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net zero plan is necessary for every nation’s healthcare sys-

tem, particularly the wealthier nations that contribute

disproportionately more to global environmental emissions.

COVID-19 has taught us that in the face of imminent

disaster, we can abruptly mobilise vast sums of money, alter

behaviours of the majority of the populace, and prepare

healthcare systems for the worst. Compared with this

pandemic, a decade is a very long time to transition to a sus-

tainable economy and avert the worst anticipated impacts

from climate change.14 Anaesthetists and critical care physi-

cians can continue to serve as leaders in the path to a

healthier, environmentally sound pandemic recovery. To

paraphrase Rabbi Hillel, ‘If not us, who? If not now, when?’
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EditordThe coronavirus disease 2019 (COVID-19) pandemic TTI with the aerosol box was comparatively lower
caused by severe acute respiratory syndrome coronavirus 2

continues to spread, infecting millions worldwide. Critically ill

COVID-19 patients with profound respiratory failure often

require tracheal intubation. To minimise peri-intubation

healthcare worker infection risk from COVID-19, an

additional protection barrier known as an aerosol box or

intubation box was introduced. Although hospitals

worldwide have used various prototypes of aerosol boxes,

their effect on intubation remains unclear, with studies

suggesting these barriers may hinder and potentially delay

airway management.1 Initial reports raised concerns, such as

restricted range of motion and increased intubation

difficulty.2 The aim of this systematic review and meta-

analysis was to evaluate the impact of an aerosol box on

time to tracheal intubation (TTI). Other factors influencing

TTI, such as skill level (experienced proceduralists

[consultants] vs less experienced proceduralists [residents])

and type of laryngoscope used, were also analysed.

This review was reported using the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses framework

andwas registered on the International Prospective Register of

Systematic Reviews (CRD42020220378). Studies evaluating the

impact of aerosol box use on TTI were included. Two authors

independently searched the COVID-19 living systematic re-

view from January 1, 2020 to November 10, 2020, using the

search terms ‘barrier’, ‘box’, ‘intubate’, or ‘intubation’. Sta-

tistical analyses were performed using Review Manager 5.4

(Cochrane Collaboration). Comparisons between aerosol box

and no aerosol box were analysed usingmean difference (MD).

An estimation formula was used to convert median values to

mean values with standard deviation to facilitate statistical

analyses.3 The Cochrane risk-of-bias tool for randomised trials

was used.

A total of 54 studies were identified, with 40 studies

selected for full-text review (Supplementary Fig 1). Twelve

studies reporting on 351 proceduralists were included

(Supplementary Table 1). Supplementary table 2 outlines the

risk of bias assessment for the selected studies.

Supplementary Table 3 summarises the characteristics of

selected studies.

All studies provided data on TTI with and without an

aerosol box (Supplementary Table 3). Eight studies reported

statistically significant (P<0.05) increases in TTI with an aero-

sol box. Fig. 1 demonstrates the impact of aerosol boxes during

intubation. TTI was longer when an aerosol box was used

(MD¼4.0 s; 95% confidence interval [CI]: 2.4e5.6; P<0.001).
Heterogeneity was moderate (I2¼38%). Amongst 10 studies,

where TTI wasmeasured using manikins, TTI was longer with

an aerosol box (MD¼3.9 s; 95% CI: 2.2e5.5; P<0.001; I2¼45%). In

two studies, where TTI was measured using patients, the

observed TTI was more than double that of when manikins

were used, however, not statistically significant (MD¼9.4 s;

95% CI: e0.2 to 18.9; P¼0.05; I2¼0%).

Amongst 136 residents in six studies, the MD in TTI re-

ported remained similar to the overall TTI reported in the

primary outcome (Supplementary Fig 2a; MD¼4.0 s; 95% CI:

2.1e5.9; P<0.001; I2¼21%). However, amongst 159 consultants,
(Supplementary Fig 2b; MD¼2.6 s; 95% CI: 0.8e4.5; P¼0.005;

I2¼20%) than that of residents.

Ten studies reported on TTI using videolaryngoscopy. In

these studies, TTI with an aerosol box was significantly longer

compared with intubation without an aerosol box

(Supplementary Fig 2c; MD¼3.7 s; 95% CI: 1.7e5.7; P¼0.0004;

I2¼54%). Intubation with direct laryngoscopy yielded longer

TTI compared with videolaryngoscopy (Supplementary Fig 2d;

MD¼4.5 s; 95% CI: 2.4e6.6; P<0.001; I2¼45%). Where consul-

tants performed the intubation with a videolaryngoscope, an

increase in TTI was not statistically significant

(Supplementary Fig 2e; MD¼1.9 s; 95% CI: e0.04 to 3.8; P¼0.06;

I2¼26%). In a post hoc analysis, first-pass success was signifi-

cantly lower amongst intubations with an aerosol box (482/

533; 90.4%; 95% CI: 87.6e92.8%) than without an aerosol box

(499/521; 95.8%; 95% CI: 93.7e97.3%). Personal protective

equipment (PPE) breaches were reported in three studies,

where breaches were significantly more common when an

aerosol box was used (19/58; 32.8%; 95% CI: 21.0e46.3%) than

when no aerosol box was used (0/46; 0.0%; 95% CI: 0.0e7.7%).

We observed a significant increase in TTI when an aerosol

box was used. Multiple factors, such as increased procedural

difficulty, lack of experience, and cognitive overload for the

proceduralist, may prolong TTI.4,5 Although amean delay of 4 s

may seemnegligible in the overall intubation time sequence, it

is important to consider that simulated studies do not fully

capture the influence human factors can play in real-life situ-

ations. This prolonged TTI should be considered in the context

of critically ill patients with COVID-19, where risk of hypo-

xaemia can be higher, underpinning the importance of mini-

mising apnoea time amongst these patients.6,7 The finding of

relatively shorter TTI by consultants supports the recommen-

dation that themost experienced physician should be involved

with intubating suspected or confirmed COVID-19 patients.8

A meaningful interpretation of these findings necessitates

a careful riskebenefit analysis from both patient and proce-

duralist perspectives. On the one hand, the use of an aerosol

box may prolong TTI to a variable degree based on procedur-

alist experience, exposing patients to a risk of hypoxaemia.4

On the other hand, damage to conventional PPE when using

the box potentially increases aerosol exposure, placing the

proceduralist and others assisting in airway management at

risk of infection.9 Hence, with the current available evidence, it

is important that proceduralists need to consider with caution

the ongoing use of aerosol boxes when its use is delaying TTI

without improving safety for healthcare professionals.

The limitations of this systematic review include the use of

manikins to simulate intubation in most studies, variability in

the definition for TTI between studies, and lack of evaluation

of clinical or patient-centred outcomes.

In conclusion, TTI when an aerosol box was used was

significantly longer compared with intubation without an

aerosol box. TTI was relatively shorter when intubation was

performed by more experienced proceduralists using video-

laryngoscopy. These findings should be interpreted in the

context of increased infection risks to the proceduralist and

other healthcare workers assisting with airway management.
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Fig 1. Primary outcome: time to intubation: (a) all selected studies, (b) studies using simulations and manikins, and (c) amongst patients.

CI, confidence interval; SD, standard deviation; IV, Inverse Variance.
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EditordWedescribe ourmask recycling and repeated National

Institute for Occupational Safety and Health (NIOSH) quanti-

tative fit testing as performed by a multidisciplinary collabo-

ration of clinicians and materials science experts to address

the current shortages of appropriate personal protective

equipment (PPE) caused by the current coronavirus disease

2019 pandemic.

Disposable filtering face-piece respirators (FFRs), including

N95 masks, are mainstays of PPE designed to prevent the

spread of aerosolised infections. Worldwide demand because

of the severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) pandemic has outstretched worldwide N95 FFR sup-

plies.1e3 To mitigate these shortages, extended use or limited

reuse of N95 FFRs in healthcare settings is under investigation;

the US Centers for Disease Control and Prevention (CDC)

currently recommends isolating used FFRs in a paper bag and

allowing 72 h for any residual virus to deactivate.4 Other

decontamination techniques (ultraviolet light, vaporised
hydrogen peroxide, and moist heat) have been suggested, but

not currently endorsed by the CDC.4

Our health system addressed shortages of N95 FFRs by

instituting a vaporised hydrogen-peroxide-based system to

disinfect the most abundant commercially available N95 FFR

currently in use at our institution: the 3M® model 1860

dome-type N95 FFR. We chose to reprocess these FFRs for

reuse to expand our stockpiles for use by healthcare workers

and remove the need to isolate masks for 72 h. Previously

published results on decontamination of N95 masks

(including the same 3M 1860 N95 FFR) using vaporised

hydrogen peroxide have focused on the results of this ster-

ilisation technique and the performance of the decontami-

nated mask material only.5e8 There are no studies using the

NIOSH quantitative fit testing of decontaminated masks to

assess both the fit and function of a full mask after repeated

decontamination using 35% vaporised hydrogen peroxide

(35% VHP).
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