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Editor—Acute stress has been shown to decrease performance
of cognitive tasks. Health professionals are often required to
make cognitive decisions during stressful situations. Resi-
dents trained in stress management strategies (tactics to
optimise potential [TOP]) show improved performance when
coping with critical situations during high-fidelity simulation
(HES).? Performance enhancement might result from the
effect of TOP on stress regulation, leading to a more
controlled biological stress reaction or balanced arousal with
the subject being better prepared for action. Separating
electrodermal activity (EDA) into its tonic (i.e. slow variation)
and phasic (i.e. fast variation) components identifies the
arousal phenomenon and sympathetic nervous system
activity.” These EDA components are under the influence of
two neuroanatomical networks.®> The tonic component is

influenced by the orbitofrontal and ventromedial prefrontal
cortices, whilst the phasic component is influenced by
various brain areas, including the thalamus, hypothalamus,
striate and extra-striate cortices, anterior cingulate and
insular cortices, and some lateral regions of the prefrontal
cortex.®> Both are mobilised during stress: tonic EDA
increases, whilst the phasic EDA bursts increase in both
amplitude and frequency.* Both stress dimensions were
better controlled in senior residents, indicating that
experience reduces perceived stress.” As TOP decreases
perceived stress in residents,’ we wanted to explore the
impact of TOP on the EDA components.

The effect of TOP on the performance of 128 anaesthesia
residents facing a critical situation in HFS was studied in a
prospective RCT.! Assessment of the mechanism of action of
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TOP through EDA analysis was an ancillary objective. The
study protocol was pre-registered on October 6, 2016 on
ClinicalTrials.gov (NCT02926599) and was approved by the
Institutional Review Board of the Comité de Protection des
Personnes SUD-EST II (2016-089).

Residents received general information about the study
and then gave their written individual informed consent. They
were randomised into two parallel arms: TOP or control. The
TOP training consisted of five 60 min sequences given once a
week for five consecutive weeks by two instructors and ending
1 month before the high-fidelity simulation. TOP consist of
techniques, such as mental imagery, cardiac coherence
biofeedback, and sensory relaxation.® In our study, TOP was
focused on breathing control using relaxing and revitalising
breathing techniques and on optimisation of readiness
through mental rehearsal of the wupcoming actions
(Supplementary material 1.A). The control group did not have
any training. Senior residents were defined as those having
responsibility for on-call duty (which in France means >3 yr
experience).

On the day of the high-fidelity simulation, participants
were equipped with a wristband measuring device (E4 Empa-
tica Srl, Milan, Italy) on their dominant hand for continuous
measurements of EDA at a sampling rate of 4 Hz. The high-
fidelity simulation was explained to the participants
(briefing). The TOP group participants were then asked to sit
down and perform the previously learned TOP exercises for 5
min (Supplementary material 1.B), whilst the control group
participants only read laboratory test results. Thereafter, all
participants did one critical simulated scenario followed by a
debriefing. EDA was measured over four distinct time periods:
briefing, intervention, scenario, and debriefing. We considered
that 93 out of the 128 participants had complete EDA re-
cordings, whilst the remainder had incomplete recordings
because of technical problems.

EDA was normalised using the z-score. Its phasic and tonic
components were extracted using a validated convex optimi-
sation algorithm that defines EDA as the sum of a tonic,

a
1.0 -
©
S 051
(7]
A .
< 00-
o
lu *%*
L 05
c
i}
€ 1.0
(]
s
_1 .5 T T T 1

Briefing Intervention Scenario Debriefing

—— <3 yr of experience —— >3 yr of experience

Maximum amplitude of phasic T

phasic, and noise component.? This algorithm solves EDA
deconstruction by a quadratic optimisation approach.? The
mean tonic EDA (mtEDA) and the maximum phasic EDA
(mapEDA) were calculated for each subject during each period
of the high-fidelity simulation. Statistical analysis was per-
formed using analysis of variance for repeated measures
comparing conditioning (TOP [n=43] or control [n=50]) and
experience (junior [<3 yr; n=47] or senior [>3 yr; n=46]). The
interaction conditioning*experience corresponded to the
combined effects of the TOP and experience. The statistical
threshold was set at P<0.05, and post hoc Bonferroni tests for all
pairs were performed if necessary.

The mtEDA showed a significant experience effect (F
[3267]=4.12; P<0.01) unrelated to conditioning. Post hoc anal-
ysis showed that seniors exhibited a lower mtEDA than juniors
during the scenario and debriefing periods (P<0.01 and P<0.05,
respectively; Fig. 1a). The mapEDA showed a significant
intervention effect (F[3267]=3.45; P<0.05) without an experi-
ence effect or any interaction. Compared with the control
participants, the TOP participants did not have a mapEDA in-
crease during the intervention or other periods (Fig. 1b). Dur-
ing the debriefing, the mapEDA of control participants was
higher than that of control and TOP participants during
intervention (P<0.001 and P<0.05, respectively).

Depending on which component is considered, EDA may
also indicate the brain networks involved. Experience has a
major effect on the tonic EDA. Senior residents had a lower
sympathetic tone than juniors. Moreover, seniors, in contrast
to juniors, did not experience an increase of tonic EDA during
the scenario. Thus, experience may modulate the orbitofrontal
and ventromedial prefrontal cortices in agreement with the
known role of the ventromedial prefrontal cortex in coding the
latent structures of experience, the causal links, and the task-
related cognitive maps.” The mapEDA is a reliable marker of
sympathetic activity,” which has been reported to increase in
residents practising high-fidelity simulation.? As the mapEDA
was steady in TOP participants but not in controls during the
simulation scenario,' it appears that TOP contributes to stress
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Fig 1. (a) Mean tonic electrodermal activity (EDA) in function of experiment periods and of years of training group. Results are expressed as
means (standard error of the mean [sem]). *P<0.05; **P<0.01 to Bonferroni test. (b) Maximum amplitude of phasic EDA in function of
experiment periods and of treatment group. Results are expressed as means (sim). *P<0.05; **P<0.001 to Bonferroni test. TOP, tactics to

optimise potential.
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regulation and reduced sympathetic activation. This is in
agreement with the decreased subjective feeling of stress in
TOP participants.’ Furthermore, the better regulation of phasic
EDA in TOP participants reinforces the concept of down-
regulation of the amygdala observed with functional MRI after
other cognitive therapy,’ as the amygdala, part of the limbic
system, controls the phasic component of the sympathetic
nervous system.'”

Using the components of EDA, we show for the first time
that experience and stress management strategies may
modulate two different pathways controlling the stress
reaction.
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