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Introduction

Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) is transmitted
by exposure to infected secretions, and
the transmission risk is higher for health-
care professionals [5, 6]. The Chinese
Centre for Disease Control and Preven-
tion reported that 3.8% of cases were
healthcare professionals, among which
emergency medicine staff constitutes al-
mostonefifth[27, 30]. Inaddition, emer-
gency medicine physicians and general
practitioners comprise 42% of physician
deaths [11].

Although approximately 80% of
COVID-19 cases are mild, 8–10% of
patients require endotracheal intuba-
tion. Endotracheal intubation is a high-
risk, aerosol-generating procedure that
increases the risk of transmission [10,
33]. Furthermore, the high viral load in
the sputum and upper airway secretions
of patients and the high concentrations
of respiratory aerosols during endotra-
cheal intubation pose a great risk for
transmission to emergency medicine
physicians [31]. This risk increases with
the endotracheal intubation operators’
proximity to the patient’s airway; there-
fore, using auxiliary devices such as
a video laryngoscope, an aerosol box,
or a plastic drape have been empha-
sized for airway management in this
unprecedented pandemic period [26,
28].

The patient’s position during endotra-
cheal intubation may affect the first-pass
success rate and intubation time [29].
Two commonly accepted patient posi-
tions during endotracheal intubation are
the sniffing position and the ramped po-
sition [24]. Since the optimal airway
management position in critically ill pa-
tients during endotracheal intubation re-
mains controversial, the position that is
most useful to improving first-pass suc-
cess rates and intubation times should be
investigated [12, 24, 32].

To decrease the transmission risk, air-
waymanagement guidelines recommend
that physicians wear personal protective
equipment (PPE) during aerosol-gener-
atingprocedures, including endotracheal
intubation [3, 7, 15]. Additionally, the
aerosol box was invented to make en-
dotracheal intubation safer [14]. It was
reported that droplet spread decreased
with the use of an aerosol box [4]. Fur-
thermore, a transparent plastic drapewas
also designed to decrease the spread of
droplets during endotracheal intubation
[9, 20].

The incidence of three or more intu-
bation attempts in critical care patients
ranged from8 to20%[21]. Multiple intu-
bationattempts increasedboththeSARS-
CoV-2 transmission rates to physicians
and the complication rates for patients
[17]. Therefore, it is important to iden-
tify the method that does not decrease

the likelihood of first-pass success rates
without increasing intubation times.

The aim of this study is to compare
the use of conventional PPE, aerosol box,
and transparent plastic drape and their
impact on intubation times during endo-
tracheal intubationbyexperienced emer-
gency medicine specialists on a manikin
bothintherampedandsniffingpositions.

Methods

Study design and settings

This randomized, prospective, crossover
manikin simulation studywas conducted
in July 2020at a tertiary academic care
center. The study was approved by the
local ethics committee (2020/56). Writ-
ten informed consent was obtained from
all participants included in the study.

Thirteen emergency medicine spe-
cialists from one university who had at
least 5 years of clinical experience in
airway management participated in the
study. However, the participants had
no prior plastic drape (PD) or aerosol
box (AB) experience when this study
was conducted. The participants were
aware of the general nature of the study
but were blinded to its specific objec-
tives. Each participant was offered an
opportunity to practice each method
once on the manikin (Life/form® Deluxe
Crisis™ Manikin Torso with advanced
airway management). Tracheal tubes
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Fig. 18Use of the barrier devices andpersonal protective equipment (PPE) in sniffing and rampedpositions.a PPE; sniffing
position. bTransparentplastic drape; sniffingposition. cAerosol box; sniffingposition. dPPE; rampedposition. eTransparent
plastic drape; rampedposition. fAerosol box; rampedposition

with an internal diameter of 8mm and
Glidescope® (GVL; Verathon Medical
Inc., Bothell, WA, USA) with a reusable
blade (GVL® – 115; Verathon Medical
Inc., Bothell,WA,USA)wereused for the
endotracheal intubations. The manikin
was placed on a stretcher. The equipment
needed for each intervention was placed
beside the head of the manikin.

A local supplier designed and pro-
vided the second generation aerosol box
which is larger than first generation
aerosol boxes with dimension of 50cm
in height, 50cm in width, and 40cm in
length. Since the 10-cm arm holes of
the early-generation aerosol box limited
the maneuverability of the operators, the
width of the armholes in our modified
aerosol box was increased to 15cm [14].
A transparent, plastic drape 200cm long
by 140cm wide and 1mm thick was
placed over the manikin for the plastic
drape scenarios, and the transparent
drape was also placed over the aerosol
box during the aerosol box scenarios.
In the 30° ramped position, the head
of the bed was elevated until the ex-
ternal acoustic meatus and the sternal

notch of the manikin were horizontally
aligned. The 30° elevation was adjusted
using the Bubble Level application in
an android version 8.0.0 mobile device.
In accordance with airway management
guidelines, all of the operators wore
personal protective equipment (PPE)
including a long-sleeved gown, an FFP3
mask, goggles, headwear, a face-shield,
and gloves [7, 15].

Operators intubated the manikin us-
ing the following protection methods:
(1) conventional PPE, (2) an aerosol box
as an adjunct to PPE, and (3) a transpar-
ent plastic drape as an adjunct to PPE in
each of two scenarios: in scenario (a), the
manikin was placed in the sniffing po-
sition, and in scenario (b), the manikin
was placed in the 30° ramped position.
Therefore, eachparticipantperformedsix
airway interventions (. Fig. 1).

To lessen the learning effects, a ran-
domized, crossover study design was
used. The order of the interventions was
randomized for each participant by an
online program (www.randomization.
com) that yielded a total of six en-
dotracheal intubations per participant.

Participants were requested to finish
each intervention within two minutes
[18]. For each method, participants
were allowed one attempt to successfully
intubate the manikin. The duration of
the endotracheal intubation attempt was
defined as the time elapsed between in-
sertion and removal of the laryngoscope
from the manikin’s mouth [8]. Each pro-
cedure was recorded by video camera.
After the interventions, for eachmethod,
the participants were asked to grade the
difficulty of accessing the equipment,
inserting the endotracheal tube into the
glottis, maneuvering of the laryngo-
scope, and gaining a clear view of the
manikin’s face on a 5-point Likert scale:
1= “very easy,” 2= “easy,” 3= “moderate,”
4= “difficult,” and 5= “very difficult.”

Outcome measures

The primary outcome of the study was
a comparison of the endotracheal in-
tubation times for each method. The
secondary outcomes were the first-pass
success rates and the difficulty levels of
accessing the equipment, inserting the
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Abstract
Background. The impact of barrier devices on
endotracheal intubation times is unknown.
Objective.We sought to compare the effects
using conventional personal protective
equipment, an aerosol box, and a transparent
plastic drape on intubation times by
experienced emergency physicians on a
manikin in both the sniffing and ramped
positions in a randomized, prospective cross-
over study design.
Methods. A total of 13 experienced emer-
gency physicians performed endotracheal
intubations on a manikin in both the sniffing
and ramped positions using conventional
personal protective equipment (PPE), an
aerosol box, and a transparent plastic drape.

The primary outcomewas intubation time; se-
condary outcomes included first-pass success
rates and ratings of difficulty in accessing the
device, inserting the endotracheal tube into
the glottis, maneuvering the laryngoscope,
and clear vision of the manikin’s face.
Results. The use of an aerosol box or
transparent plastic drape increased intubation
times in both the sniffing and ramped
positions. First-pass success rates did not
differ between the groups. Perceptions of
difficulty accessing the device, inserting
the endotracheal tube into the glottis,
maneuvering the laryngoscope, and obtaining
a clear view of the manikin’s face to the model
were higher when using the aerosol box

and transparent plastic drape compared to
intubationwith only PPE.
Conclusion. An aerosol box and transparent
plastic drape may increase intubation times
during endotracheal intubation of coronavirus
disease 2019 (COVID-19) patients in both
the sniffing and ramped positions. Further
research should investigate the utility of these
devices during endotracheal intubation.
Trial registration number and date:
NCT04412226; 31 May 2020.

Keywords
Aerosol box · Barrier device · COVID-19 · Airway
management · Personal protective equipment

Auswirkungen der Verwendung von Barrieregeräten auf die Intubationszeiten und -leistung – eine
randomisierte, prospektive Cross-over-Modellstudie

Zusammenfassung
Hintergrund. Der Einfluss von Barrieregeräten
auf die endotrachealen Intubationszeiten ist
nicht bekannt.
Zielsetzung. In einer randomisierten,
prospektiven Cross-over-Studie wurden
die Auswirkungen der Verwendung her-
kömmlicher persönlicher Schutzausrüstung,
einer Aerosolbox und eines transparenten
Kunststofftuchs auf die Intubationszeiten
verglichen, wenn erfahrene Notfallmediziner
an einemModell sowohl in der Schnüffel- als
auch in der Rampenposition arbeiteten.
Methoden. Dreizehn erfahrene Notfallme-
diziner führten endotracheale Intubationen
an einemModell in der Schnüffel- und Ram-
penpositionmit herkömmlicher persönlicher
Schutzausrüstung, einer Aerosolbox und
einem transparenten Kunststofftuch durch.
Der primäre Endpunkt war die Intubationszeit.

Zu den sekundären Endpunkten zählten
die Erfolgsraten beim ersten Durchgang
und die Bewertung des Schwierigkeitsgrads
beim Zugriff auf das Gerät, Einführen des
Endotrachealtubus in die Glottis, Manövrieren
des Laryngoskops und Erreichen einer klaren
Sicht auf das Gesicht des Modells.
Ergebnisse.Die VerwendungeinerAerosolbox
oder eines transparenten Kunststofftuchs
verlängerte die Intubationszeiten sowohl in
der Schnüffel- als auch in der Rampenposition.
Die Erfolgsraten beim ersten Versuch unter-
schieden sich nicht zwischen den Gruppen.
Die Wahrnehmung der Schwierigkeit, auf das
Gerät zuzugreifen, den Endotrachealtubus
in die Glottis einzuführen, das Laryngoskop
zu manövrieren und eine klare Sicht auf
das Gesicht des Modells zu erreichen, war

bei Verwendung der Aerosolbox und des
transparenten Plastiktuchs höher.
Schlussfolgerung. Eine Aerosolbox und ein
transparentes Kunststofftuch können die In-
tubationszeitenwährend der endotrachealen
Intubation von Patientenmit „coronavirus
disease 2019“ (COVID-19) sowohl in der
Schnüffel- als auch in der Rampenposition
verlängern. Der Nutzen dieser Geräte während
der endotrachealen Intubation sollte in
weiteren Forschungsarbeiten untersucht
werden.
Studienregistrierungsnummer und -datum:
NCT04412226; 31.05.2020

Schlüsselwörter
Aerosolbox · Absperrvorrichtung · COVID-
19 · Atemwegsmanagement · Persönliche
Schutzausrüstung

endotracheal tube into the glottis, ma-
neuvering the laryngoscope, and gaining
a clear view of the manikin’s face.

Primary data analysis

Statistical analyses were performed using
SPSS version 22 (SPSS, Inc., Chicago,
IL, USA). The normality of the distribu-
tion of data was examined by the Kol-
mogorov–Smirnov/Shapiro–Wilk tests.

Descriptive statistics are presented as the
mean and standard deviation for para-
metric variables and the median and
interquartile range for nonparametric
variables. The data showing a nor-
mal distribution were compared using
a paired t test, and the data lacking a nor-
mal distribution were compared using
the Mann–Whitney U test. Categorical
variables in independent groups were
analyzed with the X2 test. P values less

than 0.05 were considered statistically
significant. To calculate sample size, the
means of intubation times were used
in the study by Begley et al. exploring
aerosol box utilization for intubation
in coronavirus disease. Based on their
findings, using a confidence interval
of 0.05 and power= 80%, the present
study aimed to recruit 13 patients in
each group. The sample size for the
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Table 1 Time to intubation for each simulated scenario (seconds)
PPEa

(n= 13)
Plastic drapea

(n= 13)
Aerosol boxa

(n= 13)
p value

30° Elevated scenario 13.5± 6.2 21.2± 13.6 17.5± 11.9 0.219

Supine scenario 12.8± 6 14.5± 6.2 15.9± 8 0.656

p value 0.687 0.267 0.935 –

PPE protective personal equipment
aValues presented as mean±standard deviation

Table 2 Likert scale results of the self-perceived difficulty level of acquiring clarity,maneuver-
ability of the laryngoscope, inserting the endotracheal tube into the glottis and accessing the
equipment, with use of the AB, PD and PPEboth in sniffing and rampedpositions
Sniffing posi-
tion

Very easy, easy
(%)

Moderate
(%)

Difficult, very difficult
(%)

p

Acquiring clarity
PPE 100 0 0

PD 38 38 23

AB 23% 69 8

<0.001

Maneuverability
PPE 85 8 8

PD 31 38 31

AB 15 31 54

0.001

Difficulty of inserting
PPE 92 0 8

PD 46 23 31

AB 31 38 31

0.001

Accessing
PPE 92 0 8

PD 54 38 8

AB 38 38 23

<0.001

Ramped posi-
tion

Very Easy, Easy (%) Moderate (%) Difficult, Very Difficult (%) p

Acquiring clarity

PPE 77 23 0

PD 31 38 31

AB 31 31 38

<0.001

Maneuverability

PPE 100 0 0

PD 31 23 46

AB 15 38 46

<0.001

Difficulty of inserting
PPE 92 8 0

PD 54 23 23

AB 23 54 23

<0.001

Accessing
PPE 100 0 0

PD 38 54 8

AB 46 31 23

<0.001

AB aerosol box, PPE personal protective equipment, PD plastic drape

present study was calculated using www.
openepi.com.

Results

Thirteen emergency specialists partici-
pated in the study. In the ramped sce-
nario, the intubation times did not differ
significantly between PPE, plastic drape,
or aerosol box (13.5± 6.2, 21.2± 13.6,
17.5± 11.9, respectively; p= 0.219). In
the sniffing scenario, intubation times
also did not differ significantly be-
tween PPE, plastic drape, or aerosol
box (12.8± 6, 14.5± 6.2, 15.9± 8, respec-
tively; p= 0.656). When elevated and
sniffing scenario intubation times were
compared for each method, there were
no significant differences between PPE
(13.5± 6.2, 12.8± 6, p= 0.687), plastic
drape (21.2± 13.6, 14.5± 6.2, p= 0.267),
or aerosol box (17.5± 11.9, 15.9± 8,
p= 0.935), respectively. Intubation times
for each method are summarized in
. Table 1.

First-pass success rates in the elevated
scenario did not differ significantly be-
tween PPE, plastic drape, or aerosol
box (13/13 [100%], 13/13 [100%], 12/13
[92%], respectively; p= 0.358). All par-
ticipants successfully intubated on their
first attempt in the sniffing scenario
with PPE, plastic drape, and aerosol
box (13/13 [100%], 13/13 [100%], 13/13
[100%], respectively).

The difficulty of accessing the equip-
ment, inserting the endotracheal tube
into the glottis, maneuvering the laryn-
goscope, and gaining a clear view of the
manikin’s face using the aerosol box, the
transparent plastic drape, and conven-
tional PPE were evaluated using a 5-
point Likert scale. Using PPE, 11 of the
13 physicians (84%) rated the difficulty
of accessing the equipment and inserting
theendotracheal tube into theglottisdur-
ing the sniffing scenario “very easy” and
“easy”. Using the aerosol box, only 4 of
the physicians (31%) rated the difficulty
of accessing the equipment and insert-
ing the endotracheal tube into the glottis
during the sniffingscenarioas “veryeasy”
and “easy”. Using the plastic drape, 6 of
the physicians (46%) rated the difficulty
of accessing the equipment and insert-
ing the endotracheal tube into the glottis
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during the sniffingscenarioas “veryeasy”
and “easy”. Likert scale results of partic-
ipant’s self-perceived performances have
been summarized in . Table 2.

Discussion

Airwaymanagementwhilst wearing PPE
may lead to challenges including, anxiety,
suboptimal communication, excess heat,
unclear view [1, 25]. On the other hand,
there is a lack of evidence about the effect
of PPEusage during airwaymanagement
[23].

Although several variations of aerosol
boxes and transparentplastic drapeshave
been built recently, it is uncertain how
often they have been used in clinical set-
tings [4, 9, 16]. In addition, it is un-
certain if they extend intubation time.
There is no evidence supporting their
use in the emergency department (ED).
To the best of our knowledge, this is
the first study that compares the impact
of these devices on endotracheal intu-
bation times and first-pass success rates
in the ED. These devices are physical
barriers; therefore, they could introduce
difficulties in the intubation parameters
that impact both success rates and intu-
bation times. However, our study results
showed that there was no statistical as-
sociation between use of barrier devices
and intubation times. The first-pass suc-
cess rates were also similar between the
groups.

Existing data suggest that using an
aerosol box results in lowerfirst-pass suc-
cess rates and longer intubation times
[2]. While the intubation times were
not significantly different between the
groups in our study, intubation times
were longer in all groups with the use
of the aerosol box and the transparent
plastic drape. Although the difference
between the means of endotracheal in-
tubation times were less than eight sec-
onds in all groups, in critically ill patients,
this prolongation may increase the risk
of aspiration and hypoxia [18]. Access-
ing the equipment, inserting the endotra-
cheal tube into the glottis, andmaneuver-
ing the laryngoscope are the main com-
ponents of the endotracheal intubation
procedure that may affect both intuba-
tion times and first-pass success rates.

In this study, the participants perceived
accessing the equipment, inserting the
endotracheal tube into the glottis, and
maneuvering the laryngoscope as well as
gaining a clear view of the manikin’s face
asmoredifficultwith theuse of anaerosol
box and a transparent plastic drape com-
pared with the use of regular PPE alone.
The participants’ pre-existing intubation
experience with conventional PPEmight
have contributed to the longer intubation
times with the aerosol box and the trans-
parent plastic drape.

The results of this study are consistent
with previous data that showed that there
was no statistical association between the
use of the sniffing or ramped position
and either intubation times or first-pass
success rates [22, 24]. Although intuba-
tion timeswere not significantly different
using the sniffing or ramped position, in-
tubation times were longer in all groups
that used the ramped position. In our
institution, less use of the ramped posi-
tionmight have contributed to the longer
intubation times [5].

In contrast to a manikin study con-
ducted in an intensive care unit, in
our study, first-pass success rates were
not significantly different between the
groups [2]. This discrepancy might be
attributable to differences in the study
design and the cognitive overload, train-
ing, andprocedural skills of the operators
or any combination of these factors. For
instance, although difficult airway was
simulated via inflated tongue by Beg-
ley et al., difficult airway management
scenarios such as blood, vomit, foreign
bodies, airway edema, cervical collar
were not simulated [2]. Using difficult
airway scenarios could have affected
the study findings. Furthermore, the
wider armholes of the aerosol box in
our study might have contributed to the
inconsistencies between the two studies.

Limitations

This studyhas several limitations. First, it
was conducted in amodel setting in a sin-
gle center; therefore, our study results
cannot be generalized. Manikin studies
cannot simulate conditions encountered
in clinical settings such as blood, vomit,
sputum, airway edema, or fogging of the

device during endotracheal intubation.
However, because of the ethical issues, it
is common to evaluate the effect of new
devices on airway management through
simulation studies [13, 18]. Second, in
this study, in accordancewith the current
guidelines, the endotracheal intubations
were performed by experienced physi-
cians. However, especially during the
pandemic, due to the shortage of highly
qualified staff, endotracheal intubations
may be performed by physicians with
less experience [19]. The results of the
study would likely differ if the intuba-
tions had been performed by unseasoned
providers. Therefore, the results of the
study cannot be generalized to all physi-
cians. Third, most of the participants
had pre-existing experience of intuba-
tion with conventional PPE. This could
have affected the study findings. To over-
come this limitation, participants were
offered an opportunity to practice each
method once on themanikin. Fourth, al-
though the aerosol box and transparent
plastic drape were designed to decrease
the spread of droplets and aerosols, there
is currentlynoevidence that these barrier
devices prevent distribution of small par-
ticles. However, this topic is beyond the
scope of this study. Fifth, the participants
inthis studywereexperiencedemergency
medicine specialists. Thus, they were not
offered training for airway management
before the study. In order to make the
participants familiar with the barrier de-
vices, they were allowed one attempt to
intubate the manikin. This methodol-
ogy might have affected the results of the
study by their effects on intubation times
and first-pass success rates, on the other
hand familiarization with the methods
might demonstrate the actual difference
of the intubation times andfirst-pass suc-
cess rates. Sixth, airway management
is a procedure that includes lots of in-
terventions as preoxygenation, position-
ing and suctioning. During the COVID-
19 pandemic since the airway manage-
ment guidelines recommend full careful
donning of PPE before attending to the
patient, intubation times extended [7].
When interpreting our results, it should
be taken into account that these factors
have not been measured in our study.
Our study aimed to compare the time
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elapsed between insertion and removal
of the laryngoscope for intubation.

Conclusion

The findings of this study suggest that
there was no statistical association be-
tween use of barrier devices and intuba-
tion times during endotracheal intuba-
tion simulation in an emergency depart-
ment both in the sniffing and ramped
positions. In addition, there was no sta-
tistical association between use of barrier
devices and first-pass success rates dur-
ing endotracheal intubation simulation
in both the sniffing and ramped posi-
tions. Furthermore, difficulty with the
use of an aerosol box and a transparent
plasticdrape foraccessingtheequipment,
inserting the endotracheal tube into the
glottis, and maneuvering the laryngo-
scope as well as gaining a clear view of
the manikin’s face may lead to challenges
especially in difficult airway situations.
Further randomized controlled studies
should investigate the utility of these de-
vices during endotracheal intubation and
other aerosol-generating procedures.
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