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Background: In response to the coronavirus pandemic, hospitals worldwide
implemented simulation-based training to help healthcare providers (HCPs)
adapt to revised protocols for airway management in patients with infectious
coronavirus disease 2019 (COVID-19). We conducted a systematic review of
simulation-based studies on airway management in COVID-19 patients, with the
aim of analyzing the findings of these studies and consolidating evidence-based
recommendations to optimize responses to possible future pandemics.
Methods: We performed a systematic literature search of PubMed, Embase,
Medline, and the Cochrane Library on 25 August 2022. As different studies
measured different outcomes (e.g., only confidence, only knowledge, or both) in
different ways, a random-effects model was used for meta-analysis and change
scores were calculated.

Results: The systematic review included 20 studies after screening 141 articles.
The meta-analysis revealed significant improvements in participants’ confidence
and knowledge after simulation training, as evidenced by negative standardized
mean differences (SMDs, Cohen’s d). Sensitivity analysis confirmed that the
results were robust across various correlation estimates. However, there was a
high risk of publication bias, as funnel plots showed asymmetry and studies fell
outside the 95% confidence interval.

Conclusion: This systematic review highlights the effectiveness of simulation
training in improving healthcare providers’ confidence and knowledge regarding
airway management during pandemics. The findings underscore the positive
impact of simulation-based education, as demonstrated by significant
improvements from pre-training to post-training assessments. However,
the observed publication bias suggests that additional high-quality, unbiased
studies are necessary to strengthen the evidence base and inform future training
programs for pandemic preparedness.

Systematic review registration: PROSPERO, CRD42022293708.
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1 Introduction

Due to the rapid spread of coronavirus disease 2019 (COVID-
19) beyond China, hospitals worldwide were forced to prepare for
an impending pandemic in a very short period of time. Recent
literature has also emphasized the concept of the physiologically
difficult airway and the importance of associated guidelines in
the context of COVID-19. Moreover, airway management under
pandemic conditions is associated with additional stress among
healthcare providers (HCPs), the need to limit the number of team
members to reduce exposure, and the challenges of working with
personal protective equipment (PPE).

The increased risk of virus transmission to healthcare providers
(HCPs) was one of the biggest challenges for hospitals and HCPs
(1, 2). Airway manipulations are high-risk aerosol-generating
procedures (AGPs), representing one of the greatest risks of
transmission in case of a respiratory virus (3, 4). Therefore,
normal airway algorithms were adapted by different airway and
anesthesiologic societies to make them more secure for patients and
the medical staff performing these procedures (5, 6).

The viral load in the sputum and upper and lower airway
secretions of COVID-19 patients has been shown to be particularly
high (7), making the transmission of COVID-19 from patients to
HCPs during airway manipulations more probable (2-4, 8). In
addition, due to the exposure to a higher viral load, case fatality
rates have been found to be significantly higher among HCPs
compared to patients with community-acquired COVID-19 (9).
Similarly, the risk arising from respiratory viruses to HCPs was
apparent during the severe acute respiratory syndrome (SARS)
epidemic in 2003, with 21% of all infected patients being HCPs (10).

However, HCPs are not the only individuals at risk. COVID-19
patients who are critically ill and need emergency intubation face a
higher risk of hypoxemia and even cardiac arrest compared to those
receiving standard intubation (5, 11).

The algorithms published by airway and anesthesiologic
societies (5, 6) recommended good preoxygenation, rapid sequence
induction, avoidance of bag-mask ventilation (if necessary, two-
handed, two-person technique), and intubation by the most
experienced HCP using a video laryngoscope (5). This approach
maximized first-pass success and minimized aerosol-generating
procedures (AGPs).

After the algorithms were adapted, it was important that HCPs
knew about the alterations and were able to perform safe intubation
in COVID-19 patients.

Therefore, Cook et al. (5) recommended conducting simulation
training in their consensus guidelines to implement protocols
quickly and efficiently and to identify local problems prior to real-
patient situations, as it had been done in previous epidemics (12).
At the beginning of the pandemic, hospitals worldwide employed
various simulation-based training approaches to train HCPs on
the correct donning and doffing of personal protective equipment
(PPE) and to ensure safe intubation with minimal AGPs. However,
to date, there is no systematic overview of how simulation-based
training can be used effectively to teach airway management for
suspected and confirmed COVID-19 patients.

As the COVID-19 pandemic was a worldwide medical crisis
that lasted several years and we still do not know if there will
be a higher pathogenic mutation in the future (13-15), it is
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crucial to provide HCPs with safe airway management training
(4, 16). Therefore, the aim of this systematic review is to synthesize
evidence on the efficacy of simulation-based training for airway
management in the COVID-19 context, with particular focus
on its impact on provider competence, team preparedness, and
safety outcomes.

We are convinced that we can learn important lessons
regarding preparedness and protecting HCPs in anesthesiology,
intensive care, and emergency medicine for possible future
pandemics by analyzing our performances during the COVID-
19 pandemic.

2 Methods

The protocol for this study was registered on the International
Prospective Register of Systematic Reviews (PROSPERO) of the
National Institute for Health Research (NIHR) and published under
registration ID CRD42022293708. The review was conducted
according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.

2.1 Eligibility criteria

We included all published studies in which HCPs had to
perform oral intubation on COVID-19 patients during simulation
training. No restrictions were placed on study design. The
co-primary outcomes were the perceived usefulness of the
simulation for pandemic preparedness, confidence gained through
the simulation, and improved preparedness to treat COVID-19
patients. We excluded studies that examined (a) contamination
in simulation scenarios with different devices, mostly aerosol
boxes; (b) non-oral airway procedures (mostly tracheostomy); (c)
no simulation of airway scenarios, only providing algorithms or
simulation scenarios; (d) ventilator-related issues; (e) single case
reports; (f) conference abstracts or posters; and (g) lists of airway
equipment for COVID-19 patients.

No language restrictions were applied in the search. We did
not include gray literature. The last search was conducted on 25th
August 2022. The inclusion criteria focused on studies evaluating
simulation-based training for airway management in the context
of COVID-19, while exclusion criteria included studies without
primary data or those not addressing simulation in this context.

2.2 Search strategy

On 25th August 2022, we conducted a search on PubMed,
Medline, the Cochrane Library, and Embase using the keywords
“airway,” “management,” “COVID,” and “simulation.” We excluded
publications containing the keyword “box,” as there have been
many publications investigating the use of aerosol boxes for
intubation of COVID-19 patients. We refrained from applying
any other limitations, especially language restrictions or time
cutoffs. The search algorithm for each database can be found in
Supplementary Digital Content 1. The aim was to find articles that
compared and assessed simulation as a training method to prepare
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TABLE 1 Risk of bias assessment—questions.

10.3389/fmed.2025.1656737

Question Checklist question Low High Acceptable  Uncertain/
number quality/high  quality quality cannot be
risk of bias determined
a8 Y ) /s ]
® © © ©
1 The study addresses an appropriate and clearly focused question No Yes Can’t say
2 The Study indicates how many of the people asked to take part did so No Yes Does not apply
3 The likelihood that some eligible subjects might have the outcome at No Yes Can’t say Does not apply
the time of enrolment is assessed and taken into account in the analysis
4 Comparison is made between full participants and those lost to follow No Yes Can’t say Does not apply
up, by exposure status
5 The outcomes are clearly defined No Yes Can’t say
6 The assessment of outcome is made blind to exposure status. If the No Yes Can’t say Does not apply
study is retrospective this may not be applicable
7 The method of assessment of exposure is reliable No Yes Can’t say
8 Evidence from other sources is used to demonstrate that the method of | No Yes Can’t say Does not apply
outcome assessment is valid and reliable
9 Exposure level or prognostic factor is assessed more than once No Yes Can’t say Does not apply
10 The main potential confounders are identified and taken into account No Yes Can’t say
in the design and analysis
11 Have confidence intervals been provided? No Yes
12 How well was the study done to minimize the risk of bias or Unacceptable— High quality Acceptable
confounding? reject
13 Taking into account clinical considerations, your evaluation of the No Yes Can’t say
methodology used, and the statistical power of the study, do you think
there is clear evidence of an association between exposure and
outcome?
14 Are the results of this study directly applicable to the patient group No Yes
targeted in this guideline?

HCPs for the COVID-19 pandemic. We aimed to compare studies
in which simulation training for airway management in COVID-
19 patients was performed. We could not find a review article or
meta-analysis on this important subject at the time of our search.

2.3 Selection process

Study selection was conducted by two reviewers, MK and
BK, who independently screened the titles and abstracts of all
publications identified during the literature search. In case of
insufficient information in the abstract, the publications were
included for full-text review. Disagreements were resolved by
consensus. During the full-text review, eligibility was again
independently assessed by both reviewers. Disagreements were
resolved through arbitration by a third reviewer, BG.

2.4 Data collection process and data items

Data collection was conducted independently by four
reviewers. The first round was completed by MK, and the second
round was divided among SA, AB, and LS using a customized Excel
database. In case of discrepancies in data extraction, discussion was
used to resolve them. Any measure of effect related to simulation
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training was eligible for inclusion. We categorized outcomes
according to the four levels of the Kirkpatrick model—reaction,
learning, behavior, and results—to provide a structured framework
for interpretation (17). Level 1 represents reaction (e.g., the
satisfaction or confidence of the participants), Level 2 reflects
learning (e.g., acquisition of knowledge and skills), Level 3 assesses
changes in behavior (application of the acquired knowledge
or skills at work), and Level 4 measures results (better patient
outcomes at work due to the training). Applying the Kirkpatrick
model allowed us to contextualize improvements in knowledge and
confidence as indicators of both learning and behavioral changes,
supporting the robustness of our conclusions.

No restrictions were imposed regarding the number of
participants in the included studies.

2.5 Study risk of bias assessment

To assess the risk of bias, we used the Scottish Intercollegiate
Guidelines Network (SIGN) checklist for cohort studies (18). Most
well-known checKlists for assessing risk of bias are designed for
studies with control and intervention groups. Due to their emphasis
on blinding and differences between these groups, they were not
suitable for the design of the included simulation studies. All
reviewed publications had only one group of participants, with data
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TABLE 2 Risk of bias assessment.

10.3389/fmed.2025.1656737
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regarding their knowledge or confidence collected before and after
the simulation training. Ratings were assigned independently by
two reviewers (MK and AB), and discrepancies were resolved by
consensus. A graphic overview was created to provide an outline of
the study quality.

2.6 Effect measures

Two outcomes were investigated: The level of comfort, which
was captured as confidence in the data set, and the level of
knowledge after the simulation-based training.

Some parameters necessary for meta-analysis were not reported
directly in the publication but could be retrieved from other
information that was reported in the publication. In these
situations, the Wald confidence interval was used, along with
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the approximation of the standard deviation (SD) and mean as
described by Wan et al. (19).

Descriptive statistics, stratified by publication year, are reported
as follows: Mean and standard deviation (SD) for continuous
variables, median and interquartile range (IQR) for ordinal or
skewed continuous variables, and frequencies and percentages for
categorical variables.

2.7 Synthesis methods

As the different studies measured different outcomes (e.g., only
confidence, only knowledge, or both) in different ways (5-point
Likert scale, 7-point Likert scale, Multiple Choice Questions),
we had a large amount of missing data. For the meta-analysis,
a random-effects model was employed due to the expected
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Author(s) and Year  Measurement Scale Follow-up Timepoint(s) n Mean [95% Cl]
Han, 2021 7 point scale immediate and previous to sim 131 - 3.83[3.51,4.15]
Munzer, 2020 5-point Likert scale immediate 93 —— 3.08 [2.48, 3.68]
Shrestha, 2020 5-point Likert-scale immediate and 0-2 weeks post sim 33 1.33[1.07, 1.59]
Hong, 2022 5-point Likert-scale immediate, >4 weeks post + prevoius to sim 24 —— 2.80[2.48,3.12]
Lois, 2021 num. rating scale 0-10 >4 weeks post sim 208 —— 4.67 [4.16,5.18]
| | | |
25 5 75 10
Raw Mean

FIGURE 1

Forest plot for confidence pre simulation (n = 5). Reported means are on original scale used in the study.
Author(s) and Year Measurement Scale Follow-up Timepoint(s) n Mean [95% CI]
Han, 2021 7 point scale immediate and previous to sim 131 — 5.00 [4.57, 5.43]
Munzer, 2020 5-point Likert scale immediate 93 L — 4.38[3.85,4.91]
Shrestha, 2020 5-point Likert-scale immediate and 0-2 weeks post sim 33 il 3.67 [3.41, 3.93]
Hong, 2022 5-point Likert-scale immediate, >4 weeks post + prevoius to sim 24 L ) 4.00 [3.80, 4.20]
Lois, 2021 num. rating scale 0-10 >4 weeks post sim 208 4 8.00 [7.80, 8.20]

| | I | ]
0 225 4.5 6.75 9
Raw Mean
FIGURE 2
Forest plot for confidence post simulation (n = 5). Reported means are on original scale used in the study.

substantial between-study heterogeneity in the meta-analysis of
observational studies. The meta-analysis was performed using the
function rma() from the package metafor. As the studies applied
different scales of measurement for the primary outcomes, no direct
overall effect measure could be estimated. However, forest plots
were generated to provide a visual representation of the primary
outcomes. Change scores were calculated for the studies to be
able to compute a random effects model, as well as standardized
mean differences (SMDs) for paired data. A correlation coefficient
p of 0.5 was assumed for these calculations. A random effects
model was used for meta-analysis. The heterogeneity parameter 72
was computed by default using the restricted maximum likelihood
(REML) estimator for the random effects models. The number of
studies in the meta-analyses was low; therefore, meta-regression
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could not be performed to evaluate sources of heterogeneity. To do
this, a minimum of 10 studies would be necessary. To still evaluate
sources of heterogeneity, graphical assessments of possible sources
of heterogeneity were performed.

I? and x? are reported. The x? test assesses the significance
of heterogeneity but does not provide measurements. An index of
heterogeneity is the I> by Higgins, see Bland (20), chapter 17.5.
The I? is the percentage of the x? statistic that is not explained
by the variation within the studies. An I? value from 0% to
40% might not be important, a value from 30% to 60% may
represent moderate heterogeneity, a value from 50% to 90% may
represent substantial heterogeneity, and a value from 75% to 100
% indicates considerable heterogeneity. Funnel plots were used to
assess possible publication bias.
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Author(s) and Year Measurement Scale Follow-up Timepoint(s) n Mean [95% Cl]
Kabi, 2021 15 MC (max. points 15) immediate, 0-2 weeks post + prevoius to sim 80 —_— 6.00 [5.67, 6.33]
Santos, 2021 5 questions (max. points 5) immediate and previous to sim 48 ol 1.87[1.48,2.26)
Shrestha, 2020 5-item Likert scale immediate and 0-2 weeks post sim 33 . i 1.67[1.41,1.93]
Hong, 2022 10 MC (max. points 10) immediate, >4 weeks post + prevoius to sim 24 . —— 5.10[4.50, 5.70]
0 3 6 9 12
Raw Mean
FIGURE 3
Forest plot for knowledge pre simulation (n = 4). Reported means are on original scale used in the study.
Author(s) and Year Scale Follow-up Timepoint(s) n Mean [95% CI]
Kabi, 2021 15 MC (max. points 15) immediate, 0-2 weeks post + prevoius to sim 80 $ p— 10.42 [9.96, 10.88]
Santos, 2021 5 questions (max. points 5) immediate and previous to sim 48 - 3.62[3.37, 3.87]
Shrestha, 2020 5-item Likert scale immediate and 0-2 weeks post sim 33 5 - 3.67[3.41, 3.93]
Hong, 2022 10 MC (max. points 10) immediate, >4 weeks post + prevoius to sim 24 : —— 9.00 [8.64, 9.36]
0 3 6 9 12
Raw Mean
FIGURE 4
Forest plot for knowledge post simulation (n = 4). Reported means are on original scale used in the study.

For all analyses, a nominal level («) of 5% was used.
Accordingly, the default confidence interval width was set to 95%.

As different measurement types (e.g., 5-point Likert scales,
numeric rating scales from 0 to 10, surveys without scales, 7-
point scales) were used to report the confidence and knowledge
gained through training, it was not possible to derive overall
effects from the given data. Therefore, the change score between
the post- and pre-simulation results was derived. Consequently,
the data were to some degree standardized as the differences
were being investigated and not the raw scores. However, as
the scores did not have the same range (from 2 to 15 points
possible), it was not possible to completely standardize the values
in this way.

Frontiersin Medicine

The mean change in each group was calculated by subtracting
the post-simulation mean from the baseline mean, see the
following formula:

Change Score = Xpre—sim — Xpost—sim

The SD of a change score was computed in the following way
[Higgins et al. (21), chapter 6.5.2.8].

SDchange = \/Sszrefsim + Sszostfsim - (2 *p*SDprefsim *SDpostfsim)

Where p = 0.5 was set by definition.
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Comparison of pre and post simulation confidence

Shrestha, 2020 -] [

Munzer, 2020 ——
Lois, 2021 —— ag!
Hong, 2022 o e

Han, 2021 -

0.0 25 5.0 75 10.0
Raw Mean

FIGURE 5

Forest plot for confidence comparing pre and post simulation per
paper (n = 5). Grey indicates the pre simulation confidence
reported, black the post confidence. Reported means are on original
scale used in the study.

Comparison of pre and post simulation knowledge

Shrestha, 2020 e 2l
Santos, 2021 - Fed
Kabi, 2021 = -
Hong, 2022 —— -
0 5 10
Raw Mean
FIGURE 6

Forest plot for knowledge comparing pre and post simulation per
paper (n = 5). Grey indicates the pre simulation confidence
reported, black the post confidence. Reported means are on original
scale used in the study.

2.8 Sensitivity analysis

The correlation parameter p was changed in a sensitivity
analysis to quantify the effect of the choice on the results. Moreover,
the estimation method for 2 was changed to the DerSimonian-
Laird (DL) estimator in a sensitivity analysis. If the results
based on the sensitivity analysis remained unchanged, they were
considered robust.

All analyses were performed using the R programming
language (22) in combination with dynamic programming with
knitr in a fully scripted way.

3 Results
3.1 Study selection

In our search of the electronic databases, we found 141 articles

after removing duplicates, of which 32 met the inclusion criteria.
Inter-reviewer reliability indicated substantial agreement and was
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calculated using means of Cohen’s Kappa (k = 0.72; n = 141
articles, 129 agreements and 12 disagreements).

After the full-text review, we excluded 13 publications because
they did not meet the inclusion criteria after all or were posters
from conferences or letters to the editor. In addition, we searched
the reference lists of the included articles to find other relevant
publications. In this way, we found another article that met the
inclusion criteria. Therefore, in total, we found 20 articles that met
our inclusion criteria, as shown in our PRISMA flow chart (see
Supplementary Digital Content 2).

3.2 Study characteristics

A list of the screened publications, including the 20

studies that met our inclusion criteria, can be found in

Supplementary Digital Content 3.

3.3 Risk of bias in the studies

We screened the risk of bias according to the SIGN checklist for
cohort studies (18). For ease of visualization, we created a graphic
diagram. The following tables show our assessment process and our
results according to the checklist’s questions (Table 1):

The complete checklist included questions that did not apply
to any of our studies due to their study design. The cohort studies
checklist was the best fit, but as we did not compare two different
groups, the questions regarding homogeneity or dropouts from
each arm of the study could not be answered. In addition, there
was no blinding, as the participants knew about the simulation
training and the aim of the training. To make our table clearer and
for ease of visualization, we excluded the following questions. The
answer to all of them would have been “does not apply” in all of our
included studies.

1. The two groups being studied are selected from source
populations that are comparable in all respects other than the
factor under investigation.

2. What percentage of individuals or clusters recruited into each
arm of the study dropped out before the study was completed?

3. Where blinding was not possible, there is some recognition
that knowledge of exposure status could have influenced the
assessment of outcome.

Among the included studies, the majority were rated as
moderate quality, with fewer studies rated as high or low quality;
a summary distribution is provided in Table 2.

3.4 Results of the individual studies

Of all 20 studies, five provided numeric data on the confidence
of the participants before and after the simulation training. In
addition, four studies provided data on knowledge before and after
the training. The remaining studies provided only post-training
data, so we could not compare changes in knowledge or confidence,
or did not provide numeric data at all.
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Author(s) and Year Measurement Scale Follow-up Timepoint(s) n Mean [95% CI]
Munzer, 2020 5-point Likert scale immediate 93 ——  :-1.30[-1.87,-0.73]
Shrestha, 2020 5-point Likert-scale immediate and 0-2 weeks post sim 33 L 3 P -234 [-2.60, -2.08]
Han, 2021 7 point scale immediate and previous to sim 131 i -1.17 [-1.55, -0.79]
Lois, 2021 num. rating|scale 0-10 >4 weeks post sim 208 —— -3.33[-3.77, -2.89]
Hong, 2022 5-point Likert-scale immediate, >4 weeks post + prevoius to sim 24 il -1.20 [-1.48, -0.92]
Test for heterogeneity: ?= 0.85; Xz =92.75; 1 = 96% —  -1.87 [-2.70, -1.04]
-5 -375 -25 -125 O
Change Score Mean
FIGURE 7
Forest plot for change scores of confidence (n = 5).
Author(s) and Year Measurement Scale Follow-up Timepoint(s) n Mean [95% CI]
Kabi, 2021 15 MC (max. points 15) immediate, 0-2 weeks post + prevoius to sim 80 —— 2—4.42 [-4.83, -4.01]
Santos, 2021 5 questions (max. points 5) immediate and previous to sim 48 —— ~1.75[-2.09, -1.41]
Shrestha, 2020 5-item Likert scale immediate and 0-2 weeks post sim 33 L £2.00 [-2.26, -1.74]
Hong, 2022 10 MC (max. points 10) immediate, >4 weeks post + prevoius to sim 24 — 5—3.90 [-4.42, -3.38]
Test for heterogeneity: t° = 1.76; x° = 143.95; I = 98% e — £3.01 [-4.32, -1.69]
[ | | | |
-6 -45 -3 =1.5 0
Change Score Mean
FIGURE 8
Forest plot for change scores of knowledge (n = 4).

Across  the “confidence” referred to various

aspects, including self-confidence in technical airway skills,

studies,

team performance, handling of PPE, and stress management.
When different data were provided regarding the confidence
of various skills, we focused on confidence related to airway
management.

Figures 1, 2 illustrate the mean confidence pre- and post-
simulation, including the 95% confidence interval. Pre- and post-
training knowledge scores are provided in Figures 3, 4. Figures 5, 6
compare the means and 95% confidence intervals before and after
the simulation for the two primary outcomes, respectively.

Frontiersin Medicine

3.5 Results of the synthesis method

As described in the methods, the studies were heterogeneous;
therefore, we compared the change score of the different studies.
The studies and the results of the meta-analyses are illustrated
in Figures7, 8. As the observed post-simulation confidence
and knowledge means were subtracted from the baseline before
training, a score less than zero indicated a positive training effect. A
score of zero demonstrated no training effect, while a value greater
than zero indicated a negative training effect, meaning reduced
confidence or knowledge after the simulation.
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Author(s) and Year Measurement Scale Follow-up Timepoint(s) n SMD [95% CI]
Munzer, 2020 5-point Likert scale immediate 93 —— ‘ -0.46 [-0.76, -0.17]
Shrestha, 2020 5-point Likert-scale immediate and 0-2 weeks post sim 33 L —— . -3.00 [-3.71, -2.30]
Han, 2021 7 point scale immediate and previous to sim 131 L -0.53[-0.78, -0.28]
Lois, 2021 num. rating scale 0-10 >4 weeks post sim 208 5 -1.17 [-1.38, -0.96]
Hong, 2022 5-point Likert-scale immediate, >4 weeks post + prevoius to sim 24 —_— -1.77 [-2.44, -1.10]
Test for heterogeneity: ?= 0.98; Xz =64.50; 12=97% —— -1.35[-2.24, -0.45]
-5 -3.75 -25 -1.25 0
Standardized Mean Difference

FIGURE 9

Forest plot for standardized mean difference of confidence (n = 5).
Author(s) and Year Measurement Scale Follow-up Timepoint(s) n SMD [95% Cl]
Kabi, 2021 15 MC (max. points 15) immediate, 0-2 weeks post + prevoius to sim 80 —— -242[-2.83,-2.01]
Santos, 2021 5 questions (max. points 5) immediate and previous to sim 48 —— -1.50 [-1.96, -1.05]
Shrestha, 2020 5-item Likert scale immediate and 0-2 weeks post sim 33 — -2.57[-3.22,-1.92]
Hong, 2022 10 MC (max. points 10) immediate, >4 weeks post + prevoius to sim 24 — -3.10 [-3.94, -2.26]
Test for heterogeneity: = 0.34; X2 =15.80; 1 =81% —— -2.34[-2.99, -1.70]

-4 -3 -2 -1
Standardized Mean Difference
FIGURE 10
Forest plot for standardized mean difference of knowledge (n = 4).

The standardized mean difference (SMD) of a paired sample is
also called Cohen’s d, and together with its standard error, it can be
derived from the given data. This is implemented in the metafor
package in R (23). Therefore, a random effects model was fitted
for both outcomes using the standardized mean difference as the
effect measure.

The formula for the calculation of the SMD reads is as follows:

xpre—sim - xpost—sim

SD

SMD =

With the given formula, a negative effect was expected. The
post-simulation results were subtracted from the pre-simulation
results. A value equal to zero indicated no effect, while a value
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greater than zero indicated a reduction in confidence or knowledge
following the simulation/training. A negative effect indicated a
training effect, as confidence or knowledge after training was higher
than before (see Figures 9, 10).

3.6 Sensitivity analysis

Figures 11, 12 show the mean of the change scores and the
estimated confidence intervals, setting p to {0.25, 0.5, 0.75} for both
outcome variables separately. It can be seen that the smaller the p,
the larger the confidence interval, as the standard deviation of a
change score decreases with an increasing correlation. The smaller
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FIGURE 11

Forest plot for change scores of confidence (n = 5) for p = (0.25,
0.5, 0.75) to calculate the standard deviation of the change score.
Medium blue indicates p = 0.5, dark blue stands for p = 0.25 and
light blue for p = 0.75.
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FIGURE 12

Forest plot for change scores of knowledge (n = 4) for p = (0.25,
0.5, 0.75) to calculate the standard deviation of the change score.
Medium blue indicates p = 0.5, dark blue stands for p = 0.25 and
light blue for p = 0.75.

the p, the smaller the probability of obtaining a significant result, as
the SD decreases with increasing p.

SDchange = \/Sszre—sim + Sszost—sim - (2 *p*SDpre—sim >kSDpost—sim)

For the different given correlations, p, the confidence interval
does not intersect zero. Therefore, it can be stated that the choice of
a correlation p ¢ [0.25, 0.75] does not alter the results.

72 can be estimated using different methods. Applying both
the restricted maximum likelihood (REML) estimator and the DL
estimator led to similar estimates for t2 in the random effects
models for the SMD for knowledge. The estimates for 72 confidence
differed. However, the estimates for I 2 were similar. Figures 13, 14
show the forest plot for the models using the REML estimator, along
with the results from the DL approach (highlighted in red).
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3.7 Reporting biases

Figure 15 shows the funnel plots for the change score models
and the SMD models. The white funnel plot illustrates the 95%
confidence interval around the effect estimate. It is notable that
many studies fall outside the funnel plot. Moreover, the studies
are distributed asymmetrically in the funnel plot, indicating
publication bias.

3.8 Certainty of evidence

The certainty of evidence across the included studies varied.
While most studies demonstrated improvements in confidence and
knowledge post-simulation, the heterogeneity of the study designs,
varying sample sizes, and methodological limitations reduced
the overall confidence in the findings. In addition, the presence
of publication bias, as indicated by asymmetrical funnel plots,
further impacts the reliability of the results. Future studies with
standardized methodologies and rigorous reporting are necessary
to enhance the certainty of evidence in this area.

4 Discussion

This meta-analysis underscores the pivotal role of simulation-
based training in preparing HCPs for effective and safe airway
management during the COVID-19 pandemic. The findings reveal
significant improvements in both confidence and knowledge,
indicating that simulation training serves as a critical tool
for enhancing technical and psychological readiness in high-
stakes situations. These results are particularly relevant given the
unprecedented challenges healthcare systems faced during the
pandemic, where swift adaptation to new protocols was crucial for
ensuring patient safety.

The observed improvements in confidence are noteworthy, as
they extend beyond technical competence to address psychological
preparedness. In high-pressure scenarios, such as managing
critically ill COVID-19 patients, enhanced confidence is directly
linked to improved clinical performance and decision-making.
This finding aligns with previous research emphasizing the
importance of building self-efficacy through experiential learning
(24-26). Similarly, the substantial gains in knowledge highlight the
capacity of simulation to reinforce key concepts, protocols, and
procedures, translating into better clinical preparedness and patient
care outcomes.

The systematic approach adopted in this review is a significant
strength, offering a robust synthesis of data across diverse
studies. By focusing on standardized mean differences (SMDs)
and pre-post change scores, the analysis provides quantitative
evidence of the effectiveness of simulation training. The application
of the Kirkpatrick model further validated these findings,
demonstrating that simulation training achieves measurable
outcomes across multiple levels, from learning and confidence to
clinical preparedness.

However, this review also highlights several limitations
that must be considered. Heterogeneity among the included
studies, as indicated by the I? statistics, suggested variability in
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Author(s) and Year Measurement Scale Follow-up Timepoint(s) n SMD [95% CI]
Munzer, 2020 5-point Likert scale immediate 93 —E— ' -0.46 [-0.76, -0.17]
Shrestha, 2020 5-point Likert-scale immediate and 0-2 weeks post sim 33 ——r -3.00 [-3.71, -2.30]
Han, 2021 7 point scale immediate and previous to sim 131 —— -0.53[-0.78, -0.28]
Lois, 2021 num. rating scale 0-10 >4 weeks post sim 208 - ' -1.17 [-1.38, -0.96]
Hong, 2022 5-point Likert-scale immediate, >4 weeks post + prevoius to sim 24 B -1.77 [-2.44, -1.10]
Test for heterogeneity: rzz(REML) = 0.98;2 xz = 64.505 12=97% —— : -1.30 [-1.90, -0.70]
Test for heterogeneity : ©° (DL) = 0.41; %~ =64.50; I° =94% :
=9) =375 =25 -1.25 0
Standardized Mean Difference
FIGURE 13
Forest plot for standardized mean difference of confidence (n = 5) with REML and DL estimator to compute heterogeneity.
Author(s) and Year Measurement Scale Follow-up Timepoint(s) n SMD [95% ClI]
Kabi, 2021 15 MC (max. points 15) immediate, 0-2 weeks post + prevoius to sim 80 et -2.42[-2.83,-2.01]
Santos, 2021 5 questions (max. points 5) immediate and previous to sim 48 —— -1.50 [-1.96, -1.05]
Shrestha, 2020 5-item Likert scale immediate and 0-2 weeks post sim 33 D — -2.57[-3.22,-1.92]
Hong, 2022 10 MC (max. points 10) immediate, >4 weeks post + prevoius to sim 24 L — -3.10 [-3.94, -2.26]
Test for heterogeneity: r2(REML) =0.34; xz =15.80; 12=81% e — et -2.34[-2.98,-1.71)
Test for heterogeneity: ? (DL) = 0.33; )(2 =15.80; 1°=81%
-4 -3 -2 -1
Standardized Mean Difference
FIGURE 14
Forest plot for standardized mean difference of knowledge (n = 4) with REML and DL estimator to compute heterogeneity.

simulation design, implementation, and evaluation. The observed
heterogeneity across the studies may be explained by the differences
in participant populations (e.g., physicians, nurses, mixed teams),
the type and intensity of simulation modalities (procedural vs.
in-situ training), and the outcome measures assessed (knowledge,
confidence, infection prevention). Clinically, such variation reflects
the diversity of training contexts within real-world hospital systems
and underlines the need for flexible implementation strategies
tailored to local needs. While the use of a random effects model
partially mitigated this issue, the findings must be interpreted
within the context of these methodological differences.

Moreover, the presence of publication bias, as suggested by
asymmetric funnel plots, presents a significant limitation. The
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underreporting of studies with neutral or negative outcomes
may have skewed the overall results, potentially overestimating
the effectiveness of simulation training. The sensitivity analyses
provided some reassurance regarding the robustness of the
findings, but the possibility of bias remains a concern.

To address these limitations, future research should prioritize
methodological standardization and transparency. Large-scale,
multicenter studies employing consistent evaluation metrics are
needed to enhance the reliability and generalizability of the
findings. Furthermore, efforts to reduce publication bias, such
as encouraging the publication of studies with inconclusive
or negative outcomes, will contribute to a more balanced
understanding of the effectiveness of simulation-based training.
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FIGURE 15
Funnel plots for the change score models and the standardized mean difference of confidence and knowledge.

In addition to improvements in knowledge and confidence,
several included studies also reported tangible clinical and system-
level outcomes. For example, Buléon et al. (27) observed that
healthcare providers who received large-scale simulation training
were four times less likely to contract COVID-19 compared to
untrained colleagues. Similarly, Delamarre et al. (28) demonstrated
that a mass in-situ training program was associated with stable
sick leave rates during the pandemic, suggesting improved system
resilience. Beyond infection control, simulation also facilitated
the identification and mitigation of latent safety threats: Shrestha
et al. (29) reported issues such as missing medications and
inadequate sample delivery mechanisms, while Lakissian et al. (30)
highlighted challenges with donning and doffing PPE and team
coordination during protected intubation. Addressing such threats
through iterative simulation led to operational changes that directly
supported patient and staff safety.

In conclusion, this review highlights the transformative
potential of simulation training in pandemic preparedness. Beyond
equipping healthcare providers with technical skills, simulation
fosters psychological resilience and readiness, essential for effective
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performance in high-pressure environments. By addressing current
limitations and advancing the evidence base, future research
can further refine simulation training strategies, optimizing their
impact in diverse healthcare settings.

5 Conclusion

Simulation-based training for airway management during the
COVID-19 pandemic not only enhanced provider knowledge and
confidence but also contributed to infection control, identification
of latent safety threats, and improved system resilience. Simulation
should therefore be considered an integral component of
routine medical education and preparedness planning beyond the
pandemic. Despite the limitations related to heterogeneity and
potential publication bias, the overall findings suggest that such
training significantly improves both confidence and knowledge
among healthcare workers. Future research should focus on
standardizing simulation protocols and exploring the long-term
impact of these training interventions on patient outcomes.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1656737
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Kohler et al.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

MMK: Investigation, Writing — original draft, Data curation,
Formal analysis, Writing - review & editing, Conceptualization.
MK: Supervision, Writing - review & editing, Resources. BK:
Writing - review & editing, Data curation. SA: Writing — review
& editing, Data curation. AB: Data curation, Writing — review
& editing. LS: Data curation, Writing - review & editing. RH:
Writing - review & editing, Data curation. LB: Writing — review
& editing, Methodology, Formal analysis. UH: Writing - review
& editing, Formal analysis, Methodology. BG: Methodology,
Supervision, Project administration, Conceptualization,
Investigation, Validation, Writing - review & editing, Data
curation, Formal analysis, Resources.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This article received
open access funding by ETH Zurich.

Acknowledgments

The authors offer special thanks to Sohaila Sahar Bastami for
proofreading the systematic review. They are also very grateful to
Jeannine Schneider and Anne Kaiser for their support.

References

1. Wang J, Zhou M, Liu F. Reasons for healthcare workers becoming infected
with novel coronavirus disease 2019 (COVID-19) in China. J Hosp Infect. (2020)
105:100-1. doi: 10.1016/j.jhin.2020.03.002

2. Shelton C, Huda T, Lee A. The role of clinical simulation in preparing
for a pandemic. BJA Educ. (2021) 21:172-9. doi: 10.1016/j.bjae.2020.
12.006

3. Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol
generating procedures and risk of transmission of acute respiratory
infections to healthcare workers: a systematic review. PLoS ONE. (2012)
7:€35797. doi: 10.1371/journal.pone.0035797

4. Kursumovic E, Lennane S, Cook TM. Deaths in healthcare workers due to
COVID-19: the need for robust data and analysis. Anaesthesia. (2020) 75:989-
92. doi: 10.1111/anae.15116

5. Cook TM, El-Boghdadly K, McGuire B, McNarry AF, Patel A, Higgs A. Consensus
guidelines for managing the airway in patients with COVID-19: guidelines from the
Difficult Airway Society, the Association of Anaesthetists the Intensive Care Society, the
Faculty of Intensive Care Medicine and the Royal College of Anaesthetists. Anaesthesia.
(2020) 75:785-99. doi: 10.1111/anae.15054

6. Brewster DJ, Chrimes N, Do TB, Fraser K, Groombridge CJ, Higgs A, et al.
Consensus statement: safe Airway Society principles of airway management and
tracheal intubation specific to the COVID-19 adult patient group. Med J Aust. (2020)
212:472-81. doi: 10.5694/mja2.50598

Frontiersin Medicine

10.3389/fmed.2025.1656737

Conflict of interest

BG declares that he was an editorial board member of Frontiers
at the time of submission.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen AI was used in the creation
of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.
1656737/full#supplementary-material

7. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. Detection of
SARS-CoV-2 in different types of clinical specimens. JAMA. (2020) 323:1843-
4. doi: 10.1001/jama.2020.3786

8. Nguyen LH, Drew DA, Graham MS, Joshi AD, Guo CG, Ma W,
et al. Risk of COVID-19 among front-line health-care workers and the
general community: a prospective cohort study. Lancet Public Health. (2020)
5:¢475-83. doi: 10.1016/52468-2667(20)30164-X

9. Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report of 72
314 cases from the Chinese Center for Disease Control and Prevention. JAMA. (2020)
323:1239-42. doi: 10.1001/jama.2020.2648

10. WHO. Summary of Probable SARS Cases with Onset of Illness from 1 November
2002 to 31 July 2003. (2015). Available online at: https://www.who.int/publications/
m/item/summary-of- probable- sars- cases- with- onset- of-illness- from- 1- november-
2002-to-31-july-2003 (Accessed November 12, 2021).

11. Yao W, Wang T, Jiang B, Gao F Wang L, Zheng H, et al. Emergency
tracheal intubation in 202 patients with COVID-19 in Wuhan, China: lessons
learnt and international expert recommendations. Br | Anaesth. (2020) 125:e28-
37. doi: 10.1016/j.bja.2020.03.026

12. Phrampus PE, O’Donnell JM, Farkas D, Abernethy D, Brownlee K,
Dongilli T, et al. Rapid development and deployment of ebola readiness
training across an academic health system: the critical role of simulation

frontiersin.org


https://doi.org/10.3389/fmed.2025.1656737
https://www.frontiersin.org/articles/10.3389/fmed.2025.1656737/full#supplementary-material
https://doi.org/10.1016/j.jhin.2020.03.002
https://doi.org/10.1016/j.bjae.2020.12.006
https://doi.org/10.1371/journal.pone.0035797
https://doi.org/10.1111/anae.15116
https://doi.org/10.1111/anae.15054
https://doi.org/10.5694/mja2.50598
https://doi.org/10.1001/jama.2020.3786
https://doi.org/10.1016/S2468-2667(20)30164-X
https://doi.org/10.1001/jama.2020.2648
https://www.who.int/publications/m/item/summary-of-probable-sars-cases-with-onset-of-illness-from-1-november-2002-to-31-july-2003
https://www.who.int/publications/m/item/summary-of-probable-sars-cases-with-onset-of-illness-from-1-november-2002-to-31-july-2003
https://www.who.int/publications/m/item/summary-of-probable-sars-cases-with-onset-of-illness-from-1-november-2002-to-31-july-2003
https://doi.org/10.1016/j.bja.2020.03.026
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Kohler et al.

education, consulting, and systems integration. Simul Healthc. (2016)

11:82-8. doi: 10.1097/SIH.0000000000000137

13. Khan M, Adil SE, Alkhathlan HZ, Tahir MN, Saif S, Khan M, et al. COVID-19: a
global challenge with old history, epidemiology and progress so far. Molecules. (2020)
26:39. doi: 10.3390/molecules26010039

14. WHO (2021). Available online at: https://www.who.int/director-general/
speeches/detail/who-director- general- s- remarks-at- the- opening- session- of- the- viii-
global-baku-forum-entitled-the- world-after- covid- 19-4-november-2021  (Accessed
November 11, 2021).

15. WHO. WHO COVID-19 Dashboard. Available online at: https://data.who.int/
dashboards/covid19/cases?n=c (Accessed November 12, 2021).

16. Van Zundert T, Barach P, Van Zundert AAJ. Revisiting safe airway management
and patient care by anaesthetists during the COVID-19 pandemic. Br ] Anaesth. (2020)
125:863-7. doi: 10.1016/j.bja.2020.09.004

17. Kirkpatrick J. An Introduction to The New Worlds Kirkpatrick Model. (2021).
Available online at: https://www.kirkpatrickpartners.com/wp-content/uploads/2021/
11/Introduction- to- the- Kirkpatrick-New- World-Model.pdf (Accessed November 19,
2021).

18. (SIGN) SIGN. Methodology Checklist 3: Cohort Studies. Edinburgh (2012).
Available online at: https://www.sign.ac.uk/using- our-guidelines/methodology/
checklists/ (Accessed August 26, 2024).

19. Wan X, Wang W, Liu ], Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range. BMC Med
Res Methodol. (2014) 14:135. doi: 10.1186/1471-2288-14-135

20. Bland M. An Introduction to Medical Statistics, 4th ed. Oxford: Oxford University
Press (2015).

21. Higg ins JPTT], Chandler J, Cumpston M, Li T, Page MJ, Welch VA. Cochrane
Handbook for Systematic Reviews of Interventions. Available online at: www.training.
cochrane.org/handbook (Accessed June 7, 2023).

Frontiersin Medicine

14

10.3389/fmed.2025.1656737

22. R: A Language and Environment for Statistical Computing. (2021). Available
online at: https://www.r- project.org/ (Accessed June 7, 2023).

23. Viechtbauer W. Conducting meta-analyses in R with the metafor package. J Stat
Softw. (2010) 36:1-48. doi: 10.18637/jss.v036.i03

24. Baris M, Schaper NV, Weis HS, Frohlich K, Rustenbach C, Herrmann-
Werner A, et al Surgical simulation in emergency management and
communication improves performance, confidence, and patient safety in medical
students. Med Educ Online. (2025) 30:2486976. doi: 10.1080/10872981.2025.
2486976

25. Foppiani J, Stanek K, Alvarez AH, Weidman A, Valentine L, Oh IJ, et al. Merits
of simulation-based education: a systematic review and meta-analysis. ] Plast Reconstr
Aesthet Surg. (2024) 90:227-39. doi: 10.1016/j.bjps.2024.01.021

26. Rogers-Vizena CR, Saldanha FYL, Sideridis GD, Allan CK, Livingston KA,
Nussbaum L, et al. High-fidelity cleft simulation maintains improvements in
performance and confidence: a prospective study. J Surg Educ. (2023) 80:1859-
67. doi: 10.1016/j.jsurg.2023.08.010

27. Buleon C, Minehart RD, Fischer MO. Protecting healthcare providers from
COVID-19 through a large simulation training programme. Br ] Anaesth. (2020)
125:418-20. doi: 10.1016/j.bja.2020.07.044

28. Delamarre L, Couarraze S, Vardon-Bounes F Marhar E Fernandes
M, Legendre M, et al. Mass training in situ during COVID-19 pandemic:
enhancing efficiency and minimizing sick leaves. Simul Healthc. (2022)
17:42-8. doi: 10.1097/STH.0000000000000556

29. Shrestha A, Shrestha A, Sonnenberg T, Shrestha R. COVID-19 emergency
department protocols: experience of protocol implementation through in-situ
simulation. Open Access Emerg Med. (2020) 12:293-303. doi: 10.2147/OAEM.S266702

30. Lakissian Z, Sabouneh R, Zeineddine R, Fayad J, Banat R, Sharara-Chami R. In-
situ simulations for COVID-19: a safety IT approach towards resilient performance. Adv
Simul (Lond). (2020) 5:15. doi: 10.1186/s41077-020-00137-x

frontiersin.org


https://doi.org/10.3389/fmed.2025.1656737
https://doi.org/10.1097/SIH.0000000000000137
https://doi.org/10.3390/molecules26010039
https://www.who.int/director-general/speeches/detail/who-director-general-s-remarks-at-the-opening-session-of-the-viii-global-baku-forum-entitled-the-world-after-covid-19-4-november-2021
https://www.who.int/director-general/speeches/detail/who-director-general-s-remarks-at-the-opening-session-of-the-viii-global-baku-forum-entitled-the-world-after-covid-19-4-november-2021
https://www.who.int/director-general/speeches/detail/who-director-general-s-remarks-at-the-opening-session-of-the-viii-global-baku-forum-entitled-the-world-after-covid-19-4-november-2021
https://data.who.int/dashboards/covid19/cases?n=c
https://data.who.int/dashboards/covid19/cases?n=c
https://doi.org/10.1016/j.bja.2020.09.004
https://www.kirkpatrickpartners.com/wp-content/uploads/2021/11/Introduction-to-the-Kirkpatrick-New-World-Model.pdf
https://www.kirkpatrickpartners.com/wp-content/uploads/2021/11/Introduction-to-the-Kirkpatrick-New-World-Model.pdf
https://www.sign.ac.uk/using-our-guidelines/methodology/checklists/
https://www.sign.ac.uk/using-our-guidelines/methodology/checklists/
https://doi.org/10.1186/1471-2288-14-135
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
https://www.r-project.org/
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1080/10872981.2025.2486976
https://doi.org/10.1016/j.bjps.2024.01.021
https://doi.org/10.1016/j.jsurg.2023.08.010
https://doi.org/10.1016/j.bja.2020.07.044
https://doi.org/10.1097/SIH.0000000000000556
https://doi.org/10.2147/OAEM.S266702
https://doi.org/10.1186/s41077-020-00137-x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Efficacy of simulation-based training for airway management in preparing hospitals for the COVID-19 pandemic: a systematic review
	1 Introduction
	2 Methods
	2.1 Eligibility criteria
	2.2 Search strategy
	2.3 Selection process
	2.4 Data collection process and data items
	2.5 Study risk of bias assessment
	2.6 Effect measures
	2.7 Synthesis methods
	2.8 Sensitivity analysis

	3 Results
	3.1 Study selection
	3.2 Study characteristics
	3.3 Risk of bias in the studies
	3.4 Results of the individual studies
	3.5 Results of the synthesis method
	3.6 Sensitivity analysis
	3.7 Reporting biases
	3.8 Certainty of evidence

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


	Button1: 
	Button2: 
	Button3: 
	Button4: 


