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a b s t r a c t
With ﬁrst cases noted towards the end of 2019 in China, COVID-19 infection was rapidly become a
devastating pandemic. Even if most patients present with a mild to moderate form of the disease, the
estimated prevalence of COVID-19-related severe acute respiratory failure (ARF) is 15–20% and 2–12%
needed intubation and mechanical ventilation. In addition to mechanical ventilation some other techniques of respiratory support could be used in some forms of COVID-19 related ARF. This position paper of
the Respiratory Support and Chronic Care Group of the French Society of Respiratory Diseases is intended
to help respiratory clinicians involved in care of COVID-19 pandemic in the rational use of non-invasive
techniques such as oxygen therapy, CPAP, non-invasive ventilation and high ﬂow oxygen therapy in
managing patients outside intensive care unit (ICU). The aims are: (1) to focus both on the place of each
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technique and in describing practical tips (types of devices and circuit assemblies) aimed to limit the
risk of caregivers when using those techniques at high risk spreading of viral particles; (2) to propose a
step-by-step strategy to manage ARF outside ICU.

The SARS-CoV-2 has been identiﬁed as the agent of the pandemic known as Coronavirus disease 2019 (COVID-19). The ﬁrst
cases were noted towards the end of 2019 in Wuhan, China.
COVID-19 infection is spontaneously resolutive in most cases.
The clinical presentation can vary from mild respiratory symptoms
to severe pneumonia progressing to fulminant acute respiratory failure (ARF) [1]. COVID-2019 pneumonia is characterized by
bilateral inﬁltrates, which can progress to diffuse alveolar condensations. In less severe patients, computed tomography (CT) shows
bilateral ground glass sub pleural opacities [2].
The estimated prevalence of COVID-19-related acute respiratory failure (ARF) is 15–20% [1,3,4]. In different published series,
41% had received O2 , 4–13% of patients non-invasive ventilation
(NIV) and 2–12% needed intubation and mechanical ventilation
[1,3,5–7].
In addition to MV some other techniques of respiratory support
such as non-invasive ventilation (NIV), continuous positive airway
pressure (CPAP) or high ﬂow oxygen therapy (HFOT) could be used
in some forms of ARF. Those techniques are currently applied in
ICU but also in a pulmonary department. But the fact that this pandemics could go beyond the capacity of the health system, may
lead that those techniques might be applied in less specialized services, These position paper is intended to help respiratory clinicians
involved in care of COVID-19 pandemic in managing patients outside ICU. They cannot be regarded as recommendations and reﬂect
only authors experience during COVID-19 pandemics, their expertise in the ﬁeld of respiratory support and their critical review of
the literature.
1. Available tools
1.1. Oxygen therapy

Oxygen should be used in case of severe COVID-19 pneumonia probably as soon as SpO2 < 92% with a SpO2 target
between 92 and 96%.

ﬂow and breathing pattern [11]. If available, it could be appropriate
to use masks with ﬁltered exhalation port (FiltamaskTM or similar). Whatever the interface chosen, patient’s comfort and decrease
caregiver’s risk will be prioritized when choosing the interface.
1.2. Continuous Positive Airway Pressure (CPAP)

CPAP with added O2 could be used to improve oxygenation, if conventional O2 failed and there is no
urgent indication for intubation or as a surrogate while
waiting for intubation.
This solution is simpler, less expensive and possibly less
harmful than NIV.
CPAP must be applied under a strict supervision of a trained
physician. ICU team must be prevented and readily available.
The interfaces used to deliver CPAP must be those available or those more familiar for the team. A helmet could be
an alternative to limit exposition to droplets dispersion, and
remains an option for expert teams Circuits and masks must
be adapted to reduce caregiver’s risks (Fig. 1).

In hypoxemic ARF, applying an extrinsic positive end expiratory pressure (PEEP) increases alveolar recruitment and improves
oxygenation. Furthermore, there is high level of evidence about
the efﬁcacy of adding PEEP during invasive ventilation in ARDS
patients. Nevertheless, we lack information about the effectiveness of applying non-invasive PEEP. Experiences from Italian and
Chinese teams are shared but not published.
As CPAP is easier to use than NIV, more available and need less
expertise, this technique could be offered as a ﬁrst line therapy
in selected patients, as a gap to invasive MV, in particular when
resources are limited or if there is no immediate access to invasive ventilation. A detail of CPAP-delivering devices, their limits
and advantages is showed in Fig. 2.
1.3. Non Invasive Ventilation (NIV)

There are no randomized controlled studies concerning O2 in
patients with COVID-19 but it is possible to extrapolate data from
studies in severe ARF. A meta-analysis of 25 randomized controlled
studies has shown that a strategy with no upper limit on O2 ﬂow
(“liberal” approach) increases the risk of in-hospital death compared to a conservative (“targeted” approach) [8]. This contrast with
the results of a recent randomized controlled trial (RCT) comparing
a “liberal” O2 therapy strategy (target SpO2 > 96%) to a conservative
one (target SpO2 > 88% < 92%). This study showed no difference in
28-days survival but an over mortality at 90 days in the conservative group [9]. Thus, based on those data, a target of > 92 < 96% seems
reasonable [10]. There are no controlled studies concerning the better interface to deliver O2 . Based on clinical recommendations, a
nasal cannula should be used for mild hypoxia and, if an oxygen
ﬂow >6 L min−1 is needed, a switch for a simple face mask set to
deliver 5 to 10 L min−1 should be proposed. A non-rebreather mask
between 10 and 15 L min−1 should be used in patients remaining
hypoxemic despite using a simple mask. These latter interfaces can
ensure FiO2 of 35–55% and 80–95% respectively FiO2 depending on

NIV with added O2 could be used to improve
oxygenation and/for providing ventilatory support, if
conventional O2 failed and there is no urgent indication for intubation or as a surrogate while waiting for
intubation.
In those cases NIV must be applied under a strict supervision of a trained physician. ICU team must be prevented and
readily available.
NIV should be considered in patients who will not be admitted to ICU for intubation.
The interfaces used to deliver NIV must be those available
or those more familiar for the team A helmet could be an alternative to limit exposition to droplets dispersion, and remains
an option for expert teams.
Circuits and masks must be adapted to reduce caregiver’s
risks (Fig. 2).
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Fig. 1. Different ventilator circuit assemblies to reduce viral spreading. (a) Ventilator using double circuit with an integrated expiratory valve. The ﬁlter* must be interposed
between the expiratory arm and the ventilator. (b) Ventilator using single-limb circuit with an active expiratory valve: the ﬁlter* must be interposed between the mask and
the expiratory valve. (c) Ventilator using single limb circuit with intentional leaks. Not-vented mask must be preferred if available. In this case a deported exhalation port
(Whisper Swivel or similar) must be added. The ﬁlter* must be interposed between the mask and the deported exhalation port. If a non-vented mask is not available an
alternative is to seal the intentional leak of the vented mask. In the last case caution must be taken not to block anti-asphyxia valve. I: inspiratory arm; E: expiratory arm. *
There are not published studies comparing the efﬁcacy of different ﬁlters.

Fig. 2. Different devices providing non-invasive CPAP therapy.

There are no published data concerning NIV use outside ICU
in patients with COVID-19. NIV indications in ICU patients with
COVID-19-related ARF range from 11 to 34% [12]. Meta-analysis
of RCT conducted in severe hypoxemic ARF showed that NIV could
reduce the rate of intubation and mortality. However, they included
patients with immunosuppression, acute heart failure (AHF) and
postoperative ARF [7,13–15]. Moreover, in ARF etiologies other
than AHF, NIV has shown a high level of failure with higher mortality (28%) than those treated with O2 (23%) or HFOT (13%) [16],

In a cohort of patients with Middle East respiratory syndrome,
NIV was associated with better survival and a shorter length of
stay (LOS) compared patients who were intubated without previous NIV. However, NIV showed a high failure rate (92.4%) requiring
intubation [17]. Finally, associating NIV and prone position reduced
intubation in patients with moderate ARDS related to viral pneumonia [18].
On the other side, NIV could be harmful in those patients as it
could worsen lung damage due to high pressures and high VT and
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could delay intubation [19,20]. Moreover, NIV as CPAP is at high
risk spreading of viral particles. In this ﬁeld, WHO guidelines for
the management of ARF in COVID-19 advocate the use of CPAP or
NIV, provided that appropriate personal protective equipment is
worn [21].
Hence NIV could be considered as a ﬁrst line therapy outside
the ICU in particular when resources are limited or if there is no
immediate access to invasive ventilation. In those cases NIV must
be applied under a strict supervision of a trained physician to detect
early and rapid worsening, a frequent condition in COVID-19 pneumonia. ICU team must be prevented and readily available. When
a patient is treated with NIV, monitoring should be intensiﬁed. If
hypoxemia worsens the patient must be transferred to ICU if eligible for intubation. This decision will integrate not only the clinical
severity, but also underlying pathologies and the “living wills” or
end-of-life decisions (if available) of the patient and his family. This
requires previous discussion on a case-by-case basis.
NIV should also be considered in patients no eligible to be admitted to ICU or in those with do not intubate (DNI) decision. In those
cases, NIV must be continued only if it is well tolerated and a beneﬁt
is obtained. Otherwise, comfort measures only, including pharmacological measures, may be applied to relieve dyspnea [22].
Some patients with underlying respiratory disease (COPD,
obesity hypoventilation, restrictive disease) complicated with
COVID-19 pneumonia could beneﬁt from de novo NIV.
In patients on long term NIV, treatment must be adapted during
hospitalization, possibly by temporarily lowering the pressures if
excessive leaks are present. Circuits and masks must be adapted
(Fig. 2).
When available a helmet interface could be applied. A randomized controlled study conducted in ARDS has shown that NIV when
delivered by a helmet decrease intubation rate and mortality [23].
Moreover helmet limits viral spreading [24].
It is imperative not to insist with NIV or O2 in patients that
worsen. This can lead to a delay in intubation, which can be
fatal. Increased vigilance is necessary since muscle exhaustion is
expressed late in those patients. In all cases, the intubation must
be anticipated, carried out according to rigorous procedures and
under conditions limiting the risk of caregivers.
As NIV is at high risk spreading of viral particles circuits and
masks must be adapted to reduce caregiver’s risks [14,25,26]
(Fig. 2). Moreover, caution may be taken to ensure a good interface
ﬁtting for CPAP or NIV systems, to minimize widespread dispersion
of exhaled air and reduce risk of airborne transmission.

HFOT delivers a high-ﬂow gas mixture (up to 70 L/min)
with variable FiO2 (up to 100%) administered by a nasal cannula. Compared to conventional oxygen HFOT can ensure a
constant and known FiO2 . Other advantages are dead space
reduction and generation of a low PEEP level allowing alveolar
recruitment [27].
There are no published data concerning HFOT in patients with
COVID-19 pneumonia.
In a RCT conducted in severe hypoxemic ARF, HFOT reduced
90-days mortality but not intubation rate compared to conventional oxygen [17]. Otherwise, a meta-analysis of 9 RCT
shows a decrease in intubation rate but without improving
survival or length of stay [28–30] an important issue in the
ﬁeld of COVID-19 pandemic considering an expected scarcity of
ventilators.
As with NIV, adding prone position to HFOT may help to avoid
intubation in patients with moderate ARDS related to viral pneumonia [18].
The same precautions cited above for NIV should be taken if
HFOT is used as a ﬁrst line therapy in patients qualifying for intubation.
Even if published studies did not demonstrate an increased risk
for caregivers when comparing HFOT to conventional O2 [31,32]
to limit the risk of contamination, the following measures are suggested when using HFOT:
• ensure maximum sealing of the interface;
• limit the ﬂow rate to the minimum necessary. Prefer higher FiO2
instead of higher ﬂow (i.e.: start at 30 L/min and increase FiO2 to
ensure target SaO2 );
• patient must wear a surgical mask during care.
A detail of HFOT-delivering devices, their limits and advantages
is showed in Fig. 3.
1.5. Nebulized treatments

As nebulization is at high risk spreading of viral particles, nebulized treatments should be limited as much
as possible.
Spray and powders should be preferred to provide inhaled
therapy, preferably by using a personal inhalation chamber. If
not possible, minimal distance of 1 m must be respected and
the room must aerate during nebulization.

1.4. High Flow Oxygen Therapy (HFOT)

HFOT could be used to improve oxygenation, if conventional O2 failed and there is no urgent indication for
intubation or as a surrogate while waiting for intubation.
As HFOT is at high risk spreading of viral particles,
protective measures must be applied to reduce caregiver’s
exposition.

1.6. Tracheal aspirations

In the case of tracheostomized ventilator-dependent
patients a “closed suction system” must be used.
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Fig. 3. Different devices providing HFOT therapy.

2. Patient management
The proposed ﬂow chart strategy to manage ARF outside ICU in
COVID-19 patients is showed in Fig. 4.
It is crucial to ensure an appropriate triage of patients at the
admission. As those patients are at risk of early and rapid worsening, it seems reasonable that those with a rapidly progressive
form (i.e presenting a SpO2 < 94% and a RR > 30 while receiving > 6 L
O2 ) must be promptly assessed by the ICU staff to decide proper
allocation.
2.1. Step by step approach
• Check and treat comorbidities.
• Begin conventional oxygen therapy by using nasal prongs to
obtain the target RR and SpO2 :
◦ if predominant oral breathing or intolerance to high ﬂow, an
oxygen mask could be proposed,
◦ masks with ﬁltered exhalation port could be used if available,
◦ there is no limit in terms of O2 ﬂow rate but if > 6 L/min or a mask
with reservoir bag is needed, ICU team must be prevented and
promptly available,
◦ venturi masks should be precluded;
• then, if oxygen therapy failed, non-invasive respiratory assistance should be proposed with CPAP and/or HFOT as a ﬁrst
choice. NIV should be used as a second line therapy in
case of CPAP or HFOT failure, and mainly if hypercapnia
develops;
• HFOT could be an alternative in the absence of CPAP/NIV or as
a therapeutic ceiling option (HFOT allows higher FiO2 but there
is hypothetically a greater risk of drops diffusion and low PEEP
levels are generated) [33].

• Close monitoring is needed during at least the ﬁrst 48–72 hours,
including SpO2 , RR and clinical assessment (ventilatory mechanics/use of accessory muscles). Three issues highlighted by
different teams managing those patients requires particular
attention:
◦ an initially stable patient may suddenly become unstable (with
refractory hypoxemia and high fever),
◦ a delayed re-aggravation was noted in a signiﬁcant percentage
of patients (stability then rapid worsening after 48 h, up to 7
days),
◦ it was described in some of these patients an impaired perception of dyspnea despite severe hypoxemia. A possible
explanation is a neuroinvasive potential of COVID-19 that
could spread in brainstem affecting respiratory center and/or
mechano-/chemoreceptors [34].
• In cases with DNI decision, it is recommended to dispose an end-of-life sedation protocol to be applied if
patient’s condition worsens (http://www.sfap.org/actualite/
outils-et-ressources-soins-palliatifs-et-covid-19).
In summary: non- invasive respiratory support could be useful in treating COVID-19-related ARF. A rational use of different
techniques (oxygen therapy, CPAP, NIV or HFOT) by a trained pulmonologist could allow to prevent clinical aggravation and reduce
the risk of ICU admission. Then, those techniques should be considered as a ﬁrst line therapy outside the ICU in particular when
resources are limited or if there is no immediate access to invasive ventilation. A step-by step approach, under a strict supervision
of a trained physician, must be applied to detect early and rapid
aggravation. In patients eligible for intubation. ICU team must be
prevented and readily available to an immediate transfer to ICU as
soon as the patient’s condition impairs.
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Fig. 4. Flow chart strategy for managing ARF in COVID-19 patients (modiﬁed from [33] ABG: Arterial Blood Gases; COPD: chronic obstructive pulmonary disease; RR:
respiratory rate; HFOT: high ﬂow oxygen therapy; CPAP: continuous positive airway pressure; NIV: non-invasive ventilation; EPAP: expiratory positive airway pressure; EI:
endotracheal intubation).
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