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Background: Since the beginning of the coronavirus disease 2019 (COVID-19) pandemic, prone positioning has 

been widely applied for non-intubated, spontaneously breathing patients. However, the efficacy and safety of 

prone positioning in non-intubated patients with COVID-19-related acute hypoxemic respiratory failure remain 

unclear. We aimed to systematically analyze the outcomes associated with awake prone positioning (APP). 

Methods: We conducted a systematic literature search of PubMed/MEDLINE, Cochrane Library, Embase, and 

Web of Science from January 1, 2020, to June 3, 2022. This study included adult patients with acute respiratory 

failure caused by COVID-19. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines were followed, and the study quality was assessed using the Cochrane risk-of-bias tool. The primary 

outcome was the reported cumulative intubation risk across randomized controlled trials (RCTs), and the effect 

estimates were calculated as risk ratios (RRs; 95% confidence interval [CI]). 

Results: A total of 495 studies were identified, of which 10 fulfilled the selection criteria, and 2294 patients were 

included. In comparison to supine positioning, APP significantly reduced the need for intubation in the overall 

population (RR = 0.84, 95% CI: 0.74–0.95). The two groups showed no significant differences in the incidence of 

adverse events (RR = 1.16, 95% CI: 0.48–2.76). The meta-analysis revealed no difference in mortality between the 

groups (RR = 0.93, 95% CI: 0.77–1.11). 

Conclusions: APP was safe and reduced the need for intubation in patients with respiratory failure associated 

with COVID-19. However, it did not significantly reduce mortality in comparison to usual care without prone 

positioning. 
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ntroduction 

Since the 1970s, prone positioning has been proposed

s an inexpensive and physiologically justified management

trategy for patients with acute respiratory distress syndrome

ARDS). Traditional prone positioning therapy is primarily

sed for mechanically ventilated patients, and many clinical

tudies have shown that prone positioning can help improve
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he prognosis of patients with ARDS. [ 1 , 2 ] The coronavirus

isease 2019 (COVID-19) pandemic dramatically increased

he number of patients with moderate to severe ARDS treated

utside intensive care units (ICUs). [ 3 ] The unprecedented

hortage of mechanical ventilators and ICU beds led clinicians

o extensively use non-invasive respiratory support to treat hy-

oxemic respiratory failure. [ 4 , 5 ] In this scenario, awake prone

ositioning (APP) was widely used to reduce the consumption
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f medical resources. The physiological rationale for prone

ositioning in ARDS has been well-described. [ 6 , 7 ] Prone posi-

ioning can result in an increased lung volume, [ 8 ] homogenized

leural pressure, [ 9 ] reduced shunting, [ 10 ] and improved lung

ompliance. [ 11 ] In patients with COVID-19, prone positioning

eads to physiological changes associated with lung-protective

entilation, including increased lung recruitment, decreased

ollapse, and improved ventilation–perfusion matching. [ 12 ] Be-

ore the COVID-19 pandemic, no randomized clinical trials had

xamined the effects of prone positioning in awake and non-

ntubated patients with hypoxemic respiratory failure. A recent

ystematic review and meta-analysis showed that APP reduced

he need for intubation in COVID-19 patients, particularly

mong those requiring advanced respiratory support and those

n ICU settings. [ 13 ] Nevertheless, despite the recommendations

n the COVID-19 pneumonia guidelines, the application of APP

emains controversial. [ 14 ] A recent randomized controlled trial

RCT) including patients with acute hypoxemic respiratory fail-

re (AHRF) due to COVID-19 

[ 15 ] showed that in comparison to

sual care without prone positioning, prone positioning did not

ignificantly reduce endotracheal intubation at 30 days. Addi-

ionally, no studies have specifically reported the safety of APP.

herefore, we performed a systematic review and meta-analysis

f all clinical trials with a control group to assess the effective-

ess and safety of APP in COVID-19 patients with AHRF. 

ethods 

earch strategy 

We conducted a systematic literature search of PubMed/

EDLINE, Cochrane Library, Embase, and Web of Science from

anuary 1, 2020 to June 3, 2022. The search strategy involved

 combination of the following keywords: APP, high-flow nasal

annula, non-invasive ventilation, COVID-19, and SARS-CoV-2.

nly reports published in English were included, and there was

o limit to geographical location. Trial registries, including Clin-

calTrials.gov, were also used to identify completed and ongoing

rials. The search strategy is presented in Supplementary Ap-

endix. 

tudy inclusion and criteria 

We selected all RCTs, and eligible studies only included

dult patients (age ≥ 18 years) with AHRF caused by COVID-

9 who received APP alongside any oxygen delivery technique,

ncluding simple oxygen therapy, high-flow nasal cannula oxy-

enation (HFNC), and NIV. We enrolled patients of any sex

ho were admitted to a ward or ICU. We excluded records of

on-randomized trials, such as observational studies, protocols,

pinions, editorials, reports, and reviews. 

ata extraction and study quality 

Data extraction was performed independently and in dupli-

ates to avoid bias. The abstracted data were stored in a cus-

omized Excel database, and general and specific characteris-

ics were extracted, including the year of publication, coun-

ry, study design, patient characteristics, interventions, and out-

omes. The RCTs were assessed using the Cochrane risk-of-bias

 tool (RoB2). [ 16 ] Article selection was first performed by two
366 
ndependent reviewers based on titles and abstracts. The review-

rs then independently reviewed the full texts of potentially rel-

vant studies to determine their eligibility for inclusion. Data

xtraction was performed by the two independent reviewers us-

ng a data collection form. Disagreements were resolved by a

hird reviewer, who had a voting decision. 

utcomes 

The primary outcome was the need for intubation over the

ongest follow-up period. Secondary outcomes included mor-

ality, adverse events, and tolerance to prone positioning, de-

cribed as the duration of prone positioning. 

tatistical analysis 

We calculated individual and pooled risk ratios (RRs) for di-

hotomous outcomes with 95% confidence intervals (CIs). Het-

rogeneity analysis was performed using Cochran’s Q statistic

nd quantified using I 2 values. [ 17 ] Heterogeneity with I 2 values

 50% was considered significant. We employed the fixed-effects

odel or the random-effects model in cases with low or high

tatistical heterogeneity, respectively. Publication bias for the

rimary endpoint was assessed by visual inspection of the fun-

el plot. [ 18 , 19 ] For pooled outcome analyses, a P -value < 0.05

as considered significant. The analysis was performed using

evMan 5.4. software (Review Manager, Nordic Cochrane Cen-

er, The Cochrane Collaboration, Copenhagen, Denmark). Sensi-

ivity analyses were performed by serially excluding each study

o determine the implications of the individual studies for the

ooled estimates. [ 20 ] Continuous variables were converted into

ean and standard deviation (SD) values in accordance with the

ethodology described by Wan et al. [ 21 , 22 ] We uniformly con-

erted the SpO 2 /FiO 2 ratio at baseline to mean difference (MD)

alues and also performed subgroup analyses of the factors that

ay influence the primary outcomes such as the SpO 2 /FiO 2 ra-

io at baseline. 

esults 

tudy characteristics 

A total of 495 studies were identified using this search

trategy. After removing duplicates, 10 studies met the inclu-

ion criteria, as shown in Figure 1 . We identified 10 articles

or inclusion, of which one was an individual participant-level

eta-analysis of six RCTs, [ 23 ] and one was included in that

eta-analysis. [ 24 ] The study characteristics are summarized in

able 1 . All studies were published between 2020 and 2022, and

 total of 2294 patients, all with COVID-19-related acute respira-

ory failure, were included in the study. Of these 2294 patients,

172 (51.09%) underwent APP, and 1122 (48.91%) received

sual care treatment. The 10 studies included five multicenter

nd five single-center studies, and the intubation rate was the

rimary outcome in all 10 studies. Bias analysis revealed a rela-

ively high risk of bias with good quality in five studies, fair qual-

ty in two studies, and poor quality in three studies (Supplemen-

ary Figures S1 and S2, Supplementary Table S1). The Cochrane

isk-of-bias tool reported potential ambiguity and a high risk

f bias, especially loss of accuracy with respect to blinded per-

ons, as shown in the supplementary material (Supplementary

igure S3). 
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Table 1 

Baseline characteristics of the included studies. 

Study Country Study design Number Setting Oxygen therapy method SpO 2 /FiO 2 of prone 

position 

SpO 2 /FiO 2 of 

usual care 

Prone position 

duration 

Intervention Control 

Alhazzani et al. [ 15 ] Canada/Kuwait/Saudi 

Arabia/USA 

RCT 400 ICU High flow, low flow, NIV 132 (103 -174) 136 (110-181) 4.8 (1.8–8.0) h/day The target duration of 

prone positioning was 

8 h/day to 10 h/day. 

Not to prone position 

Ehrmann et al. [ 24 ] Mexico/France/USA/ 

Spain/Ireland/Canada 

Multicenter 

RCT 

1126 ICU and 

general wards 

HFNC 147.9 ± 43.9 148.6 ± 43.1 5.0 (1.6–8.8) h/day Lie in the prone position 

for as long and as 

frequently as possible 

each day 

Standard care with 

HFNC 

Ibarra-Estrada 

et al. [ 23 ] 

Mexico RCT 430 COVID-19 unit HFNC 134.7 ± 38.7 135.5 ± 37.9 9.4 (5.6–12.9) h/day HFNC + APP HFNC + standard 

care 

Fralick et al. [ 28 ] Canada, USA Multicenter 

RCT 

248 General ward Nasal cannula, HFNC, 

face mask 

303 (261-336) 305 (267-339) 6 (1.5–12.8) h/72 h Recommended to adopt 

a prone position four 

times a day 

Received usual care 

Jayakumar et al. [ 32 ] India Multicenter 

RCT 

60 ICU Nasal cannula, face 

mask, non-rebreather 

mask, HFNC, or NIV 

185.6 ± 126.1 201.4 ± 118.8 NA Patients were 

encouraged to lie prone 

for a minimum of 6 h in 

a day 

APP was not 

encouraged 

Johnson et al. [ 31 ] USA RCT 30 General ward Room air, nasal cannula > 300 > 300 1.6 (0.2–3.1) h/72 h Patients were instructed 

to position themselves in 

prone and lateral 

position 

Usual care 

Kharat et al. [ 30 ] Switzerland RCT 27 General ward Nasal cannula 318 (284–341) 336 (303–388) NA Patients used their 

mobile phone “timer ”

function to alternate 

their body position every 

4 h 

Nasal cannula + usual 

care 

Garcia et al. [ 33 ] USA Multicenter 

RCT 

239 General ward Room air, nasal cannula, 

mask, or HFNC 

396 (308-457) 402 (311-457) NA Smartphone-based 

recommendation to 

self-prone position 

during hospitalization 

Usual care 

Rosén et al. [ 27 ] Sweden Multicenter 

RCT 

75 ICU and 

general ward 

HFNC or NIV 151(131–174) 157(136–175) 9.0 (4.4–10.6) h/day A protocol targeting at 

least 16 h APP per day 

was initiated 

APP was not 

encouraged 

Taylor et al. [ 29 ] USA RCT 40 General ward Room air, nasal cannula, 

HFNC, or NIV 

> 200 > 200 NA APP Usual care 

Data are expressed as mean ± SD or median (interquartile range). 

APP: Awake prone positioning; COVID-19: Coronavirus disease 2019; HFNC: High-flow nasal cannula oxygenation; ICU: Intensive care unit; NIV: Non-invasive ventilation; RCT: Randomized controlled trial; SD: 

Standard deviation. 

3
6
7
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Figure 1. Flow diagram of study selection. RCT: Randomized controlled trial. 
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2  
ssociation of APP with intubation 

In comparison to the supine position, APP significantly re-

uced the need for intubation (RR = 0.84, 95% CI: 0.74–0.95;

igure 2 ). Of the 1172 patients in the APP group, 281 were in-

ubated, while 329 of the 1122 patients in the control group

ere intubated. Only some studies limited the SpO 2 /FiO 2 ratio

hen recruiting patients, and the subgroup analysis was clas-

ified according to the SpO 2 /FiO 2 ratio at baseline ( Table 1 ).

n SpO 2 /FiO 2 ratio of 235 corresponded to a PaO 2 /FiO 2 ratio

f 200 mmHg. [ 25 ] Subgroup analyses showed lower intubation

ates for patients with moderate to severe AHRF (four trials;

R = 0.80, 95% CI: 0.71–0.90; Figure 3 ). However, in the studies

ncluding patients with an SpO 2 /FiO 2 ratio of > 235 mmHg, in-

ubation events were rare and not statistically significant (four

rials; RR = 0.93, 95% CI: 0.40–2.19; Figure 3 ). 

ssociation of APP with survival 

All studies reported that mortality did not significantly im-

rove in patients who underwent prone positioning (RR = 0.93,

5% CI: 0.77–1.11; Figure 4 ) in comparison to those who re-

eived usual care. Subgroup analysis on the basis of SpO 2 /FiO 2 

evels also did not show statistical significance ( Figure 5 ).
Figure 2. Association of APP with intubation. APP: A

368 
hrmann et al. [ 24 ] provided subgroup results that provided an

 priori comparison of severe (SpO 2 /FiO 2 < 190; equivalent to

aO 2 /FiO 2 < 150 mmHg at enrollment) vs. less severe hypox-

mia (SpO 2 /FiO 2 ≥ 190, equivalent to PaO 2 /FiO 2 ≥ 150 mmHg

t enrollment). They found a significant reduction in survival in

atients with an SpO 2 /FiO 2 ratio of ≤ 190 mmHg patients. Fur-

her research is required to investigate the association between

ortality and APP. 

ssociation between APP and adverse events 

Adverse events such as skin breakage, vomiting, aspiration,

usculoskeletal pain, catheter displacement, and cardiac ar-

est have been reported. A total of eight studies recorded ad-

erse events, and the analysis showed that APP did not increase

he incidence of adverse events (RR = 1.16, 95% CI: 0.48–2.76;

igure 6 ). In one of the studies, [ 26 ] adverse events occurred only

n the intervention group, but not in the control group. In the

tudy by Rosén et al., [ 27 ] adverse effects of cardiac arrest were

eported twice in the intervention group and once in the control

roup; however, the events occurred independently of APP. In

he study by Fralick et al., [ 28 ] only significant complications, in-

luding aspiration pneumonia and venous thrombosis, occurred

n five patients in the prone group and three in the control group.

uration of APP 

Six studies recorded the duration of prone positioning. In the

tudies that recorded the time to prone positioning, the dura-

ion of prone positioning varied from < 1 h to 12 h. Therefore,

t was not possible to form a basis for the duration of prone

ositioning (Supplementary Table S2). Four studies specifically

ecorded the duration of daily prone positioning {4.8 h/day (in-

erquartile range [IQR]: 1.8–8.0 h/day), 5.0 h/day (IQR: 1.6–

.8 h/day), 9.4 h/day (IQR: 5.6–12.9 h/day), and 9.0 h/day

IQR: 4.4–10.6 h/day)}. The intubation rates in these studies

ere 34.1%, 32.8%, 30.1%, and 33.3%, respectively. No corre-

ation was observed between the duration of prone positioning

nd the intubation rate. 

iscussion 

This meta-analysis collected results from 10 RCTs including

294 patients with acute respiratory failure due to COVID-19.
wake prone positioning; CI: Confidence interval. 
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Figure 3. Subgroup analysis of intubation. CI: Confidence interval. 

Figure 4. Association of APP with intubation mortality. APP: Awake prone positioning; CI: Confidence interval. 
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ur study showed that prone positioning significantly reduced

he need for intubation but did not significantly increase the

ncidence of adverse events. Among the 10 studies, three RCTs

howed a high risk of bias (Supplementary Figure S2), of which

wo did not assess intubation events [ 29 , 30 ] and one had a small

umber of cases. [ 31 ] We believe that the bias did not affect the

ndings for intubation risk. However, some heterogeneity was

bserved among these studies. Three RCTs described the feasi-

ility of APP; therefore, some patients in the control group also

nderwent prone positioning. [ 28 , 32 , 33 ] In our meta-analysis, the

rimary outcome of the intubation rate was mainly driven by

wo studies [ 15 , 22 ] : the overall weight of these three studies was

1.9%. Thus, more high-quality RCTs are needed to demonstrate

he effects of APP. The subgroup analysis showed that cases with

oderate and severe respiratory failure could show more ap-

arent effects, while the intubation rate was not significantly

ower in patients with mild respiratory failure in general wards.

lhazzani et al. [ 15 ] suggested that severe respiratory failure pa-

ients (SpO 2 /FiO 2 ≤ 150 mmHg) could not benefit from APP on
369 
he basis of the subgroup analysis. However, they believed that

he false discovery rate was not statistically significant for any

re-planned subgroup. Therefore, these findings should be in-

erpreted cautiously. Although our subgroup analysis showed a

ignificant effect in patients with moderate to moderate and se-

ere respiratory failure, further research is needed to determine

hether patients with moderate and severe respiratory failure

an benefit from this approach. 

One previous study recorded the adverse events in 17 pa-

ients with COVID-19 who received APP. [ 34 ] They concluded

hat using prone positioning in non-intubated patients with hy-

oxemia of COVID-19 was safe; however, many patients could

ot maintain the prone position for too long. In our study,

ost RCTs reported adverse events in the APP group; how-

ver, few studies have analyzed the statistical differences in

dverse events between the prone positioning group and stan-

ard care groups. We performed a meta-analysis of eight stud-

es that recorded adverse events and found no significant dif-

erence between the prone positioning and control groups, al-
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Figure 5. Subgroup analysis of intubation mortality. CI: Confidence interval. 

Figure 6. Adverse events. CI: Confidence interval. 
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o  
hough one of these studies reported no adverse events in the

ontrol group. On the basis of these findings, we consider that

he application of APP in COVID-19 patients with respiratory

ailure is a safe option. Among intubated patients, the effect

f prone positioning may be related to the duration and initi-

tion of the operation. [ 26 ] When analyzing the relationship be-

ween the duration of prone positioning and prognosis in spon-

aneously breathing patients, we found that most patients were

ess compliant and did not follow prone positioning for the time

equired for the study. This may be due to intolerance to prone

ositioning caused by musculoskeletal pain or general discom-

ort. Although some studies have reported that APP could be

erformed for 16 h or more (72 h), [ 35 , 36 ] prolonged prone po-

itioning did not reduce intubation rates. Nevertheless, owing

o a lack of medical resources, some studies did not accurately

ecord the detailed duration of patients’ daily prone positioning.

nly four studies had detailed records, [ 15 , 22 , 23 , 27 ] and no signif-

cant difference was observed in intubation rates between APP

or 5.0 h/day (IQR, 1.6–8.8) and 9.0 h/day (IQR, 4.4–10.6). On

he contrary, a recent non-RCT showed that NIV was feasible

nd safe for early and prolonged (at least 8 h every day) prone
370 
ositioning treatment, which could reduce 28-day NIV failure,

ortality, and intubation rates. APP requires close cooperation

mong doctors, nurses, and respiratory therapists to ensure suc-

ess, especially in the initial stages. Patients should understand

nd cooperate with their healthcare stakeholders, and clinicians

hould communicate adequately with patients and help improve

heir comfort. Future larger and well-designed studies (RCTs)

re needed to explore the optimal duration of prone position-

ng. 

trengths and Limitations of the Study 

Our meta-analysis included only RCTs; therefore, the qual-

ty of evidence was high. Furthermore, we explored safety and

fficacy outcomes. Nevertheless, our meta-analysis also had sev-

ral limitations. First, our primary results were driven by three

arge-sample studies. Second, in comparison to previous meta-

nalyses by Li et al., [ 13 ] our meta-analysis included only one

ore RCT by Alhazzani et al., [ 15 ] and consequently, the main

ndings remained similar. Third, three studies had a high risk

f bias; however, because of the nature of the studies, both doc-
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ors and patients knew the group they belonged to, and blind-

ng was not possible. Despite the study bias, the funnel plots

or the different outcomes were generally symmetrical (Supple-

entary Figure S4). Finally, many studies did not record the

pecific duration of prone positioning and the number of days

or which prone positioning was performed, and the heterogene-

ty of prone positioning time among patients in the same study

as also considerable; therefore, it is not possible to accurately

nderstand the different effects of the duration of prone posi-

ioning. 

onclusions 

APP is an effective treatment for non-intubated patients with

ypoxic respiratory failure caused by COVID-19. APP reduced

he intubation rate, especially in patients with moderate to se-

ere and severe acute respiratory failure. However, it had no

ignificant effect on mortality. The criteria for optimal duration

nd performance of APP remain unclear. APP does not increase

he incidence of adverse events and can be used safely in unin-

ubated patients with respiratory failure. 
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