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Abstract 

Background  Prone positioning (PP) is a low-cost method with minimal risk to the patient that improves the oxygen-
ation of patients with acute hypoxic respiratory failure (AHRF) due to COVID-19 pneumonia, thereby reducing their 
need for tracheal intubation (TI) and transferring to the intensive care unit (ICU). We aimed to overview the results 
of all previous systematic reviews and meta-analyses to examine the net effect of PP on oxygenation, the rate of TI 
and mortality in COVID-19 patients.

Methods  We searched PubMed, Scopus, Web of Science, Google Scholar, and Cochrane Library databases 
from December 2019 through 2022 without publication language restriction for systematic reviews and meta-analysis 
studies on PP vs. supine position (SP) in conscious patients with hypoxic respiratory failure COVID-19. After study 
selection, data were extracted from published meta-analyses and pooled by comprehensive meta-analysis (CMA) 
software version 2.2.064 to achieve effect sizes. They were analyzed for TI and mortality rates dichotomous variables, 
and the results were shown as pooled odds ratios (OR) with a 95% confidence interval (CI). Continuous variables such 
as oxygenation indices (PaO2/FiO2 and SpO2) were also analyzed, and the data were shown as mean differences (MD) 
with lower and upper CI. The level of statistical significance was set at p ≤ 0.05.

Results  Twelve systematic reviews and meta-analyses with 19,651 patients and six systematic reviews with 2,911 
patients were included in this Review of Reviews (total: 22,562). PP treatment significantly reduced the rate of TI 
(OR = 0.639, %95 CI (0.492, 0.829); P-value = 0.001) and decreased mortality (OR = 0.363, %95 CI (0.240, 0.549), 
P-value < 0.001). There was no difference in PaO2/FiO2 (MD = 3.591[− 40.881, 48.062]; P-value = 0.874) and SpO2 per-
cent (MD = 1.641[− 4.441, 7.723]; P-value = 0.597).

Conclusion  Prone positioning can be recommended in conscious ICU patients with COVID-19 pneumonia to reduce 
mortality and intubation.

Systematic review registration: PROSPERO registration number: CRD42022326951. Registered 25 April 2022.
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Graphical Abstract

Introduction
Due to the rapid spread of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) in the severe 
COVID-19 pneumonia during the pandemic, sig-
nificant alveolar involvement progresses to acute res-
piratory distress syndrome (ARDS) [1, 2]. With the 
subsequent reduction in lung capacity and the devel-
opment of severe ventilation-perfusion (V/Q) mis-
match, the induced lung injury leads to severe shunting 
and oxygen desaturation [3]. Prone positioning (PP) 
is among the physical methods which have effectively 
improved pulmonary ventilation and the oxygenation 
profile [4–6]. The prone position is a low-cost, low-risk 
method for reducing the need for tracheal intubation 
and transfer to the Intensive Care Unit (ICU) in awake 
non-intubated patients with severe hypoxic COVID-19 
[7–11].

An increase in lung volumes occurs due to PP, espe-
cially in the lower lobes [12, 13]. Several observational 
studies have been published about the positive effects 
of PP in conscious non-intubated patients with severe 
COVID-19 pneumonia and oxygen-resistant hypox-
emia [14–16]. Several clinical trials have confirmed 
that PP improves oxygenation and reduces the res-
piratory rate (RR) in awake patients [7, 11]. In patients 

with ARDS due to severe COVID-19 infection with the 
involvement of the lungs, one way to control the extent 
of pulmonary shunting and correct the resulting V/Q 
mismatch is to use PP by placing them in a face-down 
position on their abdomen. There is evidence that the 
interstitial fluid congestion caused by the accumulation 
of perialveolar fluid and pulmonary airway pressures 
are reduced in PP, thereby improving oxygenation and 
decreasing the need for tracheal intubation (TI) and 
mechanical ventilation in awake patients [17].

The range for the duration of PP varies from 30 min to 
2 h in each position [18]. Prasad et al. have recommended 
periods as long as 2–3 h up to 4–5 h per day [19]. Fol-
lowing the application of PP, the clinical condition of the 
patients recovers rapidly as the basilary atelectasis ceases 
to progress in the lungs [20]. In a case–control study of 
600 conscious, non-intubated COVID-19 patients hos-
pitalized in three principal urban hospitals, there was no 
increase in the rate of TI with mechanical ventilation and 
mortality in those treated with PP [21].

This Review of Reviews aims to combine the exist-
ing meta-analyses and systematic reviews and exam-
ines the effect of PP on the rates of TI and mortality 
along with the oxygenation profile in a large number of 
awake Covid-19 patients with increased statistical power. 
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Several meta-analyses have systematically reviewed PP 
in awake patients with acute hypoxemic respiratory fail-
ure caused by moderate to severe COVID-19 against the 
traditional supine position (SP) with varying degrees of 
head elevation.

Methods
Our Review of Reviews were performed according to 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) checklist. The protocol 
was prospectively registered at PROSPERO, the Inter-
national Prospective Registry of Systematic Reviews (ID: 
CRD42022326951).

Search strategy
A database search by medical subject heading (MESH) 
terms and keywords used for each database according 
to Additional file 1: Table S1 was done comprehensively 
from December 1st, 2019, to July 1st, 2022, in PubMed, 
Scopus, Web of Science, the Cochrane Library, and 
Google Scholar, and some references cited in relevant 
meta-analysis studies selected manually. After delet-
ing the duplicate articles, the titles and abstracts of the 
articles were reviewed for APP in hypoxic COVID-19 
patients without any language restrictions and type of 
published articles. These steps were performed by two 
authors, S.T. and H.S. In the inclusion or exclusion of 
articles, if the problems did not solve by discussion, to 
disagreement management, the third author, M.G should 
have interfered and solved. Finally, eighteen studies were 
selected, including twelve systematic reviews and meta-
analyses and six systematic reviews.

Inclusion criteria
Systematic review studies or systematic review and 
meta-analysis studies meeting the following criteria were 
included in this overview and meta-analysis study:

a.	 Systematic reviews and meta-analyses in which 
patients over 18 years of age, no gender restriction, 
and acute hypoxemic respiratory failure because of 
severe COVID-19 pneumonia were compared for the 
effect of PP vs. SP on TI rates, mortality, and oxygen-
ation improvement parameters.

b.	 The data have been meta-analyzed.
c.	 There should be no language restrictions on the 

selection of articles.

Participant Intervention-Comparison-Outcome 
(PICO) in this study is defined as follows:

Participants (P): awake adult severe COVID-19 patients 
with acute hypoxic respiratory failure;

Interventions (I): PP; Comparison group(C): SP or 
standard of care (SOC); Outcome measures (O): TI rate 
(dichotomous), the mortality rate (dichotomous) and 
oxygenation parameters such as the ratio of arterial par-
tial pressure of oxygen and fraction inspiratory oxygen 
(PaO2/FiO2) and pulse-oximetric saturation of oxygen 
(SpO2) as continuous outcome variables.

To make sure we haven’t lost any data, the data related 
to the effects of PP in non-intubated conscious patients 
were also extracted from the studies that evaluated the 
impact of PP vs. SP in non-intubated and intubated 
patients. Studies that examined PP compared to SP in 
intubated and unconscious patients or children under 18 
years of age were excluded.

Data extraction
The following items were extracted from systematic 
reviews and meta-analyses. Types and number of obser-
vational or clinical trial studies each included systematic 
reviews and meta-analysis studies, number of patients in 
each study, variables and outcomes, methodology, confi-
dence interval (CI), mean difference (MD), and odds ratio 
(OR), heterogeneity of each study in terms of I-squared 
index (I2) and P-values, assess the quality of studies and 
the risk of bias (ROB). Two authors performed data 
extraction individually; if necessary, the third author was 
consulted. Data were then finalized and with the agree-
ment of all authors.

Statistical analysis
The relative risk values for tracheal intubation and mor-
tality variables and the mean difference values before and 
after the intervention (prone positioning) for PaO2/FiO2 
and SpO2 variables were selected as effect indicators.

The I2 was used to determine the heterogeneity among 
the studies. I2 values greater than 0.50 were considered 
heterogeneous. By computing the I2 for heterogeneity, 
when there was no statistically significant difference in 
heterogeneity, a fixed effect model was utilized to analyze 
the data. In the absence of this, a random effect model 
was used. A funnel diagram and Begg’s test were utilized 
to examine diffusion bias. A probability value of less than 
0.05 was considered a significant level. All data analyses 
were conducted with CMA software version 2.2.064 (Bio-
stat Inc., Englewood, NJ, USA).

Results
Search results
In the initial search we found 903 articles. After careful 
stepwise review according to the PRISMA flow diagram, 
eighteen systematic reviews were included, includ-
ing twelve meta-analyses and six systematic narrative 
reviews. Meta-analyses in which PP was examined on 
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intubated patients and under mechanical ventilation 
were excluded.

How selection of articles and the initial search in the 
form of a PRISMA chart is shown in Fig. 1.

Characteristics of included meta‑analyses
Table  1 shows the essential characteristics of each 
included study, including country of origin, database 
search, type and number of studies entered in each 
meta-analysis, including clinical trial or observational 

studies, case reports or case series. The number of 
patients has been shown in each of the studies (a total 
of 22,562 patients in twenty included studies, separately 
19,651 and 2911 patients in meta-analyses (twelve stud-
ies) and systematic reviews (six studies), respectively) 
[22–39].

A summary of included study methods covering inclu-
sion and exclusion criteria, characteristics of patients, 
mean age, and intervention or control categories is fully 
shown in Table 2.

Fig. 1  PRISMA 2020 flow diagram
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The investigated variables, software used for statistical 
analysis, primary and secondary outcomes, risk of bias 
assessment, publication bias, and quality of all included 
studies are shown in detail in Table 3.

The extracted data related to selected parameters, 
including TI rate, mortality, and measures of PaO2/
FiO2 and SpO2 for all included studies, are displayed in 
Table 4.

A summary of the results and conclusions of all 
included studies are displayed in Table  2 (Additional 
file 2: Table S2).

Tracheal intubation rates
Eleven studies were included in this study. The hetero-
geneity between the studies was significant (Q = 119.4, 
P < 0.001, I2 = 91.6%). To estimate the pooled relative risk 
between the two groups, the OR values for each included 
study were entered into the data analysis. Figure  2(A1) 
illustrates the forest plot for the pooled effect size of the 
selected studies. Based on the random effect model, the 
pooled relative risk to assess the effect of the awake prone 
position in non-intubated patients with hypoxemic res-
piratory failure caused by severe COVID-19 on tracheal 
intubation rate was equal to 0.639 units, which was sta-
tistically significant (Pooled R.R = 0.639, %95 CI = (0.492, 
0.829), P-value = 0.001). The publication bias was not 
significant as tested by Begg’s test (P-value = 0.350) 
(Fig. 2A2).

Mortality rate
Twelve studies were included in this study. The hetero-
geneity between the studies was significant (Q = 147.3, 
P < 0.001, I2 = 92.5%). To estimate the pooled relative risk 
between the two groups, the relative risk associated with 
the study’s purpose for each included study was entered 
into the data analysis. Figure 2B1 illustrates the forest plot 
for the pooled effect size of the selected studies. Based 
on the random effect model, the pooled relative risk to 
assess the effect of the awake prone position in non-intu-
bated patients with hypoxemic respiratory failure caused 
by severe COVID-19 on mortality rate was equal to 0.363 
units, which was statistically significant (pooled relative 
risk = 0.363 [0.240, 0.549], P-value < 0.001). There was no 
perceived publication bias despite an asymmetric funnel 
plot (P-value = 0.115) (Fig. 2B2).

PaO2/FiO2
Four studies that reported on this outcome variable were 
included in this analysis. The heterogeneity between the 
studies was significant (Q = 48.1, P < 0.001, I2 = 93.8%). 
To estimate the pooled mean differences, the MD values 
from the individual meta-analyses before and after the 
application of PP in awake patients were entered for a 

pooled analysis. Figure 2C1 illustrates the forest plot for 
the pooled effect size of the selected studies. Based on 
the random effect model, the pooled mean differences 
to assess the effect of the awake prone position in non-
intubated patients with hypoxemic respiratory failure 
caused by severe COVID-19 on the PaO2/FiO2 ratio was 
equal to 3.59 units [−  40.881, 48.062], P-value = 0.874, 
which wasn’t statistically significant. The funnel plot 
and Begg’s test were used to evaluate publication bias, 
and the results indicated that publication bias with a 
P-value = 0.734 was not significant (Fig. 2C2).

Oxygen saturation
Three studies were included in this study. The hetero-
geneity between the studies was significant (Q = 24.5, 
P < 0.001, I2 = 91.8%). To estimate the pooled mean differ-
ences, the MD values before and after the PP in awake 
COVID-19 patients for the included studies were entered 
into the analysis. Figure  2D1 illustrates the forest plot 
for the pooled effect size of the selected studies. Based 
on the random effect model, the pooled mean differ-
ence to assess the effect of the PP in awake non-intubated 
patients with hypoxemic respiratory failure caused by 
severe COVID-19 on SpO2 (%) was equal to 1.64 units 
[− 4.441, 7.723]; with a non-significant P-value of 0.597. 
Additionally, there was no evidence of publication bias 
(P = 0.999) (Fig. 2D2).

Discussion
The use of non-drug approaches, such as changing the 
patient’s position to prone, can significantly help to 
improve oxygenation parameters in patients with ARDS. 
In hypoxemic COVID-19 patients, the APP method is 
used to avoid tracheal intubation, but its effectiveness 
is unclear. The early and timely use of the PP method in 
awake, non-intubated patients is one of the strategies to 
reduce ICU transfer and endotracheal intubation dur-
ing the COVID-19 pandemic, following health system 
control and optimal ventilator use and reducing the eco-
nomic burden. In this field, twelve systematic review and 
meta-analysis studies and six systematic review studies 
have been conducted [22–39]. This Review of Reviews 
will discuss a comprehensive review of the studies above.

In a case–control study of 29 patients with severe 
COVID-19 pneumonia, PP was started within the first 12 
h of hospitalization, 18 patients tolerated it for at least 10 
h per day, and 11 patients had no issues with it. Accord-
ing to the findings of this study, oxygenation improves in 
COVID-19-induced ARDS with early PP for 10 h per day 
[40]. The PaO2/FiO2 ratio in non-invasively ventilated 
patients such as the prone position is much higher than 
other methods of ventilatory support [41]. Burton-Papp 
et al. discovered a significant role for the combination of 
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Table 4  Statistical data extraction table of included systematic review and meta-analysis studies

Author/year/
reference

Effect model Study statistical 
data

Tracheal 
intubation

Mortality PaO2/FiO2 ratio
pre/after PP

SpO2 (%)

Fazzini et al., 2021 
[18]

Random effect 
model

Study (N)
patient(N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD (95% CI)
p-value
Heterogeneity (I2,p)

7
2095
824/1271
284/616
0.72 [0.43, 1.22]
–
0.22
75%, 0.0006

6
2011
771/1240
150/312
0.57 [0.36, 0.93]
–
0.02
51%, 0.07

4
189 (pre/after APP)
189 )pre/after APP(
NR
–
− 23.10 [− 34.80, 
− 11.39]
0.0001
26%, 0.26

E.X. Chua et al., 2021 
[19]

Random effect 
model

Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD (95% CI)
p-value
Heterogeneity (I2,p)

5
626
223/403
80/143
1.20 [0.77, 1.86]
–
0.42
25%, 0.25

4
427
168/259
20/72
0.35 [0.16, 0.75]
–
0.007
28%, 0.22

5
423
172/251
NR
–
68.81 [15.94, 
121.69]
0.01
91%, < 0.00001

8
566
273/293
NR
–
5.51 [3.17, 7.85]
 < 0.00001
95%, < 0.00001

Schmid et al., 2022 
[20]

Random effect 
model

Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD (95% CI)
p-value
Heterogeneity (I2,p)

2
1196
600/596
NR
0.83 [0.71–0.96]
–
NR
NR

2
1196
600/596
NR
1.08 [0.51–2.31]
–
NR
NR

Pavlov et al., 2022 
[21]

Random effect 
model

Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD (95% CI)
p-value
Heterogeneity (I2,p)

25
1722
870/852
NR
0.27 [0.19, 0.37]
–
0.71
88%, < 0.01

20
1528
767/761
NR
0.11 [0.06, 0.20]
–
0.1
91%, < 0.01

Ponnapa Reddy 
et al., 2021 [22]

Random effect 
model

Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD (95% CI)
p-value
Heterogeneity (I2,p)

15
697/699(pre/after 
APP)
NR
NR
0.24 [0.17–0.32]
–
NR
74.25%, 0.00

13
390
NR
NR
0.13 [0.06, 0.19]
–
NR
83.55%, 0.00

22
695/695(pre/after 
APP)
NR
NR
–
39.47 [24.85, 54.10]
0.001
99.67%, 0.00

12
38/38(pre/after APP)
NR
NR
–
4.74[3.26, 6.23]
0.001
96.31%, 0.00

Sryma PB et al., 2021 
[23]

Random effect 
model

Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD (95% CI)
p-value
Heterogeneity (I2,p)

15
334(pre/after APP)
NR
NR
0.25[0.16,0.34]
–
NR
62.16%, 0.00

4
91 (pre/after APP)
NR
NR
–
− 51.29 [− 88.67, 
− 13.91]
0.007
72%, 0.01

4
88 (pre/after APP)
NR
NR
–
− 5.39 [− 9.25, − 1.53]
0.006
97%, < 0.00001

M. T Awad et al., 
2021 [24]

Random effect 
model

Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD (95% CI)
p-value
Heterogeneity (I2,p)

3
425
135/290
63/117
1.48 [0.75, 2.93]
–
0.26
53.56%, 0.11

3
397
129/268
24/67
0.54 [0.22, 1.33]
–
0.18
59.18%, 0.08
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PaO2/FiO2 Pressure of Arterial Oxygen to Fractional Inspired Oxygen Concentration, SpO2 Spot Oxygen Saturation, PaCO2 measured the partial pressure of carbon 
dioxide in arterial blood, N number, CI Confidence Interval, RR Respiratory Rate, MD Mean Difference, RCT​ Randomized Clinical Trial, PP Prone Position, pre/after APP 
before and after awake prone positioning, APP (N)/ SP (N) number of patients in awake prone position group/number of patient in supine group, APP (event N)/ SP 
(event N) number of event(intubation or mortality) in awake prone positioning group/ number of event(intubation or mortality) in supine position group

Table 4  (continued)

Author/year/
reference

Effect model Study statistical 
data

Tracheal 
intubation

Mortality PaO2/FiO2 ratio
pre/after PP

SpO2 (%)

Beran et al., 2021 
[25]

Random effect 
model

Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD (95% CI)
p-value
Heterogeneity (I2,p)

14
3324
1495/1829
403/545
0.85 [0.66, 1.08]
–
0.17
63%, 0.002

14
3242
1472/1770
263/400
0.68 [0.51, 0.90]
–
0.008
52%, 0.02

Cardona et al., 2021 
[26]

Random effect 
model

Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD (95% CI)
p-value
Heterogeneity (I2,p)

18
364
NR
NR
28.4% [20.1, 38.4]
–
0.000
63%, 0.001

13
272
NR
NR
14.1% [7.6, 24.7]
–
0.000
62%, 0.002

R. S. Cruz et al., 2021 
[27]

Fixed effects 
(I2 < 20%) or random 
effects (I2 ≥ 20%)

Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD(95% CI)
p-value
Heterogeneity (I2,p)

7
1401
717/684
208/249
0.82 [0.71, 0.95]
–
0.009
0%, 0.49

7
1401
717/684
133/144
0.90 [0.73, 1.11]
–
0.34
16%, 0.31

Jie Li et al., 2022 [28] Random effects 
to heterogeneity 
and fixed effects 
to evaluate small 
studies influence

(a)
Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD(95% CI)
p-value
Heterogeneity (I2,p)

RCTs
10
1985
1013/972
216/255
0.84 [0·72–0·97]
–
NR
0%, 0.96

RCTs
10
1985
1013/972
135/143
1·00 [0·70 − 1·44]
–
NR
0%, 0.79

(b)
Study (N)
Patient (N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD(95% CI)
p-value
Heterogeneity (I2,p)

Non-RCTs
18
2506
1066/1440
254/626
0.62 [0.47, 0.83]
–
NR
65%, < 0.01

Non-RCTs
17
2501
1080/1421
187/433
0.56 [0.48–0.65]
–
NR
0%, 0.49

W. Tan et al., 2021 
[29]

Random effect 
model

Study (N)
Patient(N)
APP (N)/ SP (N)
APP (event N)/ SP 
(event N)
RR (95% CI)
MD(95% CI)
p-value
Heterogeneity (I2,p)

11
195
NR
NR
0.32 [0.23, 0.43]
–
NR
36%

9
138
NR
NR
0.03[0.00, 0.07]
–
NR
0%

4
61 (pre/after APP)
NR
NR
–
52.06 [5.36, 98.76]
0.03
81%, 0.005

5
112 (pre/after APP)
NR
NR
–
5.23 [1.25, 9.22]
0.01
98%, < 0.00001
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NIV and PP in improving oxygenation in a study of 20 
conscious patients with COVID-19 pneumonia by meas-
uring the PaO2/FiO2 ratio [42]. The standard treatment 
method was compared to the PP method in 60 non-intu-
bated awake patients in a multicenter RCT in patients 
with acute respiratory failure secondary to COVID-19 
infection. The results showed that awake PP was func-
tional and valuable in improving the oxygenation [43]. In 
a cohort study of 25 patients with severe respiratory fail-
ure due to COVID-19 (12 intubated patients and 13 con-
scious patients), patients with SaO2 > 95% improved their 
oxygenation parameters. They were less likely to require 
intubation after one hour of PP [44].

The effects of improving oxygenation were permanent 
even after repositioning in the prospective cohort study 

by Coppo et al. on the physiological impact of PP in 56 
patients with COVID-19 with severe respiratory failure 
[45]. According to previous studies, the rate of intuba-
tion did not decrease in a randomized multicenter clini-
cal trial in patients with moderate to severe respiratory 
failure due to COVID-19 treated with high flow nasal 
oxygen or NIV and a PaO2/FiO2 ratio ≤ 200 by randomly 
dividing them into two groups of 16 h of PP per day or 
standard treatment [46].

In a retrospective cohort study of 97 hospitalized 
patients with COVID-19, it was discovered that meas-
uring the respiratory oxygenation (ROX) index and 
the PaO2/FiO2 (partial pressure of oxygen/fraction of 
inspired oxygen) ratio in awake patients on PP can pre-
dict the time required for intubation [47]. Evidence 

Fig. 2  A1 The forest plot shows the Odds ratios of the individual effect of APP versus SP on the tracheal intubation of awake non-intubated 
patients with COVID-19 pneumonia. A2 Funnel plot standard error by log risk ratio to assess diffusion bias related to the effect of PP versus SP 
on the tracheal intubation of awake non-intubated patients with COVID-19 pneumonia. B1 The forest plot shows the Odds ratios of the individual 
effect of APP versus SP on the mortality of awake non-intubated patients with COVID-19 pneumonia. B2 Funnel plot standard error by log risk 
ratio to assess diffusion bias related to the effect of PP versus SP on the mortality rate of awake non-intubated patients with COVID-19 pneumonia. 
C1 The forest plot shows differences in means of the effect of the PaO2/FiO2 of the awake non-intubated patients with COVID-19 pneumonia 
before and after PP. C2 Funnel plot diagram to assess diffusion bias related to PaO2/FiO2 of the awake non-intubated patients with COVID-19 
pneumonia before and after PP. D1 The forest plot shows differences in the means of the effect of the SpO2 (%) of the awake non-intubated 
patients with COVID-19 pneumonia before and after PP. D2 Funnel plot diagram to assess diffusion bias related to the SpO2 (%) of the awake 
non-intubated patients with COVID-19 pneumonia before and after PP
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suggests that the benefits of PP decline after significant 
disease progression and the onset of pulmonary fibrosis, 
emphasizing the significance of early PP initiation [48]. 
One study found that the prophylactic beginning of PP 
in COVID-19 patients significantly increased oxygena-
tion [5]. The positive effects of PP outweighed its nega-
tive impact in a scoping review of its effects in patients 
with COVID-19 pneumonia [49]. The advantage of using 
this method in non-intubated, conscious patients who 
are not intubated is that complications like endotracheal 
tube displacement and dislocation in PP are not present 
in these patients [50]. The improvement in SpO2/FiO2 
in the study of the effect of serial APP on oxygenation 
of non-intubated patients admitted to the ICU is usually 
temporary and often occurs in the first episode of this 
procedure, which may be the reason for not reporting the 
effect of APP on mortality in recent studies [51, 52]. In 
a narrative review, the APP method is recommended in 
critically ill patients with hypoxemic respiratory failure 
due to moderate to severe COVID-19, as long as there is 
no delay in mechanical ventilation [53].

The limitation of the study was the identification of 
systematic review studies conducted prone position on 
intubated patients from conscious patients. Especially, in 
some studies, PP was performed on both conscious and 
intubated patients, which made it difficult to extract the 
results related to conscious patients.

Each of the 18 review studies recommended using APP 
in COVID-19 pneumonia. To reach a more definitive 
conclusion about the effect of APP on COVID-19 pneu-
monia, the results of this Review of Reviews, which is a 
comprehensive study of all previous reviews and meta-
analyses, show that APP has a significant effect on reduc-
ing tracheal intubation and mortality, but not on PaO2/
FiO2 and SpO2 (%). According to the results of 18 sys-
tematic reviews on 22,562 patients, the results of this 
Review of Reviews can be generalized, and APP can be 
recommended with certainty in the treatment of con-
scious and non-intubated patients with COVID-19 pneu-
monia to reduce mortality and tracheal intubation.

Conclusion
With more confidence, the results of this Review of 
Reviews showed the influential role of APP in reducing 
mortality and intubation, which can be recommended in 
the treatment period of conscious patients with COVID-
19 pneumonia. It is advisable to consider the use of prone 
positioning in conscious patients with COVID-19 pneu-
monia in the ICU as a means to decrease mortality rates 
and the need for intubation. 
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