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Editorial

What is the most adequate non-invasive oxygen support for acute
hypoxaemic respiratory failure due to COVID-19?

During the COVID-19 pandemic, intensive care units have been
overwhelmed with COVID-19 patients having life-threatening
hypoxaemic respiratory failure. This situation underscored the
uncertainty about the initial management of patients with acute
hypoxaemic respiratory failure. The optimal initial oxygen support
for these patients remains controversial and different approaches
have been applied with variable success rates [1–3]. Non-invasive
oxygen supports are applied until patients recover or require being
intubated and mechanically ventilated, most often to relieve
exhaustion due to a prolonged and intense work of breathing. In
the context of COVID-19 pandemic, the objectives of non-invasive
oxygen supports are at the individual level to decrease risk of
nosocomial infections and improve survival by avoiding tracheal
intubation, and, at the collective level, to avoid prolonging ICU stay.
Standard oxygen using face mask, the oldest oxygen device first
described in 1946 [4], remains the most common non-invasive
oxygen support used in ICUs around the world, and also during the
coronavirus disease 2019 (COVID-19) pandemic [1,3]. In this issue
of Anaesthesia Critical Care and Pain Medicine, Fujii et al. present a
narrative review and summarise the literature on the impact of
alternative to standard oxygen, i.e., non-invasive ventilation (NIV)
and high-flow nasal cannula oxygen (HFNC), and suggest ways of
improving their use in this setting [5].

In addition to determine the optimal oxygen support leading to
improved prognosis of patients with COVID-19-induced respira-
tory failure, another question remains regarding the timing of their
initiation. Both NIV and HFNC, to varying degrees, help to unload
respiratory muscle activity by decreasing work of breathing via
reduction of inspiratory effort and respiratory rate, while also
improving oxygenation [6,7]. Thereby, they could mitigate the
potentially deleterious effects of spontaneous breathing, as
recently elucidated in the concept of patient self-inflicted lung
injury (P-SILI); indeed, the efforts generated during spontaneous
breathing could lead to an aggravation of lung injury through
changes in global or regional pressure, even without any
ventilatory support [8]. However, patients having COVID-19-
induced respiratory failure present with a remarkable disconnect
in rest between profound hypoxaemia yet without proportional
signs of respiratory distress, no sensation of dyspnoea or increased
respiratory work, and rapid deterioration can occur. This can be
illustrated by the comparison between patient population having

the two populations, PaO2/FiO2 ratio at enrolment in non-COVID-
19 patients was higher, 150�160 mm Hg, higher respiratory rate
approximating 33 breaths/min, while patients with COVID-19 had
a more severe oxygen impairment, PaO2/FiO2 ratio of 102�105
mmHg, with surprisingly less tachypnoea, and a respiratory rate of
28 breaths/min [9,10]. This particular pattern of acute hypoxaemic
respiratory failure caused by COVID-19 refers to the concept of
‘‘silent’’ or ‘‘happy’’ hypoxaemia [11,12]. Possible pathophysiolo-
gical mechanisms include intrapulmonary shunting due to local
interstitial oedema, resulting in ventilation-perfusion ratio mis-
match and in an alveolar to arterial oxygen gradient, loss of lung
perfusion regulation, with involvement of the renin-angiotensin
system, intravascular microthrombi favoured by local acute
inflammation, and endothelial injury resulting in an imbalance
between procoagulant and fibrinolytic activity; these abnormali-
ties lead to impaired diffusion capacity [12]. Because gas exchange
abnormalities in some patients with COVID-19 occur earlier than
increased mechanical loads and signs of respiratory distress, it is
questionable whether there is a need to improve blood oxygena-
tion with non-invasive oxygen supports, such as NIV or HFNC,
instead of standard oxygen.

For this purpose, Fujii et al. first revisited the efficacy and
impact of non-invasive oxygen supports in acute respiratory
failure, and went to explore their indication in the COVID-19 era.
Indeed, the use of NIV in acute hypoxaemic respiratory failure
delivered either with a continuous positive airway pressure (CPAP)
or combining pressure support ventilation plus positive end-
expiratory pressure (PEEP) is controversial and was not recom-
mended by international experts in patients with acute respiratory
failure not related to COVID-19 [13,14]. However, it has been
frequently used to manage patients with COVID-19-related
respiratory failure in ICUs as well as in the wards put into place
to support overwhelmed ICUs [2]. Whereas NIV has been described
as able to reduce inspiratory effort and work of breathing as
compared to standard oxygen [6], it may be deleterious due to
barotrauma favoured by the high respiratory drive of patients, and
synchronisation with the pressure support, which together may
result in high tidal volumes. A previous study including patients
with acute hypoxaemic respiratory failure reported that tidal
volume exceeding 9 ml/kg of predicted body weight under NIV
was strongly associated with intubation and mortality [15]. As is
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acute hypoxaemic respiratory failure mainly caused by bacterial
pneumonia [9] and with COVID-19- induced respiratory failure
[10]. Despite similar intubation rates, 38 and 34%, respectively in
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the case with invasive ventilation in patients with acute
respiratory distress syndrome, NIV may lead to ventilator-induced
lung injury (VILI) favoured by high tidal volumes and high
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ranspulmonary pressure. This raises the questions of whether NIV
ould be delivered protectively to avoid VILI, and early to improve
xygenation in the management of COVID-19-induced respiratory
ailure. In patients with COVID-19-induced respiratory failure,
elmet NIV delivered with high PEEP, around 12 cm of water has
een shown to reduce intubation rates and increase 28-day

nvasive ventilation-free days as compared to HFNC [10]. However,
his trial did not show any difference in mortality rates between
he two strategies; in fact, the mortality rate was higher in patients
ho failed helmet NIV as compared those who failed HFNC. As

eveloped in this issue of Anaesthesia Critical Care and Pain Medicine

y Fujii et al. [5], there is no strong evidence favouring use of NIV in
OVID-19-induced respiratory failure. Moreover, this last study
nderlined a need to think about different settings of NIV [9], with
igher levels of PEEP or different interface, and did not rule out the
se of HFNC.

At the beginning of the COVID-19 pandemic, various organi-
ations offered varying recommendations in their guidelines, and
ome guidelines warned against the routine use of HFNC due to the
isk of dispersal of viral particles in the atmosphere [16,17]. Finally,
everal simulation studies using manikin model of exhaled
ispersion distances and analysing concentrations aerosol from
he respiratory tract in room air showed that this risk was not
igher under HFNC than NIV or standard oxygen devices
18]. Thereafter, HFNC seemed to be more frequently used to

anage patients with COVID-19-induced respiratory failure
1,10]. Several observational studies have shown less intubation
ith the use of HFNC as compared to standard oxygen, but no

ifference was reported in mortality rates [19,20]. Therefore, there
s no strong evidence of HFNC benefit in terms of survival in this
etting, as compared to standard oxygen. Up until now, most
ublished studies were observational and showed essentially that
FNC provided better oxygenation than standard oxygen, with

ntubation rates varying from 30 to 50%. Several randomised
ontrolled trial are ongoing to assess the efficiency of HFNC in
OVID-19-related respiratory failure as compared to standard
xygen or NIV around the world and results of an international
ega-trial are expected regarding effects of awake prone position

nder HFNC on intubation and survival (NCT04358939).
The COVID-19 pandemic has highlighted the need to determine

he optimal oxygen strategy to manage patients with severe
ypoxaemic respiratory failure with the dual objective of

ndividual benefits, i.e., avoiding intubation, improving comfort
nd survival, and collective benefits to enable equipment
vailability and avoid critical shortage of ICU beds.
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