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ABSTRACT

Introduction: Prone position is known to
improve mortality in patients with acute respi-
ratory distress syndrome (ARDS). The impact of
prone position in critically ill patients with
coronavirus disease of 2019 (COVID-19)
remains to be determined. In this review, we
describe the mechanisms of action of prone
position, systematically appraise the current
experience of prone position in COVID-19
patients, and highlight unique considerations
for prone position practices during this
pandemic.
Methods: For our systematic review, we sear-
ched PubMed, Scopus and EMBASE from

January 1, 2020, to April 16, 2020. After com-
pletion of our search, we became aware of four
relevant publications during article preparation
that were published in May and June 2020, and
these studies were reviewed for eligibility and
inclusion. We included all studies reporting
clinical characteristics of patients admitted to
the hospital with COVID-19 disease who
received respiratory support with high-flow
nasal cannula, or noninvasive or mechanical
ventilation and reported the use of prone posi-
tion. The full text of eligible articles was
reviewed, and data regarding study design,
patient characteristics, interventions and out-
comes were extracted.
Results: We found seven studies (total 1899
patients) describing prone position in COVID-
19. Prone position has been increasingly used in
non-intubated patients with COVID-19; studies
show high tolerance and improvement in oxy-
genation and lung recruitment. Published
studies lacked a description of important clini-
cal outcomes (e.g., mortality, duration of
mechanical ventilation).
Conclusions: Based on the findings of our
review, we recommend prone position in
patients with moderate to severe COVID-19
ARDS as per existing guidelines. A trial of prone
position should be considered for non-intu-
bated COVID-19 patients with hypoxemic res-
piratory failure, as long as this does not result in
a delay in intubation.
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Key Summary Points

Prone position improves mortality in
patients with acute respiratory distress
syndrome (ARDS), though its role in the
treatment in critically ill COVID-19
patients remains to be determined.

Prone position has been increasingly used
in non-intubated patients with COVID-
19, and studies show high tolerance and
improvement in oxygenation and lung
recruitment.

Published COVID-19 studies describing
the use of prone position lacked a
description of important clinical
outcomes (e.g., mortality, duration of
mechanical ventilation).

A trial of prone position should be
considered for non-intubated COVID-19
patients with hypoxemic respiratory
failure, as long as this does not result in a
delay in intubation.

DIGITAL FEATURES

This article is published with digital features,
including [list digital features available e.g. a
summary slide and video abstract], to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.13007978.

INTRODUCTION

The coronavirus disease of 2019 (COVID-19)
has infected almost 29 million people world-
wide, with more than 900,000 deaths (case
fatality rate of 3.2%) [1]. Case fatality rates of
approximately 50% have been reported among

critically ill patients [2]. A significant propor-
tion of patients admitted to the intensive care
unit (ICU) had severe hypoxemic respiratory
failure requiring mechanical ventilation (MV)
[3, 4]. Encouraging data demonstrate that the
use of steroids is associated with a reduction in
mortality in COVID-19 patients requiring res-
piratory support [5, 6]. However, supportive
care with MV remains the cornerstone of
intensive care management in these patients
[7, 8]. One of the main adjunctive strategies in
patients with acute respiratory distress syn-
drome (ARDS) who require MV is prone posi-
tion. Given the benefits of prone position in
moderate to severe ARDS [9], the Surviving
Sepsis Campaign and World Health Organiza-
tion (WHO) guidelines [10, 11] recommend
prone position for 12–16 h a day for adults and
children with severe COVID-19 ARDS.

The main aims of this narrative review are to
(1) describe the mechanisms of action and
summarize the current evidence for prone
position in severe respiratory failure, in partic-
ular ARDS; (2) systematically review the current
collective experience regarding prone position
in critically ill COVID-19 patients; and (3)
highlight unique considerations for prone
position practices during the COVID-19
pandemic.

MECHANISM OF ACTION
AND BENEFIT OF PRONE POSITION

In ARDS, prone position improves oxygenation
through changes in the distribution of alveolar
ventilation and blood flow, improved matching
of local ventilation and perfusion, and reduc-
tion in regions of low ventilation/perfusion
ratios (Fig. 1) [12–14]. In addition, prone posi-
tion may reduce the risk of ventilator-induced
lung injury (VILI) and promote the comple-
mentary benefits of high positive end expiratory
pressure (PEEP) [15, 16]. Prone position leads to
a decrease in barotrauma and atelectrauma via a
few mechanisms: reduction in hyperinflation;
mitigation of overdistension of well-ventilated
alveoli during the use of PEEP; and reduction in
regional shear strain from cyclical opening and
closing of small airways [15, 16]. Some
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advantages of prone position compared with
the supine position are shown in Table 1.

Early trials [17, 18] showed no mortality
benefit with the use of prone position in adults
with ARDS but provided valuable information
for the targeted application of prone position.
This culminated in a landmark PROSEVA ran-
domized controlled trial (RCT) [19], which
showed a reduction in 28-day mortality in
patient with severe ARDS treated with prone
position and lung protective ventilation strate-
gies [16% (38/237) vs. 33% (75/229) in the
prone and supine groups, respectively
(P\0.001)]. Following this, three meta-analy-
ses showed a reduction in mortality with the use
of prone position [20] particularly in those with
early implementation [21], prolonged adaption
of at least 12 h [13, 21] and in patients with
severe hypoxemia [21] or moderate to severe
ARDS [13]. These studies have resulted in a
strong recommendation [9] for prone position
for more than 12 h per day for adults with

severe ARDS. These recommendations are cur-
rently echoed in World Health Organization
(WHO) [11], Surviving Sepsis [10] guidelines
and expert opinion [22] in the management of
COVID-19 ARDS.

SYSTEMATIC REVIEW OF CURRENT
USE OF PRONE POSITION
IN COVID-19 PATIENTS

In this subsection, we examine the association
between the use of prone position and clinical
outcomes (e.g., mortality and duration of MV)
and physiological changes (e.g., improvement
in oxygenation, lung recruitability) that have
been reported in patients with COVID-19.

Fig. 1 Schematic showing the changes in ventilation and
perfusion in supine and prone positions. In the supine
position, alveoli at the dependent dorsal region are
collapsed (flattened ovals) resulting in decreased ventila-
tion due to the compressive forces exerted by the ventral
region lung tissues as well as the increased (thicker blue
arrows) intra-abdominal pressure transmitted to the
diaphragm. Greater pulmonary blood flow (thicker red
arrow) and decreased ventilation at the dorsal region led to

greater ventilation/perfusion mismatch. In the prone
position, without the weight of the compressive forces of
the ventral region and decreased intra-abdominal pressure
(thinner blue arrows), alveoli at the now non-dependent
dorsal region are recruited (bigger circles) and coupled with
greater pulmonary blood flow (thicker red arrow) at the
dorsal region, there is now better ventilation/perfusion
matching thereby resulting in better oxygenation
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METHODS

Search Strategy and Selection Criteria

We included all studies of patients with COVID-
19 who received respiratory support with high-
flow nasal cannula (HFNC), noninvasive venti-
lation (NIV) or MV and reported the use of
prone position and our primary outcome,
mortality. We limited our search to January 1,

2020 (the day after the first cases were reported
to WHO) to April 16, 2020. After the search was
completed, we became aware of four relevant
publications that were published in May and
June 2020; these studies were reviewed for eli-
gibility and inclusion. As the search was not
repeated after April 16, 2020, we recognize that
this may introduce selection bias. We did not
use language restrictions, but we excluded arti-
cles which were unpublished, had not been peer
reviewed, case reports and case series with fewer
than 10 patients, expert guidance, commen-
taries, guidelines and protocols for manage-
ment. We searched the following major medical
databases (PubMed, Scopus and EMBASE) with
the following keywords: ‘‘SARS-CoV-2’’ OR
‘‘SARS-CoV2’’ OR ‘‘SARSCoV-2’’ OR ‘‘SARSCov2’’
OR ‘‘Coronavirus disease 2019’’ OR ‘‘Novel
coronavirus’’ OR ‘‘Novel coronavirus 2019’’ OR
‘‘2019 nCoV’’ OR ‘‘COVID-19’’ OR ‘‘Wuhan
coronavirus’’ OR ‘‘Wuhan pneumonia’’ OR
‘‘2019-nCoV’’ OR ‘‘COVID-19’’ OR ‘‘covid19’’ OR
‘‘covid 19’’. We used text keywords rather than
MeSH and Emtree terms as the indexing of the
varied terms to COVID-19 was still in progress
at the time. Two authors independently
reviewed all abstracts and at least one author
reviewed the full text for inclusion. Any dis-
agreements were resolved by consensus with a
third reviewer. Articles were selected for full-
text review if the abstract contained keywords
such as ‘‘critically ill’’, ‘‘intensive care’’, ‘‘respi-
ratory support’’ ‘‘high flow nasal cannula’’ ‘‘non-
invasive ventilation’’ and ‘‘mechanical ventila-
tion’’. Covidence Systematic Review Software,
Veritas Health Innovation, Melbourne, Aus-
tralia, was used to identify and remove dupli-
cates (available at http://www.covidence.org).
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Data Analysis

At least one of the authors reviewed the full text
of eligible articles and extracted data on study
design, patient characteristics [e.g., age, number
of females, PaO2/FiO2 ratio, oxygenation index

Table 1 Advantages and disadvantages of prone position

Advantages Disadvantages

Reduction in ventral-dorsal

transpulmonary pressure

difference resulting in:

Increased incidence of

pressure sores, tracheal

tube obstruction and

dislodgement of

thoracostomy tubes

Increase in ventilation

homogeneity

Decrease in ventral

alveolar over-inflation

and dorsal alveolar

collapse

Reduction in ventilator-

induced lung injury as a

result of reduction in

alveolar distension

Increased manpower needed

to turn patient to prone

Improved ventilation/

perfusion matching due

to reduction in

compressive forces as well

as greater pulmonary

blood flow at non-

dependent dorsal lung

region

Contraindicated in patients

with unstable spinal or

pelvic fractures, open

chest or abdomen, central

cannulation of

extracorporeal membrane

oxygenation or

ventricular assist devices,

pregnant women in 2nd

and 3rd trimesters

Inability to immediately

perform procedures such

as intubation and chest

compression for patient

in the prone position
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(OI), oxygen saturation index (OSI), clinical
severity scores including Sequential Organ
Failure Assessment (SOFA) and Acute Physiol-
ogy And Chronic Health Evaluation II (APACHE
II) score], interventions (respiratory support,
FiO2, ventilator parameters, use of prone posi-
tion, duration and timing of prone position,
extracorporeal membrane oxygenation
(ECMO), outcomes (mortality, duration of MV)
and adverse events associated with prone posi-
tion. A priori, provided there were sufficient
studies, we planned to perform a meta-analysis
to assess the association of prone positioning
with improvement in PaO2/FiO2 ratio, duration
of MV and mortality.

RESULTS

We retrieved 8675 references (Fig. 2), of which
4236 were duplicates. We identified seven arti-
cles [23–30] describing prone position in
COVID-19 patients receiving respiratory sup-
port with HFNC, NIV or MV (Table 1). Six of
seven studies were observational [23–29], and
one was a prospective feasibility study [30]. Six
studies [23, 24, 26, 28–30] included only adult
patients, and five were single-center studies
[23, 26, 28–30]. Three studies included ICU
patients alone [23, 26, 27], three included only
non-intubated patients outside the ICU setting
[28–30] and one study included both ICU and
non-ICU patients [24]. Six of seven studies
involved a small number of adult patients
[23, 24, 26, 28–30] (Table 1). Only one study
[27] included a large cohort of 1591 patients
and included adult and pediatric patients. The
included studies were clinically heterogenous,
and there was a paucity of description of clinical
outcomes in relation to prone position, pre-
cluding us from performing a meta-analysis and
providing a pooled effect estimate of the impact
of the prone position on clinically important
outcomes.

Outcomes

Three of seven studies [28–30] reported on the
tolerability of prone position in awake non-

intubated patients, all reporting high tolerance
(63–83.9%).

Three studies reported changes in oxygena-
tion with prone position [28–30]. In a single
center study of 24 awake non-intubated
patients with hypoxemic acute respiratory fail-
ure [28], 6/24 (25%) patients showed greater
than 20% increase in PaO2 (compared with
baseline) during prone position. Similarly, in a
study of 15 patients with poor response to NIV
(PEEP 10 cm H2O and FiO2 of 0.6) all patients
showed improvement in SpO2 and PaO2/FiO2

(P\0.001) with prone position [29]. In a third
study of 56 patients on oxygen supplementa-
tion or continuous positive airway pressure
support, oxygenation substantially improved
from supine to prone position (PaO2/FiO2 ratio
180.5 mmHg [SD 76.6] vs. 285.5 mmHg [112.9]
in supine and prone positions, respectively;
P\ 0.0001) [30]. In two studies, improvement
in oxygenation was maintained after resupina-
tion in half of those who showed improvement
with prone position [28, 30] although this
change was not significant when compared
with oxygenation prior to prone position.

In the one study which assessed lung
recruitment, there was an improvement in
recruitability in the prone compared with
supine position [26]. In 12 mechanically venti-
lated patients, prone position performed over
periods of 24 h when PaO2/FiO2 was persistently
lower than 150 mmHg resulted in higher pro-
portion of patients that achieved lung recruit-
ment (13/36 vs. 1/17 in the prone and non-
prone groups, respectively, P = 0.02) [26]. The
investigators also reported an increase in PaO2/
FiO2 ratio though this was not statistically sig-
nificant (182 ± 140 in prone vs. 120 ± 61 in
supine).

Two studies did not report clinical charac-
teristics and outcomes of patients treated
specifically with prone position [23, 27]. Only
four of seven studies [25, 26, 29, 30] reported
mortality in patients treated with prone posi-
tion. Reported mortality rates ranged from 6.7%
to 100% [25, 26, 29, 30]. However, these studies
which reported mortality lacked control groups
and did not adjust for clinically significant
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patient characteristics or severity of illness. One
study reported no difference in the subsequent
need for intubation in patients who responded
to prone position compared with those who did
not [30]. None of the studies examined prone
position with duration of MV. No serious
adverse events were reported in any of the
included studies [23, 25–30].

DISCUSSION

Increasing Use of Prone Position in Awake
Non-Intubated Patients

There is an increasing use of prone position in
non-intubated patients with and without
COVID-19. COVID-19 patients are often treated
with NIV or HFNC as the initial modality for
respiratory support [23, 31]. The benefits of

Fig. 2 Study selection for systematic review of the prone position in COVID-19 patients
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prone position should theoretically apply to
spontaneously breathing, non-intubated
patients, with improvement in oxygenation
while delaying or even avoiding the need for
intubation. Collective evidence and the physi-
ological basis of the prone position in ARDS
have encouraged several ICUs to incorporate
prone position into their management of non-
intubated COVID-19 patients [10, 32]. Indeed,
we became aware of four studies that were
published after completion of our search that
described the use of the prone position in non-
intubated COVID-19 patients [28–30, 33]. Three
of these studies met our inclusion criteria and
were included in our systematic review [28–30].
The fourth study did not fit the inclusion cri-
teria of our review as patients were on low-flow
or non-rebreather mask oxygen therapy alone
[33]. In this latter study, 19/25 (76%) patients
responded to prone position with improvement
in SpO2 [ 95% within 1 h [33]. Additionally,
patients who showed improvement in SpO2[
95% with the prone position, showed a lower
intubation rate of 37% (n = 7), compared with
83% (n = 5) in those whose SpO2 remained
\95% 1 h after prone position (mean differ-
ence in intubation rate was 46%; 95% CI
10–88%) [33].

Studies conducted in non-COVID-19
patients with acute respiratory failure showed
similarly promising results, although the effect
on important clinical outcomes such as mor-
tality and ventilator-free days remain unex-
plored [34–36]. A retrospective study [34]
comparing oxygenation (PaO2/FiO2) pre-, dur-
ing, and post (6–8 h)-prone position in 15 non-
intubated adult patients with non-COVID-19-
associated hypoxemic acute respiratory failure
showed that oxygenation was significantly
higher during prone position, with the same
PEEP and FiO2 throughout the duration of the
prone position (PaO2/FiO2 124 ± 50 mmHg,
187 ± 72 mmHg, and 140 ± 61 mmHg, during
pre-, prone, and post steps, respectively,
P\ 0.001). However, the oxygenation
improvement did not persist after return to the
supine position, and this was postulated to be
secondary to unstable recruitment of dorsal
lung regions. The tolerance rate was high (41/43
prone position procedures, 95%), with no

significant adverse effects. In a prospective
observational study of 20 patients with non-
COVID-19-associated moderate to severe ARDS
[35], 11/20 (55%) patients avoided intubation
when treated with a short duration of prone
position (1.8 h ± 0.7, mean of
2.4 ± 1.5 times/day) combined with NIV and
HFNC, compared with the expected intubation
rate of 75% in patients with moderate to severe
ARDS from prior published studies, although
this reduction was not statistically significant
and did not meet the predetermined threshold
of 40% reduction set by the authors. Of this
cohort, eight patients (73%) had moderate and
three (27%) had severe ARDS, and the addition
of prone position to HFNC and NIV resulted in
an increase of 25–35 mmHg in PaO2/FiO2. A few
case reports demonstrated similar findings of
improved oxygenation in non-intubated
patients post-lung transplantation [36, 37].

Adverse effects such as pressure sores and
tube obstruction associated with prone position
in ventilated patients [13, 38] were not seen in
the aforementioned studies in non-intubated
patients with the same level of hypoxemia.
However, it is important to note that studies on
non-intubated patients utilized a much shorter
duration of prone position (median 3 h [34], at
least 30 min [35]) than that recommended in
patients with severe ARDS [9]. While collective
prior studies suggest that prone position in non-
intubated patients with acute respiratory failure
can result in improved oxygenation and
reduced need for MV, whether this strongly
applies to non-intubated COVID-19 patients
remains to be determined, as only four
descriptive studies [28–30, 33] have been pub-
lished to date, and further trials in non-intu-
bated prone positioning in COVID-19 patients
(NCT04383613, NCT04350723) are under way.

Choosing the Right Patient for Prone
Position in COVID-19

Despite limited evidence for prone position in
COVID-19, certain radiological features in this
disease suggest that prone position may benefit
these patients. Radiological features unique to
COVID-19 include bilateral multifocal lung
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involvement with ground-glass opacities, with a
predilection for peripheral or posterior lung
fields [39] and vascular thickening [40, 41]. As
the infection progresses, lung findings progress
from unilateral multifocal opacities (in the
subclinical stage), rapidly evolving to bilateral
diffuse ground-glass opacities (in 1 week) fol-
lowed by transition to a consolidative pattern
by the second week of symptoms [42]. Maximal
lung involvement on radiological imaging has
been found to peak 10 days from onset of
symptoms [43]. Given the predilection for pos-
terior lung lobes and bilateral involvement in
COVID-19 pneumonia, prone position may
allow recruitment of the diseased posterior
lobes and may be potentially beneficial in this
viral pneumonia. However, it is important to
keep in mind that COVID-19 ARDS presents as a
spectrum of clinical phenotypes with varying
degrees of lung infiltrates, lung recruitability
and compliance, and hence heterogenous res-
piratory mechanics [44], with some patients
more or less likely to respond to prone
positioning.

Given this clinical heterogeneity, electrical
impedance tomography (EIT), a noninvasive
imaging tool that can assess lung recruitment in
patients with ARDS, may be a useful technique
to guide patient selection for the prone posi-
tion. Studies on adult populations have shown
efficacy of EIT as a bedside tool to evaluate
regional ventilation and effectiveness of lung
recruitment strategies [45, 46]. However, more
research on respiratory mechanics, the utility of
EIT and the effect of prone position in COVID-
19 patients is needed before definitive man-
agement guidelines can be established.

Limitations and Alternatives to Prone
Position

It is important to consider the feasibility and
practicality of prone position, particularly given
the resource constraints of the current pan-
demic. Absolute contraindications to prone
position include unstable spinal or pelvic frac-
tures, open chest or abdomen, central cannu-
lation for extracorporeal membrane
oxygenation (ECMO) or ventricular assist

devices (Table 2). Relative contraindications
include raised intracranial or intraocular pres-
sure, uncontrolled seizures, recent cardiac
arrhythmias, precarious central line or ECMO
cannula, pregnancy in the second or third tri-
mester, and hemodynamic instability or signif-
icant coagulopathy [47, 48]. Systematic reviews
have demonstrated a higher incidence of pres-
sure sores, tracheal tube obstruction and dis-
lodgement of thoracostomy tubes with prone
position [20, 21]. However, implementation by
an experienced team with an adequate number
of personnel [19] and the use of standardized
protocols can minimize adverse events and
occupational injuries to healthcare staff
[19, 47, 49]. Additionally, many of the con-
traindications are unlikely in awake non-intu-
bated patients who may be able to prone and
then un-prone themselves either independently
or with minimal assistance. Considering the
evidence to date, we believe that it is worth
investigating the therapeutic benefit of the
prone position during the current pandemic,
particularly when delivered in a standardized
manner with appropriate patient selection and
dedicated prone position teams.

Anecdotally, ‘‘supine chest compression’’,
achieved by placing a 2-kg weight on bilateral
chest walls with the patient in the supine posi-
tion, was reported as an alternative to prone
position in two adults with severe ARDS in
whom prone position could not be performed:
one patient with polytrauma and another with
maxillofacial injury and head injury [50]. Both
patients saw an improvement in PaO2/FiO2

within 6 hours of chest wall compression,
without major adverse effects or serious com-
plications. The authors postulated that the
impediment of the more compliant ventral
chest wall by the chest compression technique
would result in redistribution of ventilation in
favor of the highly perfused dorsal area, hence
increasing the ventilation perfusion ratio, sim-
ilar to the respiratory mechanics of the prone
position.

There is an ongoing clinical trial evaluating
the effects of supine chest compression on
hemodynamics and respiratory parameters in
patients with moderate to severe ARDS [51].
Although evidence is lacking to support its use,
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supine chest compression might be an inter-
esting alternative to prone position, particularly
during the COVID-19 pandemic, as it may not
require dedicated manpower or an increase in
the use of sedatives and paralysis, and has a
potentially lower risk of adverse events such as
ventilator disconnection or endotracheal-re-
lated events, which may in turn reduce the risk
of nosocomial spread of infection. Future clini-
cal studies are needed to evaluate the clinical
benefits and adverse effects of supine chest
compression in patients with ARDS and also in
subgroups such as the pediatric population and
COVID-19 patients.

CONCLUSION

Since the start of the pandemic, prone position
has gained importance as an adjunctive treat-
ment modality which may not only improve
short-term outcomes but also lessen the burden
on healthcare resources by improving oxy-
genation and hence reducing or delaying the
need for intubation. However, our systematic
review revealed that there was a paucity of rig-
orous data on the potential efficacy of the prone
position in COVID-19 patients. As such, rec-
ommendations for utilizing prone position in
COVID-19 patients has been extrapolated from
previous ARDS studies. The preliminary collec-
tive experience seems to suggest that prone
position is associated with improvement in lung
recruitability [26] as well as improved oxy-
genation [28–30, 33]. No significant adverse
events were reported with the prone position in
any of the studies. However, the level of evi-
dence remains low: studies in our review had
small sample sizes, were observational in
design, and had no comparator groups. As such,
there remains a gap in the current evidence for
the use of prone position in COVID-19 patients,
particularly in non-intubated patients, as well as
in relation to clinically significant outcomes
such as the need for intubation, mortality and
duration of MV. For now, in COVID-19 patients
who require MV and meet the criteria for ARDS
[52], we recommend the use of prone position
as per the Surviving Sepsis Campaign and WHO
guidelines [10, 11]. In addition, in our opinion,

given the current evidence, a trial of prone
position, with close monitoring of clinical
parameters, oxygenation and tolerance should
be considered for awake, non-intubated COVID-
19 patients with hypoxemic respiratory failure,
as long as they can be appropriately rescued
with intubation and MV if this trial fails, as
delay in intubation is in itself associated with
increased mortality [53].

COVID-19 disease has resulted in significant
and unprecedented demands on healthcare
systems around the world. As healthcare sys-
tems adapt to the pandemic, it would be an
opportune time to design and conduct both
high-quality observational studies and RCTs
that can elucidate the role of low-cost inter-
ventions such as prone positioning, in both
intubated and non-intubated patients. At pre-
sent there are at least 20 registered studies
(https://clinicaltrials.gov) which aim to investi-
gate the role of the prone position in COVID-
19. An intervention such as this is especially
important to investigate, as it is simple, does
not require additional costly equipment, and
has the potential to help resource-poor facilities
to improve clinical outcomes and prevent
mortality.
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