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Purpose of review

Noninvasive respiratory support has been widely applied during the COVID-19 pandemic. We provide a
narrative review on the benefits and possible harms of noninvasive respiratory support for COVID-19

respiratory failure.

Recent findings

Maintenance of spontaneous breathing by means of noninvasive respiratory support in hypoxemic patients
with vigorous spontaneous effort carries the risk of patient selfinduced lung injury: the benefit of averting
intubation in successful patients should be balanced with the harms of a worse outcome in patients who are
intubated after failing a trial of noninvasive support.

The risk of noninvasive treatment failure is greater in patients with the most severe oxygenation impairment

(PaO,/FiO, < 200 mmHg).

High-flow nasal oxygen (HFNO) is the most widely applied intervention in COVID-19 patients with
hypoxemic respiratory failure. Also, noninvasive ventilation (NIV) and continuous positive airway pressure
delivered with different interfaces have been used with variable success rates. A single randomized trial
showed lower need for intubation in patients receiving helmet NIV with specific settings, compared to

HFNO alone.

Prone positioning is recommended for moderate-to-severe acute respiratory distress syndrome patients on
invasive ventilation. Awake prone position has been frequently applied in COVID-19 patients: one
randomized trial showed improved oxygenation and lower intubation rate in patients receiving é-h sessions
of awake prone positioning, as compared to conventional management.

Summary

Noninvasive respiratory support and awake prone position are tools possibly capable of averting
endotracheal intubation in COVID-19 patients; carefully monitoring during any treatment is warranted to
avoid delays in endotracheal intubation, especially in patients with PaO,/FiO, < 200 mmHg.
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INTRODUCTION

The optimal management of hypoxemic respiratory
failure is debated. Most recent guidelines suggest
caution in using noninvasive respiratory support
— namely high-flow nasal oxygen (HFNO), nonin-
vasive ventilation (NIV) or continuous positive end-
expiratory pressure (CPAP) — for the early treatment
of hypoxemic respiratory failure due to COVID-19
[1] and non-COVID-19 etiology [2]. Early endotra-
cheal intubation has been advocated in the early
phases of the pandemic to limit the risks related to
prolonged exposure of injured lungs to the potential
harms of intense inspiratory efforts and high tidal
volumes [3].
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However, intubation with invasive mechanical
ventilation can lead to serious complications,
including ventilator-induced lung injury, intensive
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KEY POINTS

e Maintenance of spontaneous breathing hypoxemic
patients carries the risk of patient self-induced lung
injury, but avoidance of intubation can lead to
improved outcomes.

High-flow nasal oxygen is the most widely applied
intervention for the treatment of hypoxemic respiratory
failure due to COVID-19.

Helmet NIV and Helmet CPAP allow to improve blood
oxygenation and deliver high-PEEP in the early phases
of respiratory failure; to date only one randomized
controlled trial supports the use of Helmet NIV
compared to high-flow nasal oxygen.

Awake prone position is a promising, physiologically
sound, cost-effective intervention; one randomize
controlled trial showed its possible positive effects in
reducing the need for endotracheal intubation.

The benefit of averting intubation by means of
noninvasive respiratory support should be balanced
with the harms of a worse outcome in patients who are
intubated after failing a trial of noninvasive support,
warranting careful monitoring of treated patients.

care unit (ICU)-acquired pneumonia, diaphragmatic
atrophy and ICU-induced delirium, with detrimental
effects on clinical outcome [4,5]. During the COVID-
19 pandemic, the unprecedented lack of mechanical
ventilators and ICU beds led clinicians to extensively
use noninvasive respiratory support for the treatment
of hypoxemic respiratory failure [6-9].

Patients with hypoxemic respiratory failure
often show dysregulated respiratory drive. The
harmful effects of spontaneous breathing with
intense inspiratory effort can result in self-induced
lung injury (P-SILI). P-SILI may worsen the clinical
outcome of patients who require endotracheal intu-
bation after having received noninvasive respiratory
support [10,11].

As the debate remains open, we searched MED-
LINE-PubMed databases for the relevant articles (up
to August 2021) assessing the physiological and
clinical effects of noninvasive respiratory support
in patients with acute respiratory failure of COVID-
19 etiology.

In this review, we provide an overview of the
available evidence regarding the use of noninvasive
respiratory support in COVID-19 patients,
highlighting its benefits and potential risks.

PATIENT SELF-INDUCED LUNG INJURY

In hypoxemic respiratory failure, lung injury yields
altered respiratory mechanics and increased dead
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space; inflammation combined to biochemical stim-
uli induced by hypoxemia, respiratory acidosis with
hypercarbia, and the ‘chemomechanical’ variations
due to atelectasis and alveolar derecruitment
increase patient’s ventilatory demand. This results
in a shift of brain homeostasis toward a lower level
of PaCO,, which can cause spontaneous ventilation
with high inspiratory effort, large tidal volumes and
tachypnea, leading to abnormal inspiratory swings
of pleural pressure and consequent increment of the
transpulmonary pressure (alveolar pressure — esoph-
ageal pressure as a surrogate of the pleural pressure).
As a consequence, baro-, volu- and atelec-trauma are
generated. These mechanisms lead to the progres-
sion of lung injury [12%,13",14-18]. Additionally,
the increase in transmural pressure of lung vessels
combined with their increased permeability concur
to alveolar flooding and negative pressure pulmo-
nary edema [15,19].

Under this scenario, the damaged lung can
exhibit two distinct patterns: the healthy lung has
a more fluid-like condition in the nondependent
regions, whereas the most damaged and atelectatic
regions have a solid-like pattern (the dependent
regions). The solid-like regions transmit pleural
pressure differently from the fluid-like regions,
finally generating intra-tidal heterogeneity of trans-
pulmonary pressure. This causes an intra-tidal shift
of gas from nondependent regions of the lung to the
dependent regions; this occult movement of air is
called ‘pendelluft’, and can overstretch dependent
lung regions independently from the size of inspired
volume, increasing inflammation and regional
strain [20].

Delivering high positive end-expiratory pressure
(PEEP) during spontaneous breathing might render
spontaneous effort noninjurious through different
mechanisms: (1) it increases functional residual
capacity, reducing the extension of atelectatic
regions, finally decreasing the mechanical stimuli
yielding the increase of respiratory drive, (2) it yields
diaphragmatic uncoupling, reducing the inspiratory
effort, (3) it limits the occurrence of pendelluft
phenomenon by favoring a more homogeneous
transmission of the pleural pressure across the lung
tissue [12%,21,22].

Although these considerations may advocate
against the use of noninvasive respiratory support,
it appears that patients with hypoxemic respiratory
failure due to COVID-19 exhibit average lower inspi-
ratory effort than non-COVID-19 patients with sim-
ilar oxygenation impairment, possibly indicating a
reduced risk of P-SILI [23].

Available data indicate that, in patients with
PaO,/FiO, >200mmHg, noninvasive respiratory
support is safe and effective. Differently, in patients
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with PaO,/FiO, <200mmHg, the best balance
between the benefits and harms of maintaining
spontaneous breathing with noninvasive respira-
tory support has yet to be identified [8,24]. When
considering a noninvasive respiratory support trial,
the optimal strategy should aim to limit the risk of
endotracheal intubation, without increasing the
risk of P-SILI: [25] this is of particular importance
given the high failure rate of noninvasive respiratory
support in COVID-19 hypoxemic respiratory failure
when compared to non-COVID-19 patients [26%].

HIGH-FLOW NASAL OXYGEN

HEFNO is a technique that delivers high flow rates
(60L/min) of humidified and heated oxygen at
adjustable FiO, through nasal cannula. HFNO
allows (1) accurate delivery of the set FiO, by limit-
ing dilution of inhaled gas, (2) provides carbon
dioxide washout of the upper airways and reduction
of physiological dead space when the flow rates is >
30L/min (3) and variable PEEP that increases with
flow rates, ultimately reducing inspiratory effort
[27,28].

A randomized trial showed that HFNO might
reduce intubation rate and mortality in moderate-
to-severe hypoxemic respiratory failure when com-
pared to low flow oxygen and face mask NIV [24],
and the latest guidelines [2,29] suggest HFNO as the
optimal first line intervention to correct hypoxemia
during de novo respiratory failure.

Despite the initial concerns about the risk of
viral aerosolization and transmission to healthcare
workers - that can be mitigated by a surgical mask
on top of high-flow nasal cannula, which also
improves oxygenation [30]-HFNO has been widely
applied in patients with acute respiratory failure due
to COVID-19 in heterogeneous clinical scenarios,
with highly variable outcomes in terms of endotra-
cheal intubation and mortality rate [31-37]
(Table 1).

In ICU and non-ICU settings, patients with
COVID-19 and PaO,/FiO, ratio <300 mmHg have
been treated with HFNO, showing rates of endotra-
cheal intubation and mortality rate as low as 0% in
very mild patients [38] up to a failure rate as high as
80% in the most severe ones [39,40™] (Fig. 1a).

Indeed, during the COVID-19 pandemic, HFNO
has shown a great efficacy in patients with a PaO,/
FiO, ratio > 200mmHg [38,41], whereas it may be
associated to higher risk of failure when PaO,/
FiO, < 200 mmHg [42-45].

Overall, available data indicate that HFNO in
COVID-19 patients with acute respiratory failure do
not increase mortality rate and may be an effective
strategy in mild-to-moderate cases to reduce the
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need for mechanical ventilation and critical care
support [46,47].

As any other form of noninvasive respiratory
support, HFNO should be applied under strict clini-
cal monitoring to promptly detect treatment failure
and reduce the risks related to delayed endotracheal
intubation, P-SILI and poor prognosis. The ROX
index, which is the SpO, normalized to FiO, times
respiratory rate has been validated in the non-
COVID setting [48], has been examined by several
authors to be adapted to COVID-19 patients. Pre-
liminary data show that ROX index in COVID-19
patients could be a simple marker to predict the risk
of HFENO failure and could be used to prevent the
delay in endotracheal intubation: however, differ-
ent thresholds have been suggested, ranging from
3.67 to 5.37, and the optimal cut-off for COVID-19
patients remains to be clarified [42-44,47,49].

NONINVASIVE VENTILATION

NIV has progressively been identified in the last
20 years as valid treatment in the management of
acute respiratory failure.

Specific indications are exacerbation of chronic
obstructive pulmonary disease, cardiogenic pulmo-
nary edema, pneumonia in immunocompromised
patients and weaning of previously intubated stable
patients with chronic obstructive pulmonary disease.

Conversely, in the treatment of hypoxemic
respiratory failure, NIV use has been associated with
conflicting results, and the most recent guidelines
suggest caution in its application [2,29]. Clinical
outcome improves when NIV allows to avoid endo-
tracheal intubation. Differently, if intubation is
needed after NIV, mortality is increased, possibly
due to delayed intubation and the prolonged expo-
sure of injured lungs to P-SILI [50].

In the recent years, various interfaces have been
used, as face (or oro-nasal/full-face) mask, nasal
masks, mouthpieces, nasal pillows or plugs, and
helmet; each has its own peculiarities and pitfalls,
that must be part of the clinician’s evaluation.

NIV improves oxygenation, reduces dyspnea,
inspiratory effort and work of breathing [51], and
might reduce the rate of endotracheal intubation
and ICU mortality rate [52""]; however, in case of
failure, it leads to delayed intubation, worsening
clinical outcome [50].

Oro-nasal or full-face masks, when compared to
the helmets, allow greater unloading of respiratory
muscles [53], unless specific settings — including
high PEEP, high-pressure support and low pressuri-
zation time - are used [54].

The helmet allows to deliver relatively high
PEEP with minimum air leakage and good
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Respiratory system
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FIGURE 1. Panel reporting the failure rate [95% Cl] of patients with hypoxemic respiratory failure treated with noninvasive
respiratory support. Failure rate was defined as occurrence of endotracheal intubation or death. Only the patients without
limitation of treatment were considered for the figure. Except from the bottom - right figure, nonrandomized studies including
awake prone position were excluded from the figure, due to the possible selection bias of patients treated with conventional
therapy. The studies with the bigger sample size are displayed at the top of the figure. (a) Forest plot of patients treated with
HFNO in the supine position. (b) Forest plot of patients treated with NIV as first line of therapy. (c) Forest plot of patients
treated with CPAP as first line of therapy. (d) Forest plot of patients treated with awake prone position, regardless of the kind
of noninvasive respiratory support used. *It was not possible to differentiate between CPAP and NIV that were both considered
as noninvasive respiratory support. CPAP, continuous positive end-expiratory pressure; HFNO, high-flow nasal oxygen; NIV,

noninvasive ventilation.

tolerability, allowing the patient to receive contin-
uous treatments with enhanced comfort [55]; this is
particularly important in the early phases of hypox-
emic respiratory failure, when high PEEP seems a
promising tool to mitigate the risk of P-SILI
[21,56,57].

In 2016, a randomized study showed lower intu-
bation rate and improved outcome in hypoxemic
patients treated with helmet NIV vs those treated
with face-mask NIV; whereas patients with helmet
received a median sustained PEEP of 8 cmH,O,

32 WWW.co-criticalcare.com

patients treated with face mask received a median
PEEP of 5.1 cmH,0O [58].

During the COVID-19 pandemic, NIV has been
used both as a first-line therapy and as rescue ther-
apy after HENO, in patients with wide range of
severity [59-65] (Table 2).

NIV showed variable success rates during the
pandemic, possible due to the heterogeneous inter-
faces, settings and protocols applied; Wang et al.
report a failure rate of 11% in mild-to-moderate
patients when NIV is used as first-line therapy
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[39], but in the most severe patients it can be as high
as 80% [40™,66]; to date, the largest observational
studies have found consistent failure rates, ranging
between 40% and 50% [67°%,68",69"] (Fig. 1b).

Lastly, a randomized controlled trial compared
the efficacy of continuous helmet NIV vs HFNO
alone in COVID-19 patients affected by moderate-
to-severe hypoxemia. In this study, despite the lack
of a significant difference on the primary outcome
(median days free of respiratory support at 28 days,
helmet group 20 [interquartile range (IQR), 0-25] vs
HFNO group 18 [IQR, 0-22]), the authors reported a
significant difference in the intubation rate (30% in
the helmet group vs 51% in the HENO group; P =
0.03), with no difference in mortality [70™].

NIV can be a powerful instrument as optimal
settings and adequate interface are provided, but
careful selection and strict clinical monitoring of
patients are mandatory to reduce the risk of
delayed intubation.

CONTINUOUS POSITIVE AIRWAY
PRESSURE

The use of CPAP in hypoxemic respiratory failure
has been proposed more than 20years ago, but a
randomized controlled trial failed to prove its effi-
cacy in reducing the intubation rate in patients with
hypoxemic respiratory failure of other etiologies
[71].

Nevertheless, in the subsequent years, Helmet
CPAP has become increasingly used to increase
blood oxygenation and reduce the risk of intubation
in patients with moderate-to-severe hypoxemia
compared with standard oxygen [72,73].

Traditionally CPAP is provided with a device
able to provide high flow rates of fresh gas flow
(inlet port) and an adjustable PEEP valve (outlet
port), being highly cost-effective in the emergency
context and easily used outside the ICU.

CPAP has been adopted to increase blood oxy-
genation and to avoid endotracheal intubation and
as ceiling of treatment in patients with limitation of
care: in patients who were not candidate for receiv-
ing invasive mechanical ventilation, CPAP has been
used as a rescue therapy, with mortality ranging
from 0% to 90% [67"%,74",75-85] (Table 3).

In patients where escalation to invasive
mechanical ventilation was appropriate, CPAP has
been used with encouraging results: largest trials
showed a failure rate of the technique ranging
between 20% and 40%, mostly depending on hyp-
oxemia severity and patients’ overall clinical condi-
tion [67"%,69",80].

When compared to other noninvasive respira-
tory support strategies or to standard oxygen, early

1070-5295 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

case-series showed a trend to a reduction in the
intubation rate in patients treated with CPAP
[86,87], but the largest observational trial to date
[67%] showed no difference in intubation and mor-
tality rates (Fig. 1c¢).

Nevertheless, CPAP is a powerful instrument
that can be safely used outside of the ICU, with
good success in the less severe patients, especially
when the Helmet interface is used. However, the
increase in the PaO,/FiO, ratio induced by PEEP
might generate a false sense of security, possibly
causing delays in the decision to intubate the
patient: the clinician should pay close attention
to the change of physiological variables over time
[77,88] and, when available, should consider evalu-
ating diaphragm thickening fraction [89,90] and
lung ultrasound [91] to enhance early detection of
treatment failure.

NEW STRATEGIES: AWAKE PRONE
POSITIONING

In moderate-to-severe acute respiratory distress syn-
drome patients receiving invasive mechanical ven-
tilation, prone positioning improves oxygenation,
reduces ventilator-induced lung injury, finally
reducing mortality [92"%,93,94"].

In the midst of the pandemic, awake prone
positioning was initially used on the most severe
patients that required noninvasive respiratory sup-
port as a rescue strategy to avoid intubation, both in
the ICU and in the non-ICU setting.

Prone positioning in spontaneously breathing
patients improves oxygenation and lowers inspira-
tory effort [94™] and respiratory rate, but the
improvement is often transient, and only a minority
of patients show sustained benefit after resupination
[95-123] (Table 4).

Several pilot studies have investigated whether
it could improve patient-centered outcomes, but
results are conflicting (Fig. 1d). The largest retro-
spective, multicenter, observational study showed a
reduction in the intubation rate in patients who
received awake prone position for at least 2 conse-
cutive hours, compared to patients who did not
receive this intervention [124""]. Three small, ran-
domized feasibility trials available showed no bene-
fit on endotracheal intubation rate and on mortality
[125,126,127"]. In the trial designed by Rosén et al.
[1277], the intervention group should have under-
gone prone positioning for at least 16 h per day, and
the control group was allowed both the supine and
the prone position, albeit the last one was not
actively encouraged; this yielded relevant incidence
of cross-over in the control group that, combined
with relatively low time spent in prone position in
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Acute respiratory failure due to COVID-19 Menga et al.
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Acute respiratory failure due to COVID-19 Menga et al.
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Acute respiratory failure due to COVID-19 Menga et al.
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