
Empirical Investigations
A Cognitive Aid Improves Adherence to Guidelines for Critical Endotracheal
Intubation in the Resuscitation Room
A Randomized Controlled Trial With Manikin-Based In Situ Simulation
Mathieu Ben-Haddour, MD;

Mathilde Colas, MD;

Antoine Lefevre-Scelles, MD;

Zoé Durand, MD;

André Gillibert, MD;

Mélanie Roussel, MD;

Luc-Marie Joly, MD, PhD
From the Departments of Emergency Medicine (M.B.H., Z.D
Emergency Medicine-SAMU 76A (M.B.H., A.L.-S.), Rouen U
F-76000 Rouen; Department of Emergency Medicine-SAMU
Hospital, F-76600 Le Havre; Departments of Anesthesiology
and Biostatistics (A.G.), Rouen University Hospital; and Nor
UNIROUEN (L.-M.J., M.R.), F-76000 Rouen, France.

Correspondence to: Mathieu Ben-Haddour, MD, Service des
Germont Hôpital Charles Nicolle, 76000 Rouen, France (e‐m
benhaddour@chu-rouen.fr).

The authors declare no conflict of interest.

Supplemental digital content is available for this article. Direct
printed text and are provided in the HTML and PDF version
journal’s Web site (www.simulationinhealthcare.com).

Copyright © 2021 Society for Simulation in Healthcare
DOI: 10.1097/SIH.0000000000000603

156 Guidelines for Critical Endotracheal Int

Copyright © 2022 by the Society f
Introduction: Emergency endotracheal intubation (ETI) is a high-risk procedure. Some of
its adverse events are life-threatening, and guidelines emphasize the need to anticipate
complications by thorough preparation. The emergency department (ED) can be an unpre-
dictable environment, and we tested the hypothesis that a cognitive aid would help the
emergency practitioners better follow guidelines. The main objective of this study was to de-
termine whether the use of a cognitive aid focusing on both preintubation and postintubation
items could improve ETI preparation and implementation in the ED resuscitation room regard-
ing adherence to guidelines. The secondary objective was to measure and describe proce-
dure times.
Methods:Weconducted a single-blind randomized controlled trial with manikin-based in
situ simulation. The participants were not aware of the purpose of the study. The cognitive
aid was developed using national guidelines and current scientific literature. The most rel-
evant items were the preparation and implementation of a rapid sequence induction for
ETI followed by mechanical ventilation. Emergency department physician-nurse pairs were
randomized into a “cognitive aid” group and a “control” group. All pairs completed the
same scenario that led to ETI in their own resuscitation room. An adherence to guidelines
score of 30, derived from the 30 items of the cognitive aid (1 point per item), and prepara-
tion and intubation times were collected.
Results: Seventeen pairs were included in each group. Adherence to guidelines scores
were significantly higher in the cognitive aid group than in the control group (median =
28 of 30, interquartile range = 25–28, vs. median = 24 of 30, interquartile range =
21–26, respectively, P < 0.01). Preparation, intubation, and total procedure times were
slightly longer in the cognitive aid group, but these results were not significant.
Conclusions: In an in situ simulation, a cognitive aid for the preparation and implementa-
tion of an emergency intubation procedure in the ED resuscitation room significantly im-
proved adherence to guidelines without increasing procedure times. Further work is
needed in a larger sample and in different settings to evaluate the optimal use of cognitive
aids in critical situations.
(Sim Healthcare 17:156–162, 2022)

Key Words: Emergency medicine, cognitive aid, emergency endotracheal intubation, in situ
simulation, manikin-based simulation, randomized controlled trial.
Emergent endotracheal intubation (ETI) is a high-risk proce-
dure, which includes patient preparation, the choice and prep-
aration of intubation equipment allowing a safe procedure, the
intubation itself, and control of the success of ETI. Compli-
cations related to intubation are usually described as mild or
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life-threatening. Life-threatening complications, such as se-
vere hypoxemia, severe collapse, cardiac arrest, and death,
are related to hemodynamic alterations and difficult oxygena-
tion or ventilation.1,2 Mild complications include difficult in-
tubation, esophageal intubation, and pulmonary aspiration.1

Emergency situations may cause emotional distress in medical
teams. Cognitive overload may occur in case of infrequent
procedures if too many unusual tasks have to be managed
and too much information has to be gathered and integrated
at the same time. Severity and infrequent situations, time pres-
sure, and stressful environment increase the risk of cognitive
overload and underperformance. These conditions are espe-
cially encountered in emergent intubation.3,4 Airway manage-
ment guidelines emphasize that complications could be
avoided or reduced by considering different safety steps during
ETI preparation and planning, such as assessment for difficult
mask ventilation, difficult intubation, hemodynamic status op-
timization, oxygenation optimization, or esophageal intubation
immediate recognition.5–9 As in other high-risk settings, cogni-
tive aids have been developed to improve performances and
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avoid forgetting critical steps during a crisis.10 Cognitive aids
are thought to mitigate cognitive overload and optimize
performance.10–14 The benefit of cognitive aids in surgical cri-
ses has been suggested in several studies conducted in both
surgery and anesthesiology settings, including some in simu-
lated conditions.15 However, 2 studies have reported conflict-
ing results regarding the value of checklists during ETI in an
intensive care unit (ICU). The first study highlights that an in-
tubation management protocol can reduce immediate
life-threatening complications.6 Conversely, a multicenter trial
concluded that a preprocedure checklist does not increase the
lowest arterial oxygen saturation or lowest systolic during ETI
of critically ill adults.16

In a pediatric emergency department (ED), a checklist
was part of a program to improve the quality and safety of
rapid sequence intubation (RSI).17 We built our own cognitive
aid to help practitioners prepare and implement intubation ac-
cording to British and French guidelines and to study its role
for ETI in the ED resuscitation room. The main objective of
this study was to determine whether the use of a cognitive
aid focusing on both preintubation and postintubation items
could improve ETI preparation and implementation in the
ED resuscitation room regarding adherence to guidelines.
The secondary objective was to measure and describe proce-
dure times.

METHODS
Study Design

We conducted a 2-center single-blind randomized con-
trolled trial (RCT) with manikin-based in situ simulation in
the ED resuscitation rooms of Le Havre General Hospital (Le
Havre, France) and Rouen University Hospital (Rouen,
France). Our local institutional review board approved the
study, with its blinding requirement that participants would
be informed of the real objective of the study only after the
end of the study.

Participants
Study participants were ED physicians and nurses in the 2

centers [a university teaching hospital with a high-volume ED
(110,000 patients per year) and a general hospital with a me-
dium volume ED (55,000 patients per year)]. Volunteer
physicians and nurses were recruited to participate in a
simulation-based study of a common life-threatening emer-
gency. Physicians were randomized into a CA group and a
control group with a 1/1 ratio stratified by center and by phy-
sicians' seniority in emergency medicine (keamk.com ran-
domization software). For practical reasons, nurses were not
randomized, and physician-nurse pairs were constituted each
study day depending on nurse availability and time constraints
(at the discretion of the head nurse). Neither physicians nor
nurses could choose their pair or know their name in advance.
Inclusion criteria were nurses and physicians who worked at
least half of their hours in the ED and who were authorized
to work in the resuscitation room. The only exclusion crite-
rion was failure to provide informed consent.

Study Procedures
As different cognitive aid formats exist, we chose to build

ours as a “memory aid” (see Text Document, Supplemental
Vol. 17, Number 3, June 2022
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Digital Content 1, http://links.lww.com/SIH/A721), rather
than a checklist or a flowchart, based on literature data.18,19 Items
were determined fromFrench andBritish guidelines on intubation
from multiple references, including publications within ICU set-
tings, and were focused on difficult intubations.1,2,5,7–9,20,21 In-
cluded items were structured in five components: equipment
and patient positioning, hemodynamic optimization, respira-
tory optimization, drug preparation, and postintubation
checks. The cognitive aid, an easy-to-handle 21� 29-cm lam-
inated sheet, was stored in the usual crash cart. Participants in
the 2 groups completed the same scenario, with the cognitive
aid (CA group) or without the cognitive aid (control group).
Although participants knew that they would be tested in a
practical study simulating a life-threatening emergency (ethi-
cal need to obtain informed consent), they were blinded to
the purpose of the study and the process of randomization.
The CA group discovered the cognitive aid during the simula-
tion, but neither the CA group nor the control group was
aware that they were being evaluated on their adherence to
guidelines for emergency intubation procedure. Control
group pairs remained blinded throughout the simulated ses-
sion. At the start of the session, participants in the CA group
were informed that they would find a document, but they
did not know that it was a cognitive aid or when or what it
would be used for, but only that they would have to use it.
They received no further information or instructions. Simula-
tion sessions were conducted in the resuscitation room of the
2 EDs. Each simulation session started with a reminder of the
general rules of simulation work and the features of the train-
ing manikin. The physician-nurse pairs were instructed to
work as usual; they were free to organize their tasks and to
choose and use equipment and treatments as they wished. It
was specified that the pairs could access all equipment and
medicines in their usual resuscitation room, which were orga-
nized and stored as usual. A training manikin (SimMan-ALS;
Laerdal Medical, Stavanger, Norway) was brought in to both
EDs and positioned supine on a stretcher in the usual resusci-
tation room. It was controlled remotely away and out of view
of the participants. No effort was made to change the routine
work environment of the room. If the physician-nurse pairs
considered that they needed to use any medicines or medical
equipment, they were able to use real medicines and equip-
ment but only those that were available in the room. To ad-
dress comparability issues in real life, we chose 1 simple
scenario of a combined drug and alcohol self-intoxication rap-
idly leading to coma. The simulated case was identical for all
pairs and was preceded by a short introduction detailing the
start of the scenario: “A 35-year-old man has just come from
home to the ED for a drug and alcohol self-intoxication. He
vomited in the ambulance while being transported. He is con-
fused and drowsy.” The simulation started on arrival of the
team in the resuscitation room. The scenario predicted that
the confusion and drowsiness would worsen and lead to coma.
Hypoxemia worsened because of aspiration of gastric contents
and then bradypnea occurred. Blood pressure decreased until
collapse. Inability to protect his own airway due to coma indi-
cated emergency intubation. The manikin was programmed to
be normally intubated. Oxygenation and fluid expansion im-
proved hypoxemia and collapse. In the CA group, the cognitive
© 2021 Society for Simulation in Healthcare 157
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aid was visibly displayed in the crash cart. The simulation ended
when ventilation was achieved using a mechanical ventilator
connected to the tracheal intubation tube and when
postintubation chest x-ray was requested to confirm endotra-
cheal tube placement. Two evaluators (M.B.H. and M.C.) were
present at simulation sessions, one acted as a simulated partici-
pant (a nurse aid), who could install equipment and apply in-
structions but not suggest choices or strategies, the other
operated the manikin parameters according to the scenario.

Outcome Measures
Simulation sessions were recorded by 2 video cameras

with sound recording. Each participant signed a consent form
authorizing the use of the recorded data and undertook not to
disclose the scenario or purpose of the study until the study
was completed.

The primary outcomewas the performance of physician-nurse
pairs according to their adherence to guidelines score (of 30 on the
grid). The scoring grid comprised 30 items. References for
each item are indicated in Table 1. Each item was scored bi-
nary as done or not done. Instructions for raters to fill in the
TABLE 1. Scoring Grid of Performance of the Physician-Nurse Pairs:

Scoring Grid

1 Self-inflating bag checked, connected to oxygen7

2 Face mask size checked7,19

3 Oropharyngeal airway ready to use*7

4 Laryngoscope blade size selected7,19

5 Laryngoscope light handle and blade checked7,19

6 Endotracheal tube size selected7,19

7 Endotracheal tube ± stylet lubricated7,19

8 Endotracheal cuff inflation ready = IV syringe requested ready to use

9 Endotracheal tube holder ready = twill tape or standard tape request

10 Suction connected to vacuum and Yankauer (or another catheter)

11 Mechanical ventilator prepared and checked*4,6,7

12 Patient monitoring functional, SpO2, heart rate, blood pressure param

13 Patient monitor parameters repeated, BP measurement2,3,7

(At least at the beginning and after fluid expansion and just before RSI)

14 Venous access checked7

15 Stretcher height adapted7,19

16 Modified Jackson position or intubation head pad modified7,19

17 Preoxygenation done2–6,18,19

(>3 min; 15 L/min O2 or noninvasive ventilation)

18 Difficult intubation kit localized or requested if criteria for difficu
(Research for risk for DI clearly spoken out loud, or difficult airway devi

clearly located or placed nearby or prepared)

19 Capnography (quantitative) ready-to-use*2–6,18,19

20 Fluid expansion before induction2–6

21 Hemodynamic maintenance = vasopressors considered2–4,6

22 Hypnotic agent (etomidate or ketamine) requested4–6,18,19

23 Hypnotic agent dose spoken aloud5,6,18

(Dose clearly stated out loud after nurse prepared or before RSI)

24 Neuromuscular blocking agent (succinylcholine) requested4–6,18,19

25 Neuromuscular blocking agent dose requested5,6,18 (Dose clearly state
after nurse prepared or before RSI)

26 Sedation maintenance prepared or clear decision not to use it2–4,6

27 Endotracheal tube placement checked = immediate capnography c

28 Selected intubation detection = auscultation done7

29 Mechanical ventilator switched7

30 Chest x-ray requested7

Essential criteria are in bold and instructions for raters are in italic. Numbers in superscript ref
*Significant result at P < 0.05 (comparisons assessed with Fisher exact test).
BP, blood pressure; DI, difficult intubation; IV, intravenous; ns, nonstatistically significant.
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grid were specified when there could be ambiguities (Table
1). Several items were combined into 1 single item of the cog-
nitive aid (ie, “mechanical ventilation: setup, circuit, and filter
checked” were combined into “mechanical ventilation pre-
pared and checked”). We used a 2-step evaluation. First, eval-
uation was started live by the manikin operator and continued
at the end of the session after discussion with the simulated
nurse aid. Second, evaluation was completed or corrected by
reviewing camera recordings. One point was attributed to each
item if it was completed. Four experts (2 ED physicians and 2
anesthesiologists) rated the 30 items of the cognitive aid in or-
der of importance, and the 5 items with the highest ratings
were retained. These 5 essential criteria were suction con-
nected to vacuum and catheter, quantitative capnography
ready to use, difficult intubation kit localized or requested if
difficult intubation criteria present, preoxygenation, and en-
dotracheal tube placement checked (capnography before
switching to mechanical ventilator).

A postsession evaluation form was distributed to each
participant after the simulation and filled in real time. It in-
cluded specialty, physicians' seniority in the ED, previous
Score of Adherence to Guidelines

CA CG P

17 16 ns

8 3 ns

15 9 0.024

16 16 ns

17 15 ns

17 17 ns

15 13 ns
7 17 16 ns

ed and immediately available7 17 14 ns
4,6,7 15 17 ns

14 6 0.005

eters available2,3,7 17 17 ns

17 17 ns

17 16 ns

13 11 ns

5 4 ns

17 16 ns

lt intubation*5,6,19

ces
14 3 0.0002

15 9 0.024

17 16 ns

10 8 ns

17 17 ns

17 17 ns

17 17 ns

d out loud 17 17 ns

11 7 ns

hecked4–7,18,19 13 13 ns

17 16 ns

17 17 ns

17 17 ns
er to bibliographic references.
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TABLE 2. Characteristics of the Participants

Characteristics
CA Group
(n = 17)

Control Group
(n = 17) P

Provider's hospital

Rouen University Hospital 8 8

Le Havre General Hospital 9 9

Seniority in emergency medicine, y

Physicians 3 (1–8) 2.5 (2–7) 0.82

Nurses 5 (3–8) 4 (2–10) 0.72

Exposure to simulation

Physicians 16/17 16/17 1.0

Nurses 8/17 4/17 0.28

Situation already encountered in real life

Physicians 16/17 17/17 1.0

Nurses 17/17 17/17 1.0

Situation already encountered
in a simulation-based training

Physicians 5/17 7/17 0.72

Nurses 1/17 2/17 1.0
Seniority year is expressed in median (IQR).

TABLE 3. Participants' Assessment of the Realism of the
Simulation and the Cognitive Aid

CA Group
(n = 34)

Control Group
(n = 34) P

Realism

Environment (0: very low to 5: very high) 5 (4–5) 4 (4–5) 0.31

Manikin (0: very low to 5: very high) 4 (3–4) 4.0 (3–4) 1.0

Scenario (0: very low to 5: very high) 5 (4–5) 5 (5–5) 0.25

CA seem to CA users

Useful (0: not at all to 5: very) 4 (3–5) — —

Easy to use (0: not at all to 5: very) 4 (3–5) — —

Assessment of realism is expressed in median (IQR).
exposure to simulation, and previous exposure to the situation
in real life or in simulation-based training (Table 2). Using a
Likert scale, participants rated the usefulness, the ease of use
of the checklist, and the realism of the simulation (Table 3).
The scale was graduated from 0 (very low) to 5 (very high).
Secondary outcomes were procedure times: the preparation
time, defined as the time between the decision to intubate
and the start of anesthetic induction, and the intubation time,
defined as the time between the start of induction and the infla-
tion of the endotracheal tube cuff. The total procedure time was
defined as the time between the arrival of the physician-nurse
pair in the resuscitation room and the connection of the me-
chanical ventilator to the tracheal intubation tube and the re-
quest for postintubation chest x-ray to confirm endotracheal
tube placement. Time data were measured by video viewing.

Statistical Analysis
Randomization of the pairs was stratified by hospital cen-

ter and by physician seniority in emergency medicine. We es-
timated that the mean score in the control group would be
approximately 70%. We considered that a gain of 20% would
be of clinical relevance, as observed in 2 similar studies11,12 on
cognitive aids. The standard deviation was computed using the
standard deviations observed in the control group and the in-
terventional groups of 2 similar studies (see Text Document,
Supplemental Digital Content 2, http://links.lww.com/SIH/A722).
The required number of participants to achieve a 90% mini-
mum power with an a value of less than 5% (BiostaTGV online
software) was therefore 30 pairs,13,14 and 34 pairs were planned
to take into account potential exclusions in case of recording
failure. Scores of adherences to guidelines and different dura-
tions were expressed in median with interquartile range (IQR)
and compared between groups by a Wilcoxon test (SAS Studio
University Edition 3.5 Software, Cary, NC). Participants' senior-
ity in the ED, previous exposure to high fidelity simulation, and
previous exposure to the situation in simulation or in real life
were reported. Cognitive aid and control group characteristics
were compared for physician or nurse category by a Fisher exact
test (seniority) or a Wilcoxon test (simulation experience).
Vol. 17, Number 3, June 2022
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RESULTS
The study was conducted between July 1, 2018, and September
20, 2018. Thirty-four physician-nurse pairs were randomized
into 2 groups, CA or control, each of 17 pairs.

The 2 groups were similar in baseline characteristics
(Table 2). All physicians had already participated in at least 1
simulation session. Nurses had less simulation experience,
but the difference was not significant between groups. Most
participants had already been exposed to a similar real-life sit-
uation in the ED, in comparable proportions between groups,
whether they were physicians or nurses (Table 2).

Adherence to guidelines scores was significantly higher in
the CA group than in the control group (median = 28 of 30,
IQR = 25–28, vs. median = 24 of 30, IQR = 21–26, respec-
tively, P < 0.01; Table 4). The individual items of the cognitive
aid are presented with univariate analysis (Table 1). The scores
of the 5 essential criteria were also higher in the CA group than
in the control group (median = 5 of 5, IQR = 4–5, vs. median 4
of 5, IQR = 3–4, respectively, P < 0.01). In univariate analysis,
the completion rate of more than half of the criteria was high
(>90%) and identical between groups. The items with low
completion rates but without a significant difference between
groups were the following: face mask size checked, sedation
maintenance prepared, Jackson position modified/intubation
head pad modified, hemodynamic maintenance considered
(fluid expansion or vasopressors), and endotracheal tube
placement checked. Four items were significantly more per-
formed in the CA group and account for the global difference:
Oropharyngeal airway requested and ready to use, mechanical
ventilator prepared and checked, quantitative capnography
ready to use, and difficult intubation kit localized or requested
if criteria for difficult intubation. The latter 2 items were part
of the 5 essential criteria that were considered critical. Screen-
ing for difficult intubation criteria and baseline setting of the
mechanical ventilator were significantly more performed in
the CA group.

The median preparation time was 13.8 minutes (IQR =
9.9–18.1 minutes) for the CA group and 11.8 minutes (IQR
= 8.8–13.9 minutes) for the control group, without significant
difference. Similarly, the median intubation time was 2.6 mi-
nutes (IQR = 2.0–3.9 minutes) for the CA group and 2.4 mi-
nutes (IQR = 1.9–3.0 minutes) for the control group,
without significant difference. Total procedure times were
not significantly different between the CA group and the con-
trol group (Table 4).
© 2021 Society for Simulation in Healthcare 159
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TABLE 4. Adherence to Guidelines Score and Procedure Times

CA Group Control Group P

Total adherence score 28/30 (25–28) 24/30 (21–26) 0.002

“Essential criteria” score 5/5 (4–5) 4/5 (3–5) 0.003

Preparation time, min 13.8 (9.9–18.1) 11.8 (8.8–13.9) 0.29

Intubation time, min 2.6 (2.0–3.9) 2.4 (1.9–3.0) 0.49

Total time, min 28.6 (23.0–30.9) 23.0 (21.0–30.9) 0.45

Data are expressed as median (IQR).
Preparation time: from ETI decision to induction; intubation time: from induction to in-
flation tube cuff;
Total time: from participants' arrival to x-ray confirmation.
Most participants considered the manikin, the environ-
ment, and the scenario to be very realistic (Table 3). In the
CA group, on Likert scales ranging from 0 to 5, usefulness
was rated at 43–5 and ease of use was rated at 43–5 (Table 3). Al-
though it was not one of the study objectives, postprocedure
video viewing revealed that the cognitive aid had been
consulted an average of 10 times per simulation for a total av-
erage reading time of 86 seconds per simulation session. For 3
sessions, the cognitive aid had been placed out of the video
camera field and the reading time could not be quantified.
All participants in the CA group used the cognitive aid but in
different ways. In most pairs, only the physician used the cog-
nitive aid. The text was either read silently or aloud to the
team. Most of the time, cognitive aid items were read step-
by-step throughout the course of the procedure and more
rarely as a final check before intubation. The cognitive aid
was rarely used after intubation. After endotracheal tube inser-
tion, the cognitive aid was often placed next to the monitor
and was much less read than before intubation.

DISCUSSION
Our results show that a cognitive aid for endotracheal intuba-
tion improves adherence to guidelines in an in situ simulation
in ED. The cognitive aid benefit seemed particularly related to
4 items, including 2 from the 5 essential criteria: screening for
difficult intubation and quantitative capnography ready to use.
Although the improved score was statistically significant, it did
not reach the threshold that we expected. The mean score in
the control group was 10% higher than the 70% that we had
estimated from references, which made the threshold of 20%
difficult to reach. However, we have shown that the improve-
ment concerned some criteria that were considered as essen-
tial, supporting the clinical relevance of our results.

We chose to perform a manikin-based in situ simulation
in an RCT. Assessment by RCT of rarely performed proce-
dures in real-life critical situations is limited by different obsta-
cles, as exposure of real patients to risks, and ethical aspects,
which must be considered. In addition, infrequent and vari-
able situations make statistical analysis difficult to perform.
Manikin-based simulation overcomes these obstacles without
subjecting real patients to any risks.22,23 Moreover, in situ sim-
ulation is recommended in the healthcare workplace.24,25

Some authors have conducted in situ simulation-based studies
in the ED, as Auerbach et al26 who evaluated adherence to pe-
diatric cardiac arrest guidelines. To our knowledge, no in situ
simulation-based trial has been conducted using a cognitive
aid for intubation in the ED. These results are consistent with
160 Guidelines for Critical Endotracheal Intubation
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several published manikin-based simulation RCTs demon-
strating the benefit of cognitive aids in critical situations in
the operating room, mainly within anesthesia teams. The con-
text of these studies was always a critical situation, such as
emergent general anesthesia for C-section,27 severe arrhyth-
mia, cardiac arrest,28,29 local anesthetic systemic toxicity,14

anaphylaxis,18 or malignant hyperthermia.29,30

Adherence to guidelines did not always lead to significant
clinical benefits for patients, as shown in a clinical trial
assessing a preintubation checklist in an ICU.16 In our study,
the time required to read and to use the cognitive aid increased
the preparation time by 2 minutes and the intubation time by
0.2 minutes (12 seconds), compared with controls, but was
not statistically significant. A longer time may be safer if it al-
lows for better preparation especially in the absence of respira-
tory distress as was the case in our simulated situation. On the
other hand, care must be taken not to extend the apnea period
of risk for aspiration of gastric contents between induction of
anesthesia and securing the upper airway. We observed differ-
ent ways of using the cognitive aid, suggesting an interest to
identify the most effective way to use it and to train teams in
its use. As Burden et al29 stated, “Physicians who use cognitive
aids expressed great difficulties in reading the aid while gather-
ing clinical information and communicating with the team.”A
reader or a pilot-copilot model for checklist execution could
overcome these problems.17

The validity of our results is discussed in accordance with
the Kane framework as follows.31 The scoring validity is sup-
ported by the fact that each item in the scoring grid was di-
rectly derived from the cognitive aid that was built from
guidelines. We based the design of our cognitive aid on
preexisting designs and participants found it easy to use. This
suggests that its ergonomics were not a limitation to the eval-
uation of participants' performance.

The study conditions were very close to real-life situa-
tions: The workplace environment was exactly the same as in
routine practice (equipment and equipment location, means
of communication, treatment protocols, monitoring systems,
background noise, etc). The only difference was to substitute
the patient with a manikin in both groups and to provide a
cognitive aid in the CA group. Although we used an enhanced
technology manikin, its fixed face aspect, the plastic skin tex-
ture, the absence of cyanosis associated with desaturation,
and the absence of intraoral secretionsmay represent biases re-
lated to manikin-based simulation. Overall, participants were
assessed in real conditions, except perhaps for the fact that a
manikin was used and not a real patient, suggesting that partic-
ipants were exposed to a cognitive and emotional load close to
real life. One limitation of the study might be that the partici-
pants in the CA group discovered and used the cognitive aid
for the first time. They were not as familiar with its use as they
would have been if the cognitive aid had already been used and
they had trained with it. However, an efficient cognitive aid
should be easy to use in all circumstances by anyone, even with
minimal training. To limit scoring biases, evaluations were
conducted by the same 2 raters across all sessions. The evalua-
tors were necessarily aware of the randomization group, and
the study was therefore single blinded. This impact was miti-
gated by binary scoring (done, not done), an instruction to
Simulation in Healthcare

. Unauthorized reproduction of this article is prohibited.



complete certain items, and the possibility to review the 2
video camera recordings as necessary. All participants in both
groups were evaluated in very similar conditions, and all ses-
sions were conducted in standard conditions: Precautions
were taken to blind all participants to the objective of the study
(ie, assessment of the intubation procedure performed either
with a cognitive aid or without a cognitive aid). Even for par-
ticipants in the CA group, who discovered the cognitive aid
only when it was needed, the specific objective was not re-
vealed. One of the strengths of our study is the in situ simula-
tion design, which ensured an authentic environment. This
allows us to state that the observed performance was a good re-
flection of the “simulated” performance.

The generalization validity may be affected by our recruit-
ment method, which led to selection bias. Pairs were random-
ized among participants working in an ED, who were blinded
and assessed based on a situation that they had already per-
formed. However, the randomization of physicians and nurses
was based on volunteers from each ED and not from the total
population. Participating physicians and nurses were relatively
young, with a mean ED experience of 2.5 and 3 years, respec-
tively. This probably induced a selection bias. Although partic-
ipants had encountered the simulated situation in real life, the
median of seniority in the ED in our sample is quite low and
indicates a rather low level of experience relative to real life.
Moreover, for the 2 EDs, emergent intubation is a rare and
critical situation (between 2 and 5 events per year for each
ED physician according to a local survey conducted in our
ED). We cannot exclude the fact that the intubation procedure
may have been managed differently by more senior practi-
tioners. One strength of our study is that participants were
assessed in very similar conditions thanks to the use of a single
and reproducible scenario. To avoid confounding factors due
to different care options, we chose a simple scenario without
diagnostic difficulty for which intubation was the only man-
agement option to protect the airway. However, the use of only
1 situation is a limitation to the generalization inference, sug-
gesting a need for different levels of difficulty and different sit-
uations (eg, difficult airway management or respiratory
distress). However, the more complex the situation, the more
confounding factors there are, themore difficult it is for an ob-
server to correctly identify airway management, which exposes
the observer to scoring biases. To improve generalization and
extrapolation inferences, we need to evaluate the evidence in
larger samples and in different settings.

CONCLUSIONS
In an in situ simulation, a cognitive aid for the preparation and
implementation of an emergency intubation procedure in the
resuscitation room significantly improved adherence to guide-
lines without increasing procedure times. Further work is
needed in a larger sample and in different settings to evaluate
the optimal use of cognitive aids in critical situations.
ACKNOWLEDGMENTS
The authors thank Nikki Sabourin-Gibbs, Rouen University Hospi-

tal, for her help in editing the manuscript.
Vol. 17, Number 3, June 2022

Copyright © 2022 by the Society for Simulation in Healthcare
REFERENCES
1. Jaber S, Amraoui J, Lefrant JY, et al. Clinical practice and risk factors for

immediate complications of endotracheal intubation in the intensive care
unit: a prospective, multiple-center study. Crit Care Med 2006;34(9):
2355–2361.

2. Perbet S, De Jong A, Delmas J, et al. Incidence of and risk factors for severe
cardiovascular collapse after endotracheal intubation in the ICU: a
multicenter observational study. Crit Care 2015;19(1):257.

3. Szulewski A, Howes D, van Merriënboer JJG, Sweller J. From theory to
practice: the application of cognitive load theory to the practice of
medicine. Acad Med 2021;96(1):24–30.

4. Lauria MJ, Gallo IA, Rush S, Brooks J, Spiegel R, Weingart SD.
Psychological skills to improve emergency care providers' performance
under stress. Ann Emerg Med 2017;70(6):884–890.

5. De Jong A, Molinari N, Terzi N, et al. Early identification of patients at risk
for difficult intubation in the intensive care unit: development and
validation of the MACOCHA score in a multicenter cohort study. Am J
Respir Crit Care Med 2013;187(8):832–839.

6. Jaber S, Jung B, Corne P, et al. An intervention to decrease complications
related to endotracheal intubation in the intensive care unit: a prospective,
multiple-center study. Intensive Care Med 2010;36(2):248–255.

7. Langeron O. Difficult intubation and extubation in adult anaesthesia.
Anaesth Crit Care Pain Med 2018;13:639–651.

8. Quintard H, l'Her E, Pottecher J, et al. Experts' guidelines of intubation
and extubation of the ICU patient of French Society of Anaesthesia and
Intensive Care Medicine (SFAR) and French-speaking Intensive Care
Society (SRLF): in collaboration with the pediatric Association of
French-speaking Anaesthetists and Intensivists (ADARPEF),
French-speaking Group of Intensive Care and Paediatric emergencies
(GFRUP) and Intensive Care Physiotherapy Society (SKR). Ann Intensive
Care 2019;9(1):13.

9. Gelb AW, Morriss WW, Johnson W, Merry AF, Workgroup on behalf of
the IS for a SP of A. World Health Organization–World Federation of
Societies of Anaesthesiologists (WHO-WFSA) International Standards for
a Safe Practice of Anesthesia. Anesth Analg 2018;126(6):2047–2055.

10. Geeraerts T, Le Guen M. Checklists and cognitive aids in simulation
training and daily critical care practice: simple tools to improve medical
performance and patient outcome. Anaesth Crit Care Pain Med
2018;37(1):3–4.

11. The Lancet. WHO's patient-safety checklist for surgery. Lancet 2008;
372(9632):1.

12. Ziewacz JE, Arriaga AF, Bader AM, et al. Crisis checklists for the operating
room: development and pilot testing. J Am Coll Surg 2011;213(2):212–217.
e10.

13. Arriaga AF, Bader AM, Wong JM, et al. Simulation-based trial of
surgical-crisis checklists. N Engl J Med 2013;368(3):246–253.

14. Neal JM, Hsiung RL, Mulroy MF, Halpern BB, Dragnich AD, Slee AE.
ASRA checklist improves trainee performance during a simulated
episode of local anesthetic systemic toxicity. Reg Anesth Pain Med
2012;37(1):8–15.

15. Hall C, Robertson D, Rolfe M, Pascoe S, Passey ME, Pit SW. Do cognitive
aids reduce error rates in resuscitation team performance? Trial of
emergency medicine protocols in simulation training (TEMPIST) in
Australia. Hum Resour Health 2020;18(1):1.

16. Janz DR, Semler MW, Joffe AM, et al. A multicenter randomized trial of a
checklist for endotracheal intubation of critically ill adults. Chest
2018;153(4):816–824.

17. Kerrey BT, Mittiga MR, Rinderknecht AS, et al. Reducing the incidence of
oxyhaemoglobin desaturation during rapid sequence intubation in a
paediatric emergency department. BMJ Qual Saf 2015;24(11):709–717.

18. Marshall SD, Sanderson P, McIntosh CA, Kolawole H. The effect of two
cognitive aid designs on team functioning during intra-operative
anaphylaxis emergencies: a multi-centre simulation study. Anaesthesia
2016;71(4):389–404.

19. Marshall S. The use of cognitive aids during emergencies in anesthesia: a
review of the literature. Anesth Analg 2013;117(5):1162–1171.
© 2021 Society for Simulation in Healthcare 161

. Unauthorized reproduction of this article is prohibited.



20. Higgs A, McGrath BA, Goddard C, et al. Guidelines for the management
of tracheal intubation in critically ill adults. Br J Anaesth 2018;120(2):
323–352.

21. Frerk C, Mitchell VS, McNarry AF, et al. Difficult Airway Society 2015
guidelines for management of unanticipated difficult intubation in adults.
Br J Anaesth 2015;115(6):827–848.

22. Kurup V, Matei V, Ray J. Role of in-situ simulation for training in
healthcare: opportunities and challenges. Curr Opin Anaesthesiol 2017;
30(6):755–760.

23. Wheeler DS, Geis G, Mack EH, LeMaster T, Patterson MD.
High-reliability emergency response teams in the hospital: improving
quality and safety using in situ simulation training. BMJ Qual Saf 2013;
22(6):507–514.

24. Spurr J, Gatward J, Joshi N, Carley SD. Top 10 (+1) tips to get started with
in situ simulation in emergency and critical care departments. EmergMed J
2016;33(7):514–516.

25. Sørensen JL, Østergaard D, LeBlanc V, et al. Design of
simulation-based medical education and advantages and
disadvantages of in situ simulation versus off-site simulation.
BMC Med Educ 2017;17(1):20.
162 Guidelines for Critical Endotracheal Intubation

Copyright © 2022 by the Society for Simulation in Healthcare
26. Auerbach M, Brown L, Whitfill T, et al. Adherence to pediatric cardiac
arrest guidelines across a spectrum of fifty emergency departments: a
prospective, in situ, simulation-based study. Acad Emerg Med 2018;25(12):
1396–1408.

27. Hart EM, Owen H. Errors and omissions in anesthesia: a pilot study using
a pilot's checklist. Anesth Analg 2005;101(1):246–250.

28. Schneider AJ, Murray WB, Mentzer SC, Miranda F, Vaduva S. “Helper:” a
critical events prompter for unexpected emergencies. J Clin Monit
1995;11(6):358–364.

29. Burden AR, Carr ZJ, Staman GW, Littman JJ, Torjman MC. Does every
code need a “reader?” Improvement of rare event management with a
cognitive aid “reader” during a simulated emergency: a pilot study. Simul
Healthc 2012;7(1):1–9.

30. Hardy JB, Gouin A, Damm C, Compère V, Veber B, Dureuil B. The use of
a checklist improves anaesthesiologists' technical and non-technical
performance for simulatedmalignant hyperthermiamanagement.Anaesth
Crit Care Pain Med 2018;37(1):17–23.

31. Cook DA, Brydges R, Ginsburg S, Hatala R. A contemporary approach to
validity arguments: a practical guide to Kane's framework.Med Educ
2015;49(6):560–575.
Simulation in Healthcare

. Unauthorized reproduction of this article is prohibited.


