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ABSTRACT
Background The COVID- 19 pandemic has led to a 
surge in critically unwell patients with type 1 respiratory 
failure. In an attempt to reduce the number of patients 
requiring mechanical ventilation, prone positioning (PP) 
of non- intubated patients has been added to many 
hospital guidelines around the world. We set out to 
conduct a systematic review of the evidence relating to 
PP in the non- intubated patient with type 1 respiratory 
failure secondary to COVID- 19 and other causes.
Methods The review was conducted in accordance with 
the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses) statement. A literature 
search of major databases and grey sources was 
conducted. Studies were assessed for inclusion by two 
authors according to prespecified criteria. Data collection 
processes, analysis and risk of bias assessment were 
planned.
Results 31 studies were included for analysis. These 
consisted of prospective and retrospective case series, 
cohort studies and case reports. None of the studies 
included a comparison group. No statistical analysis 
was performed. Descriptive data of included studies and 
narrative synthesis are presented.
Conclusions No high- quality randomised controlled 
trials were found and thus evidence in relation to PP 
as a treatment for non- intubated patients with type 1 
respiratory failure is lacking.

INTRODUCTION
Acute respiratory failure is a leading reason for 
endotracheal intubation, mechanical ventilation 
and referral to the intensive care unit (ICU). Patients 
have traditionally been cared for in a recumbent or 
semirecumbent position. Prone positioning (PP) 
refers to the practice of positioning patients on 
their ventral surface. Theoretically, the reasons why 
PP might convey substantial physiological benefit 
include improved gas exchange via more homo-
geneous matching of ventilation and perfusion, 
increased cardiac output from optimisation of right 
ventricular preload and afterload, and improved 
drainage of secretions via the general dorsal lung to 
ventral trachea drainage vector.1–3

In 2013, the Prone Positioning in Severe Acute 
Respiratory Distress Syndrome (PROSEVA) Trial 
demonstrated that PP, for a minimum of 16 hours 
continuously, conveyed a mortality benefit at 28 
days, for mechanically ventilated patients with 
moderate to severe acute respiratory distress 

syndrome (ARDS) (ie, P/F ratio <150 mm Hg). 
Prior to the publication of PROSEVA, several trials 
demonstrated no significant benefit in clinically 
relevant outcomes when PP was applied across a 
broader group of patients. This is despite evidence 
that PP improved oxygenation across all groups 
of mechanically ventilated patients with ARDS. 
This contrast demonstrates the importance of 
randomised controlled trials (RCTs) in determining 
whether improvement in physiological markers 
translates to improvement in patient- oriented 
outcomes, as well as in determining specific proto-
cols that are effective, and which patient groups 
stand to benefit.

PP in patients who are not intubated has been 
less well studied. The capacity for awake patients 
to modulate their own position, cough and exer-
cise voluntary control makes them a physiologically 
distinct population from heavily sedated intubated 
patients. Therefore, it is not clear that the benefit 
conveyed by PP on intubated patients is trans-
ferable. Potential harms of PP in non- intubated 
patients are yet to be elucidated but may include 
dislodged venous access or O2 delivery devices, 
delay to intubation and pressure injuries. Tolerance 
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What is already known on this subject
 ► Prone positioning (PP) in intubated, 
mechanically ventilated patients has been 
demonstrated to reduce mortality, particularly 
in patients with severe acute respiratory 
distress syndrome (ARDS).

 ► PP has been used extensively during the 
COVID- 19 pandemic in awake, non- intubated 
patients despite the lack of robust evidence of 
benefit.

What this study adds
 ► In this systematic review, we found no 
high- quality evidence that PP in awake, non- 
intubated patients reduces rates of subsequent 
intubation or decreases mortality.

 ► There was some signal that PP may improve 
hypoxia.

 ► However, randomised controlled trials are 
needed to assess whether PP in awake, non- 
intubated patients confers patient benefit.
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of PP, especially for prolonged periods, is considerably more 
variable in awake patients than in those who are deeply sedated.

The current COVID- 19 pandemic has resulted in hospi-
tals and ICUs being overwhelmed with patients in respiratory 
failure. COVID- 19 is a viral pneumonia caused by SARS- CoV- 2 
infection often leading to severe hypoxia, ARDS and respiratory 
failure.4 About 15% of patients with COVID- 19 require oxygen 
therapy and about 5% require mechanical ventilation.5 Despite a 
lack of strong supporting evidence, PP in non- intubated patients 
has been recommended in guidelines and advocated by influen-
tial FOAMed sites as a means to avoid endotracheal intubation 
for COVID- 19- associated respiratory failure.6

If PP is shown to be beneficial in non- intubated patients, 
this cost- effective intervention could have a substantial impact 
on preserving hospital resources. Despite the pressures the 
COVID- 19 pandemic has placed on healthcare systems, it 
remains important to ensure that this intervention is supported 
by quality evidence.

The objective of this review was to identify and synthesise 
the evidence related to PP in non- intubated patients with type 1 
respiratory failure from all aetiologies.

METHODS
The review was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
(PRISMA) statement. The protocol was prospectively regis-
tered on the PROSPERO website (PROSPERO 2020 
CRD42020184705).

Outcomes
The primary outcome was endotracheal intubation due to 
progressive respiratory failure. Secondary outcomes included 
change in oxygenation (PaO2/FiO2), need for escalation of 
respiratory support without requiring intubation, admission to 
ICU, mortality, adverse effects of PP, length of hospital stay and 
ventilator- free days.

Patient and public involvement
Patients and the public were not involved in the design, evalua-
tion or dissemination of this research.

Literature search
A literature search was designed with the assistance of a medical 
librarian and performed on 14 August 2020. The following data-
bases were searched:
1. PubMed.
2. Google Scholar.
3. WHO COVID- 19 database.
4. Cochrane Clinical Trials Register.
5. Grey sources.

The search was conducted from inception of databases to 
14 August 2020 and had no language restriction. Grey sources 
included Google and Google Scholar, FOAMed sites, reference 
lists of articles, clinical trial registries and conference abstracts. 
Titles and abstracts were reviewed, and full text of relevant and 
potentially relevant articles were obtained. The search strategy 
for MEDLINE is included as online supplemental appendix 1.

Inclusion and exclusion criteria
Articles for inclusion were limited to those available in English, 
with no restrictions on the country of origin. Studies included 
were those conducted on adult patients with acute type 1 respi-
ratory failure, who were spontaneously breathing, and who 

underwent PP of any duration as a therapeutic intervention. 
Studies on paediatric patients, or on patients intubated at study 
commencement, were excluded.

Controlled trials and observational studies that included a 
comparison group were to be included in the final quantita-
tive review. Case series and cohort studies were also reviewed 
for their narrative value. Editorials, commentaries and opinion 
pieces were excluded.

Study selection, data extraction and synthesis
Studies were screened for relevance and independently reviewed 
by two authors who assessed the studies against the inclusion/
exclusion criteria. Arbitration was provided by a third author 
when required.

An electronic tool was designed to facilitate data extraction 
by two independent investigators. We also planned to assess the 
quality of included studies using the Cochrane risk of bias tool 
by two authors independently, with arbitration by a third author 
if required.

Analysis
Descriptive data about study characteristics are presented. 
Our plan for statistical analysis was to use RevMan, V.5.4, The 
Cochrane Collaboration, 2020, presenting risk ratios for the 
dichotomous outcomes (eg, primary outcome of endotracheal 
intubation) and difference in means (or standardised mean 
difference) for continuous outcomes. We planned to use the 
inverse variance approach to meta- analysis with either fixed or 
random effects meta- analysis. Heterogeneity was to be assessed 
with I².

Changes from protocol
Small changes were required from the published protocol. The 
original search was conducted from 1995 to present; however, 
this was subsequently extended to the inception of databases. 
No meta- analysis was performed as no suitable studies were 
identified. The planned quality assessment was changed from 
the Cochrane risk of bias tool to the methodological index for 
non- randomised studies (MINORS) tool,7 a validated tool for 
non- randomised studies, as this was better suited to the types of 
studies found.

RESULTS
The PRISMA flow diagram is presented in figure 1. The search 
strategy identified 725 records. After removing duplicates, 561 
abstracts were screened. We obtained 57 full- text articles for 
detailed review. Thirty- one records were agreed to have data 
that could contribute value to the review.8–38 Excluded full- text 
articles are listed in online supplemental appendix 2. No iden-
tified studies included an appropriate comparator and therefore 
no statistical analysis was performed.

The articles reviewed and their major findings are summarised 
in online supplemental table 1 and 2. The design of the studies 
reviewed is summarised in table 1.

The nine cohort studies identified were assessed for meth-
odological quality with the MINORS tool7 (table 2). Only 
two studies scored higher than 10 of a maximum 16 for non- 
comparative studies.

Heterogeneity of design and methodology was evident across 
all the included studies. For the larger studies, patients were 
selected via convenience sampling or cross- sectional survey. 
Protocols for PP varied with regard to level of ergonomic 
support and supervision. Some protocols combined PP with 
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other postures. Duration and frequency also varied, and in some 
protocols was very limited due to poor patient tolerance. The 
devices used for respiratory support included standard nasal 
cannulae, Hudson masks, non- rebreather masks, high flow nasal 
cannulae, mask non- invasive ventilation and helmet continuous 
positive airway pressure (CPAP). In some studies, the mode of 
respiratory support was changed with the initiation of PP. The 
most common outcome measure was oxygenation (PaO2/FiO2). 
Other outcome measures included rate of intubation, dyspnoea, 
respiratory rate, haemodynamic parameters, tolerance, comfort 
and mortality. Some of the studies included data on adverse 
events. Limited documentation and missing data were noted in 
several studies.

Protocols for capturing data also differed between studies. To 
illustrate, SPO2 and PaO2/FiO2 were measured at different times 
depending on the study, with examples including 5 min post PP, 

intervals from 10 to 60 min, post return to the supine position 
or as a single daily measurement. Rates of intubation were occa-
sionally reported. Only a few studies reported time- to- event 
outcomes such as mortality or hospital discharge.

Although meta- analysis was not possible, some comments can 
be made in relation to the available data. Of note, it appeared 
that PP resulted in improved oxygenation in many patients 
across the studies. This was observed as a consistent before- 
and- after effect following initiation of PP. While some patients 
maintained improved oxygenation with resupination, most did 
not. The findings in terms of other respiratory parameters like 
respiratory rate, work of breathing and dyspnoea were noted to 
either improve or remain unchanged.

Two studies22 28 reported lower than anticipated rates of 
intubation in patients prescribed PP, but in the absence of true 
comparator groups, no real conclusions can be drawn. Coppo 
et al noted that there was no difference in the rate of intubation 
between patients who responded to PP with improved oxygen-
ation relative to non- responders.16

Nine studies reported on the outcome of tolerance. Two 
reported no intolerance (or 100% tolerance). In other studies, 
intolerance ranged from 8% to 40%. Only Coppo et al delin-
eated reasons for intolerance—five for discomfort, one for 
coughing, one for non- cooperation and two for worsening of 

Figure 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- Analyses) flow diagram.

Table 1 Design of included studies

Study design
COVID- 19 
studies

Non- COVID- 19 
studies

Prospective observational cohort studies 5 1

Retrospective observational cohort studies 3 0

Case series/single case studies 16 6
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respiratory parameters (from 56 patients enrolled).16 Of the 
two studies that reported 100% tolerance, one prescribed PP 
sessions of 1- hour duration and excluded patients requiring 
FiO2 >50%.29 The other specified no standardised duration of 
PP.34 Burton- Papp et al reported that poor tolerance seemed to 
correlate with increased risk of intubation.17 No other adverse 
events were reported.

DISCUSSION
Our systematic review found no high- quality evidence to support 
the use of PP in the management of awake, non- intubated, adult 
patients with respiratory failure, in terms of clinically relevant 
outcome measures. Despite this, the available data suggest that 
PP may improve oxygenation and appears to be sufficiently safe 
for further study.

Our review found that 24 of the 31 studies published on 
PP in non- intubated patients have been conducted during the 
COVID- 19 pandemic. The context for these studies has been 
one of system overwhelm, need for innovation and diversion of 
resources to support the clinical workload. PP is distinguished 
from other therapies in that it is a cheap, non- pharmacological, 
behavioural intervention, conducted with the necessary coop-
eration of the patient. The same features that make PP attrac-
tive as a therapy make it difficult to study and more likely to be 
prescribed, even when high- quality evidence is lacking. These 
contextual factors may explain why we did not find any RCTs or 
uncontrolled observational trials with appropriate comparator 
groups which we could include in a quantitative analysis. The 
included papers consisted solely of case studies, case series and 
observational cohorts for qualitative or narrative review.

As is the nature of observational study design, the included 
studies were vulnerable to selection bias, favouring the inclu-
sion of patients able to tolerate PP. Such patients are likely to be 
younger, less sick, have fewer comorbidities and better physio-
logical reserve, thus inflating the apparent effectiveness of the 
intervention. For example, in one of the largest cohort studies 
of patients with COVID- 19 in Italy, the included convenience 
sample was, on average, 10 years younger than that of patients 
not enrolled.15 Age is known to be the most important factor 
associated with mortality for COVID- 19.

Other confounding factors noted in many of the studies 
included the bundling of PP with cointerventions such as anti-
viral medications, hydroxychloroquine and steroids. Addition-
ally, there was variation in the mode of respiratory support 
both within and between studies, including some studies where 
changing the mode of respiratory support coincided with 
commencement of PP. Lawton et al found that the relatively early 
application of mask CPAP and awake PP resulted in a lower than 
expected rate of ICU admission and intubation. This is despite 
the study population having a higher burden of risk factors for 
severe COVID- 19 disease than the reference population of the 
UK ISARIC database, with the exception of age.28 While the 
reported outcomes were impressive, the bundling of mask CPAP 
with PP, lack of detail as to how many patients received PP and 
the very small amount of PP prescribed limit the conclusions 
possible from this study. Future trials will ideally examine the 
effectiveness of PP as a standalone intervention, compared with 
‘standard care’ determined by the broader evidence base at the 
time.

Significant heterogeneity was noted both across and within 
studies, in terms of the frequency, timing and duration of PP. 
Most protocols were designed and applied with a degree of 
pragmatism and allowed for broad variation in tolerance. For Ta
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example, many prescribed a minimum duration and frequency 
of PP, but no upper limit. At least one study excluded intolerant 
patients from the study group. Special note is also warranted 
on the subject of supervision, which likely increases compliance 
and safety, but also increases resource use. Given the presence of 
two nurses and a physician in one study, the purported resource 
savings are likely to have been negated. Researchers protoco-
lising PP for future clinical trials need to consider the importance 
of cost, reproducibility and tolerance.

Outcome measures differed between studies. Many focused 
on short- term improvement in oxygenation. Indeed, in the 
studies that used oxygenation as an outcome measure, many 
patients exhibited a significant improvement, temporally related 
to the commencement of PP. In some cases, this improvement 
persisted after resupination. And yet, when Coppo et al then 
compared these ‘responders’ to the ‘non- responders’ in terms 
of subsequent rate of intubation, they found no difference.16 
This highly relevant observation illustrates the point that physi-
ological endpoints can be poor surrogates for clinically relevant 
outcomes. Indeed, transient improvements in oxygenation from 
PP could delay inevitable intubation and lead to worse patient 
outcomes. Thus, future studies should focus on patient- oriented 
outcomes, such as avoidance of intubation and mortality.

Just 7 of the 34 reviewed papers looked at the effect of PP in the 
treatment of patients with respiratory failure from causes other 
than COVID- 19. Aetiologies included bilateral pneumonia, viral 
pneumonia, drowning, thoracic trauma with pulmonary contu-
sions, lupus pneumonitis, bone marrow transplantation and atel-
ectasis. All these studies reported improvement in oxygenation, 
temporally associated with the initiation of PP, though again, the 
lack of comparator groups limits how much can be concluded. 
The findings do, however, raise the possibility that PP may have 
utility in respiratory failure due to a broad range of causes.

It is also plausible that any potential benefit of PP in non- 
intubated patients will be limited to certain subgroups. Indeed, 
this was revealed in the study of PP for mechanically ventilated 
patients with ARDS. A Cochrane review on this subject found 
that benefits were confined to patients with severe hypoxaemia 
in whom PP was implemented early and applied for a prolonged 
period.3 The review found no convincing evidence of benefit nor 
harm from PP in a broader group of patients.3 The same subgroup 
was shown to benefit from PP in the PROSEVA trial, where from 
466 included patients, mortality in the prone group was 16.0%, 
compared with 32.8% in the supine group (p<0.001).39 In non- 
intubated patients, there are insufficient data to inform which 
patients are likely to benefit from PP and which patients may be 
harmed.

Limitations
The review was restricted to full- text articles written in English. 
The abstracts of two Japanese case reports were found and not 
included as time constraints precluded their translation and 
it was decided they would not have affected our conclusions. 
Also, this is a fast- moving field and we expect further data to 
be available soon. It will be imperative to continue to evaluate 
new evidence to ensure patients are offered interventions that 
are supported by data.

CONCLUSION
Despite theoretical physiological advantages, we could not find 
any high level evidence to demonstrate the clinical effective-
ness of PP in non- intubated patients with respiratory failure. 
Although many patients appear to respond to the intervention 

with improved respiratory parameters, the absence of any 
comparator groups limits the conclusions that can be drawn. 
RCTs or other comparative studies are required to determine if 
clinical benefits exist and, if they do, which patients will benefit 
most. Future investigation may also serve to inform the optimis-
ation of protocols and implementation of the intervention.
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