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Editor—We read with interest the correspondences by Cubillos
and colleagues’ and Au Yong and Chen’ describing two
different barrier enclosure designs that attempt to reduce
the exposure risk of aerosolised severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in healthcare
providers performing aerosol-generating medical procedures.
Gould and colleagues® questioned the merit of these
enclosure devices that increased the difficulty in managing
the airway and lacked any mechanism to safely remove or
clean the barrier enclosures without dispersing high
concentrations of aerosolised SARS-CoV-2.

Based on industrial local exhaust ventilation systems that
effectively evacuate hazardous particulate matter away from
workers in occupations such as surgery,” a similar evacuation
system was recently described.” A commercially available,
disposable adult size oxygen face tent was repurposed and
connected to suction to form an aerosol evacuation system.
This aerosol evacuation system showed qualitative effective-
ness in removing a continuous stream of visible aerosolised
saline droplets generated during simulated passive breathing.
However, tracheal extubation is a different challenge for
healthcare providers as coughing occurs in ~40%° of patients
undergoing extubation.

We therefore sampled surrounding air particle concentra-
tions in both simulated passive breathing and coughing sce-
narios. As shown in Fig 1 and supplementary online video, the
same commercially available disposable oxygen face tent was
adapted (Salters face tent; Salter Labs, Arvin, CA, USA) and
connected to a closed biohazardous smoke evacuation system
(Neptune 3, Stryker, Kalamazoo, MI, USA) with an internal
high efficiency particulate air (HEPA) filter. This high-
efficiency waste management system commonly found in

operating rooms can capture aerosolised particles as small as
0.1 um with 99.99% efficiency with suction power up to 25 ft>
min~? air exchange. The face tent was placed in one of two
positions on an adult high-fidelity airway manikin: below the
manikin’s chin (chin position) or on top of the manikin’s
forehead (forehead position). Visible aerosolised saline was
introduced into the manikin with the use of a nebuliser (Airlife
Misty Max 10 disposable nebuliser; Carefusion, San Diego, CA,
USA) and 8 L. min~! of oxygen to simulate passive breathing. A
forceful cough was simulated by a 1.8-L resuscitator bag
(Hudson RCI, Teleflex, Wayne, PA, USA) that was rapidly
emptied over 1 s with the nebulised saline through the airway
of the manikin. Assuming the manikin trachea is cylindrical,
the air velocity of the cough is calculated as the air volume
generated per unit of time divided by the cross-sectional area
of the trachea. Assuming laminar flow with a manikin tracheal
diameter of 1.5 cm, air velocity of the simulated cough with
rapid emptying of 1.8 Lover 1sis about 10ms~* (i.e. 1.8Ls 1+
[3.14x(0.75 cm)?]), which is slightly lower than the reported
maximum human cough air velocity (~11.7 m s™%).”

Supplementary video related to this article can be found at
https://doi.org/10.1016/j.bja.2020.06.009.

The particle concentration (ug m~>) of particulate matter
with diameter <2.5 pm (PM2,5)8 was measured using a particle
counter (Digital PM2.5 Air Quality Detector, Geekcreit, Bang-
good, Guangzhou, China) at the level of the head of the
manikin and 2 ft above the manikin’s head to approximate the
height of a healthcare provider performing an aerosol-
generating procedure. To simulate a tracheal intubation sce-
nario with passive breathing, measurements were taken every
30 s for 13 min with the following sequence: (a) at time O,
nebuliser activation for 3 min to simulate passive exhalation
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Fig 1. Simulation illustration and aerosol concentration measurements. The negative airflow face tent evacuation system was placed on an
airway manikin in two positions, on the forehead and below the chin. A forceful cough was simulated using an aerosol nebuliser while
simultaneously emptying a resuscitator bag. The face tent was attached to a high-efficiency smoke evacuation system which, when turned
on, evacuated the visible aerosol into the face tent and away from the simulated healthcare provider (see video). (Top) Different negative
airflow tent positions for aerosol-generating medical procedures (AGMP). (Bottom) Results of particle concentration (ug m—>) measure-

ments of particulate matter with diameter size <2.5 um (PM;s).

during manual ventilation and intubation; and (b) at time 3
min, nebuliser deactivation to simulate a secured airway. To
simulate three coughs within 1 min, measurements were also
taken in the following sequence: (a) at time 0, nebuliser acti-
vation; (b) at time 1 min, first rapid emptying of the resusci-
tator bag with ongoing nebuliser to simulate coughing; (c) at
time 1.5 min, second rapid emptying of the resuscitator bag; (d)
at time 2 min, last rapid emptying of the resuscitator bag; and
(e) nebuliser deactivation at time 3 min to simulate control of
the airway with a face mask. Both sequences of measurements
were performed with and without the negative airflow tent in
both the forehead and chin positions.

In the absence of the negative airflow tent, aerosolised sa-
line was released into the surrounding environment as ex-
pected (Fig 1). With active suction and the face tent in the
forehead position during passive breathing, the PMj;s
remained near ambient levels. However, considerable spikes
in PMys that rapidly subsided were seen during the cough
scenario. These spikes may be attributable to the direction and
speed of the airflow from coughing that overwhelmed the
suction capacity at the tested suction distance away from the

mouth with the negative airflow tent on the forehead. In
contrast, when the negative airflow tent was placed below the
chin during the cough scenario, no spikes in PM,s were
encountered and PM, s levels remained at baseline. These re-
sults suggest the importance of minimising coughing on in-
duction when the negative airflow tent is on the forehead. The
negative airflow tent should also be positioned below the chin
for extubation to capture aerosols generated by coughs more
effectively. Furthermore, the negative airflow tent on the
forehead may be uncomfortable for an awake patient and at
risk for manual dislodgement by a semiconscious patient.
The adaptability of negative airflow tent positioning allows
for flexibility during various aerosol-generating procedures
such as tracheal intubation and extubation. The negative
airflow tent is comprised of a transparent soft plastic material
with a behind-the-neck strap for a secure fit that allows for
quick adjustments to accommodate mask ventilation and
intubation without hindering performance. The negative
airflow tent can also be advanced inferiorly to act as an addi-
tional physical barrier to prevent ‘forceful droplets’ from
reaching the healthcare provider.” This evacuation system is
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an improved alternative to static barrier enclosures to
enhance the safety of healthcare providers performing
aerosol-generating procedures without compromising patient
care. Nonetheless, personal protective equipment (PPE) should
remain the main defence during the coronavirus disease 2019
(COVID-19) pandemic.? With the threat of a potential second
wave of infection as the world reopens,'® any additional pro-
tective measures should not be overlooked. However, such
measures should not trade off patient safety or create further
exposure risks to healthcare providers after use.
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Editor—At the time of writing, there have been almost 7
million diagnosed cases of coronavirus disease 2019 (COVID-
19) in 188 countries/regions with more than 400 000 deaths.’
Approximately 2.3% of COVID-19 patients require tracheal
intubation.”? Because COVID-19 is a highly contagious
disease, tracheal intubation is considered a high-risk
procedure. A greater risk of contagion for healthcare workers
performing tracheal intubation was described during the

2003 severe acute respiratory syndrome (SARS) epidemic®*
and was confirmed by a systematic review.”

Several recommendations®?® have been published
providing suggestions to reduce the risk of viral transmission
with airway management during COVID-19. Most recom-
mendations agree on: planning ahead; wearing full personal
protective equipment (PPE); involvement of senior staff;
exposing the fewest possible healthcare workers; adequate
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