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Study objective: To synthesize the evidence regarding the infection risk associated with different modalities of oxygen therapy
used in treating patients with severe acute respiratory infection. Health care workers face significant risk of infection when treating
patients with a viral severe acute respiratory infection. To ensure health care worker safety and limit nosocomial transmission of
such infection, it is crucial to synthesize the evidence regarding the infection risk associated with different modalities of oxygen
therapy used in treating patients with severe acute respiratory infection.

Methods: MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials were searched from January 1, 2000, to
April 1, 2020, for studies describing the risk of infection associated with the modalities of oxygen therapy used for patients with
severe acute respiratory infection. The study selection, data extraction, and quality assessment were performed by independent
reviewers. The primary outcome measure was the infection of health care workers with a severe acute respiratory infection.
Random-effect models were used to synthesize the extracted data.

Results: Of 22,123 citations, 50 studies were eligible for qualitative synthesis and 16 for meta-analysis. Globally, the quality of
the included studies provided a very low certainty of evidence. Being exposed or performing an intubation (odds ratio 6.48; 95%
confidence interval 2.90 to 14.44), bag-valve-mask ventilation (odds ratio 2.70; 95% confidence interval 1.31 to 5.36), and
noninvasive ventilation (odds ratio 3.96; 95% confidence interval 2.12 to 7.40) were associated with an increased risk of
infection. All modalities of oxygen therapy generate air dispersion.

Conclusion: Most modalities of oxygen therapy are associated with an increased risk of infection and none have been
demonstrated as safe. The lowest flow of oxygen should be used to maintain an adequate oxygen saturation for patients with

2021;77:19-31.]

severe acute respiratory infection, and manipulation of oxygen delivery equipment should be minimized. [Ann Emerg Med.
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INTRODUCTION
Background

Viral severe acute respiratory infections are infectious
transmittable diseases that have pandemic potential." The
World Health Organization declared the coronavirus disease
2019 (COVID-19) outbreak a public health emergency of
international concern on February 11, 2020, and a pandemic
on March 11, 2020.” As of June 7, 2020, COVID-19 had been
diagnosed in approximately 7 million patients worldwide, with
the number of new cases continually increasing.”

Severe acute respiratory infections often present with
acute respiratory distress.”” Consequently, the initial
treatment most often provided is oxygen therapy.*”
Although some cases require early mechanical ventilation,
others can be managed with supplemental oxygen alone or
noninvasive ventilation.*® Also, before intubation for
mechanical ventilation, patients often need supplemental
oxygen or noninvasive ventilation, and these may be the
only treatments available for some patients in the midst of a
pandemic, given the surge of patients in respiratory
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Editor’s Capsule Summary

What is already known on this topic

The delivery of oxygen may create fomites and
aerosols that can spread pathogens to health care
workers.

What question this study addressed

Which oxygen delivery methods elevate the risk of
respiratory pathogen transmission to bedside health
care workers?

What this study adds to our knowledge

From a meta-analysis of 50 trials, most with bias
threats, intubation carried the highest risk of
potential transmission, but other methods also likely
elevated risk compared with nonuse.

How this is relevant to clinical practice

Carefully weigh the need for oxygen and the delivery
method, especially when a potentially transmissible
severe viral respiratory infection is suspected.

. 6,7 ..

distress.”” Some modalities of oxygen therapy have been
shown to generate aerosols, which can increase severe acute
respiratory infection transmission.

Importance

Although all health care workers face a significant risk of
infection when treating patients with severe acute
respiratory infection, the modality of oxygen therapy used
might modify that risk.”'" Ideally, respiratory protection
should be maximized for all health care workers in contact
with patients, but this might not be possible during a
pandemic.12 A better understanding of the risk involved in
providing different modalities of oxygen therapy to patients
with severe acute respiratory infection would assist
clinicians in selecting the most suitable approach for
patients, improve the allocation of respiratory protective
equipment, improve health care workers’ confidence when
caring for these patients, and decrease the overall burden of
these diseases.

Goals of This Investigation

To maximize health care worker safety and limit
nosocomial transmission of severe acute respiratory
infections, it is crucial to synthesize the evidence regarding
the health care workers’ risk of infection when caring for
patients with severe acute respiratory infection requiring
oxygen therapy. Therefore, this review’s main objective was

to describe the rate of health care worker severe acute
respiratory infection according to the modality used to
provide oxygen.

MATERIALS AND METHODS

The present systematic review and meta-analysis was
registered before its initiation. Its results are presented in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines
(Table 5El, available online at http://www.annemergmed.
com).™

Study Design

The search strategy aimed to find both published and
unpublished studies. MEDLINE, EMBASE, and the
Cochrane Central Register of Controlled Trials were
searched from January 1, 2000, to April 1, 2020 (Appendix
E1, available online at http://www.annemergmed.com).
Gray literature was searched with Google Scholar. The
references provided in the guidelines or the care of
severe acute respiratory infection patients of major free
open-access medical education blogs, global, American,
and European health organizations, as well as in all
previously identified articles and main review articles,
were reviewed in search of additional studies. The
authors of included articles were also contacted to
assess whether they had access to pertinent
unpublished data.

A 3-stage selection process was used. In the first stage,
after automatic removal of duplicates, each citation title was
screened to exclude obviously unrelated studies. In the
second stage, the titles and abstracts of the remaining
citations were screened for potential relevance by pairs of
independant reviewers (S.G.M. and V.M., J.L. and V.C,,
J.-M.C. and A.-L.F.-P., M.M. and E.P., AF. and R.-X.L,,
Z.G.-T. and ].P., or A.-S.T. and R.D.). In the final stage,
the full text of remaining citations was evaluated against the
following inclusion and exclusion criteria by pairs of
independent reviewers (A.C. and S.G.M., ]J.L,, J.-M.C,,
V.C, M.M., AF.,, V.H,, or A.-S§.T.). Discrepancies were
resolved by consensus with a third reviewer (A.C. for the
second stage and R.D. for the final stage).

Inclusion criteria were original studies of all designs
describing the risk (rate and total number) of infection for
health care workers caring for adult patients with severe
acute respiratory infection (COVID-19, severe acute
respiratory syndrome, Middle East respiratory syndrome,
and emerging or pandemic influenza) according to the
modality of oxygen therapy provided (intubation,
noninvasive ventilation [bilevel positive airway pressure
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{BiPAP} or continuous positive airway pressure], high-flow
nasal cannula, bag-valve-mask ventilation, and face mask
with or without reservoir and nasal cannula). Because it was
anticipated that limited clinical data would be available for
some modalities of oxygen therapy, studies on aerosol
generation and droplet dispersion were also considered for
inclusion. Studies describing only patients already receiving
mechanical ventilation were excluded as outside the scope
of this review, which focused on the oxygen therapy
initially provided and also because the nature of care these
patients frequently receive (eg, tracheal suctioning) is often
different. Animal studies were also excluded. There were no
language restrictions, but studies published before January
1, 2000, were excluded because they were published before
the first modern-day severe acute respiratory infection

pandemic (severe acute respiratory syndrome 2002 to
2003)."

Data Collection and Processing

The data (summary estimates) for all pertinent variables
(eg, first author, publication year, study design, disease
treated, number of health care workers exposed, number of
patients treated, modality of oxygen therapy evaluated,
health care worker infection) were extracted independently
by 2 reviewers (A.C. and S.G.M.) using a standardized
electronic form, with conflicts resolved through consensus.
For each modality of oxygen therapy, an exposed health
care worker had to have been in the room in which the
oxygen therapy was provided. An unexposed health care
worker had to have cared for patients with severe acute
respiratory infection but must not have been present in the
room while the studied modality of oxygen therapy was
administered. An attempt was made to contact the authors
of the included articles to ensure that the abstraction and
interpretation of their data were accurate and to certify that
there were no duplicate data.

Outcome Measures

The primary outcome measure was the development of a
severe acute respiratory infection for health care workers.
The preferred timing of measurement was at 14 days
postexposure, given the incubation period of the diseases of
215 The secondary outcome measure, used for
aerosol-generation models, was aerosol or exhaled air
dispersion during oxygen therapy. When multiple results
were presented for the same modality of oxygen therapy,
the maximal dispersion distance was reported. Adjusted
odds ratio (OR) was the effect measure used whenever
available. If no adjusted OR was provided, unadjusted OR

was used or calculated from the available data. For case

interest.

reports and case series, the proportion or number of health
care workers infected was described separately.

The quality assessment of all retained articles was
performed by 2 independent reviewers (A.C. and S.G.M.),
with conflicts resolved through consensus. The risk of bias
was evaluated with a modified Newcastle-Ottawa Scale.'®
Articles with a score of 8 or more were considered at low
risk of bias, 6 or 7 at moderate risk, and 5 or less at high
risk. Abstracts, case reports, case series, and models were

considered at high risk of bias.

Primary Data Analysis

For outcomes reported in at least 3 clinical studies,
results were pooled in a meta-analysis. Heterogeneity was
assessed statistically with P. If the P was greater than 75%,
the results were described only qualitatively, without a
meta-analysis. A random-effect model was used to better
account for the expected differences in design among the
included studies. The results are presented according to the
modality of oxygen therapy provided. Results from case
series, case reports, and models were not meta-analyzed and
are presented after clinical results, in the appropriate
subgroup of oxygen therapy. Studies in which risks for
different modalities of oxygen therapy or another high-risk
intervention were combined were evaluated separately
(mixed exposure). All results are presented with their 95%
confidence intervals (CIs).

For each analysis in which more than 10 articles would
be included, a funnel plot was constructed to assess for a
publication bias."” When fewer than 10 articles were
available, the reporting bias was assessed qualitatively.

In addition, 2 sets of sensitivity analyses were performed:
1 excluding articles at high risk of bias and 1 excluding
studies with an n of less than 50.

All analyses were performed with RevMan (version 5.3;
Nordic Cochrane Centre, Cochrane Collaboration,
Copenhagen, Denmark).

RESULTS

Characteristics of Study Subjects

Of 22,123 unique citations, 50 studies were included
(Figure 1). A total of 16 observational studies (either cohort
studies or case-control studies) reported clinical outcomes
and were included in the meta-analysis (cohort studies 8;
case-control studies 8). An additional 14 case reports or
series and 20 studies reporting on aerosol or droplet
dispersion were included in the systematic review. Most of
the 30 clinical studies described the risk of transmission of
severe acute respiratory syndrome (n=18; 60%) or
influenza virus (n=7; 23%). Given the recent emergence of
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studies identified by database
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searching
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through other sources » screening

21035 - excluded
21 035 obviously unrelated

\4

1088 screened using
titles and abstracts

725 excluded
725 not meeting inclusion criteria

A 4

A 4

363 reviewed in depth

313 excluded
131 not primary studies
20 with repeated data

A 4

67 with inappropriate population
80 with inappropriate exposure
11 with inappropriate outcome

50 studies included

14 case report / case
20 models

16 observational studies

4 not available

series

Figure 1. Study flow chart.

COVID-19, only 3 studies (10%) evaluated the infection
of health care workers by the virus. A total of 16 studies
presented results regarding intubation, 5 for bag-valve-
mask manual ventilation, 22 for noninvasive ventilation, 9
for high-flow nasal cannula, 11 for face mask with or
without reservoir, and 4 for nasal cannula. Three studies
reported outcomes with the use of more than one modality
of oxygen therapy or in combination with another high-risk
intervention. The individual characteristics of the 50
studies included are presented in the Table. All included
studies were considered at moderate (n=4) or high (n=46)
risk of bias and globally provided a very low certainty of
evidence (Table E2, available online at http://www.
annemergmed.com). One article described the odds of
having a superspreading event (3 nosocomial cases or more)
in a hospital."® Twelve authors provided a reply and
validated the extraction of their data.'”’

Main Results

A total of 2,675 health care workers (10% exposed, 14%
infected) were included in the 12 observational studies in
the meta-analysis assessing the risk of intubation (Table E3,
available online at http://www.annemergmed.
Com).1§g’21*’27’2é;"31’38 In these studies, there was an
association between being present at the intubation and the
risk of infection among health care workers. The summary

estimate for these studies yielded an OR of 5.34 (95% CI
2.44 to 11.68), with high statistical heterogeneity

(P =71%) (Figure E1, available online at http://www.
annemergmed.com). The results presented in the study by
Teleman et al’® were discordant with the results from the
other studies. The OR calculated from their results (0.68
[95% CI 0.12 to 3.91]) is very different from the OR
presented in the study itself (1.5 [95% CI 0.4 to 5.4]), and
no answer was received from the authors to explain that
difference. For these reasons, it was decided to exclude that
study from the main model. The summary estimate for the
11 remaining studies yielded an OR of 6.48 (95% CI 2.90
to 14.44), with high statistical heterogeneity (P =71%)
(Figure 2). The results of one acrosol dispersion model
pertaining to the performance of an intubation are
presented in Appendix E2 and Table E3, available online at
http://www.annemergmed.com.

A total of 693 health care workers (18% exposed, 5%
infected) were included in the 3 observational studies in the
meta-analysis assessing the risk of bag-valve-mask
ventilation (Table E4, available online at http://www.
annemergmed.com).”**”*? In these studies, there was an
association between bag-valve-mask ventilation and the risk
of infection among health care workers. The summary
estimate for these studies yielded an OR of 2.70 (95% CI
1.31 to 5.56), with no statistical heterogeneity (P = 0%)
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Table. Demographics and study characteristics.

HCWs Who Always Wore
an N95 Respirator,

7 12 aakouino’)

No. of No. of Equivalent, or Greater
Risk of Disease Patients HCWs Modality of Oxygen HCWs Infected, Protection While in
Study Study Design Bias Treated Treated Exposed Therapy Assessed %, 95% CI Patient’s Room, %
Belenguer-Muncharaz, Case series High Influenza 5 NA CPAP, BiPAP 0, NA NA
2011°°
Cai, 2020°’ Case series High COVID-19 12 9 Bronchoscope-guided 0, 0-37 100
intubation
Caputo, 2006°° Case series High SARS 35 33 Intubation 9, 2-25 91
Chan, 2013°® Model High - — — Bag-valve-mask — —
ventilation
Chan, 2018°° Model High = = = Bag-valve-mask = =
ventilation
Chen, 2006%° Case control High SARS 98 NA Oxygen therapy NA NA
(undefined)
Chen, 2009* Case control Moderate SARS NA 758 Intubation 12, 10-15 NA
Cheng, 2015°%* Retrospective High Influenza 1 82 BiPAP, intubation 0, 0-5 6
cohort
Cheung, 2004°° Case series High SARS 20 105 BiPAP 0, 0-4 NA
Christian, 2004*? Case series High SARS 1 9 Mixed exposure 22 6-55 100
Fowler, 2004°® Retrospective High SARS 7 122 Intubation, BiPAP 10, 5-14 NA
cohort
Ha, 2004>° Retrospective High SARS NA 62 BiPAP 0, 0-7 31
cohort
Han, 2004° Case series High SARS 30 NA BiPAP 0, NA NA
Heinzerling, 2020°° Retrospective High COVID-19 1 43 High-flow oxygen 7,2-20 0
cohort (undefined), face
mask, NIV (undefined),
bag-valve-mask
ventilation, intubation
Hui, 2006°* Model High = = = Face mask = =
Hui, 2006°? Model High — - - BiPAP - -
Hui, 2011° Model High = = = Nasal cannula = =
Hui, 2014** Model High - — — Nasal cannula, face - —
mask, BiPAP
Hui, 2015°° Model High = = = BiPAP — =
Hui, 2019%* Model High — — — High-flow nasal cannula, — —
CPAP
Ip, 20077 Model High — — — Face mask — -
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Table. Continued.

HCWs Who Always Wore
an N95 Respirator,

No. of No. of Equivalent, or Greater
Risk of Disease Patients HCWs Modality of Oxygen HCWs Infected, Protection While in
Study Study Design Bias Treated Treated Exposed Therapy Assessed %, 95% CI Patient’s Room, %
Iwashyna, 2020%° Model High — — — Nasal cannula, face — —
mask, high-flow nasal
cannula
Kotoda, 2020°° Model High = = = High-flow nasal cannula = =
Leonard, 202072 Model High — - - Nasal cannula, high-flow - -
nasal cannula
Leung, 2019°° Model High = = = High-flow nasal cannula = =
Liu, 200934 Case control Moderate SARS NA 477 Intubation 11, 8-14 7
Loeb, 2004°7 Retrospective Moderate SARS 3 32 Face mask, BiPAP, bag- 25, 13-42 50
cohort valve-mask ventilation,
intubation
Loh, 2020%° Model High — — — High-flow nasal cannula — —
Luo, 2015%° Case report High MERS 1 NA High-flow nasal cannula 0, NA NA
Mardimae, 2006%° Model High — — — Face mask — —
Nam, 201743 Case report High MERS 6 Mixed exposure 17, 3-56 100
Ng, 2020%° Retrospective High COVID-19 41 NIV (undefined), 0, 0-9 15
cohort intubation
Nishiyama, 2008** Retrospective High SARS NA 146 Oxygen therapy 29, 22-38 NA
cohort (undefined)
O’Neil, 201757 Model High — — — BiPAP — —
Park, 2004°° Retrospective High SARS 6 110 Mixed exposure 0, 0-5 52
cohort
Pei, 2006°° Case control Moderate SARS NA 443 Intubation 33, 29-38 NA
Raboud, 2010%* Case control High SARS 45 624 High-flow oxygen 4,3-6 87
(undefined), face
mask, BiPAP, bag-
valve-mask ventilation,
intubation
Rello, 2012%* Case series High Influenza 20 NA High-flow nasal cannula 0, NA NA
Roberts, 2015+ Model High = = = High-flow nasal cannula = =
Scales, 2003%" Case control High SARS 1 31 NIV (undefined), 19, 8-38 19
intubation
Simonds, 2010°° Model High — = — Face mask, BiPAP — —
Somogyi, 2004 Model High - — - Face mask — —
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(Figure 3). The results of 2 aerosol dispersion models
pertaining to the use of bag-valve-mask ventilation are
presented in Appendix E2 and Table E4, available online at
http://www.annemergmed.com.

A total of 942 health care workers (25% exposed, 5%
infected) were included in the 9 observational studies in the
meta-analysis assessing the risk of being exposed to
noninvasive ventilation (Table E5, available online at
http://www.annemergmed.com).18’24’27’28’32’33’35’37’39
Subgroups were created depending on the specific exposure
of health care workers (BiPAP, noninvasive ventilation
[undefined], and BiPAP mask manipulation). Overall,
there was an association between being exposed to
noninvasive ventilation and the infection risk among health
care workers. The summary estimate for these studies
yielded an OR of 3.96 (95% CI 2.12 to 7.40), with no
statistical heterogeneity (P = 0%) (Figure 4). The results
of 6 case series and 6 aerosol or droplet dispersion models
pertaining to the use of noninvasive ventilation are
presented in Appendix E2 and Table E5, available online at
http://www.annemergmed.com.

No observational studies reported on the use of high-
flow nasal cannula. The results of 2 case series and 7 aerosol
or droplet dispersion models pertaining to the use of high-
flow nasal cannula are presented in Appendix E2 and
Table E6, available online at http://www.annemergmed.
com.

Seven observational studies reported on the use of
conventional oxygen therapy (Table E7, available online at
http://www.annemergmed.com).’ 8:24.27,33,3840.41 ¢ \yas
decided not to perform a meta-analysis because of the
uncertainty of the specific exposure for most of these
studies and the overlapping data. In one study, Yu et a
observed an increased risk of a superspreading event in a
ward when oxygen was administered with a face mask at
more than 6 L/min (OR=7.08 [95% CI 1.30 to 38.42]).
In the studies by Heinzerling et al’®> and Raboud et al,**
there was no statistically significant association between
being exposed to high-flow oxygen and infection among
health care workers (OR=1.39 [95% CI 0.11 to 17.24]
and OR=0.39 [95% CI 0.09 to 1.66], respectively). In
studies in which oxygen therapy was not defined, Chen
et al*’ and Yu et al'® reported an increased risk of infection
(OR=4.60 [95% CI 1.40 to 15.08] and OR=10.97 [95%
CI 1.73 to 69.39], respectively), whereas Nishiyama et al*'
and Teleman et al’® did not (OR=2.65 [95% CI 0.66 to
10.70] and OR=0.97 [95% CI 0.33 to 2.84],
respectively). Three studies reported on the risk associated
with manipulation of the oxygen mask.”**”** One of these
studies reported an increased risk of infection with such an
exposure (OR=17.00 [95% CI 1.75 to 165.00]),’

30
NA
NA
NA
NA
NA
NA
-, not relevant.

47, 37-57
0, NA
0, NA
0, 0-15
100, 44-100
NA
100, 51-100

Oxygen therapy
(undefined), intubation

CPAP, BiPAP

NIV (undefined)

Oxygen therapy
(undefined), face
mask, BiPAP,
intubation

BiPAP
Intubation

Intubation
BiPAP

6
NA
NA
29

3

A

4

118

SARS
Influenza
Influenza
Influenza
Influenza
Influenza

SARS

SARS

High
High
High
High
High
High
High
High

Case control
Case series
Case series
Case series
Case series
Case control
Case series

Model

Tonveronachi, 20117
Vivarelli, 2013

Teleman, 2004°>8
Wong, 2010°°

Thompson, 2013%°
Wong, 201172*

Yu, 200718
Zhao, 200373

HCW, Health care worker; NA, not available, CPAP, continuous positive airway pressure; SARS, severe acute respiratory syndrome; NIV, noninvasive ventilation; MERS, Middle East respiratory syndrome,

*Abstract only.
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Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI Year 1V, Random, 95% CI
Scales 2.8903 1.17267 7.3% 18.00[1.81,179.23] 2003 4
Fowler 3.0796 0.8994 9.6% 21.75[3.73, 126.77] 2004 e —
Loeb 2.625 1.25557 6.7% 13.80[1.18,161.72] 2004 >
Yu 0.199 0.379 15.6% 1.22[0.58, 2.56] 2007 I
Chen 1.014 04399 14.9% 2.76 [1.16, 6.53] 2009 e
Liu 2233 0.5985 13.0% 9.33[2.89, 30.15] 2009 I —
Raboud 1.227 0.4068 15.3% 3.41[1.54,7.57] 2010 -
Cheng 0 0 Not estimable 2015
Heinzerling 2.079 1.42545 5.7% 8.00[0.49, 130.69] 2020 >
Ng 0 0 Not estimable 2020
Pei 3.4273 0.6933 11.9% 30.79[7.91, 119.84] 2020 e —
Total (95% CI) 100.0% 6.48 [2.90, 14.44] -

o 2 — . 2 — = — .12 =710 I } t d
Heterogeneity: Tau? = 0.93; Chi? = 27.75, df = 8 (P = 0.0005); 12 = 71% 0.01 01 ] 10 100

Test for overall effect: Z = 4.57 (P < 0.00001)

Lower risk of infection Higher risk of infection

Figure 2. Forest plot describing the infection risk during intubation.

whereas the results of the others did not reach statistical
significance (OR=11.60 [95% CI 0.88 to 153.29]’” and
OR=2.14 [95% CI 0.94 to 4.89]).>* The results of 9
aerosol dispersion models pertaining to the administration
of conventional oxygen therapy are presented in Appendix
E2 and Table E7, available online at http://www.
annemergmed.com.

No observational studies reported on the use of high-
flow nasal cannula. The results of 3 case series in which a
mixed exposure was observed are presented in Appendix E2
and Table E8, available online at http://www.
annemergmed.com.

Sensitivity Analyses

Sensitivity analyses yielded no additional information.
The exclusion of articles at high risk of bias did not
significantly influence the results regarding the exposure to
intubation (Figure E2, available online at http://www.
annemergmed.com). Only one article remained available
for the exposure to bag-valve-mask ventilation and
noninvasive ventilation (Figures E3 and E4, available
online at http://www.annemergmed.com). A publication
bias might have prevented small studies without significant
results regarding the exposure to intubation from being

published (Figure E5, available online at http://www.
annemergmed.com). A publication bias might also have
prevented case series with an intermediate rate of infection
from being published because only 3 of the 14 case reports
and series included did not report a risk of infection of
either 0% or 100%. No other evidence of a publication
bias was found.

LIMITATIONS

The main limitation of the present review is the quality
of the studies included. Most studies had significant
limitations in their design and included only a small
number of health care workers, of whom only a few were
infected. However, the results were consistent in the
sensitivity analyses in which articles at high risk of bias were
excluded. Some studies did not report any infection, which
prevented the calculation of an OR. Most of the clinical
studies that were included described the risk of severe acute
respiratory syndrome transmission. Other severe acute
respiratory infections might have a different predisposition
of transmission and this limits the generalizability of the
presented results to the current COVID-19 pandemic. In
addition, it is possible that improvement in technical
aspects of oxygen therapy (eg, video-assisted rapid sequence

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI Year IV, Random, 95% CI
Loeb 0.239 0.957 14.9% 1.27 [0.19, 8.29] 2004 -
Raboud 1.0434 0.4167 78.4% 2.84[1.25,6.42] 2010 —l—
Heinzerling 2.0795 1.4252 6.7% 8.00 [0.49, 130.69] 2020 >
Total (95% ClI) 100.0% 2.70 [1.31, 5.57] -

[P 2 = . Chi2 = - = L 12=009 I } t |
Heterogeneity: Tau? = 0.00; Chi? = 1.22, df =2 (P = 0.54); I? = 0% .01 01 ] 10 100

Test for overall effect: Z = 2.69 (P = 0.007)

Lower risk of infection

Higher risk of infection

Figure 3. Forest plot describing the infection risk during bag-valve-mask ventilation.
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Study or Subgroup  log[Odds Ratio] SE Weight 1V, Random, 95% CI Year IV, Random, 95% CI
3.1.1 BiPAP
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Raboud 1.1474 0418 58.1% 3.15[1.39, 7.15] 2010 —ii—
Cheng 0 0 Not estimable 2015
Subtotal (95% CI) 76.1% 3.83 [1.87, 7.85] -
Heterogeneity: Tau? = 0.00; Chi? = 1.83, df = 2 (P = 0.40); 1> = 0%
Test for overall effect: Z = 3.68 (P = 0.0002)
3.1.2 NIV (undefined)
Scales 0.5766 1.1955 7.1% 1.78[0.17, 18.54] 2003
Heinzerling 2.7081 1.3354 5.7% 15.00[1.10, 205.50] 2020 >
Ng 0 0 Not estimable 2020
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Heterogeneity: Tau? = 0.67; Chi?=1.41, df = 1 (P = 0.23); 12 =29%
Test for overall effect: Z=1.47 (P = 0.14)
3.1.3 BiPAP mask manipulation
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Heterogeneity: Not applicable
Test for overall effect: Z=1.50 (P = 0.13)
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Figure 4. Forest plot describing the infection risk during noninvasive ventilation.

intubation, double-limb circuit noninvasive ventilation)
could decrease the risk of contamination. Although every
author was contacted to validate that there were no
repeated data, it remains possible that some health care
workers were included in multiple studies that were
conducted at the same site. There were no clinical data for
some modalities of oxygen therapy, which prevented the
realization of a meta-analysis and left some conclusions
relying on indirect data. Finally, it is probable that the
presented results were confounded to some extent by the
increased disease severity and contagiousness of the patients
requiring oxygen therapy, the type of personal protective
equipment used by health care workers, and the infection
control training they received.

DISCUSSION

In this systematic review and meta-analysis, it was
observed that exposure to intubation, bag-valve-mask
ventilation, and noninvasive ventilation was associated with
an increased risk of severe acute respiratory infection for
health care workers. No clinical studies assessed the risk
associated with the use of high-flow nasal cannula. The
provision of conventional oxygen therapy was generally
associated with an increased risk of infection even though

no meta-analysis was performed, given the uncertainty of
the specific exposure, the overlapping data between some
studies, and the various study designs. Most models
described significant air or droplet dispersion for all
modalities of oxygen therapy. However, most models
measuring specifically the quantity of acrosol generated did
not observe a significant increase.

The greatest risk factor for contracting a severe acute
respiratory infection is probably performing or being
exposed to an intubation. This had already been observed
in a previous systematic review.” Despite the high
heterogeneity in the analysis, the consistency of this finding
throughout studies that observed at least some infections,
with the exception of the study by Teleman et al,”® adds
some strength to that observation. As described earlier, it is
possible that there was a statistical error in that study, given
the discrepancy in the OR that was presented by the
authors and the OR calculated from their results. The
observed association is likely caused by the fact that
intubation requires some proximity to the patient’s airway.
Other interventions putting health care workers at risk
(high-flow oxygen, airway suctioning, bag-valve-mask
ventilation, chest compressions, etc) are also often
performed in the context of intubation and might not have
been reported while still contributing to the burden of
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infection associated with this procedure.’* Intubation is
also frequently provided urgently for acutely ill patients,
who might have higher contagiousness than their
counterparts with milder symptoms. Likewise, the mental
burden and stress associated with performing the
intubation could increase the odds of self-contaminating
during or after the procedure.

Bag-valve-mask ventilation or noninvasive ventilation was
also associated with a significantly higher risk of contagion.
There was less evidence to support these findings than for
intubation. The same factors as those involved in intubation
support these associations. In addition, for noninvasive
ventilation, the high flow and pressure of the oxygen
delivered can generate jets of air and droplets, which could
casily facilitate transmission of the discase.*

No clinical evidence was available for the use of high-flow
nasal cannula. One case report and one case series reported no
health care worker infection with the use of this modality while
patients with severe acute respiratory infection were
treated.”*” However, the air and droplet dispersion observed
in some studies was similar to that observed for BiPAP, which
is generally accepted as an aerosol-generating procedure.”>**
Given the observed results for other oxygenation modalities, it
remains possible that contamination risk is significant when
patients with severe acute respiratory infection are treated with
high-flow nasal cannula.

There was also no clinical evidence, except for higher
flows of oxygen, for infection with the use of conventional
oxygen therapy by face mask or nasal cannula. Air
dispersion distance observed for nasal cannula at 5 L/min
was, on some occasions, as high as the distance observed
for BiPAP.”>***® The various air dispersion distances
observed at the same flow were likely caused by a complex
interaction between the patient’s physiognomy, the
precise positioning of the nasal cannula, and the room
configuration and ventilation.””**%® Nasal cannulae,
especially at higher flows, have the potential to at least
disperse naturally occurring aerosols and could even
generate some aerosols in particular settings. At a similar
flow, air dispersion distances were generally lower when a
face mask was used rather than a nasal cannula. At a
similar oxygen flow, these distances also seemed to be
higher with venturi masks in comparison with simple or
nonrebreather masks.”>*” This is likely explained by the
air entrainment that increase the total air flow for venturi
masks. The air dispersion distances observed for all types
of face masks increased along with the oxygen flow.**"" It
is difficult to identify a precise cutoff that would cause
aerosol generation. Yu et al'® identified an increased risk
of superspreading events when flows higher than 6 L/min
were used. In addition, in some circumstances, with

oxygen flows of 8 to 10 L/min air dispersion distances
were in the range of those observed with some BiPAP
settings.”>"” Because air dispersion distances are also
likely affected by complex mask-patient-room
interactions, oxygen flows higher than 6 L/min should be
used with more caution by health care workers. Oxygen
delivery with a face mask could also be preferred to the use
of a nasal cannula.

It remains hypothetical that any of the increased risk
observed was caused by “acrosol generation.”*>** Although
some studies have reported probable aerosol transmission in
wards, the main route of transmission for severe acute
respiratory infection might be droplets and fomites, which
are spread out when these modalities of oxygen therapy are
used.”*>?>*%0 It is also possible that naturally occurring
aerosols can be dispersed by the flow of oxygen and
contaminate health care workers more easily.”’ > The
precautionary principle would suggest maximizing health
care worker training and protection to the extent possible
when patients with severe acute respiratory infection are
treated, keeping in mind the limited quantities of such
specialized equipment and the hierarchy of risk described
previously. The present review can contribute to the
complex decision facing clinicians regarding the optimal
modality of oxygen therapy for patients with severe acute
respiratory infection by providing a better understanding of
the risk involved, which can improve health care worker
safety and contribute to preserving health care system
capacity, thus reducing the global morbidity associated
with severe acute respiratory infection. In general, the
lowest flow of oxygen should be used to maintain an
adequate oxygen saturation for patients with severe acute
respiratory infection, and manipulation of oxygen delivery
equipment should be minimized to limit the risk of
infection among health care workers.

In summary, most modalities of oxygen therapy are
associated with an increased risk of infection in health care
workers and none are demonstrated as safe. Better-
designed studies would improve the certainty of these
observations, particularly for the modalities for which
clinical data were lacking. Future studies should also
evaluate whether adequate protection and training can
mitigate the increased risks of transmission described in
the present review.
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Cardiovascular Images.
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