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Awake prone positioning for non-intubated patients with 
COVID-19-related acute hypoxaemic respiratory failure: 
a systematic review and meta-analysis
Jie Li*, Jian Luo*, Ivan Pavlov*, Yonatan Perez*, Wei Tan*, Oriol Roca, Elsa Tavernier, Aileen Kharat, Bairbre McNicholas, Miguel Ibarra-Estrada, 
David L Vines, Nicholas A Bosch, Garrett Rampon, Steven Q Simpson, Allan J Walkey, Michael Fralick, Amol Verma, Fahad Razak, Tim Harris, 
John G Laffey†, Claude Guerin†, Stephan Ehrmann†, for the Awake Prone Positioning Meta-Analysis Group‡

Summary
Background Awake prone positioning has been broadly utilised for non-intubated patients with COVID-19-related 
acute hypoxaemic respiratory failure, but the results from published randomised controlled trials (RCTs) in the past 
year are contradictory. We aimed to systematically synthesise the outcomes associated with awake prone positioning, 
and evaluate these outcomes in relevant subpopulations.

Methods In this systematic review and meta-analysis, two independent groups of researchers searched MEDLINE, 
Embase, PubMed, Web of Science, Scopus, MedRxiv, BioRxiv, and ClinicalTrials.gov for RCTs and observational 
studies (with a control group) of awake prone positioning in patients with COVID-19-related acute hypoxaemic 
respiratory failure published in English from Jan 1, 2020, to Nov 8, 2021. We excluded trials that included patients 
intubated before or at enrolment, paediatric patients (ie, younger than 18 years), or trials that did not include the 
supine position in the control group. The same two independent groups screened studies, extracted the summary 
data from published reports, and assessed the risk of bias. We used a random-effects meta-analysis to pool individual 
studies. We used the Grading of Recommendations Assessment, Development, and Evaluation approach to assess 
the certainty and quality of the evidence. The primary outcome was the reported cumulative intubation risk across 
RCTs, and effect estimates were calculated as risk ratios (RR;95% CI). The analysis was primarily conducted on RCTs, 
and observational studies were used for sensitivity analyses. No serious adverse events associated with awake prone 
positioning were reported. The study protocol was prospectively registered with PROSPERO, CRD42021271285.

Findings A total of 1243 studies were identified, we assessed 138 full-text articles and received the aggregated results 
of three unpublished RCTs; therefore, after exclusions, 29 studies were included in the study. Ten were RCTs 
(1985 patients) and 19 were observational studies (2669 patients). In ten RCTs, awake prone positioning compared 
with the supine position significantly reduced the need for intubation in the overall population (RR 0·84 [95% CI 
0·72–0·97]). A reduced need for intubation was shown among patients who received advanced respiratory support 
(ie, high-flow nasal cannula or non-invasive ventilation) at enrolment (RR 0·83 [0·71–0·97]) and in intensive care 
unit (ICU) settings (RR 0·83 [0·71–0·97]) but not in patients receiving conventional oxygen therapy (RR 0·87 
[0·45–1·69]) or in non-ICU settings (RR 0·88 [0·44–1·76]). No obvious risk of bias and publication bias was found 
among the included RCTs for the primary outcome.

Interpretation In patients with COVID-19-related acute hypoxaemic respiratory failure, awake prone positioning 
reduced the need for intubation, particularly among those requiring advanced respiratory support and those in ICU 
settings. Awake prone positioning should be used in patients who have acute hypoxaemic respiratory failure due to 
COVID-19 and require advanced respiratory support or are treated in the ICU.

Funding OpenAI, Rice Foundation, National Institute for Health Research, and Oxford Biomedical Research Centre.
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Introduction
Prone positioning has been shown to improve oxygenation 
and mortality for intubated patients with moderate to 
severe acute respiratory distress syndrome (ARDS),1,2 and 
it has become the standard of care since the PROSEVA 
trial was published.3 Prone positioning of non-intubated 
patients, so-called awake prone positioning, has been 
attempted for patients with acute hypoxaemic respiratory 
failure, and it has been shown to improve oxygenation and 

potentially avoid intubation.4,5 Similar mechanisms 
(ie, better ventilation–perfusion matching and a better 
homogeneity of lung stress and strain) as pertaining to 
intubated patients are likely to be involved during awake 
prone positioning.6

Since the early phases of the COVID-19 pandemic, 
awake prone positioning has been broadly performed 
worldwide, and it has been recommended by multiple 
societies,7–9 because of its potential benefits, low risk, and 
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easy implementation. Furthermore, if it is successfully 
performed outside of the intensive care unit (ICU), the 
intervention could spare the very precious resource of 
ICU bed availability. Multiple observational studies 
reported improved oxygenation with awake prone 
positioning, but none of them convincingly demonstrated 
a benefit in avoiding intubation or reducing mortality.10 In 
August, 2021, an international randomised controlled 
meta-trial with more than 1100 patients found that awake 
prone positioning significantly reduced intubation need 
and treatment failure for patients with COVID-19-related 
acute hypoxaemic respiratory failure requiring support 
with high-flow nasal cannula.11 However, before this 
publication, six randomised controlled trials (RCTs) with 
a smaller sample size than the meta-trial,12–17 and two 
completed but unpublished multi-centre RCTs that 
enrolled 248 patients18 and 293 patients,19 respectively, did 
not find that awake prone positioning reduced the 
intubation need for patients with COVID-19; and, three 
RCTs12,13,18 found that patients’ adherence to awake prone 
positioning was low. In the two most recent meta-analyses 
that included RCTs,20,21 Fazzini and colleagues included 
two RCTs11,14 and 12 observational studies, and they 
reported uncertainty regarding the effects of awake prone 
positioning on intubation and survival,20 whereas Beran 
and colleagues included five RCTs11–14,16 and nine 

observational studies, and they reported that awake prone 
positioning has a benefit on mortality.21

It is crucial to resolve ongoing uncertainties regarding 
the effects of awake prone positioning on intubation 
and all-cause mortality for patients with COVID-19-
related acute hypoxaemic respiratory failure. Essential 
to this is to evaluate the effect of awake prone 
positioning in subpopulations who are likely to benefit 
differently. These findings can help clinicians in their 
daily practice and maximise the benefits for patients 
with COVID-19 during the ongoing pandemic. We 
performed a systematic review and meta-analysis of all 
clinical trials with a control group to assess the effect of 
awake prone positioning on the risk of intubation for 
patients with COVID-19-related acute hypoxaemic 
respiratory failure.

Methods
Search strategy and selection criteria
We conducted a systematic review and meta-analysis 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) recommendations.22 
Two independent groups of investigators (group 1 was JLi, 
WT, and JLu; group 2 was YP and IP) searched MEDLINE, 
Embase, PubMed, Web of Science, Scopus, MedRxiv, 
BioRxiv, Google Scholar, and ClinicalTrials.gov for eligible 

Department of Anaesthesia and 
Intensive Care Medicine, 

Galway University Hospitals 
and School of Medicine, 

National University of Ireland, 
Galway, Ireland 

(B McNicholas PhD, 
Prof J G Laffey MD); Unidad de 

Terapia Intensiva, Hospital Civil 
Fray Antonio Alcalde. 

Guadalajara, Jalisco, Mexico 
(M Ibarra-Estrada MD); Boston 

University School of Medicine, 
Boston, MA, USA 

(N A Bosch MD, 
Prof A J Walkey PhD); Boston 

Medical Center, Boston, MA, 
USA (N A Bosch, Prof A J Walkey); 

University of Kansas Medical 
Center, Kansas City, KS, USA 

(G Rampon MD, 
Prof S Q Simpson MD); Sinai 

Health System, Department of 
Medicine, University of 

Toronto, ON, Canada 
(M Fralick MD); Li Ka Shing 

Knowledge Institute, 
St Michael’s Hospital, Unity 
Health Toronto, ON, Canada 

(A Verma MD, F Razak MD); 
Department of Medicine 

(A Verma, F Razak) and Institute 
of Health Policy, Management 

and Evaluation, University of 
Toronto, ON, Canada 

(A Verma, F Razak); Department 
of Emergency Medicine, Queen 

Mary University of London, 
London, UK (Prof T Harris MD); 

Hamad Medical Corporation, 
Doha, Qatar (Prof T Harris); 

Médecine Intensive 
Réanimation, Hôpital Édouard 

Herriot, Lyon, France 
(Prof C Guerin PhD); Université 

de Lyon, Lyon, France 
(Prof C Guerin); Institut Mondor 

de Recherches Biomédicales 
INSERM 955 CNRS 7200, Paris, 
France (Prof C Guerin); INSERM, 

Centre d’ Étude des Pathologies 
Respiratoires, U1100, 

Université de Tours, Tours, 
France (Prof S Ehrmann)

Correspondence to: 
Dr Jie Li, Department of 

Cardiopulmonary Sciences, 
Division of Respiratory Care, 

Rush University, Chicago, 
IL 60612, USA 

jie_li@rush.edu

See Online for appendix 

Research in context

Evidence before this study
A large meta-trial demonstrated that awake prone positioning 
in non-intubated hypoxaemic patients with COVID-19 
pneumonia significantly reduced the intubation rate but not 
the mortality rate, although other randomised controlled trials 
(RCTs) showed contradictory results. Two independent groups 
searched MEDLINE, Embase, PubMed, Web of Science, Scopus, 
MedRxiv, BioRxiv, and ClinicalTrials.gov for RCTs, observational 
studies (with a control group), and meta-analyses of awake 
prone positioning in patients with COVID-19-related acute 
hypoxaemic respiratory failure published in English from 
Jan 1, 2020, to Nov 8, 2021. We included published RCTs 
comparing awake prone positioning (intervention group) with 
the supine position (control group) for non-intubated adult 
(older than 18 years) patients hospitalised for COVID-19 
pneumonia. We excluded trials that included patients 
intubated before or at enrolment, paediatric patients (younger 
than 18 years), or trials that did not include the supine position 
in the control group.

Following screening and exclusion of the search results, we 
identified ten RCTs (three unpublished from ClinicalTrials.gov), 
19 observational studies, and 11 meta-analyses. Only two meta-
analyses included RCTs; one included two RCTs and 
12 observational studies, and it reported uncertainty in regard to 
the effects of awake prone positioning on intubation rate and 
survival; the other meta-analysis included five RCTs and nine 
observational studies, and it reported that awake prone 

positioning had a benefit on mortality; this result was probably 
driven by observational studies. 

Key search terms were (prone position*) AND (awake OR non-
intubated) AND (COVID-19 OR SARS-CoV-2). In general, the 
quality of the included RCTs was good in terms of randomisation 
but blinding was not possible due to the nature of prone 
positioning in awake non-intubated patients. No publication 
bias was observed among the RCTs for the primary outcome.

Added value of this study
Aggregating the data of all the available RCTs showed that 
awake prone positioning reduced the need for intubation in 
patients with COVID-19-related acute hypoxaemic respiratory 
failure. We separately analysed the observational studies, and 
the findings were similar, which strengthens the external 
validity of these results. Moreover, we found that the 
reduction in intubation was significant when awake prone 
positioning was performed in patients in an intensive care 
unit setting at enrolment and in patients receiving advanced 
respiratory support (high-flow nasal cannula or non-invasive 
ventilation). It was not significant for patients in general 
wards or in patients receiving conventional oxygen therapy.

Implications of all the available evidence
Awake prone positioning should be used in patients with 
COVID-19-related acute hypoxaemic respiratory failure, in 
particular when they are managed in the intensive care unit and 
receive advanced respiratory support.
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studies from Jan 1, 2020, to Nov 8, 2021. The key search 
terms were (prone position*) AND (awake or non-
intubated) AND (COVID-19 OR SARS-CoV-2), with the 
detailed search strategy available in the appendix 
(appendix p 5). Only publications in English were included 
and there was no limit in geographical locations. Summary 
data were extracted. The status of the trials registered in 
ClinicalTrials.gov were reviewed, and the authors of RCTs 
that were completed but not yet published were contacted 
to obtain their aggregate results.
We included RCTs published in English comparing 
awake prone positioning (intervention group) with the 
supine position (control group) for non-intubated adult 
(older than 18 years) patients hospitalised for COVID-19 
pneumonia. Observational studies of awake prone 
positioning that included a control group (the supine 
position) were included as a sensitivity analysis. To 
evaluate the effects of awake prone positioning on the 
intubation risk for adult patients with COVID-19, we 
excluded trials that included patients intubated before or 
at enrolment, paediatric patients (younger than 18 years), 
or trials that did not include the supine position in the 
control group management; and excluded records that 
were not observational studies or RCTs—eg, protocols, 
opinions, editorials, reports. The two investigator groups 
screened the study titles and abstracts, and reviewed full 
texts to select the studies; and they independently 
assessed the risk of bias using the Cochrane collaboration 
risk of bias tool for RCTs,23 which considers allocation 
sequence generation, concealment of allocation, masking 
of participants and investigators, incomplete outcome 
reporting, selective outcome reporting, and other sources 
of bias. Each potential source of bias was graded as high, 
low, or unclear, which determined whether the studies 
were considered at high, low, or moderate risk of bias. 
The Newcastle-Ottawa Scale was used to assess the risk of 
bias of observational studies, and full details are provided 
in the appendix (appendix p 19). Any disagreement 
regarding study selection, data extraction, or quality 
assessments was resolved by a consensus discussion with 
all five investigators and three other members from the 
meta-analysis group. The protocol is available online. 

Data analysis
Data were extracted by the two independent investigator 
groups in a blinded way, as recommended by the 
Cochrane Collaboration.23 Duplicate publications were 
excluded during screening. A case record form designed 
for the purpose of the study was used to record 
information on the following variables: age, sex, body-
mass index (BMI), comorbidities, baseline oxygenation, 
oxygen devices at enrolment, enrolment location, target 
and actual awake prone positioning duration, and the 
use of corticosteroids. Data from each study were 
tabulated and checked by a third independent author 
(ET) before inclusion in the analysis. Categorical 
outcomes were extracted as the number of patients who 

had each outcome and the total number of patients in 
each group (denominator). Continuous outcomes were 
extracted as sample size and mean (SD) or median (IQR) 
provided in the studies, with the conversion of medians 
to estimated mean (SD).24 Intention-to-treat datasets were 
selected if more than one set of results was reported. 
Authors were contacted in cases of missing data or if the 
reporting format was not suitable for the meta-analysis—
eg, if the data was only presented in a figure. The primary 
analysis was conducted separately on RCTs and 
observational studies.
We prespecified outcomes for efficacy on the basis of the 
consensus of the meta-analysis group. The primary 
outcome was the cumulative intubation risk across 
RCTs; the measure of effect was risk ratio (RR; 95% CI). 
Secondary outcomes included the reported all-cause 
mortality; the need for escalating respiratory support, 
which was defined as progression to a higher level of 
oxygen or respiratory support (room air<conventional 
oxygen therapy<high-flow nasal cannula<non-invasive 
ventilation [NIV]<invasive ventilation) according to the 
included studies;11–19 the duration of ICU and hospital 
stay; and safety outcomes, including cardiac arrest, 
vomiting, and central or arterial line dislodgement. We 
also performed a post-hoc analysis on ICU admission 
among patients who were not admitted to the ICU at 
enrolment and added it as a secondary outcome.

We performed data analysis according to the recom-
mendations in chapter 10 of the Cochrane Handbook for 
Systematic Reviews and Interventions.23 Funnel plots were 
depicted to assess publication bias using the random-
effects trim and fill method (R0 estimator) to correct for 
small study effects and Egger’s test. Effect estimates were 
calculated as RRs for dichotomous outcomes and mean 
difference for continuous outcomes. Studies with no 
events contributed no information for dichotomous 
outcomes. Data were combined with random effects to 
account for heterogeneity and fixed effects to evaluate the 
influence of small studies. The random-effects model was 
considered as the main analysis. The Mantel-Haenszel 
method was used for the fixed-effects model.25 The 
restricted maximum-likelihood estimator was used to 
estimate the between study variance for the inverse 
variance method in random-effects models.26 Statistical 
heterogeneity assessment between studies was performed 
by Cochran’s Q test and reported with the I² and Chi 
squared (χ²) statistics, in which I² indicated the degree of 
heterogeneity as follows: insignificant heterogeneity 
(0–30%), moderate heterogeneity (30–60%), substantial 
heterogeneity (50–90%), and considerable heterogeneity 
(75–100%). The threshold for significance for p values 
was 0·05.

Trial sequential analysis (TSA) was performed by TSA, 
version 0.9.5.10 to further test the effect of awake prone 
positioning, which was achieved by defining the required 
information size, adjusting the thresholds for statistical 
significance each time a trial was included using the 

For TSA see www.ctu.dk/tsa

For the protocol see https://
www.crd.york.ac.uk/prospero/
display_record.
php?RecordID=271285

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=271285
www.ctu.dk/tsa
www.ctu.dk/tsa
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=271285
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=271285
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=271285
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=271285
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O’Brien-Fleming boundaries, and introducing the 
threshold for futility. The subgroup analyses on 
intubation need were based on respiratory support level 
before randomisation and patient location at enrolment. 
With regards to respiratory support level, conventional 
oxygen therapies without positive pressure such as nasal 
cannula or a mask were classified as conventional 
oxygen therapy, and positive airway pressure such as 
high-flow nasal cannula and NIV were classified as an 
advanced level of respiratory support. The location at 
enrolment was ICU versus non-ICU. Intermediate ICU 
or the emergency department was categorised as ICU, 
considering the intensity of the care and the ratio of 
nurses to patients in the emergency department, 
whereas non-ICU represented general wards.

The Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) method was used 
to grade the quality or certainty of the outcomes and the 
strength of recommendations.27

Meta-analyses were conducted using meta package 
(version 5.0.1) in R (version 4.0.3). The review protocol 
was prospectively registered with PROSPERO, 
CRD42021271285.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
We identified a total of 1243 studies with our search 
strategy. We screened 1056 titles and abstracts after 187 
duplicates were removed. Of 1056 titles and abstracts, 
138 full-text articles were assessed for eligibility. In 
addition, we contacted the authors of six RCTs who had 
not published their studies results at the time of 
conducting this systematic review and meta-analysis and 
received the aggregated results of three RCTs. We 
excluded 112 full-text articles; therefore, 29 studies were 
included in the study (figure 1). We included ten RCTs11–19 
(NCT04853979) that included a total of 1985 patients, and 
19 observational studies that included a total of 
2669 patients (the reference list for observational studies 
[non-RCTs] is available in the appendix pp 6–7).

Among the 29 included studies, the awake prone 
positioning procedures were variable, and the targeted 
daily proning duration varied between 1 h and 16 h, or as 
long as the patients could tolerate. Different types of initial 
respiratory support were used in the ten RCTs, of which 
seven studies12,13,15–19 included patients with a lower level of 
respiratory support (ie, conventional oxygen therapy), two 
studies11,14 used advanced respiratory support (ie, high-flow 
nasal cannula or NIV), and one study (NCT04853979) 
applied all the types of respiratory support. Patients were 
exclusively in an ICU setting in two RCTs,16,17 exclusively in 
a general ward setting in six RCTs12,13,15,18,19 (NCT04853979), 

and in both settings in two RCTs.11,14 Further demographic 
details of each RCT are shown in the table and in the 
appendix for observational studies (appendix pp 8–11).

None of the included RCTs had incomplete or selective 
outcome data reporting. All RCTs except for one,13 had 
a clear description of random sequence generation, 
six RCTs11,14,16,18,19 (NCT04853979) also explained the 
conceal ment of allocations (appendix p 12). Due to the 
nature of prone positioning in non-intubated patients, 
masking partici pants or the treating clinicians was not 
possible. No obvious publication bias was observed 
among the RCTs in terms of the primary outcome 
(appendix pp 13–18). The summaries of the bias 
assessment of observational studies indicated potential 
reporting bias on mortality (appendix pp 19–21). The 
GRADE assessment for the certainty of evidence for 
primary and secondary outcomes is summarised in the 
appendix (appendix p 22).

All the RCTs reported patients requiring intubation as 
an outcome, two RCTs12,15 did not report any patients 
requiring intubation in either the awake prone positioning 
group or the supine position (control) group; the 
remaining studies11,13,14,16–19 (NCT04853979) showed that 
awake prone positioning significantly reduced the need 
for intubation (RR 0·84 [95% CI 0·72–0·97]; figure 2).

Figure 1: Study flow diagram

1243 potentially eligible studies identified
through database search

187 duplicates removed

912 excluded

112 excluded
55 had no control group
28 were duplicates missed during screening

3 included patients under invasive mechanical
ventilation

2 included acute respiratory failure not related to
COVID-19

1 did not report the primary outcome of interest
1 was not English language

21 were the incorrect type of article
1 was an animal study

1056 titles and abstracts screened

6 full-text studies were not available, and 
the authors were contacted

138 full-text studies assessed for eligibility 

3 studies included as the authors shared 
aggregate results

29 studies included in the systematic 
review and meta-analysis
10 RCTs 
19 observational studies 
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In the subgroup analysis, the significant reduction 
in intubation requirement was observed in RCTs11,14 
(NCT04853979) that included patients on advanced 
respiratory support at enrolment (RR 0·83 [95% CI 
0·71–0·97]), and RCTs11,16,17 that included patients who were 
in ICU settings at enrolment (RR 0·83 [0·71–0·97]), but 

not for RCTs12,13,15–19 (NCT04853979) that included patients 
on conventional oxygen therapy at enrolment (RR 0·87 
[0·45–1·69]) or RCTs11–13,15,18,19 (NCT04853979) that included 
patients in non-ICU settings at enrolment (RR 0·88 
[0·44–1·76]; figure 3). The test for subgroup differences 
did not demonstrate any statistically significant interaction 

Country Study 
design

Enrolment 
location

Intervention* Control* Primary outcome Follow-up 
time

Secondary outcome(s)

Ehrmann 
et al (2021)11

USA, Mexico, 
Canada, 
Ireland, France, 
and Spain

Multicentre 
RCT

ICU, 
intermediate 
care unit, 
emergency 
department, and 
general wards

564 participants 
received awake prone 
positioning for as long 
and as frequently as 
possible; daily median 
duration 5·0 h 
(IQR 1·6–8·8) plus usual 
care

557 participants 
received usual 
care (HFNC)

Treatment failure 
within 28 days of 
enrolment, defined 
as intubation or 
death

28 days Intubation; mortality; use of NIV; 
length of hospital stay; time to 
HFNC weaning in patients with 
treatment success; duration of 
IMV among intubated patients 
surviving to day 28; mortality in 
IMV patients; predefined safety 
outcomes; physiological response 
to awake prone positioning, 
including ROX index

Taylor et al 
(2021)12

USA Single-
centre RCT

General ward 27 participants received 
awake prone positioning 
plus usual care

13 received usual 
care (room air, 
nasal cannula, 
HFNC, or NIV)

Outcomes relative 
to the successful 
implementation of 
a future definitive 
RCT

Until discharge 
or death

S/F; time on S/F <315; receipt of 
intensive care; oxygen flow 
>6 L/min; intubation; hospital 
length of stay; hospital mortality 
at 48 h; safety outcomes

Johnson et al 
(2021)13

USA Single-
centre RCT

General ward 15 participants received 
awake prone positioning 
every 4 h, with a 
duration of 1–2 h or as 
long as tolerated; total 
median duration 1·6 h 
(IQR 0·2–3·1) plus usual 
care

15 participants 
received usual 
care (room air or 
nasal cannula)

The change in P/F 
at 72 h after 
admission

28 days The change in P/F at 48 h; the 
need for endotracheal intubation; 
ICU transfer; escalation in oxygen 
delivery system; the length of 
stay; ventilator-free days; in-
hospital mortality

Rosén et al 
(2021)14

Sweden Multicentre 
RCT

ICU and general 
ward

36 participants received 
awake prone positioning 
for at least 16 h/day; 
daily median duration 
9·0 h (IQR 4·4–10·6) plus 
usual care

39 participants 
received usual 
care (HFNC or 
NIV)

Intubation within 
30 days after 
enrolment

30 days Duration of awake prone 
positioning; use of NIV; time to 
NIV for patients included with 
HFNC; use of vasopressors or 
inotropes; CRRT; ECMO; 
ventilator-free days; days free of 
NIV or HFNC; hospital and ICU 
length of stay; 30-day mortality; 
WHO-ordinal scale for clinical 
improvement at 7 and 30 days; 
adverse events

Kharat et al 
(2021)15

Switzerland Single-
centre RCT

General ward 10 participants received 
awake prone 
positioning, self-proning 
for 12 h/day and 
alternate body 
positioning every 4 h; 
total median duration 
4·9 h (SD 3·6) plus usual 
care

17 participants 
received usual 
care (nasal 
cannula)

Oxygen needs 
assessed by nasal 
cannula oxygen 
flow at 24 h

28 days S/F ratio at 24 h; respiratory and 
heart rate at 24 h; patient 
trajectory (transfer to critical care 
unit) and potential intervention-
related adverse effects as defined 
by neck pain; position-related 
discomfort and gastro-
oesophageal reflux; intubation; 
death at 28 days

Jayakumar et al 
(2021)16

India Multicentre 
RCT

ICU 30 participants received 
awake prone positioning 
for at least 6 h/day plus 
usual care

30 participants 
received usual 
care (nasal 
cannula, face 
mask, non-
rebreather mask, 
HFNC, or NIV)

The proportion of 
patients adhering 
to the protocol

Until discharge 
or death

Proportion of patients requiring 
escalation of respiratory support; 
number of h prone and maximum 
h of continuous prone positioning 
in a day; the length of stay in ICU; 
ICU mortality; adverse events

Gad et al (2021)17 Egypt Single-
centre RCT

ICU 15 participants received 
awake prone positioning 
for 1–2 h each session 
3 h apart during waking 
h for the first 3 days plus 
usual care

15 participants 
received usual 
care (non-
rebreather 
mask)

Improvement of 
oxygenation and 
avoidance of 
intubation within 
the first 3 days of 
critical care 
admission

·· ICU stay and hospital stay

(Table continues on next page)
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between intubation risk and enrolment location (ICU vs 
non-ICU χ²=0·03; p=0·86; figure 3) or the type of 
respiratory support (advanced vs conventional respiratory 
support χ²=0·02; p=0·88; figure 3). TSA confirmed these 
findings by showing that the optimal information size was 
reached (close to the optimal information size for advanced 
respiratory support and ICU subgroups) and the crossing 
of the significance boundaries (appendix p 23–25). The 
18 observational studies with data on intubation also 
reported a lower risk of intubation in the awake prone 
positioning group (RR 0·62  [95% CI 0·47–0·83]) but with 
significant statistical heterogeneity (I² =65%; χ²= 48·51; 
p<0·0001; appendix p 26).

In the ten RCTs with data on mortality, two RCTs12,15 
reported no deaths in either the awake prone 
positioning group or the supine position group. The 
pooled estimates demonstrated that awake prone 
positioning did not significantly reduce mortality 
(RR 1·00 [95% CI 0·70–1·44]; figure 2). Moreover, no 
significant differences in mortality were found in the 
subgroup analyses, which included types of respiratory 
support at enrolment (advanced respiratory support 
RR 1·23 [95% CI 0·54–2·80]; conventional oxygen 
therapy RR 1·14 [0·47–2·75]) or enrolment location 
(ICU RR 0·90  [0·72–1·13]; non-ICU RR 0·81 [0·41–1·59]; 
appendix p 27). No significant correlation was found in 

Country Study 
design

Enrolment 
location

Intervention* Control* Primary outcome Follow-up 
time

Secondary outcome(s)

(Continued from previous page)

Fralick et al 
(2021)18

Canada, USA Multicentre 
RCT

General ward 126 participants 
received awake prone 
positioning four times 
per day (up to 2 h for 
each session) and they 
were encouraged to 
sleep in the prone 
position overnight; total 
median duration 6 h 
(IQR 1·5–12·8) in the first 
72 h and 0 h (IQR 0–12) 
from 72 h to 7 days; plus 
usual care

122 participants 
received usual 
care (nasal 
cannula, venturi 
mask, HFNC)

A composite of in-
hospital death, 
mechanical 
ventilation, or 
worsening 
respiratory failure 
defined as requiring 
at least 60% 
fraction of inspired 
oxygen for more 
than 24 h

30 days The components of the 
composite analysed individually; 
time spent in the prone position; 
change in S/F; time to recovery 
(defined as being on room air for 
at least 24 h); time to discharge 
from hospital; and the rate of 
serious adverse events

Garcia et al 
(2021)19

USA Multicentre 
RCT

General ward 159 participants 
received awake prone 
positioning in up to four 
1–2 h daily sessions, and 
up to 12 h nightly plus
usual care

134 participants 
received usual 
care (room air, 
nasal cannula, 
mask, or HFNC)

Progression of 
acute respiratory 
failure, composite 
outcome of either 
respiratory 
deterioration (ie, 
progression to non-
rebreather mask, 
HFNC, NIV, IMV, or 
requiring an 
increase in oxygen 
≥2 L/min compared 
with their baseline) 
or admission to the 
ICU

14 days (or 
until discharge 
or death)

Respiratory deterioration; 
admission to the ICU; receipt of 
IMV; hospital mortality; diagnosis 
of ARDS; median self-reported 
dyspnoea (Borg Score); safety 
outcomes; and compliance with 
awake prone positioning

Harris et al 
(NCT04853979)

Qatar Multicentre 
RCT

General ward 31 participants received 
awake prone positioning 
for at least 3 h/day and 
up to 16 h/day plus usual 
care

30 participants 
received usual 
care (nasal 
cannula, non-
rebreather mask, 
HFNC, or NIV)

Escalation of 
respiratory support 
within the 30 days 
of the study

30 days Incidence of intubation within 
30 days of enrolment; use of nasal 
prongs, Hudson mask, non-
rebreather mask, NIV, and IMV in 
each group in the first 3 days of 
the study; physiological response 
to prone averaged over days 1–3; 
P/F or S/F ratio and ROX index at 
baseline, 1 h after the first prone 
and daily for 4 days; length of 
time tolerating proning; 28-day 
mortality; length of stay in ICU 
and hospital; duration of IMV; 
displacement of devices; adverse 
events

RCT=randomised controlled trial. ICU=intensive care unit. HFNC=high flow nasal cannula. NIV=non-invasive ventilation. IMV=invasive mechanical ventilation. S/F=ratio of pulse oxygen saturation to fraction of 
inhaled oxygen. S/F=ratio of pulse oximetric saturation to fraction of inhaled oxygen. P/F=ratio of partial pressure of arterial oxygen to fraction of inhaled oxygen. ROX index=ratio of S/F to respiratory rate. 
CRRT=continuous renal replacement therapy. ECMO=extracorporeal membrane oxygenation. ARDS=acute respiratory distress syndrome. *For further baseline characteristics of the participants please see the full 
table in the appendix (appendix pp 46–47)

Table: Demographic details of the included RCTs
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treatment interaction between types of respiratory 
support or enrolment locations and mortality (advanced 
vs conventional respiratory support χ²=0·02, p=0·90; 
ICU vs non-ICU χ²=0·08, p=0·77; appendix p 27). 
However, TSA showed that the optimal information 
size was not reached, except for the non-ICU subgroup 
(appendix pp 28–30). On the contrary, a significant 
reduction in mortality was found in the 17 observational 
studies that reported this outcome (RR 0·56 [95% CI 
0·48–0·65]; appendix p 26). Due to the observation of 
significant publication biases for mortality in RCTs and 
observational studies, further pooled estimates were 
calculated after exclusion of the studies identified as 
small-study effects by trim and fill (including five 
RCTs13,14,16,17 [NCT04853979] and five observational 
studies [references 6,12,14,15,17 in appendix pp 6–7]); 
and the results were similar to the results presented 
before the exclusion of these studies (RCTs RR 0·88 

[95% CI 0·70–1·09]; observational studies RR 0·58 
[0·50–0·68]; appendix pp 31–32)

Seven RCTs11,13,15,16,18,19 (NCT04853979) reported the need 
for escalation of respiratory support as an outcome; there 
was no significant difference between the awake prone 
positioning group and the control groups on the need for 
escalation of respiratory support (RR 1·03 [95% CI 
0·77–1·37]; appendix p 33), regardless of the subgroups of 
respiratory support (advanced respiratory support 
RR 1·06 [95% CI 0·39–2·89]; conventional oxygen 
therapy RR 0·77 [0·43–1·39]) or enrolment location (ICU 
RR 1·08 [0·60–1·96]; non-ICU RR 1·0 [0·69–1·44]; 
appendix p 34). From the six RCTs11–13,15,19 (NCT04853979) 

that reported the need for ICU admission as an outcome, 
no significant difference was found between the awake 
prone positioning group and the control groups (RR 0·75 
[95% CI 0·51–1·10]; appendix p 33) or in the subgroup 
analysis of respiratory support (advanced respiratory 

Figure 2: Intubation (A) and mortality (B) for included randomised controlled trials
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Figure 3: Subgroup analysis of intubation
(A) Advanced versus conventional respiratory support. (B) ICU versus non-ICU. ICU=intensive care unit.
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support RR 0·77 [95% CI 0·53–1·11]; conventional oxygen 
therapy RR 0·91 [0·56–1·50]; appendix p 35), and a 
similar result was shown after exclusion of a small study13 
identified by trim and fill (RR 0·69 [0·47–1·03]; 
appendix p 36). Furthermore, awake prone positioning 
did not significantly reduce the ICU length of stay in 
five RCTs11,14,16,17 (NCT04853979),(mean difference 0·08 day 
[95% CI –0·89 to 1·05]) or hospital length of stay in 
eight RCTs11–15,17,19 (NCT04853979), (mean difference 
0·57 day [–0·35 to 1·49]; appendix p 33). However, in the 
subgroups of conventional oxygen therapy and non-ICU, 
a small but significant difference in length of hospital 
length of stay was found in the awake prone positioning 
group (conventional oxygen therapy mean difference 
1·15 days [95% CI 0·26–2·05]; non-ICU mean difference 
1·16 days [0·27–2·05]; appendix pp 37–38). TSA showed 
that the optimal information size was not reached for any 
of these secondary outcomes but the need for ICU 
admission crossed the futility boundary (appendix 
pp 39–42). Similar results of secondary outcomes were 
shown in observational studies (appendix p 43).

Adverse events were reported in seven RCTs11,12,14–16,19 
(NCT04853979) with one RCT12 showing no complications 
in either group, and six RCTs reporting mild complications, 
such as skin breakdown, central venous or arterial line 
dislodgement, vomiting, back pain, bloating sensation, 
and general discomfort (appendix pp 44–45).

Discussion
In this systematic review and meta-analysis, we found 
that awake prone positioning significantly reduced the 
need for intubation of patients with COVID-19-related 
acute hypoxaemic respiratory failure, in particular among 
patients who required advanced respiratory support 
including high-flow nasal cannula or NIV and those who 
were in an ICU setting at enrolment. This aligns with the 
findings in the recently published meta-trial,11 which 
enrolled 1121 patients with COVID-19-related acute 
hypoxaemic respiratory failure who were supported with 
high-flow nasal cannula; 94% of these patients were in an 
ICU setting at enrolment. In contrast, none of the seven 
RCTs, which included a total of 688 patients,12,13,15–19 that 
enrolled patients supported with conventional oxygen 
therapy demonstrated a difference in the need for 
intubation between awake prone positioning and the 
supine position.

The findings in the subgroup analysis of patients with 
COVID-19 requiring different levels of respiratory 
support and treatment in different locations (ie, ICU vs 
non-ICU) might have several explanations. The provision 
of advanced respiratory support and an ICU setting are 
directly correlated. Taken together, the apparent lack of 
efficacy of awake prone positioning in less severely ill 
patients (non-ICU or receiving conventional oxygen 
therapy) could be related to a lower event rate, less 
intensive monitoring, lower nursing to patient ratios, 
lower adherence to awake prone positioning, and 

differences in the patient’s disease severity. First, patients 
who require advanced respiratory support or ICU 
admission are sicker, and they are more likely to progress 
to invasive mechanical ventilation than patients 
supported with conventional oxygen therapy. When the 
event rate is low with large variances, precision is lower. 
Although the point estimates of relative risk were similar 
in higher and lower-acuity patients (ie, patients in non-
ICU settings or receiving low respiratory support), the 
confidence intervals were wider in lower-acuity patients. 
In addition, invasive ventilation was more commonly 
implemented during the early phase of the pandemic,28 
and study sample sizes calculated on the basis of the 
intubation rate during the early pandemic can result in 
underpowered studies even after completion. Indeed, 
some of the studies were terminated early owing to the 
inability to recruit enough patients because of the 
declining COVID-19 pandemic (NCT04853979).14,18,19 
Second, the finding that awake prone positioning 
resulted in a lower risk of intubation in patients with 
COVID-19 in an ICU setting but not for non-ICU patients 
could be explained by the higher ratio of health-care 
workers to patients in ICU. ICU patients might have 
more opportunities to receive encouragement or 
assistance to help them prone. However, even in ICU 
settings, patient adherence to awake prone positioning 
varied, with daily awake prone positioning duration 
ranging from 1–2 h/day to 8–10 h/day.11 Besides patient 
factors, clinician-driven awake prone positioning 29 rather 
than patient-driven awake prone positioning12,13,17–19 was 
probably the key to improving compliance with awake 
prone positioning. Third, the use of prone positioning in 
patients with advanced respiratory support might be 
associated with an increase in end-expiratory lung 
volume and a more homogeneous distribution in lung 
aeration,30 potentially decreasing tidal hyperinflation of 
the ventral regions and promoting the recruitment of the 
dorsal regions of the lung, which leads to better 
ventilation–perfusion matching. Moreover, in intubated 
patients with ARDS, allowing spontaneous breathing 
during prone positioning improved gas exchange, 
decreased inspiratory effort and lung stress, and 
attenuated systemic inflammatory response.31 These 
physiological benefits might have enabled some patients 
to stay in a prone position for a longer period; and a 
longer duration of awake prone positioning was found to 
be associated with treatment success.11,32 However, the 
results from the conventional oxygen therapy and non-
ICU subgroups are inconclusive since the optimal 
information size was not reached. Therefore, further 
studies on these subpopulations are warranted.

No significant difference in mortality between awake 
prone positioning and the supine position was found in 
this meta-analysis, which might be attributed to the low 
power for mortality outcome, which was investigated as a 
secondary outcome in all the RCTs, and the short follow-
up time of the studies (most reported mortality as a 



Articles

582 www.thelancet.com/respiratory   Vol 10   June 2022

28-day outcome or as an in-hospital outcome). In 
contrast, mortality was found to be significantly reduced 
in observational studies, possibly due to the use of 
historical control groups or selection bias, including 
patients unable to prone in the control groups. Similar 
explanations apply to the absence of a difference between 
awake prone positioning and the supine position in the 
duration of ICU stay and duration of hospital stay, in 
addition to no difference between the two groups in 
escalation of respiratory support.

A strength of our meta-analysis is that we systematically 
reviewed the current literature on the basis of previous 
meta-analyses,10,33–35 which did not include any RCTs. Since 
2021, several RCTs and meta-analyses have been published. 
Only two meta-analyses20,21 included RCTs, and one 
reported that awake prone positioning reduced mortality;21 
however, we suspect this benefit might have primarily 
been driven by observational data. Our analysis of 
observational studies also showed that awake prone 
positioning reduced mortality, confirming that this benefit 
is probably driven by observational data. To our knowledge, 
this is the first study that comprehensively includes all the 
published RCTs and observational studies of awake prone 
positioning with a control group. We separated the analysis 
of RCTs and observational studies, using observational 
studies as a sensitivity analysis. The results generated from 
the RCT analysis are convincing. Additionally, we contacted 
all the authors of RCTs with completed but unpublished 
studies for their aggregate data, with the aim of providing 
the strongest evidence on awake prone positioning to 
guide clinical practice in the ongoing pandemic.

There are several limitations in this study. First, the 
results are mainly driven by the three large sample size 
RCTs.11,18,19 Second, only a few studies reported the actual 
awake prone positioning duration; and this value might 
not have been recorded very precisely since it was 
observed and recorded unsystematically and with 
unknown accuracy by bedside clinicians. Therefore, we 
were not able to assess the impact of awake prone 
positioning duration on patient outcome. Future studies 
need to find ways to accurately document the start and 
stop time for each position, including prone, lateral, and 
supine positions, and more efforts are required to 
improve patient adherence to awake prone positioning. 
Third, only patients with COVID-19 were included in this 
meta-analysis, thus the results might not be generalisable 
to non-COVID-related acute hypoxaemic respiratory 
failure. Confirmatory trials in patients with acute 
hypoxaemic respiratory failure unrelated to COVID-19 
remain warranted.

In conclusion, this systematic review and meta-analysis 
found that in patients with COVID-19-related acute 
hypoxaemic respiratory failure, awake prone positioning 
reduced the need for intubation, particularly in those 
patients requiring advanced respiratory support and in 
those in the ICU setting at enrolment. The study did not 
demonstrate a benefit on mortality, the need for 

escalation of respiratory support, ICU admission, ICU 
length of stay, or hospital length of stay.
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