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Background: The treatments of COVID-19 involve some degree of uncertainty. Current evidence also shows mixed findings with regards to bioaerosol
dispersion and airborne transmission of COVID-19 during high flow nasal cannula (HFNC) therapy. While coping with this global pandemic created hot
debates on the use of HFNC, it is important to bring detached opinions and current evidence to the attention of health care professionals (HCPs) who
may need to use HFNC in patients with COVID-19.

Aim: The purpose of this paper is to provide a framework on the selection, placement, and use of nebulizers as well as HENC prongs, gas flow, and delivery
technique via HFNC to help clinicians deliver aerosolized medications through HFNC safely and effectively in the era of COVID-19 and beyond.
Methods: We searched PubMed, Medline, CINAHL, and Science Direct to identify studies on aerosol drug delivery through HFNC using the following
keywords: (“aerosols,” OR “nebulizers”) AND (“high flow nasal cannula” OR “high flow oxygen therapy” OR “HFNC”) AND (“COVID-19,” OR “SARS-
CoV-2"). Twenty-eight articles including in vitro studies, randomized clinical trials, scintigraphy studies, review articles, prospective and retrospective
research were included in this review.

Discussion and results: It is not clear if the findings of the previous studies on bacterial contamination could be applied to viral transmission because they
do not provide data that could be extrapolated to the risk of SARS-CoV-2 transmission. In the face of the unknown risk with the transmission of COVID-
19 during HENC therapy, the benefits of HENC must be weighed against the risk of infection to HCPs and other patients. Due to the limited number of
ventilators available in hospitals and the confirmed effectiveness of HFNC in treating hypoxemic respiratory failure, HFNC may prevent early intubation,
and prolonged intensive care unit stays in patients with COVID-19.

Conclusion: Clinicians should review the magnitude of this risk based on current evidence and use the suggested strategies of this paper for safe and

effective delivery of aerosolized medications through HFNC in the era of COVID-19 and beyond.
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INTRODUCTION
As severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) poses
an ever-greater risk to individual and community health worldwide, the
number of critically ill patients with COVID-19 who require intensive
care increased significantly. Given the rapid spread of SARS-CoV-2 and
the limited number of ventilators available in the intensive care units
(ICUgs), using high flow nasal cannula (HFNC) in patients with hypox-
emic respiratory failure has become an integral component of the global
response to this pandemic as it may reduce the need for ventilatory sup-
port compared with conventional oxygen therapy [1, 2]. However, there
are detached opinions on the use of HENC in this patient population.
Some clinicians do not want to use HFNC for aerosol delivery to patients
with COVID-19, because they think that the dispersion of bioaerosol to
the environment is high and increased bioaerosol dispersion may lead to
a viral transmission. Others believe that the HFNC should be used for
the delivery of aerosolized medication in the era of COVID-19 due to its
effectiveness in the treatment of hypoxemic respiratory failure. Also,
early intubation is considered a high-risk procedure for COVID-19, and
prolonged ICU stay is an issue due to the limited number of ventilators

available. Therefore, the purpose of this paper is to review detached
opinions and provide strategies for the safe and effective delivery of aero-
solized medications through HENC in the era of COVID-19 and beyond.

METHODS
We searched PubMed, CINAHL, and Science Direct from June 1, 2005
to December 25, 2020, to identify studies on aerosol drug delivery
through HFNC. The following keywords were used in the search of rele-
vant publications: (“aerosols,” OR “nebulizers”) AND (“high flow nasal
cannula” OR “high flow oxygen therapy” OR “HFNC”) AND (“COVID-
19,” OR “SARS-CoV-2"). Although a total of 77 articles were identified;
abstracts, letters to the editor, and studies published in a language other
than English were excluded. Twenty-eight articles that are in vitro stud-
ies, randomized clinical trials, scintigraphy studies, review articles, pro-
spective and retrospective research were included in this review (Figure 1).
Two reviewers independently assessed the eligibility of each paper based
on the evidence of exhaled air dispersion and viral transmission with
HFNC as well as the presence of recommendations on aerosol drug

delivery through HFENC in patients with COVID-19.
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FIGURE 1
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Literature search and selection process for this narrative review.
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DISCUSSION

Since one of the main mechanisms of action of HFNC is the washing
out of the patient’s pharyngeal dead-space, concerns have been raised
that the high flows used to flush expired gas from the upper airway of
infected patients may increase bioaerosols dispersion into the environ-
ment. Additionally, in some patients, concurrent therapy with inhaled
medications may be necessary [3-5], and clinicians are concerned about
administering medications through HFNC that might exacerbate the
aerosolization and spread of infectious particles to health care profes-
sionals (HCPs) or other patients.

Using a direct visualization of exhaled smoke dispersion and similar
breathing parameters, Hui et al. [6] and Ip et al. [7] measured the maxi-
mum dispersion distance of exhaled smoke particles with the HFNC
and oxygen mask, respectively. The dispersion distance of particles via
HENC at 60 L/min shows a similar risk to a simple oxygen mask at
15 L/min [7]. Furthermore, exhaled dispersion distance with the Venturi
and nonrebreathing masks was much greater than HFNC [7]. In a clini-
cal study on 19 patients with bacterial pneumonia, Leung et al. [8] com-
pared HFENC at 60 L/min with an oxygen mask at 8.6 L/min on
environmental contamination and bacterial growth measured through
patient’s room air and settle plates placed at 0.4 m and 1.6 m from
patients. They reported no significant difference in bacterial growth in
the air sample and settling plates between HFNC and oxygen mask at 1,
2, and 5 days of incubation [8]. A recent in-vitro study also did not show
an increase in the potential risk of droplet and contact infection with
HENC [9]. However, SARS-CoV-2 has been shown to survive aerosoliza-
tion [10], and it is not clear if the findings of these studies on bacterial
contamination could be applied to viral transmission, because they do
not provide data that could be extrapolated to the risk of SARS-CoV-2
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transmission. In the face of the unknown risk with the transmission of
COVID-19 during HENC therapy, the benefits of HFNC must be
weighed against the risk of infection to HCPs and other patients.

Currently, there is a limited number of ventilators available in [CUs
and early intubation poses a high risk for COVID-19. Due to the con-
firmed effectiveness, comfort, and convenience of HFNC in the treat-
ment of hypoxemic respiratory failure, HFNC may prevent early
intubation and prolonged ICU stay in patients with COVID-19.
Therefore, reviewing the magnitude of this risk based on current evi-
dence and developing strategies for safe and effective delivery of aerosol-
ized medications through HFNC is essential on a wide scale within and
across health care institutions. Table 1 lists suggestions on how to deliver
aerosolized medications through HFNC safely and effectively to patients
with COVID-19 3, 11].

Caregivers were estimated to be exposed to 8.5% and 3.2% of the neb-
ulized loading dose during HENC therapy at 0.8 m and 2.2 m from the
patient, respectively [12]. Placing a surgical mask on the patient’s face [13,
14] and using tightly fitting prongs [6] reduce exhaled air dispersion during
HENC. Also, clinicians should avoid placing an aerosol mask on top of
HENC to deliver aerosols with pressurized metered dose inhalers (pMDIs)
or nebulizers because it decreases aerosol drug delivery via HENC [15] due
to physical obstruction/barrier created by the cannula. While some clini-
cians remove HFNC to use a facemask or mouthpiece for conventional
aerosol therapy, the interruption of the HFNC therapy may have some
clinical consequences such as the derecruitment of the lungs, the interrup-
tion of high flow inspired oxygen therapy and increased work of breathing
in patients with COVID-19. To optimize aerosol delivery through HFNC,
nebulizers should be placed before the humidifier [11, 16-18]. Thus, the
rainout of larger particles will be drained in the humidifier that will lead
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TABLE 1

Suggestions for the delivery of aerosolized medications through HFNC safely and effectively in the era of COVID-19 and beyond.

Suggestions for effective aerosol delivery via HFNC

Suggestions for safe aerosol delivery via HFNC

Nebulizer selection
Nebulizer placement
and use

HFNC cannula prongs

Gas flow

Delivery technique

Unit dose vs. continuous
nebulization with an
infusion pump

Prefer mesh nebulizers over jet nebulizers due to their greater
efficiency during HFNC therapy.

Place the mesh nebulizer at the inlet of the humidifier to
improve aerosol delivery through HFNC.

Use larger HFNC cannulas but do not block more than 50%
of the cross-sectional area of each nostril.

Decrease flow rates during aerosol therapy, if it is tolerated

by the patient because aerosol drug delivery is inversely related
to gas flow.

Return the HFNC flow rate to the initial setting at the end of
the nebulization.

Do not discontinue HFNC therapy for conventional aerosol
therapy.

Do not place an aerosol mask on top of HFNC to deliver
aerosols with pMDlIs or nebulizers as it will decrease medication
delivery to the patient.

Prefer unit dose to deliver aerosols.

Reduce gas flow during nebulization and return the flow rate
to initial settings after therapy.

Titrate FiO, to maintain SpO, during aerosol therapy.

Use a higher nominal dose with a low flow rate if continuous
nebulization with an infusion pump has to be used for

Use an aseptic technique to prevent the contamination of the
nebulizer during device preparation.

Close the reservoir cap after use.

Clean the nebulizer based on the manufacturer’s guidelines.
Make sure HFNC prongs are well fitted and not loose to reduce
the dispersion of bioaerosol during therapy.

Monitor patient to ensure that low flow rate is tolerated by the
patient.

Titrate gas flow based on patient’s response to determine
optimum flow rate, if possible.

Titrate FiO, to maintain SpO, when using low flow rates for
aerosol therapy.

Place a surgical mask on the face of the patient using HFNC to
minimize exhaled air dispersion and viral transmission.

Using an aerosol mask with a nebulizer on top of HFNC will
increase bioaerosol dispersion carrying pathogens.

Place a surgical mask on the face of the patient using HFNC to
minimize exhaled air dispersion and viral transmission.

Monitor patient to ensure that low flow rate is tolerated by the
patient.

Titrate gas flow based on patient’s response to determine
optimum flow rate, if possible.

aerosol drug delivery.

Titrate FiO, to maintain SpO, when using low flow rates for
aerosol therapy.

Note: HFNC, high flow nasal cannula; pMDI, pressurized metered-dose inhaler.

to less condensation in the circuit. Placing the nebulizer before the humid-
ifier will also keep aerosolized medications in the circuit during expiration
as opposed to the position near the patient that will allow aerosol loss in
expiration. Also, clinicians should avoid turning off the humidifier to
increase aerosol drug delivery via HFNC because of patient discomfort
and potential complications with the delivery of dry gas during therapy.

Although HFNC is designed to deliver higher gas flows than patients’
inspiratory flow rates to avoid air entrainment during therapy, previous
research showed an inverse relationship between HFENC flow rates and
inhaled dose during quiet breathing [18-24]. Increasing flow rates reduce
aerosol drug delivery via HFNC. While higher flow rates of HFNC increase
both the turbulence and impactive loss of aerosolized medications, they also
dilute aerosol within the stream of gas flowing to HFNC [11]. Previous
research showed a 3- to 12-fold increase in aerosol drug delivery with lower
HEFNC flow rates [17, 22-25]. Also, the inhaled dose was higher when the
HENC flow rate was set below the patient’s inspiratory flow rate [17, 26].
Clinicians should consider setting HFNC gas flow ~50% of patient’s inspi-
ratory flow to increase aerosol drug delivery to patients with COVID-19, if
tolerated by the patient. They should also monitor their patients closely
during aerosol therapy and titrate the HFNC flow rate and FiO, based on
the patient’s SpO,, tolerance, and response to the treatment.

Although jet and mesh nebulizers can be used for aerosol drug deliv-
ery through HENC, previous research reported that mesh nebulizers
offer 2-3 times higher inhaled doses than jet nebulizers [21, 22, 27] due
to the low residual volume of drug remaining in the nebulizer cup after
therapy. Since mesh nebulizers are operated by electricity, they may be
more suitable for HFNC because they don’t add extra gas flow to the
system, unlike jet nebulizers. Also, acrosols can be delivered either inter-
mittently via unit-dose or continuously using an infusion pump with
HENC. Aerosol deposition with the delivery of unit dose is higher than
continuous nebulization with the HFNC infusion pump [25]. Clinicians
should prefer using unit dose with HFNC and consider a higher nomi-
nal dose at low flow rates when using an infusion pump with HFNC.
Patient monitoring during HFNC therapy, titrating gas flow based on
patient’s response to determine the optimum flow rate, and returning
the flow rate to the initial settings after therapy is essential for safe and
effective delivery of aerosols to patients with COVID-19.

24

One of the greatest threats of this pandemic is to properly control the
spread of infection in hospitals. The general principles of infection con-
trol and prevention practices that emerged from previous literature are
summarized below [3, 28].

¢ Assume all patients may be infected and use good personal protec-
tion during aerosol delivery in the era of COVID-19.

¢ [solate patients and administer aerosolized medications in negative
pressure rooms.

¢ Train your HCPs on infection control and prevention.

e Use personal protective equipment for aerosol and droplet
protection.

¢ Adhere to airborne precautions during aerosol treatments for
patients confirmed or suspected to be COVID-19 positive.

¢ Wash hands before and after each treatment

¢ Use an aseptic technique to avoid the contamination of nebulizer
and medication.

¢ Maintain a distance of 1 m or more from the patient.

Future research

Although there are many in vitro studies on HFNC, the findings of pre-
vious in vitro studies need to be validated through future clinical studies.
Studying the impact of aerosol delivery through HFNC on patient safety
is warranted. Also, many factors such as the size and air exchange fre-
quency of the room, the type of aerosol device used during therapy, and
the movement of people in the room impact aerosol transmission. While
previous in vitro studies evaluated some of these factors, more clinical
research is needed to determine the impact of these factors on the trans-
mission of bioaerosols in the era of COVID-19 and beyond.

CONCLUSION
The treatments of COVID-19 involve some degree of uncertainty.
Current evidence shows mixed findings with regards to bioaerosol dis-
persion and airborne transmission of COVID-19 during HFNC therapy.
While coping with this global pandemic created hot debates on the use
of HENC, it is important to bring detached opinions and current evi-
dence to the attention of HCPs who may need to use HFNC in patients
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with COVID-19. This paper provides a framework on the selection,
placement, and use of nebulizers as well as HFNC prongs, gas flow, and
delivery technique via HFNC. When initiating HFNC therapy, clini-
cians should implement suggested strategies for safe and effective deliv-
ery of aerosolized medications through HFNC not only in the era of
COVID-19 but also in the future.
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