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narrative review of the evidence
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pandemic
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High-flow nasal oxygen (HFNO) is a type of non-invasive advanced respiratory
support that allows the delivery of high-flow and humidified air through a nasal
cannula. It can deliver a higher inspired oxygen fraction than conventional
oxygen therapy (COT), improves secretion clearance, has a small positive end-
expiratory pressure, and exhibits a washout effect on the upper air space that
diminishes dead space ventilation. HFNO has been shown to reduce the work
of breathing in acute hypoxemic respiratory failure (AHRF) and has become
an interesting option for non-invasive respiratory support. Evidence published
before the COVID-19 pandemic suggested a possible reduction of the need for
invasive mechanical ventilation compared to COT. The COVID-19 pandemic
has resulted in a substantial increase in AHRF worldwide, overwhelming both
acute and intensive care unit capacity in most countries. This triggered new
trials, adding to the body of evidence on HFNO in AHRF and its possible
benefits compared to COT or non-invasive ventilation. We have summarized
and discussed this recent evidence to inform the best supportive strategy in
AHRF both related and unrelated to COVID-19.

KEYWORDS

high flow nasal oxygen, non-invasive ventilation, continuous positive air pressure,
bi-level airway pressure, acute hypoxemic respiratory failure, COVID-19

Introduction

Acute hypoxemic respiratory failure (AHRF) is defined by the presence of hypoxemia
without significant hypercapnia. AHRF is usually caused by inadequate ventilation-
to-perfusion ratios resulting in poorly oxygenated blood being allowed into the
systemic circulation. It can be caused by various conditions including bacterial
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or viral pneumonia, cardiogenic pulmonary edema, atelectasis,
respiratory  disease  exacerbations—e.g., from  chronic
obstructive pulmonary disease (COPD)—pleural effusion,
or a combination of either of these conditions. AHRF may occur
spontaneously or in post-operative, post-extubation, or trauma
patients. These different settings involve distinct underlying
mechanisms leading to AHRE present a different prognosis,
and are thus usually discussed separately in the clinical practice
guidelines on HFNO and non-invasive ventilation (NIV) (1-4).
In this present review, we will focus solely on de novo AHRF.
We will use the term “AHRF” when not referring to a specific
etiology and the term “de novo AHRF” when referring to AHRF
occurring without underlying pulmonary disease and excluding
cardiogenic pulmonary edema.

Acute respiratory distress syndrome (ARDS) is the
most severe form of AHRF. ARDS is defined by the Berlin
criteria as follows: new-onset, bilateral pulmonary opacities
consistent with pulmonary edema with a PaOy/FiO; of
<300 mmHg under a minimal positive end-expiratory
pressure (PEEP) of >5 cmH,O (5). One must first exclude
a cardiac origin from pulmonary edema. The severity
is determined by the PaO,/FiO, ratio. ARDS carries a
poor prognosis with a mortality ranging from 27% for
mild ARDS to 45% for severe ARDS (5). The treatment is
mainly supportive, focusing on the patient’s oxygenation.
Historically, conventional oxygen therapy (COT) has been
used—nasal cannulas, facemasks, non-rebreather facemasks, or
Venturi masks—in association with low-tidal volume invasive
mechanical ventilation (IMV) for the most severe patients.
However, IMV is associated with several complications,
such as ventilator-associated pneumonia, delirium, or
ICU-associated polyneuropathy, and is resource-demanding
(1). Therefore, non-invasive respiratory support strategies,
including continuous positive airway pressure (CPAP), bi-
level positive airway pressure (BiPAP), and high-flow nasal
oxygen (HFNO), have been explored as possible alternatives to
IMV (1-4).

The COVID-19 pandemic resulted in a substantial increase
in both AHRF and ARDS overwhelming both acute and
intensive care unit capacity, urging the exploration of alternative
strategies to avoid the need for IMV and preserve ICU
capacity. In this context, HFNO and NIV (CPAP or BiPAP)
have been proposed as alternative strategies to COT to avoid
IMV. Several observational and randomized controlled trials
assessed their impact on mortality and the need for IMV (6-
15).

Before reviewing this recent clinical evidence, we will
first review the physiological basis and characteristics of these
different types of non-invasive respiratory support and then
discuss conflicting recommendations in recent international

guidelines (3, 4).
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Physiological aspects of
non-invasive respiratory support

types

The main therapeutic objective in de novo AHRF
sufficient
which will then
of administration of

is to provide oxygenation and to prevent

respiratory exhaustion, require IMV.

Various techniques supplemental
oxygen and/or positive end-expiratory pressure serve this
purpose. Additional inspiratory pressure may or may not

be applied.

CcoT

COT is the most widely used technique to provide
supplemental oxygen. COT is easy to use and delivers a flow
of dry oxygen through a nasal cannula or facial interface to
increase the inspired fraction of oxygen (FiO;). Indeed, the
actual FiO; depends on the flow of oxygen, the interface (nasal
cannula, facemask, non-rebreathing facemask, or Venturi), and
the inspiratory flow of the patient. In patients with de novo
AHRE the peak inspiratory flow is high with reported means of
30-40 L/min and up to 120 L/min (16), which greatly exceeds
the flow delivered by most COT devices (up to 4 L/min with
a nasal cannula, up to 8L with a facial mask, and up to 10—
15 L/min with a non-rebreathing mask). Consequently, FiO,
delivered by COT is imprecise, often overestimated (2), and
cannot exceed 70% (17). Higher flows are not used with COT
due to poor tolerance in the absence of humidification or air
warming. Moreover, COT only increases the FiO; but does
not improve the recruitment or ventilation/perfusion ratio nor
reduce the work of breathing.

HFNO

HFNO can deliver warm and humidified air with a flow
of up to 70 L/min (18). The delivery of high flow allows a
fraction of inspired oxygen (FiO3) up to 100%, a washout effect
of the upper airway, diminishing the dead space ventilation,
and a positive expiratory effect pressure (PEEP) from 2 to 5
cmH,O depending mainly on the intensity of the flow, the
tightness of the nasal cannula seal, and the patient’s degree
of mouth opening (19). The inflow of warm and humidified
air improves device tolerance and may help muco-ciliary
clearance (2). In AHRF, HFNO may reduce the work of
breathing through various mechanisms including the inflow
of warm and humidified air, the washout effect, and the
effect on lung volume and compliance through the PEEP
effect (20).
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NIV

In the published literature, the terminology of NIV often
encompasses both continuous positive airway pressure (CPAP)
and bi-level positive airway pressure (BiPAP) (1). We use the
same terminology in the present review, even though CPAP
does not have an effect on ventilation per se and some authors
suggest that the use of the term NIV should be restricted to
BiPAP (21). In addition, CPAP and BiPAP have distinct clinical
indications (1).

CPAP consists of the administration of continuous airway
pressure independent of the phase of the respiratory cycle. This
pressure will thus also be applied at the end of expirium and be
equivalent to the positive end-expiratory pressure (PEEP). The
use of CPAP reduces the right ventricle preload and decreases
the left ventricle afterload. CPAP increases the functional
residual capacity improving alveolar recruitment, decreasing
atelectasis, and preventing cyclic premature closure and opening
of the alveoli; it lowers the inspiratory threshold in patients with
an auto-PEEP, stabilizes the upper airways, especially, during
sleep, and increases the pulmonary compliance through the
increase in end-expiratory volume in selected patients, such as
patients with obesity (22).

In contrast, BiPAP consists of the application of two
different airway pressures: one pressure during the expiration
(equivalent to the PEEP) and a supplementary pressure during
the inspiration commonly referred to as pressure support (PS).
The PEEP added to the PS is called the inspiratory positive
airway pressure (IPAP), which is the total pressure delivered
during the inspiration (21). BiPAP has the same physiological
effect as CPAP through its PEEP setting. In addition, the PS
helps to relieve the inspiratory muscles and increases alveolar
ventilation (22). BiPAP is recommended as the first choice
therapy in hypercapnic respiratory failure (1). In de novo
AHRE, CPAP mainly helps oxygenation through the recruitment
of closed alveoli and the prevention of atelectasis (23). The
addition of a PS can reduce the work of breathing if sufficient
pressure is added (24) and diminish the inspiratory effort of
the patient (25). However, there are potential harms associated
with using BiPAP in de novo AHRF. The main concern is a
disproportionate increase of pulmonary pressures and volumes
leading to overdistension and cyclic closure and opening of non-
ventilated alveoli. This may result in volumetric and barometric
lung injury (26). Indeed, patients with de novo AHRF can
present a high ventilatory drive with high inspiratory volumes
that could be worsened with PS (24, 27). These patients with a
high tidal volume (VT) before the introduction of NIV or during
NIV have a higher risk of NIV failure and progression to IMV
(27). A balance between the need to decrease the respiratory
workload and the risk of self-inflicted lung injury must be
considered (28).
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Clinical evidence before the
COVID-19 pandemic comparing
HFNO to COT in AHRF

A systematic review published in 2020 compiled evidence
on HFNO in AHRF before the COVID pandemic (29).
This network meta-analysis included 25 trials and 3,804
participants and compared various non-invasive respiratory
support strategies. Compared to COT, HFNO was associated
with a significant reduction of the need for intubation [risk
ratio (RR) 0.76; 95% confidence interval (CI) 0.55-0.99] and
a non-significant reduction of 30-day mortality (RR 0.87; 95%
CI 0.62-1.15). Similarly, Rochwerg et al. (30) identified nine
studies (2,093 patients) comparing HFNO to COT in AHRF
of any cause with similar estimates: a significant reduction in
the need for intubation (RR of 0.85; 95% CI 0.74-0.99) but
no statistically significant reduction in 30-day mortality (RR
0.94; 95% CI 0.67-1.31). The effects of HFNO on key clinical
outcomes are summarized in Table 1.

The main RCTs comparing HFNO and COT, including more
than 50 patients, and reporting clinically relevant outcomes
are detailed in Supplementary Table S1 (31-38). Studies were
performed in different settings including ICU (31, 32, 39,
40), emergency unit (35, 36, 38, 41), and acute care ward
(37). While pneumonia was the main cause of AHRE, some
trials also included patients with cardiogenic edema (34-
36), COPD exacerbations (34, 36), and asthma exacerbations
(42, 43). Furthermore, three trials focused on patients with
immunosuppression from various etiologies (32, 33, 37).

Based on this initial body of evidence, the European
Respiratory Society and the European Society of Intensive
Care Medicine recommended HFNO over COT in AHRF
(2, 3). The American College of Physicians (ACP) recently
published a similar guideline (4). While pooling data very
similar to the ERS guidelines (3), they concluded that the
overall effect of HENO over COT in AHRF remained uncertain
(4). International guidelines regarding HFNO in AHRF are
summarized in Table 2. These different interpretations appear
to be mainly driven by the use of different methods for the
pooled estimates. The ACP guidelines used a Peto odds ratio and
Hartung-Knapp-Sidik-Jonkman random effects model, which
probably led to an exaggerated weight of two negative studies
of a smaller sample size (35, 44). These two studies account
for <1% of the events (3/418) but for 14.4% of the weight
of the pooled estimate in the ACP guidelines. Moreover, these
two studies differed in their designs; Spoeletini et al. evaluated
HENO during breaks of NIV among patients with hypercapnic
respiratory failure, whereas Makdee et al. included patients
with acute pulmonary edema, and the study was prognostically
imbalanced with patients allocated to COT being more likely
to benefit from NIV. For these reasons, the inclusion of these
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TABLE 1 Pooled effect estimates of high-flow nasal oxygen compared to conventional oxygen therapy before the COVID pandemic.

Outcome Pooled estimates Pooled estimates Pooled estimates Lay summary of the evidence
Rochwerg et al. (2) Ferreyro et al. (29) Oczkowski etal. (3)  comparing HFNO to COT

Mortality RR 0.94 (95% CI 0.67-1.31) RR 0.87 (95% CI RR 0.97 (95% CI HFNO may have little or no influence on

0.62-1.15) 0.83-1.13) mortality rate (low certainty)?

Invasive RR 0.85 (95% CI 0.74-0.99) RR 0.76 (95% CI RR 0.89 (95% CI HENO may reduce the risk of invasive

Mechanical 0.55-0.99) 0.77-1.03) mechanical ventilation (low certainty)®

ventilation

Escalation of RR 0.71 (95% CI 0.51-0.98) NA RR0.76 (95% CI HFNO may reduce the rate of therapy

therapy! 0.43-1.34) escalation (low certainty)®

COT, conventional oxygen therapy; CI, confidence interval; HENO, high-flow nasal oxygen; NA, not assessed; RR, risk ratio. ! Escalation of therapy is defined by Rochwerg et al. as an

increase in oxygen support therapy, either to HFNO (if in the control group), NIV or invasive mechanical ventilation and defined by Oczkowski et al. (3) as an escalation toward NIV only.

2Low certainty: due to very serious imprecision. *Low certainty due to imprecision and risk of bias by lack of blinding and lack of predetermined IMV criteria in some studies.

TABLE 2 International recommendations regarding HFNO in acute hypoxemic respiratory failure.

Society (year)

Recommendation

European Society of intensive Care Medicine (ESICM)
2020 (2)
European Respiratory society (ERS) 2022 (3)

We recommend using HFNO compared to COT for patients with hypoxemic respiratory failure (strong
recommendation, moderate certainty evidence).

The ERS task force suggests HFNO over COT in patients with acute hypoxemic respiratory failure

(conditional recommendation, moderate certainty of evidence).

American College of Physicians 2021 (4)

Benefits of HFNO compared to COT in acute respiratory failure are not clear.

HENO, high-flow nasal oxygen; COT, conventional oxygen therapy.

two studies in the meta-analysis and their overweighting appear
debatable, hence the different conclusions of the ACP guideline.

Opverall, the evidence published before COVID-19 relies on
several open-label RCTs, detailed in Supplementary Table S1,
and supports the use of HFNO in AHRF to reduce intubation,
yet with an uncertain impact on mortality (31-38). Certainty
of the available evidence is limited by the imprecision in
effect estimates (2, 3, 45) and the risk of bias of included
studies, in particular, the absence of blinding due to the nature
of the intervention. Moreover, the included populations are
heterogeneous in terms of settings and patient characteristics
(AHREF etiology, immunosuppression, the inclusion of COPD or
cardiac failure, etc.). It remains therefore unclear if the HFNO
benefit applies to the majority of included patients or more
specifically to some yet unidentified subgroups.

Clinical evidence before the
COVID-19 pandemic comparing
HFNO to NIV in AHRF

NIV vs. COT in AHRF

As discussed above, HFNO probably allows a reduction
in IMV in AHRF compared to COT. However, NIV is also
frequently used in AHRF and has been reported to reduce
mortality and intubation rate in patients with cardiogenic
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pulmonary edema (46-48). Similarly, BiPAP has been shown
to reduce mortality and the need for IMV in patients with
COPD exacerbation with acute hypercapnic respiratory failure
and is recommended in this context (1, 49, 50). This leads to the
questioning of the place of HFNO vs. NIV in de novo AHRF.

The role of NIV in the management of de novo AHRF
remains controversial (1). The first historical RCT comparing
BiPAP to early IMV reported a lower rate of serious
complications and a shorter duration of stay in the ICU when
using BiPAP (51). This study included mainly de novo AHRF but
some patients with acute pulmonary edema were included (51).
Subsequent RCTs comparing NIV to COT in de novo AHRF
patients have shown inconsistent results varying from benefit to
harm (31, 52-56). Most RCTs reporting positive results included
a significant percentage of patients with either acute pulmonary
edema or COPD exacerbation (52, 53). After the exclusion of
patients with pulmonary edema or COPD exacerbation, a meta-
analysis of the 2017 official ERS/ATS clinical practice guidelines
on NIV concluded that NIV may reduce IMV (RR 0.75, 95%
CI 0.63-0.89) in patients with de novo AHRF. The effect on
mortality was unclear (RR 0.83, 95% CI 0.65-1.05) (1).

In 2015, Frat et al. published the three-arm FLORALI
trial, in which 330 patients with de novo AHRF mainly due
to pneumonia were randomized to continuous HFNO, BiPAP
(alternating with HFNO), or COT in a multicenter, open-
label controlled trial. The trial did not show any difference
in IMV rates (primary outcome) across groups. However,
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TABLE 3 Pooled effect estimates of high-flow nasal oxygen compared to non-invasive ventilation before the COVID pandemic.

Outcomes Pooled estimate
Oczkowski et al. (3)
Mortality RR 0.77 (95% CI 0.52-1.14)

Invasive mechanical ventilation RR 0.84 (95% CI 0.61-1.16)

RR 0.44 (95% CI 0.24-0.79)

RR 0.71 (95% CI 0.53-0.95)

Pooled estimate
Baldomero et al. (4)

Lay summary of the evidence
comparing HFNO to NIV

HFNO compared to NIV may reduce all-cause
mortality (low certainty) !.
HFNO compared to NIV may reduce

intubations (low certainty) '.

CI, confidence interval; HENO, high-flow nasal oxygen; NIV, non-invasive ventilation; RR, risk ratio. ' Low certainty due to imprecision and indirectness.

there was a significant difference in favor of HFNO in
90-day mortality when compared to both COT and BiPAP
with an HR of 2.01 (95% CI 1.01-3.99) and 2.50 (95% CI
1.31-4.78) respectively. There was also a lower rate of IMV
in the HFNO group compared to COT and BiPAP in the
subgroups of more severe patients (PaO2/FiO2 < 200) with
an HR of 2.07 (95% CI 1.09-3.94) and 2.57 (95% CI 1.37-
4.84), respectively. Although these secondary results must be
considered exploratory, this was considered a worrisome signal
for the potential harms of NIV in this population. In this
context, the 2017 ERS/ATS guidelines did not recommend the
systematic use of NIV in de novo AHRF in patients without
immunosuppression and recommended restricting its use to
well-selected patients in a secured environment with prompt
access to IMV (1).

For immunosuppressed patients, IMV is associated with a
higher rate of complications. Smaller trials reported statistically
significant results with a lower rate of IMV and mortality
when comparing BiPAP with COT (57, 58). Later trials with
a larger population did not confirm these results (39, 59). A
pooled analysis of RCTs in immunosuppressed patients with
de novo AHRF showed that NIV compared to COT was
associated with a decrease in mortality (RR 0.68, 95% CI 0.53-
0.88), a decrease in the need for IMV (RR 0.71, 95% CI 0.58-
0.87), and a decrease in the rates of nosocomial pneumonia
(RR 0.39, 95% CI 0.20-0.76) (1). In this context, the use of
NIV over COT is recommended for immunosuppressed patients
with a moderate degree of certainty in the 2017 ATS/ERS
guidelines (1).

A network meta-analysis in 2020 reported that the use
of NIV in AHRF was associated with a lower mortality
and intubation rate than the use of COT (29). This was
true for both helmet and facemask NIV (29). The potential
benefits of using a helmet include reduced air leaks and
an increased tolerance, leading to the potential delivery of
a higher level of PEEP (60). However, this meta-analysis
included patients with post-operative conditions and did not
systematically exclude patients with acute pulmonary edema
and COPD. Moreover, immunosuppressed patients and non-
immunosuppressed patients were unfortunately combined in
the analysis (29).
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HFNO vs. NIV in AHRF

Several RCTs compared HFNO with NIV in AHRF (31, 61—
63). RCTs reporting on relevant clinical outcomes and including
more than 50 patients are detailed in Supplementary Table S2.
These trials differed in terms of setting, population, and
interventions. Shebl et al. (62) compared HFNO with BiPAP
in 70 patients with interstitial lung disease. Osman et al. (63)
compared helmet CPAP against HEFNO in 188 patients with
acute cardiogenic pulmonary edema. Doshi et al. (61) compared
HFNO and BiPAP in 204 patients with undifferentiated
respiratory failure in the emergency department including some
patients with hypercapnia.

The recent European guidelines addressed the comparison
between HFNO and NIV in AHRF (3). They identified three
studies reporting on mortality and five on intubation (8, 31, 61,
62). Compared to NIV, HFNO may be associated with a non-
significant mortality reduction (RR 0.77, 95% CI 0.52-1.14) and
reduced intubation rate (RR 0.84, 95% CI 0.61-1.16) (Table 3)
(3). The ACP guidelines included only two RCTs comparing
HFNO to NIV (31, 61) and reported a reduced risk of intubation
(RR 0.71; 95% CI 0.53-0.95) and mortality (RR 0.44; 95%
CI 0.24-0.79) among patients treated with HFNO compared
to NIV.

International recommendations regarding the comparison
between HFNO and NIV in AHRF are summarized in Table 4.
Certainty of the evidence is limited by imprecision (45),
inconsistency, possibly due to variable AHRF etiologies, severity
and settings, and indirectness due to the weight of the FLORALI
trial, which could have suboptimal BiPAP settings (31, 65).
Indeed, the low PEEP (mean 5 cmH,O) and the relatively low
duration of the intervention (8h) as well as the possible lack
of humidification have been pointed out as limitations of this
trial, which could underestimate the magnitude of the effect of
NIV (3).

The published ~ FLORALI IM
immunosuppressed) trial was not included in these guidelines

recently (i.e.,
(3, 4, 66). This multicenter, open-label, randomized trial
assigned 300 immunocompromised adult patients with de novo
AHRE, to HENO or BiPAP alternating with HFNO. Patients
with hypercapnic respiratory failure and cardiogenic pulmonary

frontiersin.org


https://doi.org/10.3389/fmed.2022.1068327
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Genecand et al.

10.3389/fmed.2022.1068327

TABLE 4 Recommendations comparing high-flow nasal oxygen with non-invasive ventilation in acute hypoxemic respiratory failure.

Society

Recommendation

European Respiratory Society (ERS) (3)

certainty of evidence)

American College of Physicians (4)

The ERS task force suggests the use of HFNO over NIV in ARHF. (Conditional recommendation, very low

Compared to NIV, HFNO may reduce intubation, all-cause mortality, and hospital-acquired pneumonia,

and improve patient comfort in initial AHRF management.

Surviving Sepsis Campaign: International Guidelines for

Management of Sepsis and Septic Shock (64)

For adults with sepsis-induced hypoxemic respiratory failure, we suggest the use of HENO over NIV.

Weak recommendation, low quality of evidence

AHRE, acute hypoxemic respiratory failure; HFNO, high-flow nasal oxygen; NIV, non-invasive ventilation.

edema were excluded. The median PEEP, PS, and duration
of BiPAP were 7, 7 cmHO, and 11h, respectively. Despite
higher PEEP and longer duration of BiPAP than the previous
FLORALI trial, there was no effect on the mortality rate at day
28 (36% in the HFNO group and 35% in the BiPAP group,
absolute difference 1.2% [95% CI —9.6—11.9]). None of the
other secondary outcomes differed between groups except better
comfort with HFNO than with NIV [—4mm on the visual
analogic scale (IQR —18-4) vs. 0 mm (—16-17); p = 0.040] and
better oxygenation in the NIV group [PaO,/FiO; 199 (SD 91)
vs. 143 mm Hg (SD 76); p < 0.001] (66).

Based on the pre-COVID evidence, NIV did not seem to
be associated with significant benefits compared to HFNO.
Moreover, HFNO appears easier to provide and less resource-
consuming than NIV. In this context, we think that it is
reasonable to use HFNO over BiPAP in the first intention in
most patients with AHRF (31, 66). Of importance, CPAP was
poorly studied in AHRF before the occurrence of SARS-CoV-2
(55, 56).

Clinical evidence comparing HFNO
to COT and/or NIV in patients with
COVID-19

Several RCTs have been conducted during the COVID-19
pandemic to compare different respiratory support strategies.
These trials are summarized in Table5 and detailed in
Supplementary Table S3 (7-14).

Ospina-Tascon et al. (7) randomized 220 COVID-19
patients with AHRF (PaO/FiO; < 200 mmHg) to receive
HENO or COT. This open-label multicenter trial reported a
reduced need for IMV in the HFNO group compared to COT
(34.3% in the HFNO group vs. 51% in the COT group, HR 0.62;
95% CI 0.39-0.96). Only one patient crossed over from the COT
to the HFNO group. This trial was considered at low risk of
bias except for the open-label design, which the authors tried to
mitigate using pre-defined intubation criteria (67).

Crimi et al. (11) randomized 364 patients with confirmed
SARS-CoV-2 pneumonia with mild AHRF (SpO, < 92% or
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Pa0,/FiO, < 300 and the need for oxygen therapy) to receive
HENO or COT (1:1). The primary outcome was a need for
escalation to advanced respiratory support (IMV, CPAP, and
BiPAP). No statistical difference was observed (RR 0.79; 95% CI
0.59-1.05). This trial included mostly patients with less severe
hypoxemia and was underpowered due to a lower number of
events than expected.

Frat et al. (14) randomized 782 patients with AHRF to
HEFNO vs. COT. The trial was initiated before the COVID-19
pandemic and was redesigned during the COVID-19 pandemic.
A total of 711 patients with AHRF (PaO,/FiO, < 200) due to
COVID-19 were included in the final analysis. No difference
in 28-day mortality was observed [10% with HENO vs. 11%
with COT, absolute difference, —1.2% (95% CI —5.8-3.4)].
A significant reduction of IMV was observed in the HFNO
group [45% with HFNO vs. 53% with COT, absolute difference
—7.7% (95% CI; —14.9 to —0.4%)]. The low crossover rate is
a strength of this trial; however, limited by a lack of power to
show a difference in mortality because of lower-than-anticipated
mortality rates.

Perkins et al. (9) randomized 1,237 patients with confirmed
SARS-CoV-2 infection with AHRF (SpO2 <94% or less despite
receiving 40% FiOj) to receive HFNO, CPAP, or COT in a
pragmatic, open-label, adaptative, and randomized trial. The
incidence of the primary composite outcome (requirement of
IMV or mortality at 30 days) was significantly lower with
CPAP (36.3%) as compared to COT (44.4%) absolute difference
—8% (95% CI —15 to —1%) but was not significantly different
with HFNO when compared to COT [44.3 vs. 45.1%, absolute
difference —1% (95% CI —8 to +6%)]. The difference between
CPAP and COT was mainly driven by the requirement of
IMV. The lack of benefit of HFNO might be explained by
the high number of crossovers with a total of 23.6% of
patients crossing from COT to other respiratory support (8.4%
received CPAP, 7.6% received HFNO and 7.6% received both
CPAP and HFNO), the early termination of the trial and the
pragmatic nature of the trial with the lack of predetermined
criteria to proceed to IMV. Indeed, while the pragmatic design
increases the external validity of the trial, the absence of
predefined intubation criteria may increase the risk of bias,
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TABLE 5 Randomized controlled trials comparing high-flow nasal oxygen, non-invasive ventilation, and conventional oxygen therapy in COVID-19-related acute hypoxemic respiratory failure.

Study

Patient number (AHRF
criteria)

Intervention Control

Results of interest

Methodological evaluation

Ospina-Tascon
2021
Perkins 2021

Crimi 2022

Bouadma 2022

Frat 2022

Nazir 2022

Grieco 2021

Nair 2021

220 (PaO,/FiO, < 200)

1237 (FiO, > 40%)

364 (PaO,/FiO, < 300)

333 with AHRF (O, flow >6

L/min)

711 patients (PaO,/FiO, < 200)

120 (supplemental oxygen)

109 (PaO,/FiO, < 200)

109 (Oxygen requirement)

HENO CcoT

HFNO COT CPAP
HFNO CcoT

HENO COT CPAP
HFNO CcOoT

HFNO CcoT

HENO Helmet BiPAP
HFNO BiPAP

HEFNO significantly decreased the need for IMV (34.3 vs. 51% HR
0.62; 95% CI 0.39-0.96).

Significantly lower composite of IMV rates and mortality at 30
days with CPAP (36.3%) vs. COT (44.4%) absolute difference
—8% (95%CI —15 to —1%). No significant difference between
HFNO and COT (44.3 vs. 45.1%).

Escalation of respiratory support (IMV, CPAP, BiPAP as chosen
by the physician) not statistically different (RR 0.79) (95% CI 0.59
to 1.05)

No difference in 28-day IMV (COT 41.4% vs. CPAP 43% vs.
HENO 43.8%)

No difference in 28-day mortality [10% (36/357) with HFNO and
11% (40/354) with COT, absolute difference, —1.2% (95% CI
—5.8 to 3.4)]. Significant reduction of IMV in the HFNO group
(45% with HENO vs. 53% with COT)

Higher rate of escalation of respiratory support (IMV, CPAP,
NIV) in the group COT (10% in the group HFNO vs. 43.3% in the
group COT)

No difference in days free of respiratory support at 28 days (BiPAP
20 (IQR, 0-25) vs. HFNO 18 (IQR, 0-22)). Secondary outcome:
IMV significantly lower in the BiPAP group than in the HFNO
group (30 vs. 51%; difference, —21% [95% CI, —38 to —3%]).
Intubation rate similar between groups at 48 h (33% NIV vs. 20%
HFNO, RR 0.60, 95% CI 0.31-1.15, p = 0.12). Secondary
outcome: Intubation rate at day 7 significantly lower in the HFNO
(27%) compared to NIV group (46%) (RR 0.59, 95% CI
0.35-0.99).

Low risk of bias (Open label but predetermined IMV criteria),
Limited cross over

High risk of bias (pragmatic design without predetermined IMV
criteria and open-label design). 23.6% crossover rate from COT
group (8.4% received CPAP, 7.6% received HFNO and 7.6%
received both CPAP and HFNO)

High risk of bias (open label design with escalation of respiratory
support including escalation to CPAP and BiPAP as the primary
outcome) Trial underpowered.

Low risk of bias (open-label design but predetermined IMV
criteria). 29.4% were non-adherent to COT with 26.6% of patients
crossed from the COT to HENO group.

Low risk of bias (open-label design but predetermined IMV

criteria).

High risk of bias (open label design with escalation of respiratory
support including escalation to CPAP and BiPAP as the primary
outcome)

Low risk of bias (open-label design but predetermined IMV criteria)

High risk of bias (open-label design and the co-intervention (prone

positioning in HFNO but not in NIV).

AHRE, acute hypoxemic respiratory failure; BiPAP, bi-level positive airway pressure; CI, confidence interval; COT, conventional oxygen therapy; CPAP, continuous airway pressure; FiO,, fraction of inspired oxygen; IMV, invasive mechanical ventilation;

IQR, interquartile range; PaO,, partial pressure of arterial oxygen; HFNO, high-flow nasal oxygen, NIV, non-invasive ventilation.
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especially in the context of the open-label design. Adverse events
occurred more often in the CPAP group than in HFNO and
COT groups (34.2, 20.6, and 13.9%, respectively). Common
adverse events in the CPAP group included the following:
interface/therapy intolerance (5.8%), pain (5.5%), cutaneous
pressure sore (12.1%), claustrophobia (12.1%), oral dryness
(6.6%), and hemodynamic instability (11.3%).

Bouadma etal. (10) randomized 333 patients with confirmed
or highly suspected COVID-19-related AHRF to receive HFNO,
CPAP, or COT. There were no differences in the incidence of
IMV between COT (29.4%), CPAP (31.4%), or HFNO (32.6%).
Important limitations of this trial included a high crossover rate
(26.6% of patients in COT crossed to HFNO) and lack of power
due to a two times lower-than-expected rate of events.

Grieco et al. (8) randomized 109 patients with confirmed
SARS-CoV-2 infection and moderate to severe AHRF
(PaO,/FiOy < 200) to receive either BiPAP with a helmet
interface or HFNO. No significant difference in the number of
days free of respiratory support within 28 days was observed.
Interestingly, the rate of IMV (secondary outcome) was lower
in the helmet group than in the HFNO (30 vs. 51%, p = 0.03).
These findings are exploratory, as the primary outcome did not
reach a significant effect.

Finally, two smaller trials summarized in Table 5 have been
published. One reported a reduction in the rate of escalation
toward mechanical ventilation (IMV or NIV) when HFNO was
compared to COT and the other one did not find a significant
difference in the rate of intubation at 48 h when HFNO was
compared to BiPAP (12, 13).

Arabi et al. (15) randomized 320 patients with AHRF
(PaO,/FiOy < 200) related to COVID-19 to helmet NIV vs.
usual respiratory support (facemask NIV, HFNO, COT, or a
combination of these at the discretion of the physician). There
was no difference in 28-day mortality (27% in the helmet group
and 26.1% in the usual respiratory support group). There was
no significant difference in any of the pre-specified secondary
outcomes. The main strength includes the low crossover rate
in both groups. The main limitations of this trial include the
different controls (COT, HFNO, and Facemask NIV) and the
lack of power (estimated mortality rates of 40%). More than
36.5% of the patients discontinued helmet NIV because of
reported intolerance after a median of 20.5 h of use (IQR 3-48 h).

Overall, the evidence regarding HFNO in AHRF due to
COVID-19 seems concordant with the pre-COVID-19 evidence,
with a possible decrease in the risk of IMV compared
to COT and an uncertain effect on mortality. However,
important differences in inclusion criteria, AHRF severity,
standardization of intubation criteria, and crossovers lead
to some inconsistencies across available trials. Furthermore,
different interventions were compared including COT, HFNO,
CPAP, BiPAP, and the use of different interfaces and ventilator
parameters, with no optimal strategy yet identified.
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Discussion

The COVID-19 pandemic led to an important amount of
new evidence regarding the benefits of HFNO in AHRF with
more than 3,000 patients included in recent RCTs. Most studies
conducted during the COVID-19 period reported positive
results in favor of HFNO compared to COT regarding the
need for IMV with an uncertain effect on mortality. These
recent pieces of evidence are consistent with the pre-COVID
evidence regarding HFNO for AHRF of other etiologies. Various
phenotypic patterns of COVID-19-related AHRF have been
described, some characterized by preserved lung compliance
and others with a more restrictive respiratory pattern (68—
70). Therefore, it may be questioned if the conclusions of
the COVID-19 evidence apply to other forms of AHRF.
However, the observed variability in phenotypes among patients
with COVID-19 probably also occurs in AHRF of other
miscellaneous causes (71). Taken together, these recent RCTs
increase the level of evidence regarding the potential benefit of
HENO in AHRF. However, important heterogeneity was present
in terms of settings, AHRF severity (as assessed by the variability
of the PaO;,/FiO; ratios), standardization of intubation criteria,
and crossovers leading to some inconsistencies across available
trials. In particular, the important rate of crossovers from
COT to HFNO in several pragmatic trials may have led to
underestimating the benefits of HFNO in these trials. Moreover,
the open-label design of available RCTs due to the nature of
the intervention, and the absence of strictly pre-defined IMV
criteria in a significant proportion of these trials constitute a
potential risk of bias and must be acknowledged as an important
limitation of the available evidence.

The evidence regarding the comparison between HFNO and
other non-invasive respiratory support strategies is still more
equivocal. Although pre-COVID pieces of evidence suggested
a possible superiority of HFNO over NIV, largely relying on
the FLORALI trial, RCTs conducted during the COVID-19
pandemic reported inconsistent results; some studies suggesting
a possible superiority of CPAP or BiPAP over HFNO (8, 9),
other no difference (10), or even superiority of HFNO over
BiPAP (13).

As previously discussed, AHRF encompasses a wide
range of phenotypes, etiologies, severity, and contributing
factors. HFNO, CPAP, and BiPAP have different physiological
effects and individual patient characteristics probably mitigate
the clinical effect of the different non-invasive respiratory
supports. Gattinoni et al. (68) conceptually described two
distinct radiological and physiological patterns of COVID-19
pneumonia: Type L pneumonia characterized by ground-glass
densities on Ct-scan, preserved lung compliance, and low
recruitability occurring in the early phase of the disease,
and Type H pneumonia characterized by extensive non-
aerated compartments on imaging, high elastance, and high
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recruitability. Based on this conceptual model, they suggested
that respiratory support strategies should be adapted to these
different patterns. Although this would be an interesting
hypothesis to explore, these different patterns often co-exist
in real-life patients and were therefore not reported in the
available randomized data evaluating HFNO or NIV. Moreover,
the observed clinical heterogeneity was present not only between
RCTs but also within available RCTs, and their subgroup
analyses were not systematically reported in particular regarding
physiological aspects of lung injury and mechanics. In the
recovery trial, no interaction was reported between HFNO effect
and age, gender, ethnicity, time from onset to randomization, or
body mass index, while patients requiring higher FiO, (>60%)
tended to benefit more from HFNO than patients requiring
lower FiO;. In the study by Ospina-Tascon et al., younger
patients (<60 years) and patients with lower IL-6 levels (<100
pg/ml) appeared to benefit more from HFNO than older patients
or patients with higher levels of IL-6, while no interaction was
detected between HENO effect and the severity of hypoxemia.
In a post-hoc analysis of the HENIVOT trial, patients with
low PaCoy (<35 mmHg) or severe hypoxemia (PaO,/FiO; X
dyspnea visual analogical scale <30) tended to benefit from
helmet ventilation (72). Finally, Crimi et al. did not report
any interaction between HFNO effect, time to randomization,
age, co-morbidities, or severity of hypoxemia. In this context
of inconsistent results across secondary analyses, it remains
difficult based on the current evidence to identify a subgroup
of patients likely to benefit specifically from HFNO or other
non-invasive respiratory support, until more studies specifically
designed to explore these subgroup hypotheses are reported.

Delayed intubation is a matter of concern as NIV failure
in AHREF is frequent and associated with increased mortality
(73). A correlation between the duration of respiratory distress
(time with hypoxemia and RR >25/min) and reduced lung
compliance (driving pressure >14 cmH,0) has been reported
(74). However, the optimal timing for intubation remains
uncertain (75). For these reasons, early recognition of patients
failing to respond to non-invasive respiratory support is crucial,
so that the use of HFNO and NIV should, to pour opinion, be
restricted to settings such as intermediate/respiratory care units
or intensive care units, where the response to treatment can
be closely monitored and treatment strategies quickly adapted
(76). The ROX index [(SpO2/FiO;)/respiratory rate] has been
validated as a simple predictor of failure in patients with
AHREF receiving HENO and might be helpful to evaluate patient
response, guiding therapy adaptation and to avoid potential risks
associated with delayed intubation (77, 78). Given its ease of
use, excellent tolerance, and the potential benefits compared to
COT, HFNO could arguably be the first option for patients with
AHRF and may constitute an adequate comparator to evaluate
the benefits of alternative or additional strategies such as CPAP
or BiPAP in future trials.
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Conclusion

The COVID-19 pandemic was associated with an
unprecedented increase in hospital admissions for AHRF
and was an opportunity to enrich the available evidence
regarding non-invasive respiratory support strategies in this
condition. HENO is a type of well-tolerated respiratory support
that is relatively easy to provide and probably reduces the need
for IMV in patients with AHRF compared with COT. This
may contribute to reducing IMV-associated complications and
preserving ICU capacity. Several studies suggested possible
additional benefits of NIV in COVID-19 patients. However,
no optimal supportive respiratory strategy has yet been
defined due to heterogeneity in interfaces, ventilator settings,
AHRF definitions. and results. Given important phenotypic
differences among patients with AHREF the use of non-
invasive respiratory supports should probably be restricted to
monitored units and tailored to patient tolerance and response
to therapy.

Author contributions

LG, TA, and CM designed and wrote the manuscript.
CE and AK revised the work and contributed to critical
appraisal. All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fmed.2022.1068327/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fmed.2022.1068327
https://www.frontiersin.org/articles/10.3389/fmed.2022.1068327/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Genecand et al.

References

1. Rochwerg B, Brochard L, Elliott MW, Hess D, Hill NS, Nava S, et al. Official
ERS/ATS clinical practice guidelines: noninvasive ventilation for acute respiratory
failure. Eur Respir J. (2017) 50:1602426. doi: 10.1183/13993003.02426-2016

2. Rochwerg B, Einav S, Chaudhuri D, Mancebo J, Mauri T, Helviz Y,
et al. The role for high flow nasal cannula as a respiratory support strategy
in adults: a clinical practice guideline. Intens Care Med. (2020) 46:2226-
37. doi: 10.1007/s00134-020-06312-y

3. Oczkowski S, Ergan B, Bos L, Chatwin M, Ferrer M, Gregoretti C,
et al. ERS clinical practice guidelines: high-flow nasal cannula in acute
respiratory failure. Eur Respir J. (2022) 59:1574. doi: 10.1183/13993003.015
74-2021

4. Baldomero AK, Melzer AC, Greer N, Majeski BN, MacDonald R, Linskens
EJ, et al. Effectiveness and harms of high-flow nasal oxygen for acute respiratory
failure: an evidence report for a clinical guideline from the American College of
physicians. Ann Intern Med. (2021) 174:952-66. doi: 10.7326/M20-4675

5. Force AD, Ranieri VM, Rubenfeld GD, Thompson B, Ferguson N, Caldwell
E, et al. Acute respiratory distress syndrome: the Berlin Definition. JAMA. (2012)
307:2526-33. doi: 10.1001/jama.2012.5669

6. Weerakkody S, Arina P, Glenister J, Cottrell S, Boscaini-Gilroy G, Singer
M, et al. Non-invasive respiratory support in the management of acute
COVID-19 pneumonia: considerations for clinical practice and priorities for
research. Lancet Respir Med. (2022) 10:199-213. doi: 10.1016/52213-2600(21)0
0414-8

7. Ospina-Tascon GA, Calderén-Tapia LE, Garcia AF, Zarama V, Gomez-Alvarez
E Alvarez-Saa T, et al. Effect of high-flow oxygen therapy vs. conventional
oxygen therapy on invasive mechanical ventilation and clinical recovery in patients
with severe COVID-19: a randomized clinical trial. JAMA. (2021) 326:2161—
71. doi: 10.1001/jama.2022.1157

8. Grieco DL, Menga LS, Cesarano M, Rosa T, Spadaro S, Bitondo
MM, et al. Effect of helmet noninvasive ventilation vs. high-flow nasal
oxygen on days free of respiratory support in patients with COVID-
19 and moderate to severe hypoxemic respiratory failure: the HENIVOT
randomized clinical trial. JAMA. (2021) 325:1731-43. doi: 10.1001/jama.
2021.4682

9. Perkins GD, Ji C, Connolly BA, Couper K, Lall R, Baillie JK, et al. Effect
of noninvasive respiratory strategies on intubation or mortality among patients
with acute hypoxemic respiratory failure and COVID-19: the RECOVERY-
RS randomized clinical trial. JAMA. (2022) 327:546-58. doi: 10.1001/jama.
2022.5279

10. Bouadma L, Mekontso-Dessap A, Burdet C, Merdji H, Poissy ], Dupuis
C, et al. High-dose dexamethasone and oxygen support strategies in intensive
care unit patients with severe COVID-19 acute hypoxemic respiratory failure:
the COVIDICUS randomized clinical trial. JAMA Intern Med. (2022) 182:906—
16. doi: 10.1001/jamainternmed.2022.2168

11. Crimi C, Noto A, Madotto F, Ippolito M, Nolasco S, Campisi R, et al. High-
flow nasal oxygen vs. conventional oxygen therapy in patients with COVID-19
pneumonia and mild hypoxaemia: a randomised controlled trial. Thorax. (2022)
129:90127. doi: 10.1136/thoraxjnl-2022-218806

12. Nazir N, Saxena A. The effectiveness of high-flow nasal cannula and
standard non-rebreathing mask for oxygen therapy in moderate category COVID-
19 pneumonia: randomised controlled trial. Afr J Thorac Crit Care Med. (2022)
28:206. doi: 10.21203/rs.3.rs-659154/v1

13. Nair PR, Haritha D, Behera S, Kayina CA, Maitra S, Anand RK, et al.
Comparison of high-flow nasal cannula and noninvasive ventilation in acute
hypoxemic respiratory failure due to severe COVID-19 pneumonia. Respir Care.
(2021) 66:1824-30. doi: 10.4187/respcare.09130

14. Frat JP, Quenot JP, Badie ], Coudroy R, Guitton C, Ehrmann
S, et al. Effect of high-flow nasal cannula oxygen vs. standard oxygen
therapy on mortality in patients with respiratory failure due to
COVID-19: the SOHO-COVID randomized clinical trial. JAMA. (2022)
328:1212-22. doi: 10.1001/jama.2022.15613

15. Arabi YM, Aldekhyl S, Al Qahtani S, Al-Dorzi HM, Abdukahil
SA, Al Harbi MK, et al. Effect of helmet noninvasive ventilation vs.
usual respiratory support on mortality among patients with acute
hypoxemic respiratory failure due to COVID-19: the HELMET-COVID
randomized clinical trial. JAMA. (2022) 328:1063-72. doi: 10.1001/jama.2022.
15599

16. Katz JA, Marks JD. Inspiratory work with and without continuous positive
airway pressure in patients with acute respiratory failure. Anesthesiology. (1985)
63:598-607. doi: 10.1097/00000542-198512000-00008

Frontiersin Medicine

10

10.3389/fmed.2022.1068327

17. Sim MA, Dean P, Kinsella J, Black R, Carter R, Hughes M. Performance
of oxygen delivery devices when the breathing pattern of respiratory failure is
simulated. Anaesthesia. (2008) 63:938-40. doi: 10.1111/j.1365-2044.2008.05536.x

18. Frat JP, Coudroy R, Marjanovic N, Thille AW. High—ﬂnw nasal oxygen
therapy and noninvasive ventilation in the management of acute hypoxemic
respiratory failure. Ann Transl Med. (2017) 5:297. doi: 10.21037/atm.2017.06.52

19. Parke RL, Eccleston ML, McGuinness SP. The effects of flow on airway
pressure during nasal high-flow oxygen therapy. Respir Care. (2011) 56:1151-
5. doi: 10.4187/respcare.01106

20. Mauri T, Turrini C, Eronia N, Grasselli G, Volta CA, Bellani
G, et al. Physiologic effects of high-flow nasal cannula in acute
hypoxemic respiratory failure. Am ] Respir Crit Care Med. (2017)

195:1207-15. doi: 10.1164/rccm.201605-09160C

21. Janssens JP, Michel F, Schwarz EL, Prella M, Bloch K, Adler D, et al. Long-term
mechanical ventilation: recommendations of the swiss society of pulmonology.
Respiration. (2020) 10:1-36. doi: 10.1159/000510086

22. Maclntyre NR. Physiologic effects of noninvasive ventilation. Respir Care.
(2019) 64:617-28. doi: 10.4187/respcare.06635

23. Kallet RH, Diaz JV. The physiologic effects of noninvasive ventilation. Respir
Care. (2009) 54:102-15.

24. CHer E, Deye N, Lellouche E Taille S, Demoule A, Fraticelli A, et al.
Physiologic effects of noninvasive ventilation during acute lung injury. Am J Respir
Crit Care Med. (2005) 172:1112-8. doi: 10.1164/rccm.200402-2260C

25. Tonelli R, Fantini R, Tabbi L, Castaniere I, Pisani L, Pellegrino MR,
et al. Early inspiratory effort assessment by esophageal manometry predicts
noninvasive ventilation outcome in de novo respiratory failure. A pilot study.
Am ] Respir Crit Care Med. (2020) 202:558-67. doi: 10.1164/rccm.201912-2
5120C

26. Radermacher P, Maggiore SM, Mercat A. Fifty years of research in ARDS. Gas
exchange in acute respiratory distress syndrome. Am J Respir Crit Care Med. (2017)
196:964-84. doi: 10.1164/rccm.201610-2156SO

27. Carteaux G, Millin-Guilarte T, De Prost N, Razazi K, Abid S, Thille
AW, et al. Failure of noninvasive ventilation for de novo acute hypoxemic
respiratory failure: role of tidal volume. Crit Care Med. (2016) 44:282-
90. doi: 10.1097/CCM.0000000000001379

28. Kharat A, Ribeiro C, Er B, Fisser C, Lopez-Padilla D, Chatzivasiloglou F,
et al. ERS international congress 2021: highlights from the respiratory intensive
care assembly. ERJ Open Res. (2022) 8:16. doi: 10.1183/23120541.00016-2022

29. Ferreyro BL, Angriman Munshi L, Del Sorbo L, Ferguson ND, Rochwerg
B, et al. Association of noninvasive oxygenation strategies with all-cause mortality
in adults with acute hypoxemic respiratory failure: a systematic review and meta-
analysis. JAMA. (2020) 324:57-67. doi: 10.1001/jama.2020.9524

30. Rochwerg B, Granton D, Wang DX, Helviz Y, Einav S, Frat JP, et al. High flow
nasal cannula compared with conventional oxygen therapy for acute hypoxemic
respiratory failure: a systematic review and meta-analysis. Intens Care Med. (2019)
45:563-72. doi: 10.1007/s00134-019-05590-5

31. Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, et al. High-flow
oxygen through nasal cannula in acute hypoxemic respiratory failure. N Engl ] Med.
(2015) 372:2185-96. doi: 10.1056/NEJMoal503326

32. Azoulay E, Lemiale V, Mokart D, Nseir S, Argaud L, Péne
E et al. Effect of High-flow nasal oxygen vs. standard oxygen
on 28-day mortality in immunocompromised patients with acute
respiratory failure: the HIGH randomized clinical trial. JAMA. (2018)

320:2099-107. doi: 10.1001/jama.2018.14282

33. Lemiale V, Mokart D, Mayaux J, Lambert ], Rabbat A, Demoule A,
et al. The effects of a 2-h trial of high-flow oxygen by nasal cannula vs.
venturi mask in immunocompromised patients with hypoxemic acute
respiratory failure: a multicenter randomized trial. Crit Care. (2015)
19:380. doi: 10.1186/s13054-015-1097-0

34. Jones PG, Kamona S, Doran O, Sawtell F, Wilsher M. Randomized controlled
trial of humidified high-flow nasal oxygen for acute respiratory distress in
the emergency department: the HOT-ER study. Respir Care. (2016) 61:291-
9. doi: 10.4187/respcare.04252

35. Makdee O, Monsomboon A, Surabenjawong U, Praphruetkit N,
Chaisirin W, Chakorn T, et al. High-flow nasal cannula vs. conventional
oxygen therapy in emergency department patients with cardiogenic
pulmonary edema: a randomized controlled trial. Ann Emerg Med. (2017)
70:465-72.€2. doi: 10.1016/j.annemergmed.2017.03.028

frontiersin.org


https://doi.org/10.3389/fmed.2022.1068327
https://doi.org/10.1183/13993003.02426-2016
https://doi.org/10.1007/s00134-020-06312-y
https://doi.org/10.1183/13993003.01574-2021
https://doi.org/10.7326/M20-4675
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1016/S2213-2600(21)00414-8
https://doi.org/10.1001/jama.2022.1157
https://doi.org/10.1001/jama.2021.4682
https://doi.org/10.1001/jama.2022.5279
https://doi.org/10.1001/jamainternmed.2022.2168
https://doi.org/10.1136/thoraxjnl-2022-218806
https://doi.org/10.21203/rs.3.rs-659154/v1
https://doi.org/10.4187/respcare.09130
https://doi.org/10.1001/jama.2022.15613
https://doi.org/10.1001/jama.2022.15599
https://doi.org/10.1097/00000542-198512000-00008
https://doi.org/10.1111/j.1365-2044.2008.05536.x
https://doi.org/10.21037/atm.2017.06.52
https://doi.org/10.4187/respcare.01106
https://doi.org/10.1164/rccm.201605-0916OC
https://doi.org/10.1159/000510086
https://doi.org/10.4187/respcare.06635
https://doi.org/10.1164/rccm.200402-226OC
https://doi.org/10.1164/rccm.201912-2512OC
https://doi.org/10.1164/rccm.201610-2156SO
https://doi.org/10.1097/CCM.0000000000001379
https://doi.org/10.1183/23120541.00016-2022
https://doi.org/10.1001/jama.2020.9524
https://doi.org/10.1007/s00134-019-05590-5
https://doi.org/10.1056/NEJMoa1503326
https://doi.org/10.1001/jama.2018.14282
https://doi.org/10.1186/s13054-015-1097-0
https://doi.org/10.4187/respcare.04252
https://doi.org/10.1016/j.annemergmed.2017.03.028
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Genecand et al.

36. Bell N, Hutchinson CL, Green TC, Rogan E, Bein KJ, Dinh MM.
Randomised control trial of humidified high flow nasal cannulae vs. standard
oxygen in the emergency department. Emerg Med Aust. (2015) 27:537-
41. doi: 10.1111/1742-6723.12490

37. Mendil NO, Temel S, Yiiksel RC, Giindogan K, Eser B, Kaynar L, et al.
The use of high-flow nasal oxygen vs. standard oxygen therapy in hematological
malignancy patients with acute respiratory failure in hematology wards. Turk ] Med
Sci. (2021) 51:1756-63. doi: 10.3906/sag-2007-228

38. Ko DR, Beom J, Lee HS, You JS, Chung HS, Chung SP. Benefits of high-flow
nasal cannula therapy for acute pulmonary edema in patients with heart failure in
the emergency department: a prospective multi-center randomized controlled trial.
J Clin Med. (2020) 9:9061937. doi: 10.3390/jcm9061937

39. Lemiale V, Mokart D, Resche-Rigon M, Péne F, Mayaux ], Faucher
E, et al. Effect of noninvasive ventilation vs. oxygen therapy on mortality
among immunocompromised patients with acute respiratory failure: a
randomized clinical trial. JAMA. (2015) 314:1711-9. doi: 10.1001/jama.2015.
12402

40. Schwabbauer N, Berg B, Blumenstock G, Haap M, Hetzel J, Riessen R.
Nasal high-flow oxygen therapy in patients with hypoxic respiratory failure: effect
on functional and subjective respiratory parameters compared to conventional
oxygen therapy and non-invasive ventilation (NIV). BMC Anesthesiol. (2014)
14:66. doi: 10.1186/1471-2253-14-66

41. Rittayamai N, Tscheikuna J, Praphruetkit N, Kijpinyochai S. Use of high-
flow nasal cannula for acute dyspnea and hypoxemia in the emergency department.
Respir Care. (2015) 60:1377-82. doi: 10.4187/respcare.03837

42. Raeisi S, Fakharian A, Ghorbani F, Jamaati HR, Mirenayat MS. Value
and safety of high flow oxygenation in the treatment of inpatient asthma: a
randomized, double-blind, pilot study. Iran ] Allergy Asthma Immunol. (2019)
18:615-23. doi: 10.18502/ijaai.v18i6.2174

43. Geng W, Batu W, You S, Tong Z, He H. High-flow nasal cannula: a promising
oxygen therapy for patients with severe bronchial asthma complicated with
respiratory failure. Can Respir J. (2020) 2020:2301712. doi: 10.1155/2020/2301712

44. Spoletini G, Mega C, Pisani L, Alotaibi M, Khoja A, Price LL, et al. High-flow
nasal therapy vs. standard oxygen during breaks off noninvasive ventilation for
acute respiratory failure: A pilot randomized controlled trial. J Crit Care. (2018)
48:418-25. doi: 10.1016/j.jcrc.2018.10.004

45. Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello P,
Rind D, et al. GRADE guidelines 6. Rating the quality of evidence:
imprecision. J Clin Epidemiol. (2011) 64:1283-93. doi: 10.1016/j.jclinepi.2011.
01.012

46. Gray A, Goodacre S, Newby DE, Masson M, Sampson F Nicholl J.
Noninvasive ventilation in acute cardiogenic pulmonary edema. N Engl ] Med.
(2008) 359:142-51. doi: 10.1056/NEJMo0a0707992

47. Mehta S, Jay GD, Woolard RH, Hipona RA, Connolly EM, Cimini
DM, et al. Randomized, prospective trial of bilevel vs. continuous positive
airway pressure in acute pulmonary edema. Crit Care Med. (1997) 25:620-
8. doi: 10.1097/00003246-199704000-00011

48. Nava S, Carbone G, DiBattista N, Bellone A, Baiardi P, Cosentini
R, et al. Noninvasive ventilation in cardiogenic pulmonary edema:
a multicenter randomized trial. Am ] Respir Crit Care Med. (2003)
168:1432-7. doi: 10.1164/rccm.200211-12700C

49. Plant PK, Owen JL, Elliott MW. Early use of non-invasive ventilation
for acute exacerbations of chronic obstructive pulmonary disease on general
respiratory wards: a multicentre randomised controlled trial. Lancet. (2000)
355:1931-5. doi: 10.1016/S0140-6736(00)02323-0

50. Brochard L, Mancebo ], Wysocki M, Lofaso F, Conti G, Rauss A, et al.
Noninvasive ventilation for acute exacerbations of chronic obstructive pulmonary
disease. N Engl ] Med. (1995) 333:817-22. doi: 10.1056/NEJM199509283331301

51. Antonelli M, Conti G, Rocco M, Bufi M, De Blasi RA, Vivino G, et al.
A comparison of noninvasive positive-pressure ventilation and conventional
mechanical ventilation in patients with acute respiratory failure. N Engl ] Med.
(1998) 339:429-35. doi: 10.1056/NEJM199808133390703

52. Confalonieri M, Potena A, Carbone G, Porta RD, Tolley EA, Umberto Meduri
G, et al. Acute respiratory failure in patients with severe community-acquired
pneumonia. A prospective randomized evaluation of noninvasive ventilation. Am
] Respir Crit Care Med. (1999) 160:1585-91. doi: 10.1164/ajrccm.160.5.9903015

53. Ferrer M, Esquinas A, Leon M, Gonzalez G, Alarcon A, Torres
A. Noninvasive ventilation in severe hypoxemic respiratory failure:
a randomized clinical trial. Am ] Respir Crit Care Med. (2003)
168:1438-44. doi: 10.1164/rccm.200301-0720C

54. He H, Sun B, Liang L, Li Y, Wang H, Wei L, et al. A multicenter RCT
of noninvasive ventilation in pneumonia-induced early mild acute respiratory
distress syndrome. Crit Care. (2019) 23:300. doi: 10.1186/s13054-019-2575-6

Frontiersin Medicine

11

10.3389/fmed.2022.1068327

55. Brambilla AM, Aliberti S, Prina E, Nicoli E Forno MD, Nava S, et al.
Helmet CPAP vs. oxygen therapy in severe hypoxemic respiratory failure due to
pneumonia. Intens Care Med. (2014) 40:942-9. doi: 10.1007/s00134-014-3325-5

56. Delclaux C, UHer E, Alberti C, Mancebo J, AbrougF, Conti G, et al. Treatment
of acute hypoxemic nonhypercapnic respiratory insufficiency with continuous
positive airway pressure delivered by a face mask: a randomized controlled trial.
JAMA. (2000) 284:2352-60. doi: 10.1001/jama.284.18.2352

57. Antonelli M, Conti G, Bufi M, Costa MG, Lappa A, Rocco M, et al.
Noninvasive ventilation for treatment of acute respiratory failure in patients
undergoing solid organ transplantation: a randomized trial. JAMA. (2000)
283:235-41. doi: 10.1001/jama.283.2.235

58. Hilbert G, Gruson D, Vargas F, Valentino R, Gbikpi-Benissan G, Dupon
M, et al. Noninvasive ventilation in immunosuppressed patients with pulmonary
infiltrates, fever, and acute respiratory failure. N Engl ] Med. (2001) 344:481-
7. doi: 10.1056/NEJM200102153440703

59. Wermke M, Schiemanck S, Hoftken G, Ehninger G, Bornhauser
M, Illmer T. Respiratory failure in patients undergoing allogeneic
hematopoietic SCT: a randomized trial on early non-invasive ventilation
based on standard care hematology wards. Bone Marrow Transp. (2012)
47:574-80. doi: 10.1038/bmt.2011.160

60. Esquinas Rodriguez AM, Papadakos PJ, Carron M, Cosentini R, Chiumello
D. Clinical review: helmet and non-invasive mechanical ventilation in critically ill
patients. Crit Care. (2013) 17:223. doi: 10.1186/cc11875

61. Doshi P, Whittle JS, Bublewicz M, Kearney J, Ashe T, Graham
R, et al. High-velocity nasal insufflation in the treatment of respiratory
failure: a randomized clinical trial. Ann Emerg Med. (2018) 72(1):73-
83.e5. doi: 10.1016/j.annemergmed.2017.12.006

62. Shebl EES. High-flow nasal oxygen therapy vs. noninvasive ventilation in
chronic interstitial lung disease patients with acute respiratory failure. Egy J Chest
Dis Tubercul. (2018) 67:270-5. doi: 10.4103/ejcdt.ejcdt_33_18

63. Osman A, Via G, Sallehuddin RM, Ahmad AH, Fei SK, Azil A, et al. Helmet
continuous positive airway pressure vs. high flow nasal cannula oxygen in acute
cardiogenic pulmonary oedema: a randomized controlled trial. Eur Heart ] Acute
Cardiovasc Care. (2021) 10:1103-11. doi: 10.1093/ehjacc/zuab078

64. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM,
French C, et al. Surviving sepsis campaign: international guidelines for
management of sepsis and septic shock 2021. Crit Care Med. (2021) 49:e1063-
143. doi: 10.1097/CCM.0000000000005337

65. Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek ], Helfand M,
et al. GRADE guidelines: 7. Rating the quality of evidence—inconsistency. J Clin
Epidemiol. (2011) 64:1294-302. doi: 10.1016/j.jclinepi.2011.03.017

66. Coudroy R, Frat JP, Ehrmann S, Péne E Decavele M, Terzi N,
et al. High-flow nasal oxygen alone or alternating with non-invasive
ventilation in critically ill immunocompromised patients with acute
respiratory failure: a randomised controlled trial. Lancet Respir Med. (2022)
10:641-9. doi: 10.1016/52213-2600(22)00096-0

67. Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P, et al.
GRADE guidelines: 4. Rating the quality of evidence—study limitations (risk of
bias). J Clin Epidemiol. (2011) 64:407-15. doi: 10.1016/j.jclinepi.2010.07.017

68. Gattinoni L, Chiumello D, Caironi P, Busana M, Romitti F, Brazzi L, et al.
COVID-19 pneumonia: different respiratory treatments for different phenotypes?
Intens Care Med. (2020) 46:1099-102. doi: 10.1007/s00134-020-06033-2

69. Gattinoni L, Chiumello D, Rossi S. COVID-19 pneumonia: ARDS or not?
Crit Care. (2020) 24:154. doi: 10.1186/s13054-020-02880-z

70. Gattinoni L, Coppola S, Cressoni M, Busana M, Rossi S, Chiumello D, et al.
COVID-19 does not lead to a “typical” acute respiratory distress syndrome. Am J
Respir Crit Care Med. (2020) 201:1299-300. doi: 10.1164/rccm.202003-0817LE

71. Haudebourg AF, Perier E, Tuffet S, De Prost N, Razazi K, Mekontso Dessap
A, et al. Respiratory mechanics of COVID-19—vs. non-COVID-19-associated
acute respiratory distress syndrome. Am J Respir Crit Care Med. (2020) 202:287-
90. doi: 10.1164/rccm.202004-1226LE

72. Grieco DL, Menga LS, Cesarano M, Spadaro S, Bitondo MM, Berardi
C, et al. Phenotypes of patients with COVID-19 who have a positive clinical
response to helmet noninvasive ventilation. Am J Respir Crit Care Med. (2022)
205:360-4. doi: 10.1164/rccm.202105-1212LE

73. Shu W, Guo S, Yang E, Liu B, Zhang Z, Liu X, et al. Association between
ARDS etiology and risk of noninvasive ventilation failure. Ann Am Thorac Soc.
(2022) 19:255-63. doi: 10.1513/AnnalsATS.202102-1610C

74. Tsolaki VS, Zakynthinos GE, Mantzarlis KD, Deskata KV, Papadonta ME,
Gerovasileiou ES, et al. Driving pressure in COVID-19 acute respiratory distress
syndrome is associated with respiratory distress duration before intubation. Am J
Respir Crit Care Med. (2021) 204:478-81. doi: 10.1164/rccm.202101-0234LE

frontiersin.org


https://doi.org/10.3389/fmed.2022.1068327
https://doi.org/10.1111/1742-6723.12490
https://doi.org/10.3906/sag-2007-228
https://doi.org/10.3390/jcm9061937
https://doi.org/10.1001/jama.2015.12402
https://doi.org/10.1186/1471-2253-14-66
https://doi.org/10.4187/respcare.03837
https://doi.org/10.18502/ijaai.v18i6.2174
https://doi.org/10.1155/2020/2301712
https://doi.org/10.1016/j.jcrc.2018.10.004
https://doi.org/10.1016/j.jclinepi.2011.01.012
https://doi.org/10.1056/NEJMoa0707992
https://doi.org/10.1097/00003246-199704000-00011
https://doi.org/10.1164/rccm.200211-1270OC
https://doi.org/10.1016/S0140-6736(00)02323-0
https://doi.org/10.1056/NEJM199509283331301
https://doi.org/10.1056/NEJM199808133390703
https://doi.org/10.1164/ajrccm.160.5.9903015
https://doi.org/10.1164/rccm.200301-072OC
https://doi.org/10.1186/s13054-019-2575-6
https://doi.org/10.1007/s00134-014-3325-5
https://doi.org/10.1001/jama.284.18.2352
https://doi.org/10.1001/jama.283.2.235
https://doi.org/10.1056/NEJM200102153440703
https://doi.org/10.1038/bmt.2011.160
https://doi.org/10.1186/cc11875
https://doi.org/10.1016/j.annemergmed.2017.12.006
https://doi.org/10.4103/ejcdt.ejcdt_33_18
https://doi.org/10.1093/ehjacc/zuab078
https://doi.org/10.1097/CCM.0000000000005337
https://doi.org/10.1016/j.jclinepi.2011.03.017
https://doi.org/10.1016/S2213-2600(22)00096-0
https://doi.org/10.1016/j.jclinepi.2010.07.017
https://doi.org/10.1007/s00134-020-06033-2
https://doi.org/10.1186/s13054-020-02880-z
https://doi.org/10.1164/rccm.202003-0817LE
https://doi.org/10.1164/rccm.202004-1226LE
https://doi.org/10.1164/rccm.202105-1212LE
https://doi.org/10.1513/AnnalsATS.202102-161OC
https://doi.org/10.1164/rccm.202101-0234LE
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Genecand et al.

75. Papoutsi E, Giannakoulis VG, Xourgia E, Routsi C, Kotanidou A, Siempos
II. Effect of timing of intubation on clinical outcomes of critically ill patients
with COVID-19: a systematic review and meta-analysis of non-randomized cohort
studies. Crit Care. (2021) 25:121. doi: 10.1186/s13054-021-03540-6

76. Grosgurin O, Leidi A, Farhoumand PD, Carballo S, Adler D, Reny JL, et al.
Role of intermediate care unit admission and noninvasive respiratory support
during the COVID-19 pandemic: a retrospective cohort study. Respiration. (2021)
100:786-93. doi: 10.1159/000516329

Frontiersin Medicine

12

10.3389/fmed.2022.1068327

77. Roca O, Caralt B, Messika ], Samper M, Sztrymf B, Hernidndez G,
et al. An index combining respiratory rate and oxygenation to predict outcome
of nasal high-flow therapy. Am ] Respir Crit Care Med. (2019) 199:1368-
76. doi: 10.1164/rccm.201803-05890C

78. Martin ], Gaudet-Blavignac C, Lovis C, Stirnemann J, Grosgurin O,
Leidi A, et al. Comparison of prognostic scores for inpatients with COVID-
19: a retrospective monocentric cohort study. BMJ Open Respir Res. (2022)
9:1340. doi: 10.1136/bmjresp-2022-001340

frontiersin.org


https://doi.org/10.3389/fmed.2022.1068327
https://doi.org/10.1186/s13054-021-03540-6
https://doi.org/10.1159/000516329
https://doi.org/10.1164/rccm.201803-0589OC
https://doi.org/10.1136/bmjresp-2022-001340
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	High-flow nasal oxygen in acute hypoxemic respiratory failure: A narrative review of the evidence before and after the COVID-19 pandemic
	Introduction
	Physiological aspects of non-invasive respiratory support types
	COT
	HFNO
	NIV

	Clinical evidence before the COVID-19 pandemic comparing HFNO to COT in AHRF
	Clinical evidence before the COVID-19 pandemic comparing HFNO to NIV in AHRF
	NIV vs. COT in AHRF
	HFNO vs. NIV in AHRF

	Clinical evidence comparing HFNO to COT and/or NIV in patients with COVID-19
	Discussion
	Conclusion
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


