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Awake Prone Positioning in the Management of COVID-19 
Pneumonia: A Systematic Review
Geetanjali T Chilkoti1 , Medha Mohta2 , Ashok K Saxena3 , Zainab Ahmad4 , Chhavi S Sharma5  

Ab s t r ac t
Background: The aim was to investigate the efficacy of prone positioning (PP) in the management of coronavirus disease-2019 (COVID-19) 
pneumonia in various setups, with various modes of oxygen therapy and its optimal duration. 
Materials and methods: A systematic literature search was conducted from inception until May 15, 2021. Patients with a validated diagnosis 
of COVID-19 and receiving PP were included. Various factors, including intensive care unit (ICU) or non-ICU setup, mode of oxygen therapy, 
outcome, duration of proning, and limitations, were noted. 
Results: We retrieved 36 articles with a total of 1,385 patients for qualitative analysis. Out of 36 articles, there were 17 original articles, 09 case 
series, and 10 case reports. Out of 1,385 participants, 78.9% (n = 1,093) and 21.0% (n = 292) of patients were managed in ICU and non-ICU setup, 
respectively. Awake PP with high flow nasal cannula (HFNC) was found to be a promising technique; however, the result was inconclusive with 
helmet continuous positive airway pressure (CPAP). No study has evaluated the optimal duration of awake PP and the associated long-term 
outcomes.
Conclusion: We encourage the use of early awake self-proning in the management of COVID19 disease. However, the evidence in terms of its 
use in non-ICU setup, the optimal duration of PP, and various oxygenation devices are insufficient, thereby mandating further well-designed 
multicentric studies to evaluate its efficacy as an adjunct in the management of COVID-19 pneumonia in context to the aforementioned factor.
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In t r o d u c t i o n
Prone positioning (PP) has been an established technique for 
improving oxygenation in severe acute respiratory distress 
syndrome (ARDS).1–3

Considering the proven benef its of PP in intubated 
patients, physiologically, it was also assumed to benefit awake, 
nonintubated patients with acute hypoxemic respiratory failure. 
With the recent coronavirus disease-2019 (COVID-19) surge, 
awake self-PP has been practiced widely in the treatment of 
moderate to severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection. It is a low-risk intervention requiring 
minimal assistance and, therefore, has also been applied 
outside the intensive care unit (ICU). Recently, the UK Intensive 
Care Society has also advocated awake PP as a standard of 
care for suspected or confirmed COVID-19 patients requiring 
a FiO2 ≥28%.4 However, Chad et al. in a review implicated this 
short-term improvement in oxygenation with PP to be simply a 
“recruitment maneuver,” which could have been efficacious in 
only patients with less severe disease.5 In addition, the patient 
population assessed in various studies evaluating awake PP 
in SARS-CoV-2 is heterogeneous in terms of the severity of 
illness, mode of oxygen therapy, ventilatory status, treatment 
protocol, mean duration of proning, and the setting, that is, 
ICU or non-ICU. 

As COVID-19 is a novel viral disease, and the evidence 
available so far to support the efficacy of awake PP is limited; 
this systematic review was conducted to investigate its efficacy 
in both awake and intubated patients as an adjunct along with 
different modes of oxygen therapy or respiratory support, its 
performance in different setups, that is, ICU or non-ICU, and 
also the optimal duration of PP.
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Li t e r at u r e Se a r c h a n d Data So u r c e
We conducted a comprehensive literature search using PubMed, 
MEDLINE, Embase, and Google Scholar from December 2019 to 
May 15, 2020. In PubMed, the following search strategy was used: 
“(COVID-19 OR Novel Coronavirus–Infected Pneumonia OR 2019 
novel coronavirus OR SARS-CoV-2) AND (prone oxygenation OR 
awake prone position OR self proning).” The strategy was then 
further adapted for other databases. The titles and abstracts were 
reviewed to evaluate their relevance to our study. Full-text articles 
were retrieved for further consideration for inclusion. Two authors 
(G.T.C. and M.M.) read all the articles, and any inconsistencies were 
resolved by consensus with the third author (A.K.S.).

Study Selection–For study selection, we followed PICO 
framework: participants, who had a validated diagnosis 
of COVID-19, irrespective of stage or severity of disease; 
intervention, oxygen therapy or respiratory support in awake 
self-PP; comparison, patients not receiving prone oxygenation, 
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if original article; outcomes, various parameters indicating 
oxygenation. A priori, both interventional and observational 
data were considered. 

Data Extraction—No language restriction was imposed, in 
order to include maximum articles and minimize language bias. 
For each article, we extracted data regarding authors, year of 
publication, the period of observation, patient selection, ICU or 
non-ICU setting, duration of PP, outcomes assessed, conclusion, and 
limitations, if any. For the present systematic review, due to the novel 
nature of the disease, all kinds of publications, that is, case report, 
case series, editorials, letters, and reviews in addition to original 
articles providing evidence toward the efficacy of awake PP in the 
improvement of oxygenation in COVID-19 disease, were included.

Re s u lts
Flowchart 1 shows the PRISMA flowchart depicting the qualitative 
synthesis of evidence from the literature search. Following the 
screening of titles, abstracts, and removal of duplicates, finally, we 
included 36 articles with a total of 1,385 patients for qualitative 
analysis. Out of 36, 17 were original articles,6–22 nine case 
series,23–31 and 10 case reports.32–41 In addition, there were seven 
protocols,42–48 seven reviews,49–55 two commentaries,21,56 and four 
editorial.57–60 The 17 original articles were included in the qualitative 
assessment of risk of bias. All the included articles were published 
from the inception of COVID-19 till May 15, 2021. 

Table 1 shows the characteristics of all the clinical studies 
evaluating PP in COVID-19 pneumonia.

Awake PP in COVID-19 Pneumonia in Non-ICU Setup
Out of all the articles, six studies have evaluated awake PP used 
outside the ICU for COVID-19 pneumonia.6,7,10,14,19,22 Caputo et al. 
applied PP to 50 COVID-19 patients in the Emergency Department 
and showed a significant improvement in oxygenation.6 A one-day 
cross-sectional, before‑after study was conducted by Sartini 
et al. on 15 awake non-ICU patients on noninvasive ventilation 
(NIV) irrespective of the day. They recorded SpO2, PaO2/FiO2, 
respiratory rate (RR), and patients’ comfort at three designated 

time points while receiving NIV in PP, that is, before starting NIV, 
60 minutes after the start of PP, and 60 minutes after the end of 
NIV. A significant improvement in SpO2 and PaO2/FiO2 from 100 
(IQR, 60–112) to 122 (IQR, 118–122) (p <0.001 for both) along with 
a decrease in RR during NIV in PP was observed. On follow-up at 
day 14, nine patients were discharged, one improved, one was 
intubated, and one died.10

On the contrary, Elharrar et al. in a single-center, before‑after 
study, in patients receiving NIV, observed that out of 24, PaO2 
improved in only six patients, that is, merely 25% with PP, whereas 
four patients did not tolerate PP for more than an hour and required 
intubation.7

Awake PP in COVID-19 Pneumonia in ICU Setup
Out of all the studies conducted in ICU, only Zang et al.13 had 
incorporated a control group and compared the oxygenation 
status of patients receiving PP with the ones who did not 
receive it. The oxygenation parameters used were SpO2, RR, 
and ROX index. They did not compare the PaO2/FiO2 ratio, and 
also the number of patients with severe diseases was limited 
in their study.

In another study, Tu et  al. exclusively enrolled nine patients 
with COVID-19 on flow nasal cannula (HFNC) for more than 2 days 
and having PaO2/FiO2 <150 mm Hg. Prone position was found to be 
efficacious in improving oxygenation in patients on HFNC.8

Similarly, Coppo et al.,9 in a prospective cohort study, assessed 
the feasibility of PP in 56 patients receiving NIV or conventional 
oxygen therapy (COT) and found it to be feasible in 83.9% of 
patients (n  =  47). Oxygenation improved PaO2/FiO2 ratio from 
180.5 to 285.5  mm  Hg (112.9) in PP (p <0.0001). Oxygenation 
following resupination was maintained in only 23 patients (50%). 
It was concluded that PP was feasible and effective in improving 
oxygenation in awake patients with COVID-19; however, the effect 
was sustained in only 50% of patients. 

Thompson et  al.11 in a cohort study on 25 patients also 
observed the efficacy of PP in improving the oxygenation and 
its effects on intubation rate. They observed that 1 hour after 

Flowchart 1: PRISMA flowchart depicting the steps of qualitative synthesis of evidence from the literature
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found to be feasible, helpful, and efficacious in terms of various 
oxygenation outcomes, for example, PaO2/FiO2, RR, SpO2, and 
other clinical parameters, and also in a single case report on a 
pregnant patient with COVID-19 pneumonia.36 However, there 
has been a lack of well-designed studies to validate this finding.

Awake PP with Helmet CPAP
Only one clinical study12 and three case series28–30+ including 59 
patients have evaluated PP along with helmet CPAP. Retucci et al. 
observed a high failure rate with PP and lateral positioning in 
patients receiving helmet CPAP.12 On the contrary, all the three case 
series found PP with helmet CPAP to be feasible and efficacious28–30; 
however, the sustained improvement in oxygenation even after 
12 hours of PP was documented only by Golestani et al.30

Risk of Bias (Quality) Assessment
In order to assess the risk of bias of the included studies, the 
Cochrane Collaboration tool, namely ROBINS-I (“Risk of Bias In 
Non-randomized Studies—of Interventions”), was used. It is a tool 
for evaluating the risk of bias from nonrandomized studies utilizing 
interventions.61 The ROBINS-I assesses the risk of bias in seven 
domains: (1) bias due to confounding, (2) bias due to selection of 
participants, (3) bias in classification of interventions, (4) bias due 
to deviation from intended intervention, (5) bias due to missing 
data, (6) bias in the measurement of outcomes, and (7) bias in the 
selection of the reported result. Each aforementioned parameter 
of bias in each study will be scored as having low, medium, high, or 
unclear risk. The study with lower risk is deemed as a high-quality 
study. The risk of bias was independently assessed by GCT and ZA, 
and disagreements were resolved through discussion with MM. 
The overall judgment on the bias assessment following assessment 
of each domain of the included studies in the present systematic 
review as per the ROBINS-I tool has been found to have moderate to 
serious risk.61 The risk of bias was variable among different included 
studies. The weighted summary plot of different aforementioned 
biases among all nonrandomized studies6–22 was designed using 
robvis web app (Fig. 1).62

Di s c u s s i o n
The present review has summarized the current evidence of awake 
PP in patients with SARS-CoV-2, out of a total of 1,385 patients in 
whom awake PP was evaluated. Overall, the technique was found 
to be efficacious in terms of improvement in oxygenation in 78.9% 
(n = 1,093) of patients in ICU and 21.0% (n = 292) in non-ICU areas, 
including emergency areas, wards, etc. Awake PP along with 
HFNC was used in 90 patients and was found to be efficacious in 
all the cases. Awake PP was used in patients with helmet CPAP in 
59 cases with inconclusive results. However, none of the studies 
have evaluated the optimal duration of awake PP; in the majority, 
the oxygenation parameters were evaluated within few minutes 
to only a few hours after PP, and no long-term outcomes were 
assessed. 

PP reverses the compression atelectasis of the dorsal lungs due 
to heart and mediastinum and helps alveolar recruitment in the 
dorsal lung (now nondependent) by increasing the transpulmonary 
pressure leading to the homogenous distribution of ventilation 
across the lung.2,3 However, perfusion remains higher in the 
dorsal region due to higher production of nitric oxide (a potent 
vasodilator) in the endothelium of the dorsal lung leading to a 

PP, the range of improvement in SpO2 was from 1 to 34%, and 
the mean difference in intubation rates between patients with 
SpO2 higher than 95% compared to those with less than 95% at 
1 hour after PP was 46%. 

Retucci et al.12 in an observational study evaluated PP and lateral 
positioning in 26 patients on helmet continuous positive airway 
pressure (CPAP) and observed a high failure rate. 

Table 2 shows the characteristics of the case series evaluating PP 
in patients with COVID-19, and all had used awake PP.23–31 The mean 
age of all 69 patients included in the case series was 58.0 years. The 
mean duration of single-PP session extended from 2 hours till 16 hours/
day. The PaO2/FiO2 ratio, SpO2, clinical improvement, and oxygen 
requirements were the most commonly used clinical outcomes.

Four case series involving 43 patients evaluating awake PP 
in SARS-CoV-2 were conducted in non-ICU areas,24,25,28,29 out of 
which, few were conducted among patients receiving helmet 
NIV.28–30 Ripollo-Gallardo et  al.28 and Bastoni et  al.29 in their 
retrospective series of 13 and 10 patients evaluated PP among 
patients on helmet NIV in the general ward and Emergency 
Department, respectively. Both studies showed improved 
oxygenation with PP; however, the latter in addition conducted 
lung ultrasonography (USG) and did not observe any change in 
recruitability with the PP. As far as the feasibility of PP with helmet 
NIV is concerned, it was reported as 92.3% by Ripollo-Gallardo 
et al.28 and 60% by Bastoni et al.29

Ng et al.25 evaluated PP in 10 patients in the general ward with 
the FiO2 requirement <0.5; three patients were later shifted to ICU 
where one died. The rest seven patients showed improvement in 
clinical symptoms. No PaO2/FiO2 ratio could be assessed due to the 
setting of the study. Out of five case series that were conducted 
in the ICU setup, three were conducted among patients receiving 
HFNC,23,26,27 one with helmet CPAP, 30 and one on non-rebreathing 
mask (NRBM).31

Table 3 shows the details of various case reports in this 
context.32–41 The mean duration of PP in these case reports ranged 
from 1 hour till 16–18 hours/day (Table 3). 

Specific Subpopulation
Awake PP in ICU and Non-ICU Setups
Out of all 1,385 participants, 78.9% (n = 1,093) received awake PP 
in ICU and 21.0% (n = 292) received it in non-ICU areas, including 
emergency areas, wards, etc.

Awake PP in Pregnant Patient and Morbidly Obese
There has been little evidence regarding the use of PP in 
pregnant women with COVID-19. The only reported use of PP 
in pregnant patients with COVID-19 was found to be efficacious 
when combined with HFNC. However, the practical applicability 
or use of PP in the pregnant patient was a concern.28 Recently, 
Paul et  al. reported a morbidly obese (body mass index, 
65 kg/ m2) COVID-19 patient with obstructive sleep apnea and 
reported notable improvement in FiO2  requirements titrated 
down to 0.4 within 1 hour of proning, which persisted even on 
return to supine position.29

Awake PP along with HFNC
Nine articles that include two clinical studies,8,15 three case 
series,23,26,27 and five case reports34,36-39 including a total of 
90 patients have evaluated awake PP along with HFNC in the 
management of COVID-19 pneumonia. This combination was 
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significant reduction in the relative shunt fraction along with 
the improvement in PaO2/FiO2. The role of prone ventilation in 
intubated ARDS patients has been established since the last 
few years.2,3 Extrapolating the evidence of PP in mechanically 
ventilated non-COVID ARDS patients, recently, even the Surviving 
Sepsis Campaign panel has advocated a trial of PP in mechanically 
ventilated COVID-19 patients with moderate to severe ARDS for a 
period of 12–16 hours.63

In the present COVID-19 pandemic, the use of PP has been 
widely extended to awake patients in both ICU and non-ICU 
areas. Awake PP is an important adjuvant for improving 
oxygenation in ARDS along with other factors like FiO2 delivered, 
mode of oxygen therapy, and other treatment protocols. 
HFNC has been known to increase the ventilator-free days 
and decrease the mortality in ICU patients. In the present 
systematic review, we observed a striking improvement in 
oxygenation with PP in patients who were receiving HFNC. We 
are also looking forward to the results of the ongoing meta-
trial to investigate awake PP in COVID-19 patients undergoing 
HFNC.45 However, with helmet NIV, its efficacy has been found 
to be contentious. 

There have been concrete evidences regarding the optimal 
duration of prone ventilation in non-COVID ARDS2,3; however, 
no study has assessed the optimal duration of awake PP since 
its inception has gained momentum in COVID-19 pandemic. 
The majority of the clinical studies evaluating awake PP in 
COVID-19 pneumonia have assessed the oxygenation as early 
as 5  minutes to the maximum of 1 to 3  hours after PP.6,9,11–13 
The sustained improvement in oxygenation as assessed in a 
single study by Golestani et  al. after 12  hours was observed 
in only 30% of patients.30 In addition, only a few studies have 
utilized control group for the evaluation of awake PP.13,18,19 In 
all these studies, the assessment for improved oxygenation was 
undertaken as early as 1 hour13,18 till the end of day one.19 These 
studies’ results highlighting the improvement in oxygenation 
following such a short duration of awake PP could possibly be 
implicated to the transient lung recruitment.5 This mandates the 
need to determine the optimal duration of awake PP along with 
the assessment of long-term clinical outcomes, for example, 
intubation rates and mortality.

The present systematic literature review is dealt with few 
limitations. Firstly, the studies included had small sample sizes and 
single centric data.

Secondly, except for one,13 all studies lacked the control 
group. Thirdly, considering the fact that early use of awake PP 
may improve the overall prognosis, the evidence regarding the 
efficacy and safety of the institution of PP in outside ICU setups 
has been found to be insufficient. Interestingly, a clinical study 
by Sartini et al.10 and two case series28,29 have evaluated PP in 
severely hypoxemic patients receiving NIV and helmet CPAP in 
non-ICU areas, a finding which cannot be related in developing 
countries with limited facilities during this pandemic times. 
Fourthly, there was a heterogeneous patient population in terms 
of the mode of oxygen therapy or respiratory support, duration 
of proning, treatment protocol, and severity of illness at the 
time of initiation of PP. Also, few studies displayed incomplete 
data, particularly the mode of oxygen therapy and duration of 
proning. 

In conclusion, the literature available so far encourages the 
use of early awake self-proning in addition to its use in intubated 
patients in the management of SARS-CoV-2 infection. The short-
term improvement in the oxygenation as reported in various trials 
could simply be a “recruitment maneuver” as the majority of the 
oxygenation outcome parameters were assessed between few 
minutes to 3 hours after PP in various studies. The overall evidence 
pertaining to the use of awake proning in the management of 
COVID-19 disease is not sufficient as there has been a lack of 
randomized controlled trial, and therefore, further well-designed 
multicentric studies with larger sample size and preferably with a 
control group are warranted to evaluate the PP as an adjunct in the 
management of COVID-19 pneumonia in terms of its safety, optimal 
duration of proning, and efficacy in improving oxygenation with 
individual modes of oxygen therapy.
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