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Introduction
Acute hypoxemic respiratory failure (AHRF) 
develops from numerous pulmonary and 

extrapulmonary diseases or disease processes 
and it is a common reason for admission to the 
intensive care unit (ICU). A large proportion of 

The efficacy and tolerance of prone 
positioning in non-intubation patients with 
acute hypoxemic respiratory failure and 
ARDS: a meta-analysis
Wei Tan* , Dong-yang Xu*, Meng-jiao Xu, Zan-feng Wang, Bing Dai, Li-li Li,  
Hong-wen Zhao, Wei Wang and Jian Kang

Abstract
Background and aims: The application of prone positioning with acute hypoxemic respiratory 
failure (AHRF) or acute respiratory distress syndrome (ARDS) in non-intubation patients is 
increasing gradually, applying prone positioning for more high-flow nasal oxygen therapy 
(HFNC) and non-invasive ventilation (NIV) patients. This meta-analysis evaluates the efficacy 
and tolerance of prone positioning combined with non-invasive respiratory support in patients 
with AHRF or ARDS.
Methods: We searched randomized controlled trials (RCTs) (prospective or retrospective cohort 
studies, RCTs and case series) published in PubMed, EMBASE and the Cochrane Central Register 
of Controlled Trials from 1 January 2000 to 1 July 2020. We included studies that compared prone 
and supine positioning with non-invasive respiratory support in awake patients with AHRF or 
ARDS. The meta-analyses used random effects models. The methodological quality of the RCTs 
was evaluated using the Newcastle–Ottawa quality assessment scale.
Results: A total of 16 studies fulfilled selection criteria and included 243 patients. The 
aggregated intubation rate and mortality rate were 33% [95% confidence interval (CI): 
0.26–0.42, I2 = 25%], 4% (95% CI: 0.01–0.07, I2 = 0%), respectively, and the intolerance rate 
was 7% (95% CI: 0.01–0.12, I2 = 5%). Prone positioning increased PaO2/FiO2 [mean difference 
(MD) = 47.89, 95% CI: 28.12–67.66; p < 0.00001, I2 = 67%] and SpO2 (MD = 4.58, 95% CI: 
1.35–7.80, p = 0.005, I2 = 97%), whereas it reduced respiratory rate (MD = −5.01, 95% CI: −8.49 
to −1.52, p = 0.005, I2 = 85%). Subgroup analyses demonstrated that the intubation rate of 
shorter duration prone (⩽5 h/day) and longer duration prone (>5 h/day) were 34% and 21%, 
respectively; and the mortality rate of shorter duration prone (⩽5 h/day) and longer duration 
prone (>5 h/day) were 6% and 0%, respectively. PaO2/FiO2 and SpO2 were significantly 
improved in COVID-19 patients and non-COVID-19 patients.
Conclusion: Prone positioning could improve the oxygenation and reduce respiratory rate in 
both COVID-19 patients and non-COVID-19 patients with non-intubated AHRF or ARDS.

The reviews of this paper are available via the supplemental material section.
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patients with AHRF meet the criteria for acute 
respiratory distress syndrome (ARDS).1–3 Non-
invasive respiratory support delivered via face 
mask, high-flow nasal oxygen therapy (HFNC) 
and non-invasive ventilation (NIV) is usually 
the treatment to correct hypoxia in AHRF and 
ARDS.3 However, certain patients exhibit fur-
ther progress and require invasive mechanical 
ventilation. Previous studies have indicated 
that the intubation rate of patients with AHRF 
is 42–58%.4,5 Invasive mechanical ventilation 
may lead to increased risk of ventilator associ-
ated pneumonia and utilize medical resources 
for a long time period, especially during the 
outbreak of COVID-19. The aggregated mor-
tality rate of patients with AHRF and ARDS 
may reach 27–45%.6–11 The need for invasive 
mechanical ventilation may be associated with 
high mortality.12 Many factors are associated 
with high mortality, such as pneumothorax, as 
it is difficult to maintain the plateau pressure 
<30 cmH2O and the driving pressure 
<15 cmH2O. Therefore, it is necessary to 
actively seek other intervention measures to 
reduce the intubation rate and improve the 
prognosis of patients.

The prone positioning leads to alterations in the 
distribution of alveolar ventilation, improved 
matching of local ventilation and perfusion and 
reduction in regions of low ventilation/perfusion 
ratios through gravitational effects and reduction 
of ventilator-induced lung injury.13–16 Several 
studies have shown that the prone positioning 
can improve the gas exchange and progression in 
patients with AHRF or ARDS.17–20 All these 
studies included patients with AHRF or ARDS 
undergoing intubation for mechanical ventilation 
and most of them were under sedation. Valter 
et  al.21 reported that four awake patients with 
hypoxemia were in the prone positioning without 
sedation and without intubation. All the patients 
were well tolerated with rapid improvement of 
PaO2. Previous studies demonstrated that the 
number of patients in the prone positioning com-
bined with non-invasive respiratory support has 
gradually increased in recent years.22–36 Notably 
during the outbreak of COVID-19,22–33 it was 
reported that the prone positioning could 
improve oxygenation and reduce intubation rate 
in patients with AHRF or ARDS as well as delay 
or reduce the need to admit to the ICU.23 These 
studies suggested that the prone positioning may 
be used to avoid invasive mechanical ventilation 

and may be beneficial in several awake patients 
with AHRF or ARDS.

At present, the studies that have examined the prone 
positioning combined with non-invasive respiratory 
support in awake patients with AHRF or ARDS are 
mainly observational studies, cohort studies and case 
reports. Large sample-size randomized controlled 
trial (RCT) studies are deficient and the results are 
not completely consistent. The purpose of this meta-
analysis was to analyze the efficacy and tolerance of 
prone positioning combined with non-invasive res-
piratory support in patients with AHRF or ARDS.

Methods

Search strategy
We searched prospective or retrospective cohort 
studies, RCTs and case series published in 
PubMed, EMBASE and the Cochrane Central 
Register of Controlled Trials from 1 January 2000 to 
1 July 2020. The search strategy used was as fol-
lows: (respiratory distress syndrome OR ARDS) 
AND (Respiratory Insufficiency OR AHRF) 
AND (prone positioning OR prone positioning) 
AND (Non-invasive Ventilation OR NIV) AND 
(high-flow nasal cannula OR HFNC) AND 
Oxygen therapy. The language of publication was 
restricted to English. In addition, the reference 
lists of all primary studies and review articles were 
evaluated for additional relevant studies.

Study selection
The inclusion criteria were as follows: (i) cohort 
studies or case series; (ii) adult (⩾18 years old) 
patients with AHRF or ARDS and in waking state; 
(iii) prone positioning combined with non-invasive 
respiratory support (non-invasive mechanical venti-
lation, high flow nasal canula, venturi mask, conven-
tional oxygen therapy); (iv) outcomes including at 
least one of the following measures: aggregated mor-
tality rate, intubation rate, tolerability, prior to and 
following difference of arterial oxygen tension/ 
fraction of inspired oxygen (PaO2/FiO2) ratios, periph-
eral oxygen saturation (SpO2) and respiratory rate.

The exclusion criteria were as follows: (i) patients 
who did not meet the screening criteria; (ii) stud-
ies that were not in English or commentaries, 
reviews, duplicate publications from the same 
study; (iii) data that could not be extracted by the 
statistical methods or non-targeted outcomes.
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Data extraction and study quality
The Newcastle–Ottawa quality assessment scale 
(NOS) checklist (Supplementary material Figure 
S1 online) was used to assess the quality of eligi-
ble studies. By using this scale, each study was 
assessed on seven items and categorized into 
three groups as follows: selection, study design 
and outcomes. Stars were awarded for each qual-
ity item and the highest quality studies were 
awarded seven stars. A study was considered to 
be of good, normal and poor quality when it 
achieved 6–7, 3–5 and 0–2 stars, respectively.

Statistical analysis
The meta-analysis was performed using available 
data from the primary studies with the R software 
(R version 4.0.2; Comprehensive R Archive 
Network, CRAN 2020) and the Review Manager 
software (RevMan version 5.3; Nordic Cochrane 
Centre, Cochrane Collaboration, 2014). The 
mean difference (MD) was used to describe con-
tinuous data, while the risk ratios used were for 
dichotomous data. These data were assessed in 
the median-interquartile range and were trans-
formed into standard mean difference format for 
further comparison.37 The inverse-variance 
method was used to pool the mean differences to 
yield an overall effect size with 95% confidence 
intervals (CIs).

The results were analyzed by the random-effects 
model and were presented in a forest plot. The I2 
statistical index (ranges from 0% to 100%) was 
used to measure the heterogeneity among the 
studies in each analysis, with values of 25%, 50% 
and 75% corresponding to degrees of low, mod-
erate and high heterogeneity, respectively. 
Publication bias was assessed with the Egger’s 
test and funnel plot. In addition, subgroup analy-
sis was also performed to investigate different 
effects of prone positioning duration and etiology 
on treatment outcomes. A p-value of less than 
0.05 (p < 0.05) was considered for significant 
differences.

Two investigators (Xu and Tan) independently 
extracted data and assessed the validity of the 
included studies. The definitive inclusion of the 
trials was made following review of the full text of 
the articles, including publication date, study 
type and design, oxygen therapy method, prone 
positioning duration and outcomes. Discrepancies 
were resolved by a consensus.

Results

Search results
A total of 275 relevant publications were obtained 
from the databases and a total of 16 articles21–36 
which were published from 2003 to 2020 were 
included following further screening, with four of 
those being cohort studies and the other 12 case 
series. The main characteristics of all included 
articles are presented in Table 1. A total of 243 
patients were included in the present meta-analy-
sis and all of them were awake adult patients 
(57 ± 11 years old) with AHRF or ARDS, of 
which 195 patients (80%) were infected by 
COVID-19. The patients were admitted to the 
hospital and received different methods of non-
invasive respiratory support, of which 32 patients 
(13.1%) were on NIV and 39 (16%) on HFNC 
(HFNC/venturi mask), 86 patients (35.4%) used 
nasal cannulas/facial masks, and the oxygen ther-
apy methods for the remaining 86 patients 
(35.4%) were not clear. The process of searching 
and screening is described in the flow chart 
(Figure 1).

Literature quality and bias assessment
The quality of the included literature was assessed 
by a modified NOS checklist and the results are 
shown in Table 1. All articles were of medium 
quality (⩾3 stars) or above and three articles were 
considered as high-quality studies (⩾6 stars). 
The Egger’s test results (p < 0.001) and asym-
metric funnel plot (Egger’s test funnel plots) sug-
gested the presence of publication bias (Figure 2).

Intubation rate
A total of 71 out of the 243 patients (29.2%) from 
16 studies21–36 were ultimately intubated and 
received invasive mechanical ventilation with an 
aggregated intubation rate of 0.33 [95% confi-
dence interval (CI): 0.26–0.42, I2 = 25%]. Among 
these patients, 195 patients from 11 studies had 
COVID-19-related AHRF or ARDS, with an 
aggregated intubation rate of 0.32 (95% CI: 
0.23–0.43, I2 = 36%) compared with 0.33 (95% 
CI: 0.20–0.54, I2 = 9%) noted in 48 non-
COVID-19 patients from five studies. In 10 stud-
ies, a total of 214 patients performed prone 
positioning ⩽5 h/day (shorter duration prone), 
and their intubation rate was 0.34 (95% CI: 
0.25–0.45, I2 = 44%), whereas 29 patients from 
six other studies who performed prone 
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Figure 1.  Selection of studies for the meta-analysis (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses).

Figure 2.  Funnel plots of the proportion versus the standard error of intubation proportion (a) and mortality 
proportion (b). Studies included in the meta-analysis are represented by the circles.
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positioning >5 h/day (longer duration prone) had 
an intubation rate of 0.21 (95% CI: 0.10–0.45, 
I2 = 0%) (Table 2).

Mortality rate
A total of 15 out of the 186 patients (8.1%) from 
14 studies21–31,34–36 were ultimately deceased with 
an aggregated mortality rate of 0.04 (95% CI: 
0.01–0.07, I2 = 0%). Among these patients, 138 
patients from nine studies had COVID-19-related 
AHRF or ARDS with an aggregated mortality 
rate of 0.03 (95% CI: 0.00–0.07, I2 = 0%) com-
pared with 0.08 (95% CI: 0.01–0.16, I2 = 0%) in 
48 non-COVID-19 patients from five studies. A 
total of 160 patients in nine studies performed 
prone positioning ⩽r h/day and their aggregated 
mortality rate was 0.06 (95% CI: 0.02–0.11, 
I2 = 23%), whereas 26 patients from five other 
studies who performed prone positioning >5 h/
day exhibited an aggregated mortality rate of 
0.00 (95% CI: 0.00–0.08, I2 = 0%) (Table 2).

Improvement in the PaO2 /FiO2 ratios
The PaO2/FiO2 ratios of a total of 101 patients 
were recorded prior to and following prone posi-
tioning in eight studies.21,23,25,28,29,33–35 Meta-
analysis indicated that the PaO2/FiO2 ratios of the 
patients following prone positioning were signifi-
cantly higher than prior to prone positioning 
(MD = 47.89, 95% CI: 28.12–67.66, p < 0.00001, 
I2 = 67%). Further subgroup analysis according to 
the causes of disease formation indicated signifi-
cant improvement in PaO2/FiO2 ratios both of 
COVID-19 (MD = 52.06, 95% CI: 5.36–98.76, 
p = 0.03, I2 = 81%) and non-COVID-19 patients 
(MD = 47.11, 95% CI: 21.16–73.06, p = 0.0004, 
I2 = 56%) (Figure 3).

Improvement in SpO2
A total of six studies25,26,29,30,32,34 recorded SpO2 
changes of 155 patients prior to and following 
prone positioning and a significant improvement 
was noted (MD = 4.58, 95% CI: 1.35–7.80, 
p = 0.005, I2 = 97%). Further subgroup analysis 
according to the causes of disease formation indi-
cated significant improvement in SpO2 both for 
COVID-19 patients (MD = 5.23, 95% CI: 1.25–
9.22, p = 0.01, I2 = 98%) and non-COVID-19 
patients (MD = 2.00, 95% CI: 0.92–3.08, 
p = 0.0003, I2 incalculable) (Figure 4).
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Change in the respiratory rate
The changes in the respiratory rate of 87 patients 
prior to and following prone positioning were 
recorded in six studies.21,25,28–30,34 Meta-analysis 
indicated that prone positioning significantly 
reduced patient respiratory rate (MD = −5.01, 
95% CI −8.49 to −1.52, p = 0.005, I2 = 85%) 
(Figure 5).

Intolerance rate
A total of 12 out of the 116 patients (10.3%) from 
eight studies22–24,27–30,34 could not tolerate the 
prone positioning treatment with an aggregated 
intolerance rate of 0.07 (95% CI: 0.01–0.12, 
I2 = 5%) (Figure 6). Among these patients, 81 
patients from six studies exhibited COVID-19 
related AHRF or ARDS with an aggregated intol-
erance rate of 0.06 (95% CI: 0.00–0.13, I2 = 20%) 
compared with 0.11 (95% CI: 0.01–0.22, I2 = 0%) 
in 35 non-COVID19 patients from two studies. A 
total of 103 patients in five studies performed 
prone positioning ⩽5 h/day and their aggregated 
intolerance rate was 0.09 (95% CI: 0.02–0.16, 
I2 = 0%), whereas 13 patients from three other 
studies who performed prone positioning >5 h/

day exhibited an aggregated intolerance rate of 
0.00 (95% CI: 0.00–0.12, I2 = 0%) (Table 2).

Discussion
A total of 243 awake patients with non-intubated 
AHRF or ARDS for prone positioning, whose 
data were derived from 16 studies, were included 
in our meta-analysis. The aggregated intubation 
rate was 33%, the aggregated mortality rate was 
4% and the aggregated incidence of intolerance 
was 7%. The prone positioning could signifi-
cantly improve the oxygenation in awake patients 
with AHRF or ARDS and reduce their respira-
tory rate. The subgroup analysis indicated that 
the PaO2/FiO2 ratios and SpO2 were significantly 
improved both in COVID-19 patients and non-
COVID-19 patients. The intubation rate of 
shorter duration prone (⩽5 h/day) and longer 
duration prone (>5 h/day) was 34% and 21%, 
respectively; the aggregated mortality rate was 
6% and 0%, respectively.

The PROSEVA trial in 2013 demonstrated that 
the prone positioning could significantly reduce 
the mortality of patients with ARDS38 and two 

Figure 3.  Effect of prone positioning on PaO2/FiO2 ratios among patients with non-intubated AHRF or ARDS caused by COVID-19 and 
non-COVID-19 reasons (AHRF or ARDS caused by drowning, sepsis, trauma, and other diseases).
AHRF, acute hypoxemic respiratory failure; ARDS, acute respiratory distress syndrome; CI, confidence interval; COVID-19, coronavirus disease 2019; 
IV, inverse variance; PP, prone positioning; SD, standard deviation.
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subsequent meta-analyses indicated that the prone 
positioning combined with invasive mechanical 
ventilation could reduce the mortality of patients 
with severe ARDS compared with that of patients 
in the supine positioning (40% versus 45%, 41% 
versus 47%, respectively).17,19 However, it is not 
clear whether the prone positioning combined with 
non-invasive respiratory support improves the 
prognosis of awake patients with AHRF or ARDS. 
A previous study suggested that prone positioning 
combined with non-invasive respiratory support 
could delay intubation and reduce the intubation 
rate,23 while another study demonstrated that it 
did not improve patient outcome.34 The studies 
selected for our meta-analysis were mainly obser-
vational studies, cohort studies and case reports, 
including 243 awake and non-intubated patients 
with AHRF or ARDS. The aggregated intubation 
rate was 33% and the aggregated mortality rate 
was 4%. A previous multicenter and open-label 
study by Frat et  al.4 included 330 patients with 
AHRF who received non-invasive respiratory sup-
port and demonstrated that the intubation rate was 
42% and the mortality rate 17%. However, due to 
lack of RCTs, it is unclear whether the prone posi-
tioning reduces the intubation rate and mortality 
in awake patients with AHRF or ARDS.

Previous studies have shown that prolonged dura-
tion of prone positioning correlated with improved 
prognosis of patients with ARDS undergoing inva-
sive mechanical ventilation.17,20 Two recent meta-
analyses indicated that the duration of prone 
positioning higher than 12 h or 16 h could reduce 
the mortality of patients.18–20 The current guide-
lines recommend that the duration of prone posi-
tioning should last at least 12 h or 16 h.39–41 All 
patients included in the studies were awake and 
probably could not tolerate prolonged prone posi-
tioning. The duration of prone positioning was dif-
ferent in each study and varied from less than 1 h to 
more than 16 h, and the number of patients with 
the duration of prone positioning more than 12 h 
was very small. We tried to find the time point that 
balances effectiveness and tolerance like invasive 
mechanical ventilation. We divided the patients 
into a shorter duration prone group (⩽5 h/day) and 
longer duration prone group (>5 h/day) according 
to the general distribution of the duration of prone 
positioning in the studies and our experience in 
patient tolerance time. The aggregated intubation 
rate of the shorter duration prone group and longer 
duration prone group was 34% and 21%, respec-
tively; the aggregated mortality rate was 6% and 
0%, respectively. This may be related to the mild 

Figure 4.  Effect of prone positioning on SpO2 among patients with non-intubated AHRF or ARDS caused by COVID-19 and non-
COVID-19 reasons (AHRF or ARDS caused by drowning, sepsis, trauma, and other diseases).
AHRF, acute hypoxemic respiratory failure; ARDS, acute respiratory distress syndrome; CI, confidence interval; COVID-19, coronavirus disease 2019; 
IV, inverse variance; PP, prone positioning; SD, standard deviation.
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condition of patients who can tolerate >5 h/day of 
prone positioning. However, we could not make a 
statistical comparison between the two groups 
because of different interventions in the studies. 
Different implementation schemes, such as dura-
tion and interval, and different clinical experience 
of each center may lead to different results. The 
current data is limited and RCT studies are needed 
to assess these outcomes in future.

The results indicated that prone positioning com-
bined with non-invasive respiratory support could 
improve oxygenation in patients with AHRF or 
ARDS, which was similar to the results obtained 
by prone positioning in patients with invasive 
mechanical ventilation.42–48 Recent studies dem-
onstrated that prone positioning may provide 
benefits to patients with early ARDS,18,38 severe 
ARDS18 and with localized infiltrates49 among 

Figure 5.  Effect of prone positioning on respiratory rate among patients with non-intubated AHRF or ARDS.
AHRF, acute hypoxemic respiratory failure; ARDS, acute respiratory distress syndrome; CI, confidence interval; PP, prone positioning; SD, standard 
deviation.

Figure 6.  Intolerance rate of prone positioning among patients with non-intubated AHRF or ARDS caused 
by COVID-19 and non-COVID-19 reasons (AHRF or ARDS caused by drowning, sepsis, trauma, and other 
diseases). Events: patients ceased prone positioning in advance for the unbearable discomfort brought by 
prone positioning.
AHRF, acute hypoxemic respiratory failure; ARDS, acute respiratory distress syndrome; CI, confidence interval; COVID-19, 
coronavirus disease 2019.
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patients with invasive mechanical ventilation. 
The response of different causes of ARDS to the 
prone positioning was also different.50–55 The 
number of patients included in the present study 
was small and most of them were COVID-19 
patients. A limited number of patients with other 
causes of pneumonia, trauma and drowning 
exhibited significantly improved PaO2/FiO2 ratios 
and SpO2 for the two groups. However, the awake 
patients with AHRF or ARDS selected in these 
studies demonstrated incomplete data regarding 
the parameters starting time of the prone posi-
tioning (early versus late), severity of hypoxemia, 
different causes (pulmonary versus extrapulmo-
nary), the type of infiltrates (focal versus diffuse) 
and other relevant data. In addition, a lack of 
RCTs was also noted and patients who benefited 
more from prone positioning required further 
studies in the future.

Several observational studies demonstrated that 
the oxygenation could be continuously improved 
when patients returned from the prone to the 
supine positioning with limited duration of oxy-
genation.45,56,57 The three studies included in our 
meta-analysis demonstrated that the PaO2/FiO2 
ratios of patients were decreased following return-
ing from the prone to the supine positioning (1 h, 
6–8 h and 6–12 h, respectively).25,27,34 Because the 
patient’s condition was mild and the duration of 
prone position was relatively short, the duration 
of oxygenation improvement after returning to 
the supine positioning was limited. Previous stud-
ies have found that the prolonged protocol of 
prone positioning was often adopted in patients 
with invasive mechanical ventilation and most of 
the patients were under sedation, which main-
tains the patient in the prone position for a pro-
longed time period while minimizing the number 
of rotations per day, thus minimizing the riskiest 
process.58 However, the abbreviated protocol 
may be another option for awake patients with 
AHRF or ARDS which allows the flexibility of 
keeping the patient prone for several hours and 
supine for a certain time, and then repeats the 
above steps. The abbreviated protocol of prone 
positioning may facilitate the maintenance of oxy-
genation because each duration of supine posi-
tioning is short, minimizes pressure-related skin 
ulceration and intolerance, and does not increase 
operational risk as the patients are awake, but 
may increase oxygen consumption for multiple 
daily repositioning maneuvers. Further clinical 
studies are required to determine whether the 

abbreviated protocol of prone positioning is more 
suitable for awake patients with AHRF or ARDS.

The tolerance of 116 patients to the prone position-
ing was reported in eight studies included in our 
meta-analysis. The results indicated that intoler-
ance occurred in 12 patients with prone positioning, 
with an aggregated intolerance rate of 7%. The fol-
lowing intolerances were mainly noted: discomfort 
feeling, non-cooperation and aggravated cough; 
there was an absence of serious adverse complica-
tions. Previous studies demonstrated that the prone 
positioning combined with invasive mechanical 
ventilation could increase the risk of pressure 
sores,59 endotracheal tube displacement,18,20 
obstruction of the endotracheal tube, dislodgement 
of the thoracostomy tube17 and venous access loss.19 
Patients included in the present study were awake 
and the main complication was subjective intoler-
ance. Overall, the patients exhibited optimal toler-
ance and the method used was feasible and safe. No 
risk of endotracheal tube displacement and low inci-
dence of pressure scores was noted in patients with 
the prone positioning combined with non-invasive 
respiratory support compared with those with inva-
sive mechanical ventilation, which may be associ-
ated with the patient’s waking state, the absence of 
sedation and the short duration of the prone posi-
tioning. Further studies are required in order to 
assess the potential of reducing patient intolerance 
and to improve patient comfort through psychologi-
cal intervention, anti-anxiety or sedative drugs and 
palliative therapy for awake patients in the prone 
positioning.

The present study exhibits several limitations. 
First, the patients included were mainly patients 
with COVID-19, which may affect the results 
obtained. Second, our results were based on rela-
tively small trials and the quality of the evidence 
in the studies was low. A lack of RCTs was noted, 
which may reduce accuracy and heterogeneity. 
Finally, the data in most of the studies were 
incomplete and our preliminary analysis lacked 
the starting time of the prone positioning (early 
versus late), severity of hypoxemia and the differ-
ent causes responsible for the type of infiltrates 
(focal versus diffuse). Oxygen device differs from 
one study to another as well as FiO2. The time of 
prone positioning was very different in different 
studies and the number of patients with longer 
duration prone was also small. Whether the prone 
positioning could reduce the intubation rate and 
mortality of patients remained unclear.
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Conclusions
In summary, our meta-analysis demonstrated 
that the aggregated intubation rate and the mor-
tality rate of patients with non-intubation AHRF 
or ARDS for prone positioning was 33% and 4%, 
respectively, whereas the intolerance rate was 7%. 
The prone positioning could improve the oxygen-
ation both in COVID-19 patients and non-
COVID-19 patients and reduce the respiratory 
frequency of awake patients with non-intubation 
AHRF or ARDS.
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