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Introduction: High flow nasal cannula (HFNC) is a noninvasive ventilation (NIV) system that has demonstrated
promise in the emergency department (ED) setting.
Objective: This narrative review evaluates the utility of HFNC in adult patients with acute hypoxemic respiratory
failure in the ED setting.
Discussion: HFNC provides warm (37 °C), humidified (100% relative humidity) oxygen at high flows with a reli-
able fraction of inspired oxygen (FiO2). HFNC can improve oxygenation, reduce airway resistance, provide hu-
midified flow that can flush anatomical dead space, and provide a low amount of positive end expiratory
pressure. Recent literature has demonstrated efficacy in acute hypoxemic respiratory failure, including pneumo-
nia, acute respiratory distress syndrome (ARDS), coronavirus disease 2019 (COVID-19), interstitial lung disease,
immunocompromised states, the peri-intubation state, and palliative care, with reduced need for intubation,
length of stay, and mortality in some of these conditions. Individual patient factors play an important role in in-
fection control risks with respect to the use of HFNC in patients with COVID-19. Appropriate personal protective
equipment, adherence to hand hygiene, surgical mask placement over the HFNC device, and environmental
controls promoting adequate room ventilation are the foundation for protecting healthcare personnel. Frequent
reassessment of the patient placed on HFNC is necessary; those with severe end organ dysfunction, thora-
coabdominal asynchrony, significantly increased respiratory rate, poor oxygenation despite HFNC, and tachycar-
dia are at increased risk of HFNC failure and need for further intervention.
Conclusions: HFNC demonstrates promise in several conditions requiring respiratory support. Further random-
ized trials are needed in the ED setting.

Published by Elsevier Inc.
1. Introduction

Oxygen supplementation is a key component of resuscitation in
critically ill patients with respiratory disease. Conventional delivery sys-
tems include low flow such as nasal cannula or high flow systems such
as non-rebreather or Venturi mask [1-3]. Unfortunately, these systems
are often not well-tolerated due to inadequate warming and humidifi-
cation of the inspired gas, and they do not provide a reliable fraction
of inspired oxygen [3-6]. High-flow nasal cannula (HFNC) is a relatively
newer noninvasive ventilation system (NIV) that provides warm
(37 °C), humidified (100% relative humidity) oxygen at high flows
with reliable fraction of inspired oxygen (FiO2) of 21–100% [1,4,6-9].
This improves oxygenation, reduces airway resistance, provides humid-
ified flow that can flush anatomical dead space, and delivers a low
amount of positive end expiratory pressure (PEEP) [7-14]. HFNC has
ng@wustl.edu (S.Y. Liang).
several advantages compared with other airway interventions in that
patients can still eat, drink, and speak [7,8]. It is also better tolerated
and more comfortable than continuous positive airway pressure
(CPAP) and bilevel positive airway pressure (BPAP) devices [9,10].

Several nasal devices are currently available, including Vapotherm®
(Exeter, NH) and the Optiflow™ and AIRVO™ 2 devices from Fisher and
Paykel Healthcare, Inc. (Auckland, New Zealand). Vapotherm® flow
rates can reach 50 L/min, and the Optiflow™ and AIRVO™ 2 devices can
provide flow rates of 60 L/min. Various nasal prong sizes are available.
These devices all include oxygenwith an air source, air‑oxygen blender,
active heated humidifier, single limb heated inspiratory circuit, delivery
tubing, head strap, and soft andflexible nasal prongs (Fig. 1) [9-14].

HFNC has been evaluated in many different populations and
conditions. It was initially developed for neonatal patients and has dem-
onstrated utility in pediatric bronchiolitis. In adults, it has shown prom-
ise in acute hypoxemic respiratory failure, preoxygenation and apneic
oxygenation for intubation, preventing reintubation, and postoperative
recovery [1,9,11-16]. It is feasible to use in the emergency department
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Fig. 1. An example of a HFNC delivery setup: (A) Pressurized medical air and oxygen is
delivered to an air and oxygen blender where (B) the fraction of oxygen is titrated; a
flow meter (C) adjusts the flow of the air and oxygen mixture that is delivered to a
heater and humidifier (E). An oxygen monitor (D) can be placed in line for a precise
measurement of the fraction of “downstream” oxygen; the humidified air and oxygen
mixture is delivered to the patient by a special nasal cannula (F).
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(ED) and improves respiratory parameters in this setting [14-16]. This
narrative review evaluates the utility of HFNC in the ED setting in adults
with acute hypoxemic respiratory failure including pneumonia, acute
respiratory distress syndrome (ARDS), coronavirus disease 2019
(COVID-19), interstitial lung disease, immunocompromised states, and
the peri-intubation state. The review will also provide an overview of
infection control considerations surrounding HFNC and predictors of
HFNC failure.

2. Methods

The authors searched PubMed andGoogle Scholar for articles using a
combination of the keywords “high flow nasal cannula” and “hypox-
emic respiratory failure” or “pneumonia” or “COVID” or “interstitial
disease” or “Acute Respiratory Disease Syndrome”. The search was con-
ducted from database inception to February 20, 2021. PubMed yielded
760 articles. The first 200 articles in Google Scholar were also searched.
Authors evaluated case reports and series, retrospective and prospec-
tive studies, randomized controlled trials, systematic reviews and
meta-analyses, and other narrative reviews. Authors also reviewed
guidelines and supporting citations of included articles. The literature
search was restricted to studies published in English, with focus on
the emergency medicine and critical care literature. Authors decided
which studies to include for the review by consensus. When available,
systematic reviews and meta-analyses were preferentially selected.
These were followed sequentially by randomized controlled trials, pro-
spective studies, retrospective studies, case reports, and other narrative
reviewswhen alternate datawere not available. A total of 123 resources
were selected for inclusion in this narrative review.

3. Discussion

3.1. Mechanism

HFNC provides respiratory support through a continuous flow of hu-
midified air and a titratable FiO2. Humidification offers comfort, reten-
tion, and enhancement of mucociliary function and airway clearance
[4,9]. The FiO2 can be adjusted from 21 to 100%. The flow of up to 60
L/min is the source of most of the physiological benefits. The flow is
able to approximate a patient's peak inspiratory flow that can range
from 30 to >120 L/min when in distress—significantly more than the
15 L/min of conventional oxygen devices [9]. This allows HFNC to de-
liver a higher and more reliable content of FiO2 with less dilution by
room air [9,17,18]. In fact, a non-rebreather mask at 15 L/min delivers
68% FiO2 as compared to >89% on a HFNC device set at 40 L/min [17].
The continuous flow also washes out nasopharyngeal anatomical dead
space where exhaled air would otherwise be rebreathed. The effect is
a reduction in work of breathing and respiratory rate without causing
hypercapnia or reducing alveolar ventilation [4,9,14,19,20].

HFNC delivers a flow of air; in contrast, noninvasive positive pres-
sure ventilation (NIPPV) provides and targets an airway pressure. How-
ever, an elevation in mean airway pressure is generated with constant
flow and increaseswith theflow rate [18,19]. Themean airway pressure
generated is approximately 1 cm H2O/10 L/min of flow [19]. Effects of
the positive airway pressure include an increase in end expiratory
lung volume and alveolar recruitment [18,19]. This can reduce atelecta-
sis, increase functional residual capacity, and improve oxygenation.

3.2. Acute hypoxemic respiratory failure

HFNCdisplays the greatest effectiveness in acute hypoxemic respira-
tory failure. In this setting it is a first line respiratory support therapy
and reduces the rate of intubation [8,11,15,16,21,22]. However, the
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effect on mortality remains less certain [11,15,16]. International guide-
lines by the European Society of Intensive Care Medicine strongly rec-
ommend HFNC over conventional oxygen therapy in acute hypoxemic
respiratory failure [16]. The role of HFNC in patients with acute hyper-
capnic respiratory failure including chronic obstructive pulmonary
disease is less clear, with no improvement in outcomeswhen compared
to NIPPV [23-25]. Currently, NIPPV is recommended as a first-line
respiratory support modality in chronic obstructive pulmonary disease
exacerbations and cardiogenic pulmonary edema [26,27].

3.2.1. Pneumonia and acute respiratory distress syndrome
HFNC is a first line treatment for those with hypoxemic respiratory

failure frompneumonia or early ARDS requiring respiratory support be-
yond low flow oxygen [8,15,16,28]. The multicenter, randomized
FLORALI trial compared treatment with HFNC to conventional oxygen
therapy and NIPPV (bilevel pressure settings) in patients with acute
hypoxemic respiratory failure and a PaO2:FiO2 ratio of <300 mmHg
[8]. This study included 310 patients in the intensive care unit (ICU)
setting, themajority ofwhomhad pneumonia. The primary outcome in-
cluded the proportion of patients intubated at day 28, with a secondary
outcome of all-cause mortality. There was no difference in 28 day intu-
bation rates, but there was decreased ICU mortality (HFNC 11% vs.
NIPPV 25% vs. conventional oxygen 19%), as well as 90-day mortality
(HFNC 12% vs. NIPPV 28% vs. conventional oxygen 23%). The HFNC
group on post hoc analysis displayed a reduction in the intubation rate
in those with a PaO2:FiO2 ratio of <200 mmHg (HFNC 34.9% vs. NIPPV
58% vs. conventional oxygen 52.7%), as well as reduced ICU mortality
and 90-daymortality [8]. Importantly >75% had bilateral infiltrates sug-
gesting that HFNC is effective in those with early ARDS. HFNC has also
demonstrated safety and effectiveness in observational trials of respira-
tory support in ARDS [15,16,28].

Several studies conducted in the ED setting also suggest benefit. A
non-blinded randomized controlled trial (RCT) including 100 patients
found HFNC compared to standard oxygen therapy reduced respiratory
rate at 2 h (66.7% vs. 38.5%) and need for escalation of oxygen therapy
(4.2% vs. 19%) [29]. A prospective ED RCT found HFNC improved dys-
pnea and patient comfort compared with conventional oxygen therapy
[30]. Another study found reduced need for escalation of oxygen ther-
apy within the first 24 h [31]. These studies also suggest infrequent, if
any, adverse events associated with HFNC. The multiple physiological
benefits related to theflowofHFNC (e.g., alveolar recruitment, secretion
clearance, reducedwork of breathing) explain its superiority to conven-
tional oxygen therapy in pneumonia and ARDS. There are potential risks
with NIPPV in early ARDS and pneumonia related to the exacerbation of
lung injury by the additional pressure and tidal volume—particularly in
those with severe lung injury and a PaO2:FiO2 ratio < 150–200 mmHg
[32-36]. The FLORALI trial defines the population that is most likely to
benefit from HFNC—those with pure hypoxemic respiratory failure
from pneumonia and early ARDS [8].

3.2.2. COVID-19
HFNC is recommended by the National Institutes of Health (NIH)

and Surviving Sepsis Campaign guidelines in COVID-19 associated
acute hypoxemic respiratory failure requiring support beyond conven-
tional oxygen devices [37,38]. This recommendation is largely based
on the FLORALI trial demonstrating mortality benefit with HFNC over
NIPPV and conventional oxygen devices in those with acute hypoxemic
respiratory failure [8]. The FLORALI trial was published prior to the pan-
demic; however, severe COVID-19 causes acute hypoxemic respiratory
failure similar to the inclusion criteria of the trial [8,37,38]. A random-
ized trial of 110 patients compared helmet NIPPV (10–12 cmH2O pres-
sure support and 10–12 cmH2O of positive end-expiratory pressure) to
HFNC (60 L/min) in patients with COVID-19 associated hypoxemic
respiratory failure with a PaO2:FiO2 ≤ 200mmHg [39]. Therewas no dif-
ference in the primary outcome of days free of respiratory support
(HFNC, NIPPV, or invasive mechanical ventilation) or the secondary
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outcome of mortality. However, the secondary outcome of intubation
rate was 30% in the helmet NIPPV group vs. 51% in the HFNC group,
and there were more invasive ventilation free days in the helmet
NIPPV group (HFNC 25 days vs. helmet NIPPV 28 days) [39]. These
data suggest the helmet interface of NIPPV–where available–reduces
the rate of intubation without change in the duration or course of the
illness. No studies comparing the more common mask interface of
NIPPV to HFNC in COVID-19 are currently available at the date of this
publication [40].

A systematic review and meta-analysis demonstrated HFNC—
compared to conventional oxygen—may reduce the need for inva-
sive ventilation in COVID-19 (low certainty) (relative risk [RR]
0.85; 95% confidence interval [CI] 0.74–0.99) and need for escalation
of oxygen therapy (RR 0.71; 95% CI 0.51–0.98), but no effect on mor-
tality was found [41]. Importantly, this meta-analysis did not include
studies on patients with COVID-19. Similarly, a retrospective study
showed HFNC reduced intubation rate in COVID-19 and reduced
need for mechanical ventilation at day 28 (HFNC 56% vs. early intu-
bation 75%) without a reduction in mortality [42]. A prospective,
propensity-matched, observational cohort study of critically ill pa-
tients with COVID-19 suggested a HFNC strategy as compared to
early intubation increased ventilator free days (mean difference 8
days) and decreased ICU length of stay (mean difference 8.2 days),
but had no impact on mortality [43]. The current evidence demon-
strates HFNC is safe and reduces the need for intubation in COVID-
19 without clear mortality benefit [37-43]. However, high failure
rates have been observed with NIPPV and HFNC in COVID-19, with
one study finding 61% of patients required endotracheal intubation
[44]; close monitoring for signs of failure is warranted.

In practice, HFNC is recommended in thosewith COVID-19 requiring
more support than low flow oxygen but not requiring immediate intu-
bation. Close reassessment is needed for patientswith COVID-19 receiv-
ing HFNC [37-44].

3.2.3. Interstitial lung disease
Interstitial lung disease (ILD), also known as interstitial pneumonia,

is a progressive inflammatory interstitial pulmonary disease associated
with poor prognosis. Acute respiratory failure can complicate ILD, with
an associated mortality rate of 50% [45-48]. However, positive pressure
ventilation, specifically with mechanical ventilation or NIPPV with
significant PEEP, may worsen pulmonary function in a restrictive lung
disease such as ILD [49,50].

HFNC has demonstrated utility in patients with acute exacerbations
in several studies, with the majority demonstrating improved comfort
and reduced hospital length of stay and mortality [51-56]. One small,
observational, retrospective study suggests reduced mortality with
HFNC (23% vs. NIPPV 63%) despite no difference between HFNC and
NIPPV in need for intubation [52]. However, patients with a PaO2:FiO2

< 200 mmHg demonstrated reduced intubation rates with HFNC
compared to NIPPV. The authors note that the unique attributes of
HFNC including low PEEP, humidified flow, and patient comfort are ad-
vantageous [52]. Another retrospective analysis of 17 patients admitted
to the ICUwith ILD found improved survival at 15 days, 30 days, 90days,
and 365 days, with mortality rates falling below 50% with HFNC [56].
Koyauchi et al. evaluated HFNC in 66 patients with acute exacerbations
of ILD, finding improved oxygenation, with a pulse oximetry saturation
to fraction of inspired oxygen (SpO2/FiO2) ratio > 170.9 at 24 h a signif-
icant predictor of successful HFNC therapy [53]. A retrospective study
found reduced mortality with HFNC in ILD (27.9% vs. no HFNC 49.1%),
reduced need for sedation and analgesia (78.6% vs. no HFNC 31.6%),
and improved oral intake (52.8% vs. no HFNC 23.3%) in patients with
ILD [54]. A final retrospective study found HFNC improved comfort
and was better tolerated by patients with end stage ILD with a Do Not
Intubate (DNI) order [57].

Based on the available evidence, HFNC is an optimal respiratory sup-
port modality for patients with ILD exacerbation. However, patients
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with ILD exacerbation receivingHFNC should bemonitored closelywith
evaluation of mental status, hemodynamics, work of breathing, and
oxygenation status [56,58,59].

3.2.4. Immunocompromised patients
Immunocompromised patients who require mechanical ventilation

for hypoxemic respiratory failure demonstrate high mortality [60,61].
HFNC is a promising respiratory support device in immunocompro-
mised patients. A post hoc analysis of the FLORALI trial–comprised of
immunocompromised patients–found the use of HFNC was associated
with reduced need for intubation (31% vs. 65%) when compared to
NIPPV and conventional oxygen therapy (43%) [62]. Another study in-
cluding cancer patients found HFNC reduced 28-day mortality (35% vs.
57%) when compared to standard oxygen or NIPPV; a prospective
observational study found HFNC reduced mortality (20% vs. 40%) and
intubation (35% vs. 55%) when compared to NIPPV [63,64]. In patients
with lung transplants, HFNC was associated with reduced mortality
(50% vs. 83%) and intubations (59% vs. 89%) compared to conventional
oxygen devices [65]. HFNC is also associated with reduced dyspnea in
immunocompromised patients [66-69]. A 2017 RCT demonstrated
reduced intubations with HFNC but no difference in mortality when
compared to NIPPV [70]; a 2018 RCT found no difference in mortality
or intubation rate in HFNC vs. NIPPV [71]. However, in this study,
delay in identifying acute hypoxemic respiratory failure was associated
with high rates of mortality. HFNC may be ineffective if used as rescue
therapy after NIPPV. A 2017 post hoc analysis found no difference in
intubation rate or 28 day mortality between HFNC and conventional
oxygen therapies [72]. Finally, meta-analyses of these studies compar-
ing HFNC and conventional oxygen therapy or NIPPV demonstrate re-
duced intubation (RR 0.83–0.89), but no difference in mortality or
length of stay [73-75]. HFNC is recommended over conventional oxygen
therapies in this patient population and can reduce need for intubation.
However, current data demonstrate no reduction in mortality when
compared to other oxygen therapies. If HFNC is utilized in this popula-
tion, it should be started early in the patient's course, with close assess-
ment of patient hemodynamic and respiratory status.

3.2.5. Peri-intubation
Preoxygenation is commonly used in ED and critical care settings to

prevent desaturation during induction and intubation. However,
preoxygenation techniques and strategies vary substantially and are
often insufficient. HFNC may be utilized during intubation as an oxygen
delivery system [15,16]. Current literature suggests the use of HFNC in
the peri-intubation period to reduce risk of hypoxia is controversial
with significant heterogeneity [76-87]. A meta-analysis of 10 RCTs
found HFNC did not affect rates of peri-intubation hypoxemia, apneic
times, serious complications, post-intubation oxygenation, or mortality
when compared to conventional oxygen therapy [76]. Importantly,
many of the current studies included patients in the perioperative pe-
riod, including emergent surgery, neurosurgery, bariatric surgery, or
any surgery [77-87]. While there does not appear to be a significant
decrease in hypoxemic episodes or mortality with HFNC, undesirable ef-
fects of HFNC are trivial at most. In patients on HFNC prior to induction
and intubation, HFNC can be continued during the intubation [16]. It
can also be kept in place during laryngoscopy, a marked advantage
over other types of NIV.

3.2.6. Palliative care
Dyspnea and air hunger are common symptoms in patients at the

end of life. NIPPV has been recommended in palliative care, but NIPPV
is associated with discomfort, pressure ulcers, and inability to eat or
speak [16,36]. Thus, HFNC may be promising in this population. Several
observational studies suggest HFNC can improve work of breathing in
patients with hypoxemic respiratory failure, advanced disease, and do-
not-intubate (DNI) orders [16,57,68,87,88]. While these studies were
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not exclusively composed of patients receiving palliative care, HFNC is
well tolerated in patients with severe end-stage disease and can reduce
dyspnea and improve oral intake and communication [16,68]. HFNC
should be considered as an adjunct treatment of dyspnea–if within the
patient's goals of care–to usual palliative therapies.

3.3. Infection control

A growing body of literature has evaluated the potential for aerosol
generation during HFNC therapy. Using a human patient simulator
(HPS) to emulate respiration, studies employing laser smoke visualiza-
tion have shown that HFNC can increase the distance of exhaled air
[89,90]. As flow was increased from 10 L/min to 60 L/min in one
study, mean exhaled air distance increased from 65 mm to 172 mm
with HFNC, although this was less than that encountered with CPAP
[90]. In another HPS study using thickened water and yeast to mimic
airway secretions in the nasal and oral cavity, dissemination with
HFNC at 60 L/min was detected close to the mannequin's face but not
in areas ≥60 cm away on water-sensitive paper or microbiological
culture [91].

Studies of healthy volunteers measuring aerosol particle concentra-
tions have not found any increase in aerosol production comparing
HFNC at various flows to NIPPV, conventional nasal cannula, or breath-
ing room air [92,93]. Photographic particle visualization studies in
healthy volunteers using scattering light as well as chemical marker de-
position likewise have not demonstrated a relationship between in-
creasing flow and particle formation [94,95]. However, laser aerosol
spectrometry in healthy volunteers has demonstrated flow-dependent
increases in production of small and large aerosol particles [96]. In a
small randomized controlled crossover trial of critically-ill patients
with Gram-negative pneumonia, HFNC was not associated with in-
creased contamination by Gram-negative bacteria or total bacteria in
air samples collected ≥1 m or environmental surface cultures collected
≥0.4 m from the patient compared to simple oxygen mask [97].

As aerosol generation can vary with individual breathing patterns,
HFNC should also be viewed from the perspective of aerosol dispersion
[93,98]. Coughinghas been associatedwith significantly increased num-
bers of aerosol particles emitted fromhealthy volunteers [93,94,99]. In a
simple study using visible food dye, healthy volunteers asked to cough
generated droplets that spread a mean distance of 2.5 m at baseline
and 2.9 m with HFNC at 60 L/min, with a maximum distance of 4.5 m
observed for the latter [100]. Manipulation of loose-fitting nasal prongs
and other device connections associatedwithHFNC can also result in air
leakage that could promote aerosol dispersion [90]. The application of a
properly fitted surgical mask over the HFNC can reduce the spread of
exhaled air and aerosols by more than 80% [94,101,102].

Early in the COVID-19 pandemic, infection control concerns sur-
rounding use of HFNC led many to favor endotracheal intubation in
order to limit potential aerosol generation and dispersion. Evaluation
of past and emerging data coupled with hard-won clinical experience
have dispelledmany of these concerns [103,104]. In one healthcare sys-
tem, implementation of a respiratory protocol increasing the use of
HFNC in a dedicated COVID-19 intermediate care unit with non-
negative pressure rooms did not result in any significant increase in
symptomatic COVID-19 infections among staff compared to those
working in COVID-19 units not using HFNC [104]. Healthcare personnel
were required to don a N95/K95 respirator during aerosol-generating
procedures, including when caring for patients on HFNC; patients
were also encouraged to wear a surgical mask. Similarly, no difference
in infection rates occurred among Belgian critical care nurses working
in a dedicated COVID-19 ICU employing HFNC and NIV compared to
those in a non-COVID-19 ICU [105]. In a small observational study of
COVID-19 patients, HFNC did not result in greater aerosol particle gen-
eration than conventional nasal cannula [103]. Furthermore, SARS-
CoV-2 viral RNA was not detected in air samples obtained during



Table 1
HFNC Problems, Pitfalls, and Pearls.

Problem Pitfalls Pearls

Starting
HFNC
therapy

Failure to assess the response
and titrate therapy

The support is delivered by the
flow and should be increased to
the maximum flow if hypoxemia
persists or work of breathing
remains elevated
Reassess frequently for signs of
failure (e.g. persistent work of
breathing, hypoxemia, a low ROX
index)

Using HFNC
in the
wrong
patient

Using HFNC instead of bilevel
noninvasive ventilation in
COPD exacerbation with
ventilatory failure

HFNC is a first-line therapy in
acute hypoxemic respiratory
failure; bilevel noninvasive
ventilation is the treatment of
choice in COPD exacerbation with
acute hypercapnic respiratory
failure; HFNC may be beneficial in
acute hypercapnic respiratory
failure, but the supporting
evidence is limited

Infection
control

Aerosol generation and
dispersion during HFNC are
possible, particularly with
symptomatic patients

Assuring well-fitting nasal
prongs, applying a surgical mask
over the cannula, and using lower
flows when possible are simple
measures to minimize risk

Abbreviations: HFNC - high flow nasal cannula; COPD – chronic obstructive pulmonary
disease; ROX index - ratio of pulse oximetry oxygen saturation over the fraction of inspired
oxygen to the respiratory rate.
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HFNC treatment in each patient's negative pressure room [103]. Having
the patient wear a surgical mask while receiving HFNC significantly can
reduce the concentration of particles ranging from 0.5 to 5 μm in size at
30.5 cm (1 ft) from the patient's face [106]. In a French ICU study, HFNC
was not associated with increased risk of environmental contamination
with SARS-CoV-2 viral RNA [107].

Individual patient factors play an important role in infection control
risks with respect to the use of HFNC in patients with COVID-19. Exer-
tional breathing and coughing are more likely to generate air particles
than quiet breathing [93,94,108]. Patients with COVID-19 are more
likely to transmit SARS-CoV-2 early in the course of their illness, and
many requiring HFNC may exhibit coughing or exertional breathing
[108]. Appropriate personal protective equipment, adherence to hand
hygiene, and environmental controls promoting adequate room venti-
lation have been the foundation for protecting healthcare personnel
during the COVID-19 pandemic [37,38,40]. Well-fitting nasal prongs
and encouraging patients on HFNC to wear a surgical mask over the
nasal cannula can further reduce any potential risk for aerosol disper-
sion [106]. For patients needing aerosolized medications through
HFNC, it has been advised to reduce air flow rates during therapy if
the patient can tolerate this in addition to application of surgical mask
[109]. Finally, vaccination has emerged as a highly effective strategy
for protecting healthcare personnel from COVID-19.

3.4. Contraindications and predictors of failure

The majority of patients tolerate HFNC with no adverse outcomes.
Contraindications include face, nose, or airway abnormalities that do
not allow for appropriate fit of the nasal cannula. These include patients
with epistaxis, basilar skull fracture, surgery to the nose or upper
aerodigestive tract, nasal obstruction (tumor, nasal fracture, etc.)
[1,4,9,16,36,110]. Complications are rare but may include local trauma
or discomfort, abdominal distension, aspiration, epistaxis, and baro-
trauma, though the risks of these complications is lower than other
NIV devices [16,36,110]. The most significant complication is that
HFNC may lead to a delay in intubation and worse clinical outcomes in
patients with acute respiratory failure [111]. Patients on HFNC with
acute hypoxemic respiratory failure should be admitted to an intensive
care unit setting due to the need for close monitoring.

Several factors are associated with potential failure. As delayed intu-
bation in patients with progressive respiratory failure may result in
increased mortality, early identification of patients likely to fail HFNC
is paramount [111]. Observational data have demonstrated an associa-
tion with increased mortality in those with late failure of HFNC–after
48 h [111]. HFNC failure is less likely to increase mortality in the short
term (i.e., <24 h) [16,112]. Thus, a trial in the ED under close observa-
tion is reasonable. Nevertheless,waitinguntil thepoint of failure is inad-
visable. The ROX index has been proposed as a tool to predict success
and failure of HFNC [58,59]. This index is the ratio of pulse oximetry ox-
ygen saturation over the fraction of inspired oxygen to the respiratory
rate [(SpO2/FiO2)/RR]. ROX index values greater than 4.88 at 2, 6, and
12 h are associated with success of HFNC, while values less than 3.85
are associated with HFNC failure and poor outcomes including mo-
rtality. If the value is between 3.85 and 4.88, the index should be
recalculated in 1–2 h [58,59]. A recent retrospective analysis demon-
strated a ROX index of <4.88 at 2 h was predictive of failure in patients
with COVID-19 [113]. Beyond the ROX index, several other factors may
be associated with HFNC failure. These include nonrespiratory issues
such as need for vasopressors, elevated sequential organ failure assess-
ment score, thoracoabdominal asynchrony, significantly increased re-
spiratory rate (≥ 30 breaths per minutes), poor oxygenation, and
tachycardia [113,114]. One study suggests cardiovascular failure and
no improvement in patient oxygenation at 24 h and 48 h predicted fail-
ure of HFNC [114]. Due to these potential risks of deterioration at 24 and
48 h with use of HFNC, patients admitted from the ED should be man-
aged in an ICU or step-down setting with frequent reassessments.
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3.5. Future directions and limitations

While the feasibility and efficacy of HFNC use in the ED have
been demonstrated in the previously discussed conditions, the benefit
of HFNC over other respiratory support devices in the ED setting has
not been clearly demonstrated in several diseases [115]. HFNC has
been evaluated in patients with obstructive lung disease and hypercap-
nic respiratory failure, heart failure, and carbon monoxide toxicity
[36,116-123]. In patients with hypercapnic respiratory failure associ-
ated with obstructive lung disease, studies have noted a decrease in
partial pressure of carbon dioxide but no difference in intubation or
mortality rates [116,117]. The data are also controversial for acute
heart failure, with several studies finding reduction in respiratory rate
and degree of dyspnea, but no difference in intubation or mortality
when compared with conventional oxygen therapy [36,118-120]. For
patients with carbon monoxide toxicity, studies demonstrate greater
reduction in carboxyhemoglobin levels with HFNC when compared
with conventional oxygen therapy [121,122], with one study finding
two thirds of patients had a reduction by half within 40 min of HFNC
therapy [123].

While there are studies evaluating use of HFNC in the ED setting, the
majority of studies have been conducted in the ICU setting. Further
studies in the ED setting are needed evaluating HFNC compared with
other respiratory support systems and patient-centered outcomes
such as mortality. Further randomized controlled trials are also needed
in patients with conditions other than hypoxemic respiratory failure.
Table 1 demonstrates pearls and pitfalls in the use of HFNC in the ED
setting.
4. Conclusions

HFNChas demonstrated promise in the ED setting. It provideswarm,
humidified oxygen at high flow rates which may improve outcomes in
several deadly conditions including acute hypoxemic respiratory failure,
pneumonia, ARDS, COVID-19, interstitial lung disease, immunocompro-
mised states, the peri-intubation state, and palliative care. Individual pa-
tient factors play an integral role in infection control risks with respect
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to the use of HFNC in patients with COVID-19. Patients on HFNC require
frequent reassessment as failure can occur, resulting in need for further
airway intervention. While promising, further randomized trials evalu-
ating HFNC are needed in emergency care.
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