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Abstract

Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2), which causes coronavirus disease 2019 (COVID-19),
is highly contagious. To protect healthcare workers from infection during airway management, some expert recommenda-
tions and guidelines recommended wearing P2/N95 masks, goggles or glasses, glove, face-shields, and gowns as standard
personal protective equipment (PPE). Nevertheless, several simulation studies have suggested that the standard PPE may
not fully protect healthcare workers. Dr. Hsien Yung Lai introduced an acrylic box (“aerosol box”) as a part of PPE during
airway management. Since then, several companies and healthcare workers have made their own modified devices (“aerosol
containment device”), and the use of such a device has spread worldwide, without being formally assessed for its effective-
ness, efficacy and safety. Several simulation studies have indicated that “aerosol containment device” would make tracheal
intubation more difficult. In addition, the device would prevent the spread of droplets from a patient, but may increase the
risk of healthcare workers being exposed to a higher concentration of viral aerosols. Therefore, the current state of knowledge
indicates that an “aerosol containment device” without vacuum mechanism has only limited efficacy in protecting healthcare

workers from viral transmission.
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Introduction

Severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2), which causes coronavirus disease 2019 (COVID-
19), is highly contagious [1-4]. A considerable number of
healthcare workers are believed to have been infected while
treating patients with COVID-19, and some died of acute
respiratory distress syndrome worldwide [3, 4].
Transmission of SARS-CoV-2 is thought to be predomi-
nantly through respiratory droplets or secretions from cough-
ing and gagging, and through a spread of aerosols (usually
defined as small airborne particles <5 pm) [5-7], in addition
to direct contact with the patient or contaminated surfaces.
Therefore, any procedures, which would increase the risk of
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spreading viral aerosol from the patient’s airway (so called
“aerosol-generating procedures”), would put healthcare
workers at a high risk of exposure to the virus [5]. Aerosol-
generating procedures include various anesthesia or inten-
sive care techniques, such as tracheal intubation, tracheal
extubation, non-invasive manual ventilation, tracheostomy,
high-flow oxygen delivery, bronchoscopy, transesophageal
echocardiography, and removal of oropharyngeal or tracheal
secretion by suction.

To minimize the risk of cross-transmission of infection
to healthcare workers and to another patients, expert rec-
ommendations and guidelines recommended that personal
protective equipment (PPE: such as P2/N95 mask, goggles
or glasses, gloves, face-shields, and gowns) be used while
taking care of patients, such as while anesthetizing a patient
or while transferring a patient between a ward and an operat-
ing room [1, 3, 4, 8—10]. However, several simulation studies
and expert recommendations suggested that the PPE may not
fully prevent transmission of infection to healthcare workers,
during airway management [11-13].
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In March 2020, a Taiwanese anesthesiologist Hsien
Yung Lai designed an acrylic box (called an “Aerosol Box”)
(Fig. 1), as a part of PPE during airway management [14].
In the next month, a simulation study has suggested that the
aerosol box may protect healthcare worker from infection of
COVID-19 [11]. This report has led to many companies and
organizations to make a similar “intubation box” or “intu-
bation tent”, with their own versions. Front-line healthcare
worker has also started to device their own methods of air-
way management, with the use of an “aerosol containment
device” (as an aerosol box or drapes) [15—-18]. Nevertheless,
the efficacy and safety of this kind of box has never been
clinically validated, and some problems associated with its
use have been pointed out [11, 19-21].

We consider that it is appropriate to describe the features
and theoretical merits of the “aerosol containment device”
in preventing viral infection, and then review the role of the
device based on the current state of knowledge.

Aerosol containment device

The original “aerosol box” consists of a transparent acrylic
box (40 cm in length, 50 cm in height, and 50 cm in width)
with an opening on one side, allowing it to fit over the

Fig. 1 The specification of the
“Aerosol box”, designed by Dr.
Hsien Yung Lai (all units are in
centimeters). The Dr. Lai states
that “the box can be cheaply
made using acrylic or transpar-
ent polycarbonate sheet at a cost
of approximately US $67 per
unit. After each intubation, the
box can be cleaned with 70%
alcohol or bleach. It can then

be reused for the next patient.”
(This work is licensed under a
Creative Commons Attribution-
Non-Commercial 4.0 Inter-
national License: https://sites 1
.google.com/view/aerosolbox/
design?authuser=0)

90,00 #0,07

patient’s head, neck and the chest, whereas the opposite
side has two holes (25 cm from the base and 10 cm from the
side) through which a physician can insert his or her hands
to perform airway management (Fig. 1).

Various modified boxes have been produced. For exam-
ple, ports have been added to the side of the box so that
the assistant can insert his or her hands to remove a stylet
after tracheal intubation, or ports added to the top of the box
for insertion of a bougie to intubate the trachea [16, 20].
Another modifications include a device or system to mini-
mize spread of aerosol from the box, by attaching a plastic
drape to the box, to spread the drape over the patient’s chest,
or by attaching a suction system to the box [22-24]. Some
also have used transparent drapes, or plastic “balloons” to
make an aerosol containment device [23-25].

Efficacy of an aerosol containment device
Spread of droplets

It is generally believed that one major route of viral trans-
mission is through contact with viral droplets and aerosols

emitted from the patient [3—7]. An “aerosol box”, an “intu-
bation box” or an “intubation tent” is designed to prevent
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spread of aerosols or viral droplets, by making a shield
between a patient and operators. Although there have been
no studies which have shown that the use of an aerosol box
decreases the incidence of viral infection, some simulation
studies indicate that an aerosol box is likely to reduce viral
infection.

For example, in one simulation study, coughing and aero-
solization of droplets were simulated by spraying a dyed
liquid from the manikin’s mouth, during attempts at tra-
cheal intubation [26]. Without the use of an aerosol box, the
dye spread all over the operator’s face shield, gown, arms,
gloves, the neck and hair. In contrast, with the use of an aero-
sol box, a significantly lower amount of dye was detected on
the operator [26]. Another simulation study using a manikin
also has confirmed that an aerosol containing device made
of a transparent plastic drapes effectively prevents spread of
droplets during tracheal intubation and during extubation
[27].

Spread of aerosols

Although an aerosol box would effectively protect a health-
care worker from being splashed by a patient’s viral droplets,
the box may not effectively prevent viral aerosols. In one
study, airflow was analyzed (using a high-speed monochro-
matic camera), while a human volunteer was breathing nor-
mally, taking deep exhalations or coughing, with an aerosol
box being placed over the volunteer’ head and the upper
body [28]. Substantial amounts of air moved out from open
side of the box and into the operating room during coughing.
In addition, air moves out of the box through the two holes
of the box, during deep exhalation (but not during coughing)
[28]. From this study, it is reasonable to conclude that, con-
siderable amount of viral aerosol would move out of the box
when the conventional aerosol box is used, and it would be
necessary to seal the box, by placing a drape over the open
side of the box as well as by attaching a sealing mechanism
to the holes for insertion of operator’s arms.

Another simulation study [24] also confirmed that viral
aerosols may easily flow out of an aerosol box. In this study,
saline was nebulized by a nebulizer which was held beneath
the healthy volunteer’s mouth, and airborne particles of
different sizes were quantified, using an airborne particle
counter positioned at the level of an operator’s head (75 cm
above the simulated patient’s head). The use of an aerosol
box resulted in a marked increase, rather than decrease, in
airborne particle exposure around the operator’s head, com-
pared with no device use. The authors speculated that this
increase in the risk was that aerosols moving out of the box
through the arm access holes in the aerosol box as a result
of the Bernoulli principle.

The above study also quantified airborne particles at the
level of an operator’s head, while the operator was intubating
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the trachea, with either a sealed aerosol box, a transparent
drape suspended vertically above the patient head, or a drape
forming a horizonal tent above the patient’s upper torso.
Compared with no aerosol containment device, the use of
these aerosol containment devices did not significantly affect
the airborne particles [24].

To prevent the problem of viral aerosols to escape out of
an aerosol containment device, some have produced a nega-
tive air-flow environment by applying suction mechanism
[22-25]. In one report, a large cubic frame was created with
polyvinylchloride tubes (60X 60X 60 cm), and clear plastic
bags (400-800 L capacity) were used to enclose the space
[23]. Another study also supports the findings that an aerosol
box with suction mechanism effectively protects an operator
from viral aerosol [24]. Simulated viral aerosol was created
using an ultrasonic nebulizer, and the spread of aerosols
was traced by applying ultraviolet light. With this system,
no aerosols escaped from the aerosol containment device,
and aerosols were successfully suctioned continuous nega-
tive airflow through vacuum mechanisms. Placing a high-
efficiency viral filter (which had 99.9999% viral filtration
efficiency) between the suction port and the suction tubing
would prevent contamination of the suction system [22].

From these simulation studies, it is reasonable to con-
clude that an aerosol box would minimize contaminated
area through droplet as physical barrier, but aerosol during
coughing or deep exhalation can move out from open side
of the box. A vacuum filtering system attached viral clear-
ance filter may decrease viral transmission through aerosols.

Problems with the use of an aerosol
containment device

There have been no clinical studies comparing the effect
of the use of an aerosol containment device on the ease of
airway management, but several clinicians have reported that
the use of the device makes airway management more dif-
ficult [19, 30]. In addition, simulation studies have shown
that the use of the device would make tracheal intubation
more difficult. In one study, experienced staff attempted to
intubate the trachea of a mannikin, using a Macintosh laryn-
goscope, with and without the use of an aerosol box [29].
The aerosol box made the viewing of the glottis significantly
more difficult (significantly lowered the percentage of glottic
opening (POGO) score), and significantly delayed time to
intubate the trachea. The authors of the study stated that the
difference in intubation time was approximately 3 s, and thus
clinically not meaningful, when an experienced anesthesiol-
ogist intubates the trachea in a normal airway condition [29].

In one simulation study on a videolaryngoscope (C-MAC,
Karl Storz SE and Co, Tuttlingen, Germany) [20], time to
intubate the trachea was compared between no aerosol box,
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an original aerosol box, and a modified box (which included
ports to the side for the assistant’s hands, and a port on top
for insertion of a bougie to intubate the trachea). Intubation
time was significantly longer with the use of either of the
box than without the box, and the difference was clinically
meaningful (difference of 30—40 s). In addition, a rigid aero-
sol box may cause damage to PPE and thus may lead to an
increased risk of infection.

In another simulation study [21] on a videolaryngoscope
(McGrath® (Aircraft Medical Ltd, Edinburgh, UK)), 20
inexperienced anesthesiologists with less than two months
clinical anesthesia experience attempted to intubate the tra-
chea of a mannikin, with and without the use of an aerosol
box. The use of an aerosol box significantly prolonged intu-
bation time, although the difference was small (3—4 s).

In third study on a videolaryngoscope (the McGrath®,
or the Airway scope S200NK (Hoya, Tokyo, Japan), expe-
rienced staff attempted to intubate the trachea of a mannikin,
with and without the use of an aerosol box [29]. This study
indicated that an aerosol box would not significantly affect
intubation time, when a videolaryngoscope is used by expe-
rienced staff.

From these simulation studies, it seems reasonable to
conclude that the use of an “aerosol containment device”
would delay intubation time and damage the PPE, and the
delay may become clinically meaningful if tracheal intuba-
tion is found to be difficult, after induction of anesthesia.

When to use?

Aerosol-generating procedures are considered to have a
greater risk of producing viral aerosols than coughing [5].
An aerosol containment device has been recommended to
use during airway management after induction of general
anesthesia, and the majority of studies have been performed
on its efficacy during tracheal intubation. Nevertheless, tra-
cheal intubation has been recommended to perform after
rapid-sequence induction of anesthesia [4, 31], and thus in
theory, coughing will not occur during attempts at tracheal
intubation after induction of anesthesia.

An observational study has confirmed that the risk of
the spread of viral droplets and aerosols is minimum during
induction of anesthesia and during tracheal intubation [32].
This study, in which aerosol concentrations near the patient’s
mouth were measured, has shown that aerosol level was min-
imum during induction of anesthesia and tracheal intuba-
tion, which was 500-fold less than the average concentration
recorded during coughing. In contrast, aerosol concentration
was increased markedly during emergence from anesthesia,
and the concentration was 15-fold greater than that seen dur-
ing tracheal intubation [32]. From these results, it is reason-
able to conclude that an aerosol containment device has a

much less use during induction of anesthesia than during
emergence from anesthesia.

Several studies have proposed the use of an aerosol con-
tainment device, to prevent spread of droplets and aerosols
during tracheal extubation [25, 27, 33]. The device includes
a large clear plastic sheet, drape, and a balloon for aerosol
protection with a suction system [25, 27, 33].

These methods are theoretically useful, but there may be
risks of hypoxia, hypercapnia, or choking by the sheet. In
addition, when re-intubation or manual ventilation using a
facemask is required after tracheal extubation, such a rescue
procedure may be hampered by the presence of the device.
There have been no clinical studies assessing the degree of
viral contamination around the patient’s head after removal
of the device. Lastly, such preventative measure may not be
required at timing when tracheal extubation becomes pos-
sible, because the patient may frequently be no longer infec-
tious about fortnight after infection [34].

Videolaryngoscopy for tracheal intubation
when aerosol box is used

According to these simulation studies, aerosol box seems to
delay intubation time. To minimize intubation time, some
guidelines and expert recommendations recommend the use
of a videolaryngoscope for the initial attempt [3, 4, 31].

One simulation study has suggested that the use of a vide-
olaryngoscope is more advantageous than the use of a Mac-
intosh laryngoscope when tracheal intubation is attempted
while an aerosol box was being placed [26]. This study
assessed whether or not there was any difference in con-
tamination of the operator by patient’s viral aerosols between
a videolaryngoscope and a Macintosh laryngoscope [26].
Coughing of droplets and aerosols were simulated by spray-
ing a dyed liquid from the patient’s mouth, during attempts
at tracheal intubation. Contamination of the operator by the
dye was significantly lower when a videolaryngoscope was
used than when a Macintosh laryngoscope was used [26].
No dye was found on any part of outside the box including
operator’s gown, face shield, neck, and hair when used a
videolaryngoscope was used for tracheal intubation through
the aerosol box.

The efficacy of tracheal intubation may differ consid-
erably between different videolaryngoscopes [35]. Some
theoretical requirements for a suitable videolaryngoscope
include that the success rate of tracheal intubation is high
even in patients with difficult airways, intubation time is
short, no introducer, such as a stylet or a gum elastic bougie,
is required (so that no assistant is required to remove the
introducer after tracheal intubation), and the device can be
disposed or appropriately disinfected after use.

@ Springer
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One study compared the efficacy of four videolaryngo-
scopes (the Airtraq® (Prodol, Vizcaya, Spain), the Air-
wayscope® S-100 (Hoya, Tokyo, Japan), the Kingvison®
(Ambu, Copenhagen, Denmark), the McGrath®, with a
Macintosh laryngoscope, in intubation time, in a mani-
kin, with an aerosol box [36]. Among these videolaryngo-
scopes, the Airwayscope® and the McGrath® were more
effective. In addition, for the Airwayscope®, a stylet is not
required, and thus a heat and moisture exchanger as well as
a breathing system can be kept connected during tracheal
intubation. Once a tube is inserted to the trachea and its
cuff inflated, oxygen can be given immediately [37].

From these studies, it is reasonable to conclude that
the use of an “aerosol containment device” may make tra-
cheal intubation more difficult, and may delay oxygenation
after successful tracheal intubation, and thus a suitable
videolaryngoscope should be used from the first attempt
at intubation.

Conclusions

Although limited, several simulation studies have indi-
cated that an “aerosol containment device” may be use-
ful to prevent the spread of viral droplets from a patient
during aerosol-generating procedures, but it may increase
the risk of healthcare workers being exposed to a higher
concentration of viral aerosols. A vacuum filtering sys-
tem attached to the “aerosol containment device” would
effectively minimize the spread of aerosols. Therefore,
the current state of knowledge indicates that an “aerosol
containment device” without vacuum mechanism has only
limited efficacy in protecting healthcare workers from viral
transmission.

If an “aerosol containment device” with a vacuum
mechanism is to be used, tracheal intubation should be
performed by an experienced operator who has made
enough experience with the use of the device in a mani-
kin, and a suitable videolaryngoscope such as the Airway-
scope® should be used.
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