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Abstract

Purpose We conducted two World Health Organization-
commissioned reviews to inform use of high-flow nasal
cannula (HFNC) in patients with coronavirus disease
(COVID-19). We synthesized the evidence regarding
efficacy and safety (review 1), as well as risks of droplet
dispersion, aerosol  generation, and  associated
transmission (review 2) of viral products.
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Source Literature searches were performed in Ovid
MEDLINE, Embase, Web of Science, Chinese databases,
and medRxiv. Review 1: we synthesized results from
randomized-controlled trials (RCTs) comparing HFNC to
conventional oxygen therapy (COT) in critically ill patients
with acute hypoxemic respiratory failure. Review 2: we
narratively summarized findings from studies evaluating
droplet dispersion, aerosol generation, or infection
transmission associated with HFNC. For both reviews,
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paired reviewers independently conducted screening, data
extraction, and risk of bias assessment. We evaluated
certainty of evidence using GRADE methodology.
Principal findings No eligible studies included COVID-19
patients. Review 1: 12 RCTs (n = 1,989 patients) provided
low-certainty evidence that HFNC may reduce invasive
ventilation (relative risk [RR], 0.85; 95% confidence
interval [CI], 0.74 to 0.99) and escalation of oxygen
therapy (RR, 0.71; 95% CI, 0.51 to 0.98) in patients with
respiratory failure. Results provided no support for
differences in mortality (moderate certainty), or in-
hospital or intensive care length of stay (moderate and
low certainty, respectively). Review 2: four studies
evaluating droplet dispersion and three evaluating
aerosol generation and dispersion provided very low
certainty evidence. Two simulation studies and a
crossover study showed mixed findings regarding the
effect of HFNC on droplet dispersion. Although two
simulation studies reported no associated increase in
aerosol dispersion, one reported that higher flow rates
were associated with increased regions of aerosol density.
Conclusions High-flow nasal cannula may reduce the
need for invasive ventilation and escalation of therapy
compared with COT in COVID-19 patients with acute
hypoxemic respiratory failure. This benefit must be
balanced against the unknown risk of airborne
transmission.

Résumé

Objectif Nous avons réalisé deux comptes rendus sur
commande de 1’Organisation mondiale de la santé pour
guider [utilisation de canules nasales a haut débit
(CNHD) chez les patients ayant contracté le coronavirus
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(COVID-19). Nous avons synthétisé les données probantes
concernant leur efficacité et leur innocuité (compte rendu
1), ainsi que les risques de dispersion des gouttelettes, de
génération d’aérosols, et de transmission associée
d’éléments viraux (compte rendu 2).

Source Des recherches de littérature ont été réalisées
dans les bases de données Ovid MEDLINE, Embase, Web
of Science, ainsi que dans les bases de données chinoises et
medRxiv. Compte rendu 1 : nous avons synthétisé les
d’études  randomisées (ERC)
comparant les CNHD a une oxygénothérapie
conventionnelle chez des patients en état critique atteints
d’insuffisance respiratoire hypoxémique aigué. Compte
rendu 2 : nous avons résumé sous forme narrative les
constatations d’études évaluant la dispersion de
gouttelettes, la génération d’aérosols ou la transmission
infectieuse associées aux CNHD. Pour les deux comptes
rendus, des réviseurs appariés ont réalisé la sélection des
études, ’extraction des données et I’évaluation du risque

résultats controlées

de biais de maniére indépendante. Nous avons évalué la
certitude des données probantes en nous fondant sur la
méthodologie GRADE.

Constatations  principales Aucune étude  éligible
n’incluait de patients atteints de COVID-19. Compte
rendu 1 : 12 ERC (n = 1989 patients) ont fourni des
données probantes de certitude faible selon lesquelles les
CNHD réduiraient la ventilation invasive (risque relatif
[RR], 0,85; intervalle de confiance [IC] 95 %, 0,74 a 0,99)
et intensification de I’oxygénothérapie (RR, 0,71; IC 95
%, 0,51 a 0,98) chez les patients atteints d’insuffisance
respiratoire. Les résultats n’ont pas démontré de
différences en matiere de mortalité (certitude modérée),
ni de durée du séjour hospitalier ou a l'unité des soins
intensifs (certitude modérée et faible, respectivement).
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Compte rendu 2 : quatre études évaluant la dispersion de
gouttelettes et trois évaluant la génération et la dispersion
d’aérosols ont fourni des données probantes de tres faible
certitude. Deux études de simulation et une étude croisée
ont donné des résultats mitigés quant a l’effet des CNHD
sur la dispersion des gouttelettes. Bien que deux études de
simulation n’aient rapporté aucune augmentation associée
concernant la dispersion d’aérosols, I'une a rapporté que
des taux de débit plus élevés étaient associés a des régions
a densité d’aérosols élevée plus grandes.

Conclusion Les canules nasales a haut débit pourraient
réduire la nécessité de recourir a la ventilation invasive et
U'escalade des traitements par rapport a I’oxygénothérapie
conventionnelle chez les patients atteints de COVID-19
souffrant d’insuffisance respiratoire hypoxémique aigué.
Cet avantage doit étre soupesé contre le risque inconnu de
transmission atmosphérique.

Keywords respiratory failure - COVID-19 -
SARS-CoV-2 - high-flow nasal cannula - aerosols

In December 2019, investigators identified a novel
coronavirus, subsequently named by the World Health
Organization (WHO) as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), as the cause of atypical
pneumonia cases in Wuhan, China.' Since then, the disease
caused by SARS-CoV-2 (named COVID-19) has emerged
as a global pandemic.” As of 15 May, SARS-CoV-2 has
infected > 4 million people in across 200 countries and has
caused more than 290,000 deaths, the majority of which
have occurred outside China.> Although most patients
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present with mild respiratory symptoms, some have severe
pneumonia and a small proportion become critically ill.*”
The volume of severe cases has created an unprecedented
burden on healthcare systems, highlighting the urgency in
identifying safe, effective therapies for COVID-19.

Severe COVID-19 often progresses to acute hypoxemic
respiratory failure requiring high fractional concentration
of inspired oxygen (F,O,) and consideration for non-
invasive ventilation (NIV) strategies.”” High-flow nasal
cannula has emerged as a non-invasive strategy improving
oxygenation and carbon dioxide clearance by, relative to
other NIV strategies, better matching of patients’
inspiratory demands by delivering up to 60 L-min~" of
gas flow with an FO, up to 1.0, and thus decreasing
adverse outcomes.'®'* A recent systematic review found
low certainty evidence for a benefit of HFNC in reducing
the need for invasive ventilation or escalation of oxygen
therapy compared with conventional oxygen therapy
(COT), and moderate certainty evidence suggesting no
large difference in mortality.'”> Nevertheless, HENC may
reduce the need for invasive ventilation and associated
adverse events such as ventilator-associated pneumonias,
and also alleviate the strain on healthcare systems during
the COVID-19 pandemic.

COVID-19 spreads through respiratory droplets and
fomites.""'®!” There is concern, however, that airborne
transmission may occur during procedures that generate
aerosols.'”  Airborne transmission involves smaller
particles (droplet nuclei), typically < 5 pm in diameter,
which may remain suspended in the air for extended
periods of time, transmitted over distances greater than 1
m, and inhaled into the lower airways.'” Reduction of
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respiratory particles to < 5 pm involves dehydration of
larger droplets and their contained organisms, and
rehydration after deposition into the airway; therefore,
airborne transmission is organism-specific, and requires the
organism to survive a process of desiccation and
aerosolization in sufficient numbers to cause infection.'®

On 29 March 2020, the WHO issued a scientific brief
recommending droplet and contact precautions for the care
of COVID-19 patients and airborne precautions during
aerosol-generating procedures.'” The use of high flow rates
raises concerns that HFNC may cause aerosolization of
infectious particles. The Surviving Sepsis Campaign
COVID-19 guidelines provide a weak recommendation
for the preferential use of HFNC over other NIV strategies
in patients refractory to COT.'"” Nevertheless, the
guidelines did not consider how different circumstances
may change the balance between risks and benefits of
HFNC, and considered only two studies in evaluating risk
of disease transmission.””

The severe resource constraints in healthcare settings
facing large numbers of COVID-19 patients dictates an
urgent need for an updated evidence synthesis and
guidance regarding the use of HFNC among these
patients. We conducted two rapid systematic reviews
commissioned by the WHO to summarize the evidence
for the efficacy, safety, and risk of aerosol generation and
infection transmission during HFNC use among patients
with acute hypoxemic respiratory failure due to COVID-
19.

Methods

Prior to beginning, WHO personnel reviewed and approved
internal protocols for both systematic reviews; given time
constraints of the commissioned reviews (seven days to
completion), neither protocol was registered nor published.

Systematic review #1: efficacy and safety of HFNC
in acute hypoxemic respiratory failure

Literature search

A previous systematic review searched Ovid MEDLINE,
Embase, and Web of Science for eligible randomized-
controlled trials (RCTs) from 1 January 2007 to 25 October
2018."> With input from a health information specialist, we
updated this systematic review, searching Ovid MEDLINE,
Embase, and Web of Science from 1 October 2018 to 14
May 2020 with no language restrictions (see Appendix 1).

@ Springer

Selection criteria

We included RCTs that compared HFNC with COT in
critically ill patients with acute hypoxemic respiratory
failure. We defined COT as inhaled oxygen via nasal
prongs, simple face masks, face masks with reservoir bags,
or Venturi masks. Eligible studies reported one or more of
the following pre-specified outcomes: mortality (using the
longest follow-up available), invasive ventilation,
escalation of therapy (crossover to HFNC in the control
group, or initiation of NIV or invasive ventilation in either
group), intensive care unit (ICU) and hospital lengths of
stay (LOS), patient-reported comfort and dyspnea, and
treatment-related complications.

To identify potential additional eligible RCTs, we
reviewed relevant systematic reviews. We excluded case
reports, case series, and observational studies as well as
studies that (i) used NIV or invasive ventilation as a sole
comparator with no COT arm, (ii) evaluated the role of
HFNC peri-intubation, or (iii) evaluated the role of HFNC
for post-extubation respiratory support. These exclusions
aligned with the most common indication for HFNC—i.e.,
as an alternative to COT in a patient with hypoxemic
respiratory failure not requiring immediate intubation.

Study selection

Paired reviewers (D.C.1, D.G., M.H., D.C.2) screened the
title and abstract of identified citations, followed by full-
text review of potentially eligible studies. A third reviewer
(A.A)) resolved disagreements. We captured reasons for
exclusion at the full-text review stage. Single reviewers
(D.C.1, M.H., D.G.) screened the reference lists of relevant
systematic reviews to identify additional RCTs meeting
eligibility criteria.

Data extraction and quality assessment

Paired reviewers (D.G., D.C.2) performed data extraction
independently and in duplicate using pre-designed forms
consistent with those used for the original review. We
abstracted data  regarding study characteristics,
demographic data, intervention and control details,
outcome data, and risk of bias (RoB) evaluations using
the modified Cochrane RoB tool.?! A third reviewer (A.A)
resolved disagreements.

Risk of bias was classified as “low”, “probably low”,
“probably high”, or “high” for the following domains:
sequence generation, allocation sequence concealment,
blinding, selective outcome reporting, and other bias. We
rated the overall RoB as the highest risk attributed to any
criterion. We rated the overall certainty in evidence for
each outcome using the GRADE framework,** including
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the following domains: RoB, imprecision, inconsistency,
indirectness, and publication bias. Overall certainty of
evidence was “very low”, “low”, “moderate”, or “high”.
We considered rating down the certainty of evidence for
RoB based on lack of blinding for subjective outcomes.
Certainty in evidence was not rated down for indirectness if
patients with acute hypoxemic respiratory failure meeting
eligibility criteria other than SARS-CoV-2 infection were
included. Assessors resolved disagreements regarding RoB
and GRADE ratings by discussion.

Data analysis

DerSimonian and Laird random effects models were used
to conduct the meta-analyses. All analyses were performed
in RevMan 5.3 (Cochrane Collaboration, Oxford). Study
weights were generated using the inverse variance method.
Dichotomous outcomes were presented as risk ratios, and
continuous outcomes were presented as mean differences
or standardized mean differences, all with 95% confidence
intervals (CIs). We assumed a normal distribution for
continuous outcomes and converted interquartile ranges to
standard deviations (SD) as per Cochrane Collaboration
guidance.”® An online plot digitizer was used to obtain
estimates for studies in which continuous outcomes were
reported graphically only (plotdigitizer.sourceforge.net).

We assessed for heterogeneity between studies using the
x2 test for homogeneity, the I? measure, and visual
inspection of the forest plots.””> We evaluated
inconsistency based on magnitude and direction of
heterogeneity. Based on limited yield of numerous
subgroup analyses performed in the previous systematic
review, we restricted subgroup analysis to high RoB
studies vs low RoB studies (hypothesizing that HFNC
would be more beneficial in high RoB studies).

Systematic review #2: risk of aerosol generation
associated with HFNC

Literature search

With the assistance of a health information specialist (R.C.)
and using a combination of subject headings and keywords
related to COVID-19, other coronaviruses, and HFNC, we
conducted a comprehensive search of Ovid MEDLINE and
Embase from inception to 14 May 2020. We supplemented
this with a search in the same databases using a
combination of subject headings and keywords related to
HEFNC, aerosol generation, and infection transmission. We
did not limit the search to COVID-19 or coronavirus
infections (see Appendix 2). We limited the search to
literature published between 1 January 2007 and 14 May
2020. To identify Chinese studies or rapid reviews

addressing the research question, we also searched the
China National Knowledge Infrastructure (CNKI) and
Chinese Medical Journal Network (CMIJN) using the
same search strategy up to 28 March 2020. To identify
eligible pre-prints, we searched medRxiv from inception to
14 May 2020 with search terms related to HFNC, aerosol
generation, and droplet dispersion. We did not apply any
language or quality restrictions.

Selection criteria

We included all comparative and non-comparative studies
that evaluated droplet dispersion or aerosolization of viable
airborne organisms or transmission of infection associated
with HFNC use. Anticipating the paucity of direct evidence
from COVID-19 and hospitalized patients, we included all
study designs and populations evaluating aerosol
generation or dispersion associated with HFNC. We
included studies of hospitalized and non-hospitalized
patients with or without microbiologically confirmed
SARS-CoV-2 infection, simulation studies without human
participants, and studies describing dispersion of non-
infectious air particles or liquid droplets. We included
studies that evaluated the following outcomes: detection of
droplets or viable airborne organisms through sample
analysis, or documented transmission of infection
associated with exposure to infected individuals receiving
HFNC, with or without comparison with an alternate
ventilation modality.

Study selection

Paired reviewers (J.B., F.M.) screened all identified
citations, conducted full-text review of potentially
eligible studies and screened the reference lists of
reviews to identify additional eligible studies. A third
reviewer (A.A.) resolved disagreements. Paired reviewers
(X.Y., N.Y., X.L.) screened citations identified from the
CNKI and CMIJN and resolved disagreements by
discussion.

Data extraction and quality assessment

Paired reviewers (J.B., F.M.) abstracted data (study
characteristics, participant characteristics, description of
the intervention and control, outcomes, and general
limitations in study design and conduct) independently
and in duplicate using standardized data abstraction forms.
A third reviewer (A.A.) resolved disagreements as
necessary.

Informed by GRADE guidance, we assessed the overall
certainty of the evidence based on imprecision,
indirectness, and inconsistency.24

@ Springer
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Data analysis

Given anticipated differences in included study designs, we
summarized our findings narratively.

Results

Systematic review #1: efficacy and safety of HFNC
in acute hypoxemic respiratory failure

Search results and study characteristics

Of the 2,439 citations identified in our search, 1,814 were
screened for eligibility after removing duplicates. Full-text
review of 38 potentially eligible studies identified 20
eligible studies. Of these, 17 were systematic reviews
(SRs)15 25749 and three were RCTs*! ™ (Fig. 1). We did not
identify additional RCTs from reference lists of eligible
SRs. Therefore, 12 RCTs with 1,989 patients were included
in analyses, including nine RCTs from the original review
and three RCTs from the updated search.*'? No trial
directly evaluated HFNC in patients with COVID-19 or
other coronavirus infections.

Table 1 summarizes study characteristics. Trials
randomized between 14 and 776 patients; two used a
crossover design.**? Five trials were performed in the
[CU, 46485032 iy were performed in the emergency
department (ED),****74%5! and one was performed in
mixed ICU/ED settings.*' One trial included patients with
cardiogenic pulmonary edema only,** two included
immunocompromised patients only,***® and one included
palliative patients only.*’ Criteria for hypoxemia varied,
including peripheral oxygen saturation (SpO,) thresholds
(primarily < 90-95%), arterial partial pressure of oxygen
(PaO,) thresholds (< 55-60 mmHg), P/F ratio (< 300), or a
combination of criteria including elevated respiratory rate
(most commonly > 22-25/min). All eligible studies
initiated gas flows at 35 L-min~" or higher in the HENC
group with one exception®” that used initial flow rates of
19.5 to 30 L-min~" (Table 1).

Quality assessment

No RCT was blinded. Most were judged to be at low RoB
for random sequence generation, allocation concealment,
incomplete data, selective reporting, and other sources of
bias. Apart from blinding, seven®*!:#3#440:4850.52 o 19
included trials were deemed to be at low overall RoB
(Table 2).

@ Springer

Outcomes

Table 3 presents the GRADE summary of findings for all
pre-specified  outcomes except  treatment-related
complications (summarized below), with anticipated
effects of HFNC and evidence certainty when applied to
patients with acute respiratory failure.

The use of HFNC may reduce the need for invasive
ventilation compared with COT (eight RCTs; relative risk
[RR], 0.85; 95% CI, 0.74 to 0.99; risk difference [RD],
4.4%; 95% CI, 0.3 to 7.6; number needed to treat [NNT],
23; 95% CI, 13 to 333; low certainty, rated down for RoB
and imprecision; Iz, 0%) (Fig. 2). There was no credible
subgroup effect comparing high vs low RoB studies
(Fig. 2).

The use of HFNC may also reduce the need for
escalation of therapy (i.e., other NIV or intubation)
compared with COT (eight RCTs; RR, 0.71; 95% (I,
0.51 to 0.98; RD, 9.3%; 95% CI, 0.6 to 15.7; NNT, 11;
95% CI, 6 to 167; low certainty, rated down for RoB and
imprecision; I 52%) (Fig.2). There was no credible
subgroup effect based on individual study RoB (Fig. 3).
Results provided no support for differences in mortality
(moderate certainty), in-hospital or intensive care LOS
(moderate and low certainty, respectively), and patient-
reported dyspnea or comfort (low and very low certainty,
respectively) (Table 3, Figs. 4, 5, 6, 7, 8).

Eligible studies reported treatment-related
complications variably, precluding pooled analyses.
Among reported complications with HFNC, thoraco-
cervical discomfort, heat-related discomfort, and mild
altered level of consciousness were most common. One
trial reported serious complications, including cardiac
dysrhythmias, septic shock, cardio-respiratory arrest, and
nosocomial pneumonias; the incidence of these
complications were either similar or lower than HFNC
compared with COT.*® Studies generally did not suggest a
significantly increased risk of complications with HFNC
compared with COT (Table 4).

Systematic review #2: risk of aerosol generation
associated with HFNC

Search results and study characteristics

We identified 3,523 unique citations using our electronic
searches, 26 pre-prints from medRxiv, and one additional
citation suggested by an expert panelist. We completed
full-text review of 33 potentially eligible studies and
included six studies,”®>® and identified one additional
study through reference list screening, for a total of seven
eligible studies (Fig. 9).*°
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Full-text articles excluded
(n=18)
e Conference abstract with
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Fig. 1 PRISMA flow diagram for systematic review 1 on efficacy and safety of HFNC in acute hypoxemic respiratory failure.

SR = systematicreviews; RCT = randomized-controlled trial

Of the seven eligible studies, six were simulation
studies> 3" and one was a crossover study.’® No
studies directly evaluated risk of aerosol generation or
infection transmission associated with HFNC use among
patients with COVID-19. Three simulation studies
included healthy adult volunteers,54""_8’59 and three
included a model patient simulator.”®”>" The crossover
study included 19 critically ill adult patients who received
supplemental oxygen therapy and crossed over to HFNC.®
Three studies®>%° evaluated HFNC at 30 L-min_l, one

evaluated HFNC at 40 L-min_l,57 and six studies’> 078>
evaluated HFNC at 60 L-min~'. One study compared
HFNC with continuous positive airway pressure (CPAP)
delivering pressures of 5-20 cmH,0,”* another compared
HFNC with COT by face mask,”® two compared HENC
with COT by nasal prongs at 6 L-min~',’""® and one
compared HFNC with non-rebreather mask with non-
humidified air at 15 L-min~'>® The remaining three
studies®>>”” did not include an alternative oxygen

administration or ventilatory support strategy as a
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High-flow nasal cannula in COVID-19 1227
Table 2 Individual study risk of bias for review on HFNC for acute hypoxemic respiratory failure
Random sequence Allocation Blinding Incomplete outcome Selective Other bias Overall
generation concealment data reporting RoB
Azoulay, 2018%¢ Low Low High Low Low Low Low
Bell, 2015" Low Low High High Low Low High
Frat, 2015 Low Low High Low Low Low Low
Geng, 2020*! Low Low High Low Low Low Low
Jones, 2016* Low Low High  High Low Low High
Lemiale, 2015% Probably low Low High Low Probably high Low High
Makdee, 2017* Probably low Low High Low Low Probably  Low
low
Parke, 2011%° Low Low High Probably low Probably low  Low Low
Raeisi, 2019+ Probably low Probably high High High High Low High
Rittayamai, 2015°! Probably low Low High High Probably low  Low High
Ruangsomboon, Low Low High Probably low Low Low Low
2019+
Schwab;t;auer, Probably low Probably low High Probably low Probably low  Low Low
2014

HFNC = high-flow nasal cannula; RoB = risk of bias

comparator. Study outcomes included the number,
diameter, evaporation rates, and velocity of exhaled
aerosols,”® regions of high aerosol density,” droplet
dispersion distance,54’5 337 and microbial colony counts in

air and surface samples (Table 5).5 6
Study findings
Exhaled aerosol dispersion

Using a human patient simulator programmed to different
severities of lung injury in a negative pressure room with
20+ breathing cycles at every given flow rate, Hui er al.>”
compared CPAP via nasal pillows and oronasal mask,
delivering pressures between 5 and 20 cmH,O to
humidified HFNC with flow rates of 10, 30, and 60
L-min~!. Under normal lung conditions, increased HFNC
flow rates were associated with a larger distance of high
aerosol density (maximum dimension 6.5 + 1.5 cm at 10
Lmin~' to 17.2 £ 3.3 cm at 60 L-min™"; P < 0.001).
Similar, though smaller, increases were noted in simulated
mild (4.3 £ 1.0 cm at 10 L-min~' to 7.2 £ 1.8 cm at 60
L~min71) and severe lung disease (3.0 & 0.8 cm at 10
L-min~' to 4.8 + 1.6 cm at 60 L-min~"). The region was
not uniform, with negligible lateral extension with a well-
fitted, well-positioned cannula, although the lateral
distance with the cannula loosely positioned in the nose
was 62 cm.”

Roberts et al.”® conducted a simulation study including
healthy adult volunteers. They compared dispersion of
exhaled aerosols with and without nasal HFNC at 30 and

60 L-min~' during two “violent” (snorting) exhalations
and at rest using imaging (number of simulations and
imaging methods not described). During violent
exhalation, there was less dispersion with HFNC than
without, though flow rates of 60 L-min~" were associated
with greater dispersion than flow rates of 30 L-min~". With
and without HFNC, 25-250-pm aerosols travelled up to 4.4
m and remained airborne for up to 43 sec (unclear if at rest
or with violent exhalation). The authors concluded that
HFNC did not increase the risk of aerosol dispersion more
than typical patient breathing with violent exhalation.””

Exhaled aerosol production

Iwashyna et al.>® conducted a simulation study of four
healthy adult volunteers. They evaluated variations in
exhaled aerosol production with spontaneous breathing
with intentional coughing, comparing HFNC at 30 L-min ™"
and 60 L-min~!, nasal cannula at 6 L-min~!, and non-
rebreather mask with non-humidified air at 15 L-min™".
The study was conducted in a simulated single occupancy
hospital room with all equipment, monitors, and computers
standard to this setting. Investigators wore standard
surgical masks. Measurements were taken in two
positions: 10 cm from the simulated patient’s mouth, and
attached to a bed rail next to the head. Similar aerosol
production levels and particle number concentrations were
found with both flow rates of HFNC compared with nasal
prongs, non-rebreather mask, and spontaneous breathing.”®

@ Springer



1228 A. Agarwal et al.
HFNC Standard 02 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Low or Probably Low ROB J
Azgulay, 2018 150 38B 170 3B 74.6% 0.88 [0.75, 1.04]
Frat, 2015 40 106 44 94 19.9% 0.81[0.58, 1.12] —-r
Geng 2019 1 20 1 20 0.3% 1.00 [0.07, 14.90]
Makdee, 2017 1 63 0 &5 0.2% 3.09[0.13, 74.55]
Subtotal (95% CI) 577 567 95.0% .87 [0.75, 1.01)] 4
Total events 192 215
Heterogenehty: Tau® = 0.00; ChE = (.86, df = 3 (P = 0.84); F = 0X
Test for overall effect: Z = 1.85 (P = 0.06)
1.1.2 High or Probably High ROB
Bell, 2015 0 4B 1 52 0.2% 0.36 [0.02, 5.64]
Jones, 2016 9 165 1§ 138 34x 0.47[0.21,1.03] I
Lemlale, 2015 5 52 4 48 1.3%  1.15[0.33, 4.05] T
Rittayamal, 2015 0 20 0 20 Not estimable
Subtotal (95% CI) 285 258 5.0% 0.59 [0.31, 1.14] -~
Total events 14 21
Heterogenelty: Tauw® = 0.00; ChE = 1.51, df = 2 (P = 0.47); F = 0X
Test for overall effect: Z = 1.58 (P = .12}
Total (95% CI) 862 825 100.0% 0.85 [0.74, 0.99] 4
Total events 206 236
Heterogenelty: Tau® = 0.00; ChE = 3.63, df = & (P = 0.73); F = 0X d o1 011 ] 110 106

Test for overall effect: Z = 2.16 (P = 0.03)

Favours [HFT] Favours [standard 02]

Test for subgroup differences: ChE = 1.26, df = 1 (P = .26}, P = 20.6%

Fig. 2 Need for invasive ventilation forest plot for review on HFNC for acute hypoxemic respiratory failure. CI = confidence interval; HFNC =

high-flow nasal cannula; RoB = risk of bias

Exhaled droplet dispersion distance

Loh er al.>* evaluated cough-generated droplet dispersion
distance with two coughs per participant across five healthy
volunteers, using gargled water containing coloured dye.
The study found similar mean (SD) maximum cough-
generated droplet dispersion distances at baseline [248
(103) cm] and with application of HENC at 60 L-min~"
[291 (109) cm]. Highest cough-generated droplet
dispersion distances with simulated coughs were 450 cm
and 390 cm with and without application of HEFNC,
respectively.”

Kotoda et al.”>” evaluated thickened liquid dispersion
distance with and without HENC at 60 L-min~"' using an
experimental mannequin model with three simulations
using water. Water dispersion was detected using 18 sheets
of water-sensitive paper positioned at 30 cm intervals.
Water was only detected on the first sheet (30 cm) from the
mannequin’s face with a mean (SD) of 3.7 (1.2) spots.
Manual repositioning of the cannula led to a statistically
significant increase in liquid dispersion across the first
three sheets (P = 0.0032).5

Leonard et al.”’ conducted an in silico simulation using
a three-dimensional head, comparing intentional mask
leak, droplet capture by face mask, and dispersion from
point of origin with HENC at 40 L-min "', nasal prongs at 6
L-min~', and tidal breathing. A level-1 surgical mask was
placed over the face for all interventions. The proportion of

1‘55

@ Springer

escaped particles while wearing a surgical face mask that
travelled greater than 1 m were higher with HFENC (15.9%)
compared with nasal prongs (6.9%), though lower than
tidal breathing without a mask (31%). There were
significant reductions in exhaled gas flow velocities and
particle dispersion with a surgical face mask in place,
although there was both greater mask leak and droplet
capture by face mask with HFNC compared with nasal
prongs. In comparison, tidal breathing had lower mask leak
and higher droplet capture.’’

Dispersion of viable organisms

Kotoda et al.>® conducted three simulations using fresh
yeast (Sacchromyces cerevisiae), evaluating dispersion
with and without HENC at 60 L-min~' in an
experimental mannequin model. Yeast dispersion was
evaluated using 18 Petri dishes placed at 30-cm intervals
from the mannequin and four dishes placed 5 m away.
Colonies were only detected in the closest dish with a mean
(SD) of 2.3 (0.5) colony forming units, and there was
increased dispersion extending to two dishes in front of and
lateral to the mannequin with manual repositioning of the
cannula (P = 0.039). The investigators did not observe
colony formation on the dishes 5 m away from the
mannequin.>”

Leung et al.>® conducted a prospective study of 19
critically ill adults receiving COT because of gram-
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High-flow nasal cannula in COVID-19 1231

HFNC Standard 02 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 Low or Probably Low ROB
Azoulay 2018 150 388 170 388 36.0% 0.8B [0.75, 1.04] -
Frat 2015 45 106 51 84 30.4x 0.78 [0.59, 1.04] —
Makdee 2017 2 63 3 &5 3.2%  0.69[0.12, 3.98]
Parke 2011 3 29 12 27 6.8% 0.23[0.07,0.74]
Subtotal (95% CI) 586 574 76.4% 0.78 [0.59, 1.03] -
Total events 200 236

Heterogenehty: Tau® = 0.03; ChE = 5.38, df = 3 (P = 0.15); F = 44%
Test for overall effect: Z = 1.75 (P = 0.08)

1.5.2 High or Probably High ROB

Bell 2015 2 48 10 52 4.5% 0.22[0.05,0.94]

Jones 2016 9 185 16 138 12.2%  0.47[0.21, 1.03] e |

Lemlale 2015 B 52 4 48 6.9%  1.85[0.59,5.74] —_—
Rittayamal 2015 0 20 0 20 Not estimable

Subtotal (95% CI) 285 258 23.6% 0.60 [0.20, 1.81] R

Total events 19 30

Heterogenelty: Tauw® = 0.63; ChE = 5.99, df = 2 (P = 0.05); ¥ = 67X
Test for overall effect: Z = 0.91 (P = .36}

Total (95% CI) 871 832 100.0% 0.71 [0.51, 0.98] ’
Total events 219 266
Heterogenelty: Tau? = 0.07; ChE = 12.52, df = & (P = 0.05); P = 52% ios o r £ 2%

Test for overall effect Z = 2.07 (P = 0.04) Favours [HFNC] Favours [Standard 02]
Test for subgroup differences: ChE = 0.20, df = 1 (P = 0.66), F = 0X

Fig. 3 Escalation of therapy forest plot for review on HFNC for acute hypoxemic respiratory failure. CI = confidence interval; HFNC = high-
flow nasal cannula; RoB = risk of bias

HFNC Standard 02 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azoulay 2018 138 388 140 388 51.8%  0.99 [0.82, 1.19] »
Frat 2015 13 106 22 84 198.3x% 0.52[0.28, 0.98] ——
Jones 2016 35 185 24 138 27.8% 1.22 [0.78, 1.95] —fm—
Makdee 2017 1 63 0 &5 1.1% 3.09 [0.13, 74.55]
Total (95% CI) 722 685 100.0% 0.94 [0.67, 1.31] k3
Total events 187 186
Heterogenetty: Tau = 0.05; ChF = 5.17, df = 3 (P = 0.16); F = 42% obi 5 : o o

Test for overall effect: Z = 0.38 (P = 0.70} Favours [HFNC] Favours [Standard 02]

Fig. 4 Mortality forest plot for review on HFENC for acute hypoxemic respiratory failure. CI = confidence interval; HFNC = high-flow nasal
cannula

HFNC Standard 02 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azoulay 2018 B 74 3BB & 6.7 388 77.9% 2.00[1.01, 2.99] ——
Frat 2015 11.2 155 10& 12 149 84 22.1% -0.80 [-5.02, 3.42] =
Total (95% CI) 494 482 100.0% 1.38 [-0.90, 3.66]
Heterogenelty: Tau? = 1.48; ChP = 1.60, df = 1 (P = 0.21); P = 3B% . p— ) 3 )

Test for overall effect: Z = 1.19 (P = 0.23} Favours [HFNC] Favours [Standard 02]

Fig. 5 Intensive care unit length of stay forest plot for review on HFNC for acute hypoxemic respiratory failure. CI = confidence interval; HFNC
= high-flow nasal cannula

negative bacterial pneumonia. They evaluated the degree  between HFNC and simple face mask oxygen in air
of environmental bacterial contamination with HFNC vs samples, Petri dishes at 0.4 m (bedside rails) or 1.5 m
simple face mask oxygen. The study measured airborne (longest distance consistently achievable in the room) from
and surface contaminants using an Andersen-type impactor  the patient’s nose, or with different air changes per hour (P
air sampler and Petri dishes, respectively. No significant = 0.119 to 0.500 across comparisons).”®

differences were found in gram-negative bacterial counts
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HFNC Standard 02 Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azgulay, 2018 24 19.26 388 27 20 388 7.2% -3.00 [-5.76, -0.24]
Geng 2019 6.54 1.85 20 7.02 232 20 30.8% -0.48[-1.78, 0.82] ——
Jones, 2016 5 4074 165 5.6 4.815 138 4B.5% -0.60[-1.62,0.42] —H
Makdee, 2017 1.1 &.875 63 1.2 4325 65 13.6%X -0.10 [-2.10, 1.80] ——
Total (95% CI) 636 611 100.0% -0.67 [-1.41, 0.08] %
Heterogenehty: Taw® = 0.03; ChE = 3.14, df = 3 (P = 0.37); F = 5% _510 — 1 i

Test for overall effect: Z = 1.75 (P = (.08}

¢
Favours [HFNC] Favours [Standard 02]

Fig. 6 Hospital length of stay forest plot for review on HFNC for acute hypoxemic respiratory failure. CI = confidence interval; HFNC = high-

flow nasal cannula

HFNC Standard 02 Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azoulay 2018 46 0.2 309 42 0.2 289 148X 2.00 [1.80, 2.19] .
Lemiale 2015 3 3 52 3 37 48 14.7% 0.00 [-0.39, 0.39] T
Makdee 2017 31 2 63 386 22 65 14.7% -0.24 [-0.58,0.11] -
Raelsl 2019 65 0.5 20 &9 08 20 144X -0.54 [-1.17,0.09] -
Rittayamal 2015 2 1.8 20 38 23 20 144X -0.85 [-1.50, -0.20] -
Ruangsomboom 2019 29 0.2 48 48 0.2 44 12.8% -9.42 [-10.87,-7.97] —_—
Schwabbauer 2014 29 21 14 33 23 14 142X -0.18 [-0.92,0.57] —
Total (95% CI) 526 500 100.0% -1.17 [-2.60, 0.25] B
Heterogenehty: Tau® = 3.55; ChP = 431.32, df = & (P < 0.00001); F = 99X 1o 5 ; 19

Test for overall effect: Z = 1.62 (P = 0.11}

0 5
Favours [HFNC] Favours [Standard 02]

Fig. 7 Patient-reported dyspnea forest plot for review on HFNC for acute hypoxemic respiratory failure. CI = confidence interval; HFNC = high-

flow nasal cannula

HFNC Standard 02 Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azoulay 2018 3.7 0.2 321 36 0.2 314 16.0% 0.50 [0.34, 0.686] —
Bell 2015 2 0.7 4B 3 15 52 14.6% -0.84 [-1.25, -0.43] —_—
Frat 2015 20 26 106 40 29 84 15.4% -0.40 [-0.68, -0.12] —
Lemlale 2015 3 3 52 3 3.7 48 14.7% 0.00 [-0.39, 0.39] —r—
Makdee 2017 B.1 2 63 64 19 65 14.9% 0.87 [0.50, 1.23] —_—
Rittayamal 2015 16 1.7 20 3.7 24 20 125% -0.99[-1.65,-0.33] ——
Schwabbaver 2014 2.7 1B 14 3.1 28 14 11.8% -0.16 [-0.91, 0.58] N E—
Total (95% CI) 624 607 100.0% -0.12 [-0.61,0.37]
Heterogenelty: Tau® = 0.39; Ch = 83.18, df = & (P < 0.00001); P = 93% " ] 0 i 3

Test for overall effect: Z = 0.47 (P = ).64)

Favours [HFNC] Favours [Standard 02]

Fig. 8 Patient-reported comfort forest plot for review on HFNC for acute hypoxemic respiratory failure. CI = confidence interval; HENC = high-

flow nasal cannula
Quality assessment

There was concern for substantial RoB in design and
conduct across all seven studies. Available evidence was
significantly limited by small sample sizes with healthy
volunteers or simulations, and in the absence of any studies
directly including COVID-19 patients or evaluating
aerosolization of similar microbes, by indirectness in
applying findings to SARS-CoV-2 aerosolization and
COVID-19 management. Based on GRADE guidance,
there was very low certainty in estimates due to
inconsistency in the magnitude and direction of the
association between HFNC and aerosol and droplet
dispersion across studies, as well as indirectness and
imprecision.

@ Springer

Discussion

Our SRs—neither of which identified studies with direct
evidence on COVID-19—provide limited but nevertheless
the best current synthesis of the evidence on the benefits,
harms, and risks of SARS-CoV-2 transmission through
HFNC. Whereas HFNC applied in acute hypoxemic
respiratory failure may substantially reduce the need for
invasive ventilation and escalation of therapy to other NIV
or intubation, we found no apparent differences in
mortality, ICU/hospital LOS, patient-reported dyspnea
and comfort, or differences treatment-related
complications. In the second systematic review on
aerosol generation associated with HFNC, we found no
studies directly related to COVID-19. Very low certainty

in
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Table 4 Complications from included studies for systematic review 1 on HFNC for acute hypoxemic respiratory failure

HFNC Standard O,

Makdee, 2017*

Thoracic and cervical discomfort

Feeling hot
Jones, 2016*

Apnea

Drop in GCS of 2 or more points

Fall in GCS due to CO, retention
Raeisi, 2019*

Device-induced heat

Nasal irritation

Refractory asthma/hypoxia
Rittayamai, 2015

Unpleasant smell

Temperature too warm

Chest discomfort
Ruangsomboon, 2019%

Discomfort

Feeling hot

Could not tolerate HFNC
Frat, 2015%®

Cardiac dysrhythmia

Septic shock

Cardio-respiratory arrest

Nosocomial pneumonia
Azoulay, 2018%°

ICU-acquired infection
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Makdee 2017 included aspiration and nasal ulceration but no events occurred in either group

Jones 2016 included pneumothorax, subcutaneous emphysema, and nasal pressure sore but no events occurred in either group

Bell 2015 reported that no adverse events occurred in either group

ICU = intensive care unit; GCS = Glasgow Coma Scale; HFNC = high-flow nasal cannula

experimental and observational data suggested mixed
findings in terms of significant droplet dispersion and
aerosol generation with HFNC.

Our findings bear direct relevance for all countries and
healthcare systems and hospitals affected by the COVID-
19 pandemic, of which many are now forced to consider
the use of HFNC in patients with acute respiratory failure
due to COVID-19 in the face of limited access to invasive
ventilation strategies.

The studies identified by our search do not provide data
that can be extrapolated to the risk of airborne transmission
of SARS-CoV-2. Among included studies, four examined
dispersion of particles of droplet or larger size.’*>>""°
Two studies were unable to show dispersion of live
bacteria and yeast to a distance compatible with airborne
dispersion55’56; however, this may reflect an inability of

these organisms to survive the process of dehydration and
rehydration,'® whereas SARS-CoV2 is known to survive
aerosolization.’” One study identified a smaller region of
high aerosol density around HFNC than nasal CPAP but
did not quantify the total amount of aerosol generated by
HFNC™; another showed comparable aerosol production
levels with HFNC compared with COT strategies at
distances close to the head, but the testing environment
included multiple potential sources of aerosol generation,
which may have obscured any increase due to HFNC.?®
In terms of droplet dispersion, one study™ showed
coughing while receiving HFNC may result in the
dispersion of droplets further than 2 metres (i.e., beyond
the distance typically considered the extent of droplet
dispersion),®! suggesting that the area around a patient in
which droplet precautions are applied may need to be
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Fig. 9 PRISMA flow diagram for systematic review 2 on aerosol generation associated with HFNC. SR = systematic reviews; RCT =

randomized-controlled trial

increased when HFNC is used. The applicability of
findings among healthy adults during forceful exhalation
to critically ill patients is uncertain.

The burden of COVID-related respiratory failure is
straining ICU resources,®” and anecdotal evidence suggests
mechanical ventilators may be insufficient for the patients
that require them. In this context, a significant reduction in
the need for invasive ventilation with HFNC may be of
substantial benefit. Against this benefit, however, is the
unknown risk of nosocomial transmission of SARS-CoV-2,
and therefore any strong recommendation regarding the use
of HFNC is clearly inappropriate. Instead, decisions should

@ Springer

be context specific, taking into account the availability of
invasive ventilation and the presence of other factors that
decrease the risk of infection transmission. These include
adequate room ventilation, limiting healthcare personnel
exposure to the patient, viral load, and use of high-filtration
fit-tested respirators (e.g., N95, FFP2) for healthcare
workers.”> Use of a surgical face mask on patients
receiving HFNC may also provide benefit.”” Ongoing
field experiments and clinical studies during the current
pandemic may provide additional information.

The risks and benefits of HFNC must also be balanced
against the risks and benefits of alternatives, when
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Table 5 Characteristics of included studies for systematic review 2 on aerosol generation associated with HFNC

Study n Sample Intervention/control Outcome Results
Roberts, N/  Healthy adults HFNC at 30 and 60 L-min~" Aerosol dispersion of particles HFNC did not increase aerosol
2015 A compared with no HFNC at rest 25-250 pm in diameter dispersion above risk of typical
and during violent exhalation breathing with violent
exhalation
With and without HFNC, aerosols
25-250 pm travelled up to 4.4
m and remained airborne for up
to 43 sec
Hui, N/ Patient HENC at 10-60 L-min~" to CPAP at Regions of high exhaled aerosol Increased regions of high aerosol
2019% A simulator 5-20 cm H,0 density following injection of density were noted with
smoke into simulator bronchus increasing flow rates
(maximum dimension 6.5 + 1.5
cmat 10 L-min~" to 17.2 £ 3.3
cm at 60 L-min~"; P < 0.001)
and increasing positive pressure
using CPAP.
Leung, 19  Critically ill  HFNC at 60 L-min~" to O, mask Cough-generated droplet No difference in GNB count
2018° patients dispersion based on degree of between HFNC and O, mask
with Gram- environmental bacterial for air samples, settle plates at
negative contamination 04mor 1.5m (P=0.119-
pneumonia 0.500)
Kotoda, N/ Mannequin HFNC at 60 L-min~" compared with Droplet dispersion determined by Water and yeast colony formation
2019% A simulator HFNC at 0 L-min~" measuring distance of water on  were detected on sheet placed
water-sensitive paper and at 30 cm from mannequin’s
dispersion of live yeast face (3.7 & 1.2 spots and 2.3 +
0.5 yeast CFU) during use of
HFNC.
Loh, 5 Healthy adults HFNC at 60 L-min~' compared with Cough-generated droplet Similar droplet dispersion
2020% no HENC dispersion determined by distance (2.91 + 1.09 m) with
measuring distance of food HFENC compared with no
colouring droplet HEFNC (2.48 £ 1.03 m).
Highest cough-generated droplet
dispersion distances with
simulated coughs were 450 cm
and 390 cm with and without
HENC, respectively.
Leonard, N/ In silico HENC at 40 L-min~" compared with Intentional mask leak, droplet Greater leak (16.5%) with HENC
2020°7 A simulator nasal prongs at 6 L-min~' and capture by face mask, droplet compared with nasal prongs

spontaneous breathing (all with
face mask)

dispersion from point of origin.

(12.6%) and spontaneous
breathing (11.6%).

Droplets captured by face mask
were variable with HFNC
(85.9%), nasal prongs (75.9%)
and spontaneous breathing
(89.9%).

Variable proportions of escaped
particles travelled greater than
1 metre from point of origin
with HFNC (15.9%) compared
with nasal prongs (6.9%) and
spontaneous breathing (31%).
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Table 5 continued

Study n Sample Intervention/control Outcome Results
Iwashyna, 4 Healthy adults HFNC at 30 L-min~' and 60 L-min~' Aerosol levels of particles 10500 Similar aerosol levels with HFNC
2020%® compared with nasal cannula 6 nm in size with spontaneous at 30 L-min~" and 60 L-min~",

L-min~! and non-rebreather mask
(non-humidified) at 15 L-min™".

nasal prongs at 6 L-min~", 15
L-min~" non-rebreather mask
and spontaneous breathing at
room air.

breathing and intentional
coughing, measured at bed rail
beside patient’s head and 10 cm
from patient’s mouth

Similar particle number
concentration (across all
particle sizes) with HFNC
compared with other
interventions.

CFU = colony forming units; CPAPs = continuous positive airway pressure, GNB = gram-negative bacteria; HFNC = high-flow nasal cannula

available. A recent guideline made no recommendation
regarding use of NIV for de novo hypoxemic respiratory
failure or pandemic viral illness.®* Both NIV and invasive
ventilation were associated with nosocomial transmission
of SARS,*>®° although some simulation data suggest that
NIV is not an aerosol-generating procedure.®’ Therefore,
optimal management may differ across settings, depending
on the availability of ventilators and other NIV modalities.

The strengths of the first of our two SRs reported herein
include a comprehensive literature search with the
inclusion of the most recent trial evidence. We
systematically and transparently assessed the certainty
and relevance of the identified evidence through the use of
GRADE. Inherent limitations in the available evidence
include lack of sufficient data to explore certain subgroup
effects, imprecision, and high RoB due to lack of blinding.
No eligible RCTs included COVID-19 patients; however,
we did not rate down for indirectness, given the likelihood
that similar principles of management are applicable to
COVID-19 patients with acute hypoxemic respiratory
failure. Despite clinical heterogeneity in study
populations and definitions of hypoxemia, most outcomes
did not show statistical heterogeneity (i.e., consistency).
One trial*® contributed approximately one-third of the data
for most major outcomes and may affect generalizability of
the findings. Finally, because of reporting variability,
treatment-related complications could not be pooled for
quantitative analyses.

Strengths of the second systematic review include a
comprehensive literature search incorporating English and
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Chinese studies and pre-prints, and inclusion of clinical
expert input regarding aerosol generation and HFNC.
Limitations include substantial RoB issues, indirectness in
applying findings to SARS-CoV-2 aerosolization and
COVID-19 management, imprecision with limited studies
involving small samples of healthy individuals or
simulations, and inconsistent experimental conditions and
effects observed across studies.

Conclusions

We found that HFNC applied to patients with respiratory
failure may substantially reduce the need for invasive
ventilation and escalation of therapy to NIV or intubation
(low certainty), with no apparent effect on mortality or
patient-reported symptoms. Complications of therapy were
comparable to COT modalities. Very low certainty
evidence showed uncertain findings with regards to
droplet dispersion and aerosol generation with HFNC. No
direct evidence applicable to COVID-19 was available for
either efficacy or infection-related risks.

Taken together, the benefits of HFNC in the face of the
COVID-19 pandemic must be carefully balanced against
the unknown risk of airborne transmission of infection to
healthcare workers and other patients. As a result, and until
further data specific to COVID are available, guidance and
subsequent care decisions will need to be based on the
specific  context, including considerations around
availability of personal protective equipment, a safe
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environment for HFNC delivery, ventilator resources, and
individual patient values and preferences. Studies of
COVID-19 with application of HFNC to appropriate
patients are required to adequately assess this risk of
infection transmission using viral samplers, reverse
transcriptase polymerase chain reaction testing, and viral
cultures.
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Appendix 1: Search strategy for review on HFNC
for acute hypoxemic respiratory failure
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MEDLINE

Database: Ovid MEDLINE Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present

Search Strategy:

—_—

high flow nasal cannula.mp. (852)

2 high flow nasal therapy.mp. (23)

3 high flow nasal oxygen.mp. (150)

4 high flow oxygen therapy.mp. (170)

5 high flow therapy.mp. (84)

6 optiflow.mp. (51)

7 nasal highflow.mp. (7)

8 HFNC.mp. (437)

9 (((high adj2 flow) or highflow) adj4 oxygen*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (998)

10 ((nose or nasal or nostril*) adj4 (catheter or cannula)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (1890)

11 ((nose or nasal or nostril*) adj4 oxygen*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms] (1426)

12 10 or 11 (2644)
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13 ((high adj2 flow) or highflow or high or flow).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (4606035)

14

15

16

17

18

19

20

21

22

12 and 13 (1584)
lor2or3ord4orSor6or7or8or9orl4(2136)
Humans/ or human*.mp. (18999870)

Adult/ or adult.mp. (5535642)

mature.mp. (178988)

grown.mp. (155254)

or/16-19 (19499661)

15 and 20 (1571)

limit 21 to ed=20181001-20200326 (342)

Database: Embase <1974 to 2020 March 25>

Search Strategy:

high flow nasal cannula.mp. (1737)
high flow nasal therapy.mp. (36)
high flow nasal oxygen.mp. (294)
high flow oxygen therapy.mp. (331)
high flow therapy.mp. (192)
optiflow.mp. (302)

nasal highflow.mp. (16)

HFNC.mp. (971)
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9 (((high adj2 flow) or highflow) adj4 oxygen*).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword,
floating subheading word, candidate term word] (1991)

10 ((nose or nasal or nostril*) adj4 (catheter or cannula)).mp. [mp=title, abstract, heading word,
drug trade name, original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word] (5310)

11 ((nose or nasal or nostril*) adj4 oxygen*).mp. [mp=title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name, keyword,
floating subheading word, candidate term word] (3087)

12 10 or 11 (6495)

13 ((high adj2 flow) or highflow or high or flow).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword,
floating subheading word, candidate term word] (6262679)

14 12 and 13 (3847)

15 lor2or3ord4or5or6or7or8or9orl4(4987)

16 Humans/ or human*.mp. (21585182)

17 Adult/ or adult.mp. (7458693)

18 mature.mp. (212893)

19 grown.mp. (161351)

20 or/16-19 (22229685)

21 15 and 20 (4613)

22 limit 21 to em=201836-202052 (1451)

Web of Science

#21 296 #20 Edit
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=2018-2020

#20 1,187 #19 AND #14 Edit
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Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#19 6,569,889 #18 OR #17 OR #16 OR #15
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#18 1,277,040 TS=grown
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#17 260,081 TS=mature
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#16 1,491,691 TS=adult
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#15 3,928,250 TS=human*
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#14 5969 #13 OR #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#13 2,225 #12 AND #11
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

# 12 12,909,976 TS=((high near/2 flow) or highflow or high or flow)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#11 3,182 #10OR#9
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

Edit

Edit

Edit

Edit

Edit

Edit

Edit

Edit

Edit
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#10

#9

#8

#7

#6

#5

#4

#3

#2

#1

1,540

2,452

1,532

423

16

72

2,632

1,268

1,211

1,462
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TS=((nose or nasal or nostril*) near/4 oxygen*)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

TS=((nose or nasal or nostril*) near/4 (catheter or cannula)).
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

TS=(((high near/2 flow) or highflow) near/4 oxygen*)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

TS=HFNC
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

TS=nasal highflow
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

TS=optiflow
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

TS=high flow oxygen therapy
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

TS=high flow nasal oxygen
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

TS=high flow nasal therapy
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

TS=high flow nasal cannula
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

Edit

Edit

Edit

Edit

Edit

Edit

Edit

Edit

Edit

Edit
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Appendix 2: Search strategy for review on aerosol
generation associated with HFNC.

MEDLINE

Database: Ovid MEDLINE Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present

Search Strategy:

1 exp Coronavirus/ (11467)
2 exp Coronavirus Infections/ (9776)

3 (coronavir* or coronovir®* or SARS or MERS or MERS-COV or SARS-COV or SARS-COV-
2 or COV or NCOV or 2019nCOV or 2019-nCOV or COVID-19).mp. [mp=title, abstract, original
title, name of substance word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (24352)

N

or/1-3 (26699)

9]

Cannula/ (632)

[@))

Oxygen Inhalation Therapy/ (14148)

-3

HFNC.mp. (438)

o]

optiflow.mp. (51)

o)

(((high adj2 flow) or highflow) adj4 oxygen*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (1000)

10 ((nose or nasal or nostril*) adj4 (catheter or cannula)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (1895)

11 ((nose or nasal or nostril*) adj4 oxygen*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (1427)
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12 or/5-11 (16515)

13 4and 12 (41)

14 (infect* or pathogen® or contamina* or bacteria* or microbia* or virus or viral or virulent or
dispers* or droplet™ or partic* or aerosol* or environment™ or transmiss* or transmit or safety* or
commun* or contagi*).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms] (8649840)

15 exp Disease Transmission, Infectious/ (67129)

16 14 or 15 (8656328)

17 12 and 16 (3564)

18 limit 17 to yr="2007 -Current" (1799)

19 13 or 18 (1823)

20 or/7-11 (3144)

21 16 and 20 (867)

22 limit 21 to yr="2007 -Current" (677)

23 13 or 22 (706)
.E?M.B.A.S.E:.......................................................................
Database: Embase <1996 to 2020 March 24>

Search Strategy:

1 exp coronavirinae/ (10512)
2 exp Coronavirus infection/ (11152)

3 (coronavir* or coronovir* or SARS or MERS or MERS-COV or SARS-COV or SARS-COV-
2 or COV or NCOV or 2019nCOV or 2019-nCOV or COVID-19).mp. [mp=title, abstract, heading
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word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word] (25178)

4 or/1-3 (29171)

5 exp nasal cannula/ (4058)

6 *oxygen therapy/ (4420)

7 HFNC.mp. (968)

8 optiflow.mp. (302)

9 (((high adj2 flow) or highflow) adj4 oxygen*).mp. [mp=title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word, candidate term word] (1924)

10 ((nose or nasal or nostril*) adj4 (catheter or cannula)).mp. [mp=title, abstract, heading word,
drug trade name, original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word] (5045)

11 ((nose or nasal or nostril*) adj4 oxygen*).mp. [mp=title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word, candidate term word] (2808)

12 or/5-11 (10728)

13 4and 12 (30)

14 (infect* or pathogen™ or contamina* or bacteria* or microbia* or virus or viral or virulent or
dispers® or droplet* or partic* or aerosol* or environment® or transmiss* or transmit or safety* or
commun* or contagi*).mp. (8963763)

15 exp disease transmission/ (201378)

16 14 or 15 (8969037)

17 or/7-11 (7007)

18 16 and 17 (2733)

19 limit 18 to yr="2007 -Current" (2589)

20 13 or 19 (2598)
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