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M EDICAL education during intensive care and anes-
thesiology residency focuses on trainees developing the 

requisite skills needed to independently provide safe, effective, 
efficient, and evidence-based care.1–3 High-fidelity simulation 
(HFS) is often embraced as an integral part of a longitudinal 
training curriculum and aims to accomplish part of this objec-
tive. HFS has been demonstrated to be effective in improving 
knowledge retention, with associated improvement in partici-
pant behavior and performance during the simulation as well as 
improved transfer of performance to actual clinical practice.4–6

For certain learning objectives, realism enhances the ped-
agogical value of HFS; but may also increase stress.7,8 Stress 
has classically been associated with improvements in cogni-
tive performance and memory improvement,9 but, beyond 
a certain threshold, which varies among individuals, stress 
may also impair information retention.10–12

ABSTRACT
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What We Already Know about This Topic

• Simulation in anesthesiology is useful for learning and 
improving behavioral performance

• Simulation debriefing traditionally consists of a participant 
reaction phase, an analysis phase, and a summary phase

• Simulation scenarios can generate stress that may impair 
information retention

What This Article Tells Us That Is New

• This investigation tested whether residents in a simulation 
would better recall critical key messages at three months 
when a relaxation break occurred before debriefing

• More residents (71 vs. 46%) recalled three or more messages 
at three months when there was a relaxation break compared 
with controls

• Results suggest that relaxation as a cognitive technique may 
enhance learning

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2018; 128:638–49
This investigation tested whether residents in a simulation would better recall critical key messages at three 
months when a relaxation break occurred before debriefing. More residents (71 vs. 46%) recalled three or more 
messages at three months when there was a relaxation break compared with controls. Results suggest that relax-
ation as a cognitive technique may enhance learning.
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HFS debriefing traditionally starts with a “reactions 
phase” to enable cognitive defusion and help participants 
express themselves.13 After the reactions phase, the debrief-
ing continues with a formative assessment, the “analysis 
phase.” The debriefing is then concluded by a “summary 
phase,” designed to ensure better memory encoding and 
consolidation of critical key messages (CKM) with personal 
improvement tips.14,15

The literature on HFS provides evidence that supports the 
effectiveness of debriefing as a tool to improve participant 
knowledge acquisition.16 Expert recommendations advise start-
ing debriefing immediately after the scenario,14 yet no study has 
investigated the validity of this assumption, and the literature 
does not provide a clear standard for the most effective debrief-
ing model.16,17 Interestingly, conversational relaxation with 
progressive muscle relaxation and mindful breathing has shown 
efficacy in reducing stress levels,18–20 enhancing both working 
and long-term memory retention.21,22 Therefore, the hypothesis 
was that during HFS, residents would benefit from a collective 
and standardized relaxation break before debriefing. While the 
goal of simulated-based educational curriculum is the transfer 
of performance to clinical practice, it is difficult to measure 
objectively. Memory retention however represents an interme-
diate endpoint that is more straightforward and amenable to 
measurement. If relaxation before debriefing during HFS leads 
to better retention of CKM months later, it is reasonable to 
expect that subjects will likely perform better in simulated or 
real critical situations. To investigate this, we first conducted a 
study to explore the association between a relaxation break and 
the number of scenario-specific CKM recalled at three months 
by residents after a simulated critical event in HFS.

Materials and Methods

Design
The study protocol was preregistered on May 20, 2015 on 
clinicaltrials.gov (NCT02470130). The study obtained 
approval from the Hospices Civils de Lyon institutional 
ethics committee (September 2, 2014). This prospective 

randomized (1:1) controlled study with two parallel arms 
and a hypothesis of superiority, was conducted at the Lyon 
teaching center for simulation in health care (Centre Lyon-
nais d’Enseignement par Simulation en Santé [CLESS]) 
at the Claude Bernard Lyon 1 University (Lyon, France). 
Enrolled residents gave their oral individual informed con-
sent after they received general information about the study 
(including that they could be contacted by telephone or 
email if needed). This study followed the recommendations 
of the International Committee of Medical Journal Editors 
and the results were reported using the Consolidated Stan-
dards of Reporting Trials (CONSORT) guidelines.23

Population and Simulation Setting
This study involved all residents participating in HFS ses-
sions in the CLESS during the 2014 to 2015 academic year. 
These HFS sessions were part of their resident educational 
program and were not formally evaluated. No exclusion cri-
terion was applied. HFS sessions were organized by postgrad-
uate year as repetitive sessions of four to five hours. Residents 
of the same specialty and postgraduate year were divided 
into groups of three to eight residents per HFS session. Two 
similar HFS sessions were organized each simulation day 
with two different groups of residents from the same spe-
cialty and year of training. One or two residents participated 
actively in each scenario. Three to five different scenarios ran 
consecutively during each HFS session so that each resident 
participated actively only once. HFS sessions followed the 
usual sequences of briefing, scenario, and debriefing for each 
scenario. Residents not actively participating in the scenario 
observed live video transmission from an adjacent debriefing 
room. SimMan Essential and SimBaby manikins (Laerdal 
Medical AS, Norway) were used. Scenarios dealt with crisis 
situations in the emergency department, operating room, 
intensive care unit or intrahospital patient transport. They 
were adapted to specialty and training level of the residents. 
Immediately after each scenario, a structured debriefing took 
place with all residents (active participants and observers). 
Two instructors facilitated debriefings. All instructors were 
anesthetists, intensivists or pediatricians who were certified 
in medical simulation instruction or had at least two years 
of simulation instructor experience. For a given scenario, 
the same two instructors facilitated all debriefings. Debrief-
ings focused on individual performance as well as techni-
cal/medical aspects of the scenario and lasted approximately 
30 min. Debriefings employed plus/delta and Promoting 
Excellence and Reflective Learning in Simulation (PEARLS) 
models. A figure presenting the debriefing framework after 
the Simulation-Population, Intervention, Comparator, Out-
come (Sim-PICO) model is provided in appendix 1.24 A 
simulation technician provided technical support.

Intervention
Residents assigned to the intervention group (RELAX) had a 
standardized collective relaxation break between the scenario 
and debriefing which took place in the debriefing room. The 
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same instructor (M.L.) guided each relaxation break, which 
consisted of a standard text read slowly in a peaceful tone of 
voice over five minutes (appendix 2). All residents (active 
participants and observers) and instructors were invited to 
close their eyes, to breathe quietly, and to relax while listen-
ing to the text. At the conclusion of the relaxation break the 
debriefing was started. For residents assigned to the control 
group, the debriefing started immediately after the end of 
the scenario.

Experimental Protocol
Scenarios and order of scenarios were predetermined by 
instructors before the HFS session and were the same for 
morning and afternoon sessions. The intervention was preal-
located either to the odd numbered scenarios or to the even 
numbered scenarios alternatively. The instructors were the 
same in RELAX and control groups for the same scenario. 
Blocked and stratified randomization by specialty, postgradu-
ate year and simulated scenario was performed. Randomiza-
tion sequence assignment (1:1) was performed before the start 
of the HFS session by randomly picking concealed names to 
assign them to the order of scenarios in which they would 
actively participate. The instructor performing the random-
ization was blinded to group allocation. Residents were not 
informed of the group allocation and scenario assignment 
before the scenario started. Each resident participated to two 
scenarios: one as an active participant and another one as an 
observer (fig. 1). Each scenario had five preestablished specific 
CKM as clear attitudes or treatments that would clinically 
solve the critical situation (the complete list is provided in 
Supplemental Digital Content, http://links.lww.com/ALN/
B599). These five CKM were chosen by consensus between 
local experts, writers and facilitators of the scenario, and were 
given orally to residents by the main instructor facilitating 
debriefing at the very end of the debriefing.

Questionnaires and Data
Questionnaires and data collected are presented in a 
timeline in figure 2. Residents were asked to complete a 

demographic questionnaire, the validated French trans-
lation of the State-Trait Anxiety Inventory (STAI) form 
before and at the conclusion of debriefing (STAI-State 
[STAI-S]: from 20 to 80 points)25,26 and iterative Visual 
Analog Scale for Anxiety (VAS-A: subsequently con-
verted to a 0 to 100 mm numerical scale).27 The duration 
of debriefing was recorded but was not time-restricted. 
The Debriefing Assessment for Simulation in Healthcare 
(DASH from 7 to 42 points) questionnaire has yet to be 
widely explored in the literature; however, it is a validated 
tool to assess the quality of the simulation session with a 
focus on the debriefing.28,29 The version of DASH used in 
this study was translated locally into French because no 
official version was available at the time of study imple-
mentation. The DASH was completed by both active par-
ticipants and observers of the scenario (DASH-Student) 
at the conclusion of debriefing.30 The DASH-Instructor 
evaluation was scored by the instructor who facilitated the 
debriefing and the DASH-Rater evaluation was scored by a 
peer observer instructor at the conclusion of each debrief-
ing. The use of DASH evaluation is standard practice at 
the investigation simulation center, but for completeness a 
formal review of the DASH rating system was provided to 
instructors before the study.

The STAI-Trait form (STAI-T: from 20 to 80 points) 
and the validated French translation of the Fear of Negative 
Evaluation (FNE) scale (from 0 to 30 points) were emailed 
to residents two weeks later.31,32

Three months after the HFS session, one investigator 
(M.L.) who was blinded to group allocation, contacted 
residents by telephone without any previous notice. If resi-
dents were unavailable or busy at the start of the phone call, 
the investigator asked to call back. The investigator read a 
preestablished questionnaire (appendix 3). Residents were 
invited to recall the five CKM of the scenario in which they 
had participated actively and that they had observed. The 
investigator transcribed responses on a word-for-word basis 
and read back the response to confirm the accuracy of the 
transcription. At the end of the interview, residents were 

Fig. 1. Timeline and participation of residents: active participants of a scenario and observers of another scenario.
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instructed to maintain the confidentiality of interview con-
tent. Subsequently, two investigators (M.L. and J.-N.E., 
who were also instructors), blinded to group allocation, 
independently attributed zero or one point for each CKM 
recalled (binary; yes or no) for each resident and for each 
scenario (the one with resident as active participant and the 
one with resident as observer). For each scenario and each 
resident, the two total scores from each investigator (from 
zero to five points based on the CKM recalled) were then 
compared. If the difference between the two scores was 
less or equal to one point, the mean of the two scores was 
recorded. If the difference between the scores was greater 
than one point, a third blinded instructor scored the CKM 
recalled and the mean of the scores of the three raters was 
recorded.

Endpoints
The scale of CKM recalled was coded from zero to five, 
however, the plan of analysis was a priori designated to 
examine the number of residents with three or more CKM 
recalled. The primary endpoint was the number of residents 
participating actively who recalled three or more messages 
out of the five at three months. Secondary endpoints were: 
the number of residents observing who recalled three or 
more messages out of the five at three months, the mean 
number of CKM recalled at three months by residents 
(as active participants or observers), the level of anxiety 

assessed by VAS-A, STAI-S, and the quality of debriefing 
rated by the DASH.

Statistical Analysis
Considering that one-third of residents would recall 
at least three CKM in the control group (based on past 
experience), and the assumption that the RELAX group 
would have twice as many residents recalling three CKM 
as the control group, a sample size of 64 residents (32 per 
group) was calculated a priori to reach a power of 80% 
with a two-sided type I error probability of 0.05. How-
ever, in order to obtain a representative cohort from each 
year of residency, all residents scheduled for HFS were 
invited to be included during the whole academic year. 
Statistical analysis was performed on an intention-to-
treat basis. Categorical variables (including the primary 
endpoint) were presented using absolute and relative 
frequencies and compared using the chi-square test or 
Fisher’s exact test as appropriate. Continuous variables 
(secondary endpoints) were described using mean (SD) 
or median (25th to 75th) and compared using Student’s 
t test or Mann-Whitney as appropriate. Difference esti-
mates with 95% CIs are provided. Interrater agreement 
(95% CI) with weighted Kappa was used to assess the reli-
ability of the two investigators’ CKM scores for each par-
ticipant and for each scenario. In order to identify factors 
associated with at least three CKM recalled, a multilevel 

Fig. 2. Protocol timeline.
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logistic regression with the generalized estimating equa-
tion method was planned a priori to account for residents 
being both participants and observers. The main predictor 
was built from a combination of variables: active partici-
pant of scenario versus observer of scenario, and relaxation 
break versus no relaxation break. To control for potential 
confounders, adjustment was performed on sex and year 
of residency (residents’ experience from 1 to 5 yr). The 
results were presented as adjusted odds ratios (OR) with 
corresponding 95% CI. All tests were two-tailed, and  
P < 0.05 was considered as statistically significant. Data 
analyses were performed using Statistical Analysis System 
(version 9.3; SAS Institute Inc., USA).

Results
All residents who met the inclusion criteria gave consent to 
participate in the study. A total of 149 residents were ran-
domized from October 2014 to January 2016 (appendix 
4). There were 126 (85%) anesthesiology and critical care 
residents, and 23 (15%) pediatric critical care residents. For 
active participants, 73 were allocated to the RELAX group 
and 76 to the control group. Two residents were not pres-
ent for the totality of debriefing for the observed scenario 
(they completed the process as active participants). A total of 
139 residents completed and returned the STAI-T and FNE 
questionnaires.

Participant characteristics and outcome data for 
active participants and observers are presented in table 1 
and table  2. All included residents were called at three 
months for interview. One resident could not be reached. 
Two questionnaires were lost in transport between the 
offices of the investigators who scored CKM recall, and 
the non-validated scores were therefore not considered 
for analysis.

The inter-rater agreement between the two investiga-
tors for CKM ratings was good for active participants 
(95% CI, 0.606 to 0.771; P = 0.689) and for observers 
(95% CI, 0.686 to 0.835; P = 0.761). The two investiga-
tors found 16 differences of more than one point in CKM 
scoring (nine in the active participant group and seven in 
the observer group).

Endpoints
For scenarios in which residents participated actively, there 
was an additional 25% of residents as active participants in 
the RELAX group who recalled three or more out of the five 
CKM (N = 52, 71%) as compared with the control group 
(N = 35, 46%; difference: 25% [95% CI, 10 to 40%],  
P = 0.004) at three months (table 2). The mean number of 
recalled CKM was nearly 13% percentage points greater 
in the RELAX group (3 ± 1) than in the control group  
(3 ± 1); difference: 0.4 (95% CI, 0 to 1), P = 0.009). Five 
residents (7%) in the RELAX group versus one (1%) in 
the control group recalled all CKM (P = 0.114). There 
was no significant difference between RELAX and control 
groups with regards to the mean end of debriefing STAI-S 
score (respectively 35 ± 10 vs. 34 ± 7; difference: 0.4 [95% 
CI, –2 to 3], P = 0.752), the mean end of the debriefing 
VAS-A (respectively 17 ± 20 vs. 16 ± 15; difference: 0.3 
[95% CI, –5 to 7], P = 0.294), and the mean DASH-
Student scores (respectively 38 ± 3 vs. 38 ± 2; difference: 
–0.6 [95% CI, –1 to 1], P = 0.213).

For scenarios that were observed by residents, there 
was no significant difference between RELAX and con-
trol groups with regards to the number of residents who 
recalled three or more CKM (respectively 43 ± 58% 
vs.  35 ± 47%; difference: 11% [95% CI, –4 to 27%], 
P  =  0.151). The mean number of recalled CKM was 

Table 1. Participant Characteristics: RELAX and Control Groups for Active Participants and Observers

Active Participants Observers

RELAX  
(N = 73)

Control  
(N = 76)

RELAX  
(N = 74)

Control  
(N = 75)

Characteristics data  
  Female, N (%) 39 (53%) 39 (51%) 38 (51%) 40 (53%)
  Age, yr 27 [26–28] 27 [26–28] 27 [26–28] 27 [26–28]
Psychometric data at baseline  
  FNE, points 17 (7) 17 (6) 17 (6) 17 (7)
  STAI-T, points 42 (8) 41 (8) 42 (8) 41 (8)
Psychometric data before intervention*  
  Initial STAI-S, points 41 (10) 42 (10) 41 (10) 42 (10)
  Initial VAS-A, mm 43 (25) 47 (24) 47 (24) 44 (25)
  Before briefing VAS-A, mm 56 (28) 59 (25) 13 [4–27] 9 [1–28]
  Before scenario VAS-A, mm 61 (26) 64 (23) 15 [6–40] 9 [1–40]
  Post scenario VAS-A, mm 43 (26) 45 (22) 19 [4–45] 11 [2–36]

Values are expressed as n (%), mean (SD), or median [25th-75th] as appropriate. 
*The intervention is a relaxation break between the end of the scenario and the debriefing in the RELAX group or no relaxation break in the control group.
FNE = Fear of Negative Evaluation Scale (from 0: no FNE to 30 points: FNE maximal); RELAX = residents assigned to the intervention group; STAI = State-
Trait Anxiety Inventory (from 20: very low to 80 points: very high); STAI-S = STAI State; STAI-T = STAI Trait; VAS-A = Visual analog scale for anxiety (from 0: 
no anxiety to 100 mm: maximal anxiety). 
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nearly 20 percentage points greater in the RELAX group 
(3 ± 1) than in the control group (2 ± 1; difference: 0.4 
[95% CI, 0 to 1], P = 0.042). Six residents (8%) in the 
RELAX versus one (1%) in the control group recalled all 
CKM (P = 0.059). There was no significant difference 
between the RELAX and control groups with regards to 
the mean end of debriefing STAI-S (respectively 35 ± 10 
vs. 35 ± 12; difference: –0.5 [95% CI, –4 to 3], P = 
0.751), the mean end of the debriefing VAS-A (respec-
tively 16 ± 21 vs. 18 ± 26; difference: –2.2 [95% CI, –10 
to 6], P = 0.607), and the mean DASH-Student scores 
(respectively 38 ± 3 vs. 38 ± 3; difference: 0.4 [95% CI, 
–1 to 1], P = 0.416; table 2).

Multilevel logistic regression analysis found that being 
an active participant of the scenario in the RELAX group 
(OR = 3.0 [95% CI, 1.5 to 6.2], P = 0.003), being male 
(OR = 2.2 [95% CI, 1.4 to 3.7], P = 0.002) were indepen-
dently and positively associated with three or more CKM 
recalled at three months. However, being in the fourth and 
the fifth year of residency (respectively OR  =  0.4 [95% 
CI, 0.2 to 1.0], P = 0.038; OR = 0.4 [95% CI, 0.1 to 
1.0], P = 0.050) was independently and negatively associ-
ated with three or more CKM recalled at three months 
(table 3).

Discussion
Few publications have reported the effect of relaxation on 
cognitive performance, and to the best of our knowledge, 
no study has investigated its effect on behavioral perfor-
mance.18,21,22,33,34 HFS generates anxiety that may impair 
selective attention as well as working and delayed memory 
recall, which are major cognitive functions involved in long-
term memory retention.11,35,36 Therefore, if anxiety persists 

during debriefing, it may disturb learners from the infor-
mative content of debriefing and favor retention of the 
perceived specific causes of anxiety rather than the specific 
CKM of the scenario.37

The current study found that there was an additional 
25% (95% CI, 10 to 40%, P = 0.004) of active partici-
pants in HFS scenarios who recalled at least three out of 
five CKM at three months when a collective standardized 
relaxation break was performed before debriefing. Relax-
ation positively affects memory in different ways. First, 
relaxation may condition participants to take full advan-
tage of the debriefing session by enhancing their cognitive 
performance while reducing their level of stress.38 Second, 
working memory and storage processes for long-term mem-
ory consolidation have been shown to improve with relax-
ation independent of stress context.21,22 Third, relaxation 
may help anchor newly acquired data during the scenario. 
This positive postlearning effect on memory consolidation 
is supported by a study that found significant improvement 
in incidental long-term memory in healthy subjects when 
a single relaxation session was performed.22 Relaxation has 
been proven to increase ascending and descending para-
sympathetic nervous system activity,39 which has been asso-
ciated with enhancement of memory retention.40

However, there was no difference between observers with or 
without relaxation break in the number of residents who recalled 
three or more CKM at three months. Interestingly, there was a 
lower iterative VAS-A measured during the observed scenario 
that indicates a difference in anxiety level between active par-
ticipants and observers. Therefore, the lack of relaxation effect 
for observers is likely to be due to a decreased anxiety level 
experienced by observers. One may rationalize that relaxation 

Table 2. Outcome Data: RELAX and Control Groups for Active Participants and Observers

 
 

Active Participants Observers

RELAX  
(N = 73)

Control  
(N = 76) P Value

Difference  
(95% CI)

RELAX  
(N = 74)

Control  
(n = 75) P Value

Difference 
(95% CI)

Psychometrics data after intervention*         
  Postrelaxation VAS-A, mm 17 [7–32] NA NA NA 4 [1–19] NA NA NA
  Postdebriefing VAS-A, mm 17 (20) 16 (15) 0.294 0.3 (–5 to 7) 16 (21) 18 (26) 0.607 –2.2 (–10 to 6)
  End of debriefing STAI-S, points 35 (10) 34 (7) 0.752 0.4 (–2 to 3) 35 (10) 35 (12) 0.751 –0.5 (–4 to 3)
Debriefing         
  Debriefing duration, min 27 (8) 26 (6) 0.385 1.0 (–1 to 3) 27 (8) 26 (6) 0.385 1.0 (–1 to 3)
  DASH-Student, points 38 (3) 38 (2) 0.213 –0.6 (–1 to 1) 38 (3) 38 (3) 0.416 0.4 (–1 to 1)
  DASH-Instructor, points 32 (4) 33 (3) 0.391 –0.2 (–2 to 0) 32 (4) 33 (3) 0.454 0.4 (–2 to 0)
  DASH-Rater, points 36 (2) 36 (2) 0.575 –0.5 (–1 to 1) 36 (2) 36 (2) 0.279 0.4 (–1 to 1)
Evaluation at 3 months         
  Residents with ≥ 3 CKM recalled 52 (71%) 35 (46%) 0.004 25% (10 to 40) 43 (58%) 35 (47%) 0.151 11% (–4 to 27)
  Mean number of CKM recalled 3 (1) 3 (1) 0.009 0.4 (0 to 1) 3 (1) 2 (1) 0.042 0.4 (0 to 1)

Values are expressed as n (%), mean (SD), or median [25th-75th] as appropriate.
*The intervention is a relaxation break between the end of the scenario and the debriefing in the RELAX group or no relaxation break in the control group.
CKM = Critical key messages; DASH = Debriefing Assessment for Simulation in Healthcare (from 7: poor quality to 42 points: maximum quality); NA = not 
applicable; RELAX = residents assigned to the intervention group; STAI = State-Trait Anxiety Inventory (from 20: very low to 80 points: very high); STAI-S = 
STAI State; VAS-A = Visual analog scale for anxiety (from 0: no anxiety to 100 mm: maximal anxiety). 
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is more effective to increase the recall of CKM for participants 
who are involved in a more stressful event.

The logistic regression found that a relaxation break 
occurring just after the simulated scenario was indepen-
dently associated with better recall of the CKM of the 
scenario at three months for active participants. The 
logistic regression also found that male sex was associ-
ated with increased recall of three or more CKM. Such 
a difference in memory retention between sexes during 
periods of anxiety is supported by psychologic,41 neu-
robiologic,42 and functional neuroimaging studies.42,43 
However, this was not an observation intentionally 
investigated in the current study, and one might be more 
interested by implementation of external factors that will 
enhance learning. The logistic regression also found that 
the farther along in the curriculum residents were, the 
less likely they were to recall the CKM appropriately. 
This observation argues for simulation learning early in 
the residency educational program, and substantiates a 
recent report that found younger board-certified anes-
thesiologists received higher performance ratings than 
older ones during HFS.44 To explain and to protect from 
the causes of such differences may be of profound inter-
est for program directors, simulation experts, and for the 
future of training assessments.

Implications
The debriefing is considered to be the cornerstone of HFS. 
It should be structured and supported by psychologic 
approaches for promoting effective learning.14,45–47 Debrief-
ing usually starts with a reactions phase in which facilitators 
are supposed to help participants to reflect on and verbalize 
their emotions. This process is considered essential to pre-
pare participants for debriefing discussions, however, it is 
not always an easy task for debriefing facilitators.15 The lit-
erature recommends immediate debriefing after critical event 
scenarios, but formal personal reflection may justify a delay 
for a more efficient debriefing.14 While not a substitute for 
a reactions phase, the relaxation break might prove to be an 
important adjunct to the debriefing, worthy of the additional 
five minutes per scenario to improve memory retention of 
critical actions.

Examples of CKM are presented in table 4 in order to 
highlight the importance of each individual CKM and the 
importance of coordination of the all five CKM to solve 
critical situations. The clinical importance of each individ-
ual CKM might vary depending on the scenario; however, 
it is important for residents to maximize recall of CKM. 
Although residents rarely recalled all CKM for a given sce-
nario, the increased number of residents who recalled at least 
three CKM when a relaxation break was used before debrief-
ing provides new evidence for the use of cognitive techniques 
to enhance participants’ learning. It also suggests that it may 
be worth exploring the effect of using several cognitive tech-
niques to help memory retention after HFS.

In a step toward investigation of the effect on perfor-
mance, memory retention of objectives at three months was 
chosen as a first straightforward endpoint, and the results 
suggest that the use of relaxation as an adjunct cognitive 
technique for the enhancement of learning retention is 
promising. In addition to improving memory retention, 
incorporation of relaxation techniques into healthcare edu-
cation may also help residents translate knowledge into 
clinical practice. At the investigation simulation center, 
collective relaxation is now routinely provided before the 
debriefing for stressful scenarios, when instructors suspect 
higher stress on participants and when requested by par-
ticipants or instructors. While no data have been collected, 
our experience suggests other benefits not explored here. 

Table 3. Factors Independently Associated with Three or More 
Critical Key Messages Recalled by Residents

 
Odds Ratio  

(95% CI) P Value

Active participant of scenario 
without relaxation break

— —

Active participant of scenario 
with a relaxation break

3.0 (1.5 to 6.2) 0.003

Observer of scenario without 
relaxation break

1.0 (0.5 to 2.0) 0.994

Observer of scenario with a 
relaxation break

1.7 (0.9 to 3.3) 0.100

Male sex 2.2 (1.4 to 3.7) 0.002
First year of residency — —
Second year of residency 0.9 (0.4 to 2.2) 0.881
Third year of residency 0.5 (0.2 to 1.3) 0.160
Fourth year of residency 0.4 (0.2 to 1.0) 0.038
Fifth year of residency 0.4 (0.1 to 1.0) 0.050

Table 4. Examples of Two Scenarios with Their Synopsis and Their Five Critical Key Messages Delivered at the End of the 
Debriefing

Example Scenario A Example Scenario B
A cardiopulmonary arrest caused by a  

sudden ventricular fibrillation occurring in the  
postanesthesia care unit.

A pediatric septic shock with purpuric meningitis arriving  
in the emergency department.

1. Diagnose the septic shock
2. Insert an intravenous line (or intraosseous if needed)
3. Administer intravenous fluid boluses
4. Draw blood samples for blood culture
5. Start intravenous antibiotics as soon as possible

1. Start cardiopulmonary resuscitation
2. Call for help
3. Defibrillate
4. Switch performers for chest compressions every 2 min
5. Administer intravenous bolus of 1 mg of epinephrine + 300 mg  

of amiodarone after the 3rd shock
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For instance, some instructors now employ the relaxation 
break before debriefing of critical situations in the actual 
clinical setting.

Limitations
One important limitation of this study is that the relax-
ation break was not compared to a nonstandardized break, 
but it is also of note that the duration of the break was 
chosen arbitrarily. Additionally, no assessment of baseline 
factual knowledge, of performance during simulation, and 
of the individuals’ ongoing learning environment was done 
before the intervention and before the phone call inter-
view. While any of these factors might have affected CKM 
retention at three months, the randomization process most 
likely eliminated this bias, balancing groups with partici-
pants’ associated factors. Moreover, there is no evidence in 
the literature that performance during simulation is cor-
related with memory retention, and it is of note that the 
objective of debriefing is to allow participants to maximize 
both retention and future performance, irrespective of per-
formance during the simulation. The limit of the phone 
call interview to measure retention of factual information 
at three months should be acknowledged. This method 
has not been validated a priori as an assessment tool and 
it might be perceived as a time-pressure situational chal-
lenge, which can affect memory recall. Another limitation 
is that the study explored memory retention of factual 
information about clinical treatments or tasks to be man-
aged in emergency situations. One cannot presume that the 
effects of relaxation will translate to retention of nontech-
nical skills or details of technical procedures learned during 
HFS. More generally, no difference in anxiety was observed 
between groups. It is possible that the anxiety variables do 
not accurately reflect the specific stressors addressed by 
relaxation. Another explanation may be that the relaxation 
effect per se is affecting other pathways for memory reten-
tion not explored here. No biologic (salivary cortisol and 
alpha amylase) or hemodynamic data (heart rate variabil-
ity, blood pressure, or electrodermal activity) was collected. 
Recent studies have highlighted large intra-individual vari-
ations of the autonomic nervous system activation and dif-
ferences between professions.48,49

Future Directions
Further studies are warranted to confirm the effect of relax-
ation per se, to explore the optimal time-effectiveness ratio of 
a relaxation break during HFS, and to quantify the effect of 
relaxation on physical and psychometric parameters during 
simulation. Subsequent modification of the reactions phase 
and exploration of the relaxation effect in real clinical set-
tings on individual and team performance might be of inter-
est for future investigations.

Conclusions
The relaxation break occurring just after active participation 
in a simulated critical event scenario is independently associ-
ated with better recall of the scenario’s critical key messages at 
three months. The benefits of relaxation as a cognitive tech-
nique to enhance the learning should be considered for medi-
cal education and should be investigated further to evaluate 
potential impact on posttraining clinical performance.
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Appendix 3: Assessment Questionnaire at 
Three Months
“Hello, I hope I’m not disturbing you?” Yes / No (if yes, call  
back later)
“Three months ago you took part in a high fidelity simulation 
 session. Do you remember that?” Yes/No
“What type of scenario did you take part in?”_________________.
“Can you recall the list of five key points that were mentioned at 
the end of the debriefing?” Yes/No
“Can you try and list them for me?”
Key targets:

5 targets, 1 point per target listed or explained:
Total: / 5
“On the same day you were also among the observers of a scenario 
dealing with_____________________. Do you remember this?” 
Yes/No
“Do you recall the five key points listed at the end of the  debriefing?” 
Yes/No
“Could you try and list them for me, please?”
Key targets:

5 targets, 1 point per target listed or explained:
Total: / 5
Participant number: |__|__|__|__|

Appendix 2: Relaxation Text
Text for conversational relaxation read aloud to the group:

“We are all going to spend 5 min in silence so that we can relax 
before starting the debriefing. Slowly and gently I am going to ask 
you to do the actions that I propose. Just allow yourselves to be 
guided by the sound of my voice, only my voice that will be guiding 
you during these 5 min. Are you all ready? ... Good …

First sit down comfortably on a chair and once you are comfort-
ably settled, close your eyes, very good…

Your eyes are closed and you are now going to relax your closed 
eyelids, first the right side, then the left side, very good. Now you 
are relaxing your face starting with the mouth, and the jaw muscles. 
Let your face relax slowly, continue while letting your cheek mus-
cles relax, and your cheekbones, and now feel the muscles in your 
forehead, and then your chin, relax.

Let your hands become loose, relax the muscles of your hands, 
the lower part of your arms. Now feel your elbows relaxing, your 
arms, and now relax your shoulders, on the right hand side, and 
the left hand side, slowly. Now feel the muscles of your neck 
relaxing.

And now, let yourself imagine a place that you like very much, a 
place where you know you can rest, a peaceful place, special, a place 
where you feel good, and safe. Slowly describe each item in this 
place, appreciate the tiniest details which make this place one that 
you like to be, take the time to linger in this restful place…

You are feeling so good, you are now concentrating on your 
breathing, slowly and peacefully you are breathing in and then 
breathing out. You feel the air peacefully filling your lungs and you 
are looking at yourself in this place that you like so much. You are 
breathing in and then breathing out. You are feeling so good and 
you are relaxing peacefully. Slowly relax your stomach muscles and 
continue to breathe gently, breathing in and then breathing out. 
You are continuing to imagine this place where you like to be and 
you are calmly observing this scene spread out before you. Take 
the time to feel how relaxed you are in this environment. You are 
breathing gently and you are feeling good.

Now, very gently you are going to raise your shoulders and your 
head, then slowly place your hands one after another on your stom-
ach. Very good, and now you are quietly going to open your eyes, 
very good, and we are now going to restart the simulation session 
with the debriefing…”

WHAT WHEN WHERE WHY

Sim: Randomized, controlled, blinded review, high-fidelity various scenarios no industry funding

Population: 149 anesthesia, intensive care and / or pediatrics residents  

Outcome: Memory retention at 3 months 

Comparator

WHO

Intervention
Two 

instructors
facilitators

of the 
debriefing

Relaxation
Before debriefing

No Relaxation
Before debriefing

Immediately 
post- case

Debriefing 
room, 
in the 

simulation 
center

Stress decrease
Self feedback…

Usual debriefing 
without break

Appendix 1

Fig. A1. Debriefing framework after the Simulation-Population, Intervention, Comparator, Outcome (Sim-PICO) model.24
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Appendix 4

Fig. A2. Flow diagram (based on Consolidated Standards of Reporting Trials [CONSORT] 201023). RELAX = Residents assigned 
to the intervention group.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/128/3/638/381966/20180300_0-00030.pdf by guest on 13 M
arch 2024



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 128:638-49 648 Lilot et al.

Relaxation during Simulation and Memory Retention

References
 1. Shelton CL, Smith AF: III. In pursuit of excellence in anaes-

thesia. Br J Anaesth 2013; 110:4–6
 2. Smith AF, Glavin R, Greaves JD: Defining excellence in anaes-

thesia: The role of personal qualities and practice environ-
ment. Br J Anaesth 2011; 106:38–43

 3. Sprung CL, Cohen R, Marini JJ: Excellence in intensive care 
medicine. Crit Care Med 2016; 44:202–6

 4. Boet S, Borges BC, Naik VN, Siu LW, Riem N, Chandra D, 
Bould MD, Joo HS: Complex procedural skills are retained 
for a minimum of 1 yr after a single high-fidelity simulation 
training session. Br J Anaesth 2011; 107:533–9

 5. Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang 
AT, Erwin PJ, Hamstra SJ: Technology-enhanced simulation 
for health professions education: A systematic review and 
meta-analysis. JAMA 2011; 306:978–88

 6. Lorello GR, Cook DA, Johnson RL, Brydges R: Simulation-
based training in anaesthesiology: A systematic review and 
meta-analysis. Br J Anaesth 2014; 112:231–45

 7. Bauer C, Rimmelé T, Duclos A, Prieto N, Cejka JC, Carry PY, 
Grousson S, Friggeri A, Secco J, Bui-Xuan B, Lilot M, Lehot JJ: 
Anxiety and stress among anaesthesiology and critical care 
residents during high-fidelity simulation sessions. Anaesth 
Crit Care Pain Med 2016; 35:407–16

 8. Nielsen B HN: Causes of student anxiety during simulation: 
What the literature says. Clin Simul Nurs 2013; 9:e507–12

 9. Demaria S Jr, Bryson EO, Mooney TJ, Silverstein JH, Reich 
DL, Bodian C, Levine AI: Adding emotional stressors to train-
ing in simulated cardiopulmonary arrest enhances partici-
pant performance. Med Educ 2010; 44:1006–15

 10. Harvey A, Bandiera G, Nathens AB, LeBlanc VR: Impact of 
stress on resident performance in simulated trauma scenar-
ios. J Trauma Acute Care Surg 2012; 72:497–503

 11. LeBlanc VR: The effects of acute stress on performance: 
Implications for health professions education. Acad Med 
2009; 84(10 Suppl):S25–33

 12. Sandi C, Pinelo-Nava MT: Stress and memory: Behavioral 
effects and neurobiological mechanisms. Neural Plast 2007; 
2007:78970

 13. Zigmont JJ, Kappus LJ, Sudikoff SN: The 3D model of debrief-
ing: Defusing, discovering, and deepening. Semin Perinatol 
2011; 35:52–8

 14. Fanning RM, Gaba DM: The role of debriefing in simulation-
based learning. Simul Healthc 2007; 2:115–25

 15. Rudolph JW, Simon R, Raemer DB, Eppich WJ: Debriefing as 
formative assessment: Closing performance gaps in medical 
education. Acad Emerg Med 2008; 15:1010–6

 16. Levett-Jones T, Lapkin S: The effectiveness of debriefing in 
simulation-based learning for health professionals: A system-
atic review. JBI Libr Syst Rev 2012; 10:3295–337

 17. Garden AL, Le Fevre DM, Waddington HL, Weller JM: 
Debriefing after simulation-based non-technical skill train-
ing in healthcare: A systematic review of effective practice. 
Anaesth Intensive Care 2015; 43:300–8

 18. Feldman G, Greeson J, Senville J: Differential effects of mind-
ful breathing, progressive muscle relaxation, and loving-
kindness meditation on decentering and negative reactions 
to repetitive thoughts. Behav Res Ther 2010; 48:1002–11

 19. Pawlow LA, Jones GE: The impact of abbreviated progressive 
muscle relaxation on salivary cortisol. Biol Psychol 2002; 
60:1–16

 20. Schwartz GE, Davidson RJ, Goleman DJ: Patterning of cogni-
tive and somatic processes in the self-regulation of anxiety: 
Effects of meditation versus exercise. Psychosom Med 1978; 
40:321–8

 21. Hudetz JA, Hudetz AG, Reddy DM: Effect of relaxation on 
working memory and the Bispectral Index of the EEG. 
Psychol Rep 2004; 95:53–70

 22. Nava E, Landau D, Brody S, Linder L, Schächinger H: Mental 
relaxation improves long-term incidental visual memory. 
Neurobiol Learn Mem 2004; 81:167–71

 23. Schulz KF, Altman DG, Moher D; CONSORT Group: 
CONSORT 2010 statement: Updated guidelines for report-
ing parallel group randomized trials. Ann Intern Med 2010; 
152:726–32

 24. Raemer D, Anderson M, Cheng A, Fanning R, Nadkarni V, 
Savoldelli G: Research regarding debriefing as part of the 
learning process. Simul Healthc 2011; 6 Suppl:S52–7

 25. Gaudry E, Vagg P, Spielberger CD: Validation of the State-
Trait Distinction in Anxiety Research. Multivariate Behav Res 
1975; 10:331–41

 26. Gauthier J, Bouchard S: A French-Canadian adaptation of the 
revised version of Spielberger’s State–Trait Anxiety Inventory 
[article in French]. Can J Behav Sci 1993; 25:559–78

 27. Williams VS, Morlock RJ, Feltner D: Psychometric evaluation 
of a visual analog scale for the assessment of anxiety. Health 
Qual Life Outcomes 2010; 8:57

 28. Cheng A, Grant V, Dieckmann P, Arora S, Robinson T, Eppich W: 
Faculty development for simulation programs: Five issues for 
the future of debriefing training. Simul Healthc 2015; 10:217–22

 29. Dreifuerst KT: Using debriefing for meaningful learning to 
foster development of clinical reasoning in simulation. J Nurs 
Educ 2012; 51:326–33

 30. Brett-Fleegler M, Rudolph J, Eppich W, Monuteaux M, 
Fleegler E, Cheng A, Simon R: Debriefing assessment for 
simulation in healthcare: Development and psychometric 
properties. Simul Healthc 2012; 7:288–94

 31. Musa C, Kostogianni N, Lépine JP: The Fear of Negative 
Evaluation scale (FNE): Psychometric properties of the 
French version [article in French]. Encephale 2004; 30:517–24

 32. Watson D, Friend R: Measurement of social-evaluative anxi-
ety. J Consult Clin Psychol 1969; 33:448–57

 33. Hudetz JA, Hudetz AG, Klayman J: Relationship between 
relaxation by guided imagery and performance of working 
memory. Psychol Rep 2000; 86:15–20

 34. Lindsay WR, Morrison FM: The effects of behavioural relax-
ation on cognitive performance in adults with severe intellec-
tual disabilities. J Intellect Disabil Res 1996; 40 (Pt 4):285–90

 35. Elzinga BM, Bakker A, Bremner JD: Stress-induced cortisol 
elevations are associated with impaired delayed, but not 
immediate recall. Psychiatry Res 2005; 134:211–23

 36. Price JW, Price JR, Pratt DD, Collins JB, McDonald J: High-
fidelity simulation in anesthesiology training: A survey of 
Canadian anesthesiology residents’ simulator experience. 
Can J Anaesth 2010; 57:134–42

 37. Goldberg A, Silverman E, Samuelson S, Katz D, Lin HM, 
Levine A, DeMaria S: Learning through simulated indepen-
dent practice leads to better future performance in a sim-
ulated crisis than learning through simulated supervised 
practice. Br J Anaesth 2015; 114:794–800

 38. Fisher AJ, Newman MG: Heart rate and autonomic response 
to stress after experimental induction of worry versus relax-
ation in healthy, high-worry, and generalized anxiety disor-
der individuals. Biol Psychol 2013; 93:65–74

 39. Sakakibara M, Takeuchi S, Hayano J: Effect of relaxation 
training on cardiac parasympathetic tone. Psychophysiology 
1994; 31:223–8

 40. Clark KB, Naritoku DK, Smith DC, Browning RA, Jensen RA: 
Enhanced recognition memory following vagus nerve stimu-
lation in human subjects. Nat Neurosci 1999; 2:94–8

 41. Felmingham KL, Tran TP, Fong WC, Bryant RA: Sex differ-
ences in emotional memory consolidation: The effect of 
stress-induced salivary alpha-amylase and cortisol. Biol 
Psychol 2012; 89:539–44

 42. Andreano JM, Cahill L: Sex influences on the neurobiology of 
learning and memory. Learn Mem 2009; 16:248–66

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/128/3/638/381966/20180300_0-00030.pdf by guest on 13 M
arch 2024



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 128:638-49 649 Lilot et al.

EDUCATION

 43. Galli G, Wolpe N, Otten LJ: Sex differences in the use of 
anticipatory brain activity to encode emotional events. J 
Neurosci 2011; 31:12364–70

 44. Weinger MB, Banerjee A, Burden AR, McIvor WR, Boulet J, 
Cooper JB, Steadman R, Shotwell MS, Slagle JM, DeMaria 
S Jr, Torsher L, Sinz E, Levine AI, Rask J, Davis F, Park C, 
Gaba DM: Simulation-based assessment of the manage-
ment of critical events by board-certified anesthesiologists. 
ANESTHESIOLOGY 2017; 127:475–89

 45. Dieckmann P, Krage R: Simulation and psychology: Creating, 
recognizing and using learning opportunities. Curr Opin 
Anaesthesiol 2013; 26:714–20

 46. Rudolph JW, Simon R, Dufresne RL, Raemer DB: There’s 
no such thing as “nonjudgmental” debriefing: A theory and 

method for debriefing with good judgment. Simul Healthc 
2006; 1:49–55

 47. Morse KJ: Structured model of debriefing on perspec-
tive transformation for NP students. Clinical Simulation in 
Nursing 2015; 11:172–9

 48. Bong CL, Lightdale JR, Fredette ME, Weinstock P: Effects of 
simulation versus traditional tutorial-based training on phys-
iologic stress levels among clinicians: A pilot study. Simul 
Healthc 2010; 5:272–8

 49. Phitayakorn R, Minehart RD, Pian-Smith MC, Hemingway 
MW, Petrusa ER: Practicality of using galvanic skin response 
to measure intraoperative physiologic autonomic acti-
vation in operating room team members. Surgery 2015; 
158:1415–20

From Malaysia and Spain: The Liebig Company Peppers the World 
with Capsaicin

A discoverer of chloroform, Professor Justus von Liebig inspired the Liebig Extract of Beef Company, which collected 
many herbs and spices, including chili peppers from around the world. One of the company’s French-language trade 
cards depicted Malaysian workers on a spice plantation (upper left) and a Spanish lady collecting peppers in her Anda-
lusian basket (lower right). Not lost on the Liebig Company was the fact that many early liniments, including snake oils, 
frequently provided topical pain relief by including capsaicin-spiced ingredients, courtesy of the chili pepper. (Copyright 
© the American Society of Anesthesiologists’ Wood Library-Museum of Anesthesiology.)

George S. Bause, M.D., M.P.H., Honorary Curator and Laureate of the History of Anesthesia, Wood Library-Museum 
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