of
real-life resuscitations with requisite technical skills and inter-
personal interactions in critical care settings, training can prepare
for these inevitabilities.10 Adding stressors related to the over-
arching educational goal in the context of training helps to
cement these skills.11

Medical simulation represents an emerging modality for
investigating associated stress encountered during clinical situa-
tions. Expert consensus suggests that procedural proficiency
should be achieved in a simulated environment prior to attempts
on patients12; however, aspects of the simulation environment
may be inherently unrealistic. In addition, individuals participating
in simulation may be unaware of the distress they experience.
Analysis of heart rate variability (HRV) provides a window into
competing mechanisms regulating an individual’s heart rate (HR).
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Branches of the ANS (parasympathetic and sympathetic), baror-
eceptors, chemoreceptors, and inherent respiratory sinus arrhyth-
mia all play into HRV, which has been a marker of an individual’s
health.13 Wearable technology is one way researchers are able to
obtain this physiologic data for analysis.
After a comprehensive review of the literature, we believe that

this is the first study to integrate subjective and objective
measures of stress in simulated neonatal scenarios. Our primary
aim was to evaluate whether individuals participating in a series of
increasingly stressful simulation-based scenarios would exhibit
alterations in physiologic variables like HR and HRV. We
hypothesized that individuals exhibiting evidence of progressive
distress may perform less well procedurally during neonatal
resuscitations. We additionally postulated that individuals were
likely unaware of the full extent of the stress they experienced
during simulation.

METHODS
Study design
This was a single-center, mixed-method, simulation-based study. It
was approved by Yale’s Human Investigation Committee prior to
recruitment.

Setting
The study took place at a simulation center affiliated with a large
U.S. academic medical institution (Yale School of Medicine)
between March 2018 and June 2018.

Participants
Study participants were Yale-New Haven Hospital Emergency
Medicine (EM) resident physicians in their first and second
postgraduate years. Following informed consent, each participant
was assigned a study identification number accessible only to one
person with no clinical or supervisory relationship to any
participant.

Variables, data source, and measurement
EM resident physicians were invited to participate in a neonatal
airway training day, which included a series of three simulated
scenarios related to neonatal management and resuscitation.
Participants were individually fitted with a wearable biometric
device, a HexoskinTM smart shirt (Carre Technologies Inc, Montreal,
Canada), which was used to collect continuous physiologic data
from the time period immediately prior to filling out the first
survey to after the final debriefing in the study. HexoskinTM was
chosen because it provided continuous electrocardiogram (ECG)
cardiac monitoring over time necessary for HRV analysis, the
technology was presumed to be acceptable to study participants,
and accuracy had been validated in previous studies.14–17 Because
participants wore a biometric device throughout the time they
were engaged in the study, baseline HR data specific to individuals
was obtained, allowing each person to be used as their own
control. This factor enabled individual and interparticipant HRV

analysis, critical for achieving statistical significance with a smaller
number of study participants.
Participants spent approximately 3 h completing the study. An

initial assessment contained questions on demographics (Supple-
mentary Material), general state-of-being (i.e., anxious, excited,
etc.), pre-test knowledge, and derivative questions from the
Perceived Stress Scale (PSS)18 and the Positive and Negative Affect
Schedule (PANAS).19 Other questions addressed sleep, exercise,
diet, work schedule, major life events, and medications. Each
resident viewed an instructional video on neonatal intubation at
the start of the study.20

Following each simulation, a brief, real-time, post-scenario
survey was completed via Yale Qualtrics, a secure, web-based data
collection and survey tool. Responses were given on a Likert scale
(1= strongly disagree, 2= disagree, 3= neither agree nor dis-
agree, 4= agree, 5= strongly agree). Questions were derived
from the PSS18 and included whether the participant felt nervous/
scared/stressed, whether they felt that their stress response
negatively impacted performance, whether the participant felt in
control, whether the participant felt things were going his or her
way, and whether the participant objectively felt they had
successfully managed the case and completed the intubation.
Additional questions from the PANAS asked individuals to rate on
a Likert scale whether they experienced a variety of affective
states (e.g., ashamed, excited, distressed, interested, hostile,
scared, etc.)19 after completing a scenario.
Next, subjects participated in a structured debriefing, with

facilitators utilizing TeamGAINS21 framework. After the final
scenario and completion of the real-time post-scenario survey,
one additional survey was administered to reassess knowledge,
state, and stress, similar to those on the initial survey. Figure 1
depicts an individual’s work flow during the study.

Participant orientation
Participants were oriented to the standardized simulation
environment in the Yale Center for Medical Simulation at the
Yale University School of Medicine. In addition to discussing the
ground rules of simulation and providing specific information
about the layout of the room and the equipment, individuals were
also given time to become comfortable with the low- and high-
fidelity infant mannequins (Newborn AnneTM and SimNewB®,
Laerdal Medical, Stavanger, Norway).

Simulation environment
The room included an infant warmer, printed Neonatal Resuscitation
Program (NRP) algorithm, blankets, bulb and wall suction, an infant
bag valve mask for positive pressure ventilation, laryngoscope with
Miller 00, 0, 1 blades and MacIntosh 00, 0, 1 blades, cuffed and
uncuffed endotracheal tubes (2.5–4.0), ETT stylets, a Broselow
Pediatric Emergency Tape (Armstrong Medical Industries Inc,
Lincolnshire, IL), Pediatric Advanced Life Support (PALS) card,
medications, intravenous (IV) supplies, and an umbilical venous
catheter tray with all of the tools and equipment necessary for
emergent umbilical venous catheter placement. A videolaryngoscope
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(Storz C-MAC Karl Storz Endoscopy, Berkshire, UK) was used
instead of direct laryngoscopy, allowing the facilitator to assess
the success or failure of intubation in real time.

Simulation scenario
Three simulated scenarios with increasing stress levels (Table 1)
were created for this study. Each scenario required successful
intubation and implementation of neonatal resuscitative efforts
per the NRP algorithm. Authors with expertise in neonatology
initially drafted the low-, medium-, and high-stress scenarios.
Feedback was elicited from five additional faculty and trainees in
neonatology and EM to ensure that the content was appropriate
and that the targeted stress level was achieved. At the beginning
of each case, the facilitator read a script with the background
information for the case. A standardized confederate (acting as
either a bedside nurse or family member) was present.

Instructional design
Individual simulations (detailed in Table 1) were predetermined to
last no longer than 15min. If a case did not come to a natural
conclusion with completion of the stated goals, the facilitator was

instructed to end simulation after the allotted time. The scenarios
were videotaped from two angles using SimCapture (B-Line
Medical, Washington, DC), and intubation attempts with airway
view were recorded via memory card in the C-MAC. Video footage
was linked to unique participant number. Special attention was
given to the airway view obtained by the participant, the timing of
intubation, and the success or failure of the procedure. Other key
time points, including specific actions taken by the participant
(e.g., talking directly to family member or taking over chest
compressions) and directions given (e.g., requesting IV placement)
during the cases were also recorded.

Statistical analysis
Self-reported outcomes. For the comparison of self-reported
outcomes measured on the Likert scale, we estimated that a
sample size of 12 would achieve 84–97% power at an alpha of
0.05, using a two-sided Wilcoxon Signed-Rank test, to detect a
mean of paired differences of 1.0 with an estimated standard
deviation of differences of 0.8 for the within-person correlation
ranging from 0.15 to 0.5. We did not adjust for multiple
comparisons due to the multiple questions that elucidated stress

Table 1. Scenarios for study, including goals for debriefing.

Simulation Details, Possible Stressors Outcome

Scenario 1: Low stress
Stable term neonate in the neonatal ICU—plan to
intubate for operative procedure
Focus for debriefing:
♦Premedication for intubation
♦Indications for intubation

♦Low-fidelity infant mannequin
♦Controlled environment where individual performing
resuscitation is familiar with location of equipment
and set-up, knows team

♦Vital signs stable throughout case with no
deterioration even with delays in intervention or
multiple attempts at intubation

♦Team members remain calm throughout and utilize
closed loop communication

♦Infant improves clinically with
appropriate interventions

♦Infant survives

Scenario 2: Medium stress
Resuscitation of an unstable neonate who was
emergently delivered via urgent cesarean section for
fetal indications
Focus for debriefing:
♦NRP algorithm
♦Ventilation corrective steps
♦Troubleshooting intubation

♦High-fidelity infant mannequin+monitors
♦Rapid but controlled delivery
♦Individual performing resuscitation is familiar with
location of equipment and set-up

♦Leader may or may not know all of the team members
in the room

♦Vital signs initially poor and require prompt
interventions

♦Vital signs deteriorate with any real time set back (e.g.,
failed intubation attempt) but recover with
appropriate interventions as per the NRP algorithm

♦Infant improves clinically with
appropriate interventions

♦Infant requires a high level of care
♦Infant survives

Scenario 3: High stress
Resuscitation of an unstable neonate with prenatally
diagnosed congenital anomaly (left-sided congenital
diaphragmatic hernia (CDH)) who delivered
precipitously with no designated infant team as the
mother is being brought into a community
Emergency Department by EMS—infant emerges
lifeless and team arrives after delivery to find baby
and maternal grandmother, who is extremely
distraught, in room
Focus for debriefing:
♦NRP algorithm as it pertains to infant with CDH
♦Identifying resources available
♦Identifying when to discontinue resuscitative
measures

♦High-fidelity mannequin+monitors
♦Uncontrolled delivery and resuscitation environment
♦Leader unfamiliar with location of necessary
equipment, warmer is not set up or turned on,
equipment has not been restocked in any of the
drawers, and the participant must specifically request
all equipment

♦Multiple delays in obtaining data
♦Leader does not know who is in the room or the other
members of team

♦Vital signs, once available, are poor and well below
age-appropriate norms (O2 saturations and HR)
prompting intubation and advanced resuscitation
(placement of emergency UVC, administration of
epinephrine, chest compressions)

♦Patient deteriorates in spite of all interventions
♦Environment is chaotic, and there is a hysterical
grandmother in the room demanding to know what is
happening with the baby; participant told the mother
is unconscious after delivery and has a separate
medical team

♦Discontinuing neonatal resuscitation because infant
not responding

♦Pronouncing death

♦Infant does not improve clinically
or shows only minimal changes
with appropriate interventions

♦Infant does not survive

Stress as tool or toxin: physiologic markers and subjective report in. . .
B Redmond et al.

786

Pediatric Research (2020) 88:784 – 791



level, for example, because we believe that the individual
questions tapped into different domains of stress and, as such,
form different testable hypotheses.
Responses to individual questions were summarized using

means (with SD). The pretest and posttest answers about
knowledge, as well differences among the three real-time post-
scenario survey responses, were compared using Wilcoxon
Signed-Rank test. Significant results (p < 0.05) were summarized
using bar graphs. Data were analyzed using SAS 9.4 (Cary, NC).

Physiological outcomes. Analysis of physiological data focused on
differences in HR and HRV among the three simulation scenarios.
Changes in HR alone are interesting but insufficient for identifying
influences of stress.22 The branches of the ANS vie for
instantaneous cardiovascular control, and HRV analysis helps
elucidate which branch dominates over time. Owing to the
difference in time it takes for sympathetic and parasympathetic
activities to affect HR, HRV frequency domain analysis was
conducted. HRV summary outcomes were obtained at very low
frequency (<0.03 Hertz), low frequency (LF: 0.03–0.15 Hz), and high
frequency (HF: 0.15–0.4 Hz). The parasympathetic system is

somewhat faster than the sympathetic system, and as a result,
when reviewing data peaks in the medium frequency and HF
range, it has almost exclusive control. LF peaks can represent
involvement from either system.20 There were no time periods in
the data with >30 s of missing data points, making noninterpo-
lated HR useable. An example of noninterpolated instantaneous
HR trajectory, as well as power bands of HRV at different
frequencies and LF/HF ratio, is presented visually for one subject
using a time-series plot (Figs. 2 and 3).
Wavelet analysis was selected over Fourier transform for power

band analysis due to the short periods of time analyzed. Wavelet
“d4” of the external phase Daubaechies was selected for improved
temporal discrimination.20 The analysis was completed in the R-
HRV package23 (v4.2.3) in R (v3.4.2).24 The LF/HF ratio was chosen
because it is considered a measure of sympathetic system
dominance, which can be extrapolated to an individual’s
physiologic response to stress. The LF/HF ratios were compared
between scenarios using Wilcoxon Signed-Rank test. Between-
subject variability in the LF/HF ratios across the three scenarios
was summarized using an intra-class correlation. Spearman
correlation (ρ) was used to examine the association between
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one of the self-reported markers of stress (from the following real-
time post-scenario survey question: “I felt nervous, scared, or
stressed”) and the LF/HF ratio estimated from each scenario.
For all analyses, statistical significance was established at

alpha= 0.05, but association was also noted when alpha= 0.1.

RESULTS
Fourteen of the 30 eligible residents (15 residents per post-
graduate year) were approached for participation, 14 participants
consented to participate, and 12 were able to complete the study.
Two participants dropped out of the study because of scheduling
conflicts. Of the 12 participants in the study, all had experience
with intubation in older children or adults either in simulation or in
clinical contexts, but few had prior simulation-based or clinical
exposure to neonatal intubation and resuscitation. All but one had
exposure to video laryngoscopy [GlideScope Video Laryngoscope
(Verathon, Bothell, WA, USA)] but none had used a C-MAC prior to
the study day. Only one participant had completed training
through the American Academy of Pediatrics NRP, although 80%
had been certified in PALS allowing for a homogenous neonatal
resuscitation experience level. Half of individuals were on a clinical
service block, with the remainder on elective.
More than half of the participants (7/12) reported a major life

stressor within the last year, including but not limited to the
birth of a child, marriage, or divorce; death of a close friend or
family member; or recent move. The majority of subjects slept
an average of 5–7 h per night. Two participants said they never
exercised, and the rest reported 15–30 min daily. Two-thirds of
respondents described their diet as “unhealthy” or inconsistent,
although qualifying descriptions varied. Most subjects denied
the use of prescription medications, although one was on Celexa
and another on Wellbutrin. No participants reported taking
benzodiazepines or beta blockers. The survey did not ask about
caffeine, illicit drugs, marijuana, tobacco in any form, or alcohol,
although all participants were subject to drug testing as a

condition of their employment through Yale-New Haven
Hospital.

Self-report survey results
Analysis demonstrated significant self-report of stress with
progression through each of the scenarios (Fig. 4). This was
particularly true for the comparison of the first to the third
scenario, with participants reporting increased subjective stress
across multiple questions. For example, more participants strongly
agreed with the statement “During the simulated resuscitation I
felt nervous, scared, or ‘stressed’” as the study day progressed; and
fewer subjects agreed with the statement, “During the simulated
resuscitation, I felt things were going my way”, as they moved
from the first simulation to the last.
There was an increase in the affect expressions (PANAS) in

individuals endorsing the following states from scenario 1 to
scenario 3: distressed (p= 0.05), hostile (p= 0.02), and determined
(p= 0.03). “Attentive” approached but did not cross the threshold
of statistical significance.
Analysis of pretest and posttest data showed significant

increase in knowledge about the timing, equipment, and
mechanics of intubation in addition to appropriate interventions
required for successful neonatal resuscitation (data not shown).
After participation in the study, all participants were able to
correctly identify the appropriate-size Miller blade to use for
intubating a term neonate (Miller 1), and the correct amount of
time it should take to complete the procedure (30 s).25 On the
posttest, all respondents successfully identified airway anatomy,
and they selected the correct view that proper use of the
laryngoscope should produce.
Simulation facilitators noted two participants, one during the

second scenario and one during the third, were unable to
successfully intubate the mannequin on the first or subsequent
attempts (i.e., an endotracheal tube was placed in the esophagus).
This was confirmed on video laryngoscopy footage. Another
participant was reticent to pronounce the infant dead in the final
scenario, and the facilitator needed to end simulation after the
predetermined time had elapsed.

Physiologic data analysis
Among participants as a group, the LF/HF ratio from scenario 1
(median= 2.29, interquartile range (IQR)= 1.97, 3.91) was sig-
nificantly lower than from scenario 2 (median= 4.7, IQR= 2.32,
8.35, p= 0.04) and from scenario 3 (median= 4.63, IQR= 2.2, 7.43,
p= 0.04). The difference between scenarios 2 and 3 was not
significant (p= 0.83). We also observed significant between-
person variability in the magnitude of HRV as a response variable,
so that, while there was an average increase in the LF/HF ratio
across the three scenarios, individual subjects tended to generate
on average higher or lower values across all scenarios. There was
no significant association between participants’ self-report on
how they felt during a scenario and their LF/HF ratio (scenario 1:
ρ=−0.12, p= 0.71; scenario 2: ρ= 0.39, p= 0.21; scenario 3:
ρ=−0.05, p= 0.87).

DISCUSSION
This study demonstrates an association between participation in
increasingly stressful simulation scenarios and changes in
physiologic variables consistent with a stress response. This is a
novel finding, as other groups26 working with similar biometric
devices within simulation have not shown significant physiologic
disruption. Sometimes physicians were aware of their response to
significant stressors, but in other instances, they seemed to lack
insight into the effects of stress. Participants’ self-efficacy,
measured by reported confidence in their ability to successfully
intubate a term baby, improved following participation in the
study. Self-report about stress specific to intubation and
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resuscitation showed individuals perceived increased stress during
the latter cases, which were developed to include increasing
stressors. This provides further support for titrating stress in
simulation training over time so as to prepare the participant for
increasing stress in the clinical environment. Because some
participants experienced the most distress in the third scenario,
this study lends support for the critical nature of addressing infant
death in simulation given its prevalence in clinical contexts.27,28

Furthermore, because some participants had difficulty performing
intubation while experiencing distress, titrating stress in simula-
tion may be helpful in optimizing technical performance.
We found an increase in LF/HF ratio across scenarios, as well as

significant between-subject variability in the ratio. Across all
scenarios, some subjects responded to the scenarios on average
with higher ratio values, and other subjects responded on average
with lower ratio values. Change from scenario to scenario was
seen in all subjects. We found large between-person variability in
the magnitude of HRV, but the scale of the self-reported questions
related to stress was limited to 1–5 on the Likert scale.
The allowable range of LF/HF ratios was inherently broad, whereas
the range of responses to survey questions was constrained by the
scale. Had we expanded the self-reported scales to include a
broader range, there may have been greater variability in the
responses to the self-reported stress-related questions, and an
association between subjective and objective measures of stress
might have been detected.

Previous authors have demonstrated an increase in subjective
stress related to simulation29 and observation.30 The change in
magnitude of the stress response in each scenario, especially from
the first to the second, sets this study apart from prior
investigations. The degree of stress participants experienced is
likely multifactorial and potentially related to participation in
simulation, observation of performance, lack of familiarity with
subject matter, and embedded stressors in the cases, in addition
to other individualized sources of stress. Neonatal resuscitation
and stress are inextricably linked; as such, ensuring that
participants experience stress during training is likely beneficial,
but only up to a point. For some participants, the stress response
exhibited may indicate that capacity for long-term skill acquisition
is impaired because distress may undermine learning.11

Significant variability existed with respect to whether individual
participants felt their performance suffered as a result of stress,
including inconsistencies between self-reported confidence in
procedural performance and objective evaluation by the facil-
itator. For example, one participant was confident they had
intubated the mannequin, but the facilitator confirmed placement
of the endotracheal tube in the esophagus. Because participants
were oriented to the equipment and the mannequin, with time to
make clarifications prior to beginning the scenarios, it seems
unlikely that this failure of airway management is related to lack of
understanding of the appropriate view and therefore is potentially
attributable to participant stress.
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Procedural training and education may overcome gaps related
to performance.11,31 Aspects of performance cemented in long-
term motor memory are no longer subject to forces that can act
on working memory and, as such, are more likely to be preserved
even in highly stressful contexts. Mental training through
visualization can reinforce procedural capability and facilitate
strengthening of motor memory.32 Decreasing cognitive load in
stressful situations can be achieved through outsourcing knowl-
edge that needs to be readily available in working memory (i.e.,
use of cognitive aids) and may reduce stress.25 Individuals can
learn to modify physiologic manifestations of stress via teachable
tools,33 which could lead to better outcomes clinically.
Potential interventions for stress management include educa-

tion—both about the topic causing distress and the stress itself. If
a stressor is viewed as a threat, in which demands seem
disproportionately high relative to resources, a situation can lead
to activation of the sympathetic nervous system (SNS), resulting in
increased cardiac output, increased peripheral resistance, and
increased blood pressure. If the same situation were viewed as a
challenge, in which resources match or exceed perceived
demands, SNS is activated with increased HR, but without
alteration in blood pressure, similar to the body’s response to
aerobic exercise.6

Biofeedback, in which an individual seeks awareness of and
modification to aspects of the nervous system usually uncon-
sciously controlled by the brainstem, like respiratory rate and HR,
enables individuals to use techniques to interrupt neural pathways
potentiating different arms of the ANS. The spectrum of
techniques considered biofeedback ranges from monastic mas-
tery of body temperature and blood pressure34 to simple
strategies35 such as taking long measured breaths during busy
or stressful situations. Intentional pauses or short breaks, positive
self-talk, and other reframing techniques are also effective in
reducing distress.36 Cultivating mindfulness and consciously
practicing techniques that enhance resilience are invaluable in
buffering the toxic effects of stress, given the potential negative
effects on performance as well as long-term health
consequences.37

LIMITATIONS
The most significant limitation of this study is its small sample size.
Given the nature of the study, time spent in preparation,
execution, and analysis of multiple data sets was extensive.
Individual clinical schedules prevented all eligible and interested
parties from participating, and two of the participants were unable
to complete all three scenarios due to clinical or personal
commitments. An additional limitation is the presence of
incomplete data due to technologic malfunction and time
limitations for three individuals, but these aspects were controlled
for in statistical analysis. Short gaps in ECG data likely resulted
from brief periods of lost sensor contact with an individual’s skin.
Body habitus and inherent characteristics (e.g., whether an
individual is more likely to perspire) impacted electrode contact,
although the data contained embedded quality and reliability
information.
There are limitations in surveys relying on self-report, as some

participants may be more aware of their objective performance, or
influenced by their emotions, than others. State-of-being ques-
tions are particularly vulnerable to interpretation. Given the
potential to subtly and overtly alter physiologic parameters, not
asking about caffeine and drug use was a missed opportunity. One
expects tolerance from chronic caffeine consumers such that their
data should still reflect acute responses to conditions, but not
having any information about other drug use may have been a
confounder.
While a five-point Likert scale was utilized in the study, in large

part because the sources from which the questions were derived

utilized a scale from 1 to 5, we unintentionally limited the nuances
of the subjective stress report. This may explain the lack of
association between objective measurement of stress and the self-
reported scales. If the self-report Likert scales had been expanded
to be 1–10, greater variability in the responses might have allowed
an association to be detected. Specifically, the inability to detect
subtleties in degrees of stress between scenarios 2 and 3 may
have resulted from this study design decision, and it would be
interesting to repeat the assessment with expanded scales.

FUTURE WORK
One way to counteract some of the findings above would be to
recruit individuals to undergo a series of stressful simulations with
similar subjective and objective measures but to incorporate
interventions known to change the ANS output, with a goal of
assessing whether decreased markers of distress were observed.
Additional work is needed to investigate the applicability of
understanding an individual’s level of distress during simulation
and whether modifying scenarios in real-time improves learning.
Translating these findings into the clinical realm may assist in

expanding understanding of how physicians respond internally to
neonatal resuscitations and assessing subjective and objective
measures of stress surrounding those events. Such work could
potentially generate a body of knowledge directly related to
physician health, stress management, and long-term conse-
quences of repeated exposure, including vulnerability to burn-
out, as well as cultivation of resilience.

CONCLUSION
Changes in physiologic responses, such as HRV, can be utilized as
a proxy for stress response. In this study, participants were noted
to have alterations in these parameters when participating in
simulation-based training sessions of increasing levels of stress.
Awareness of how the ANS responds, reappraisal of threats into
challenges, and proportional countermeasures for distress could
prove invaluable to improving performance and decreasing the
impact of long-standing stress on healthcare providers.
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