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ABSTRACT

Objective: Awake proning is an intervention that is being advocated for COVID-19 patients and has been suggested to improve the oxygenation,
thereby decreasing oxygen requirements. We performed this systematic review with the aim of appraising the latest published evidence on
the clinical effectiveness of awake proning in COVID-19 patients.

Data sources: PubMed, EMBASE, The Cochrane Central Register of Controlled Trials (CENTRAL), Web of Science, Google Scholar, and one trial
registry were searched until September 23, 2020, for studies on the use of awake proning for nonintubated COVID-19 patients.

Study selection: Published or in-press peer-reviewed randomized control trials, case-control trials, and prospective or retrospective cohort
studies in English language only were sought, assessing the effectiveness of awake proning for nonintubated patients diagnosed with COVID-19.
Data results: We included 21 published studies (19 single arm and 2 with comparison group). Twenty-three registered clinical trials were
identified. No randomized clinical trial has been published so far.

Conclusions: Awake proning is probably safe and effective in enhancing oxygenation in nonintubated COVID-19 patients; however, there
is insufficient evidence. Further high-quality clinical trials are urgently needed to assess the effectiveness of awake proning on a variety of

patient-centered outcomes.
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INTRODUCTION

The coronavirus disease (COVID-19), which has become a pandemic,
is caused by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). The spectrum of COVID-19 pneumonia patients
stretches from asymptomatic to mild disease to hypoxemic
respiratory failure to multisystem organ failure,’ thereby putting an
enormous strain on health-care delivery services globally, especially
inintensive care unit (ICU) services. Continuous increase in demand
for ICU beds warrants the strategies for COVID-19 pneumonia
patients who are safe, effective, and practical to be utilized outside
the ICU as well.

Awake proning is one such strategy for the management of
patients with COVID-19 pneumonia that has been recommended in
various protocols. UK Intensive Care Society (ICS) has also advocated
awake proning of patients with suspected or confirmed COVID-19
infection and requiring more than 28% of the fraction of inhaled
oxygen (Fi0,).? These recommendations are generalized on the
basis of clinical evidence obtained from the clinical trials on patients
with severe acute respiratory distress syndrome (ARDS) managed
with invasive mechanical ventilation. Mechanisms proposed
are the elimination of compressive constraint on the regions of
the dependent lung by the weight of the heart® and enhanced
ventilation in the regions of the lung that were originally dorsal.*
With improvement in ventilatory homogeneity and relatively
constant perfusion pattern, a reduction in intrapulmonary shunt
is observed.>*

Prone positioning of the patients suffering from acute
hypoxemic respiratory failure has been shown to have significant
mortality benefits in numerous trials.>~” A study has shown even
more favorable physiological redistribution of ventilation and
perfusion associated with proning in nonintubated patients
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compared to patients receiving invasive mechanical ventilation,
and thus, prone positioning by circumventing invasive mechanical
ventilation and complications associated with it may prove
favorable in even awake patients with hypoxemic respiratory
failure.®
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However, the use of awake proning in nonintubated patients
is a new area of research, and the literature is scarce, especially
from the perspective of incomplete knowledge of COVID-19
physiology. Awake proning of nonintubated patients could prove
to be a promising treatment strategy in patients with COVID-19.The
purpose of this review is to systemically appraise and summarize
the available literature regarding the role of awake proning in the
management of COVID-19 novel coronavirus pneumonia.

MATERIALS AND METHODS

The review was registered prospectively with PROSPERO
(International Prospective Register of Systematic Reviews) and
available under the identifier #CRD42020199034 (https://www.crd.
york.ac.uk/prospero/display_record.php?I D=CRD42020199034).
The preferred reporting items for systematic reviews and meta-
analyses (PRISMA guidelines) were adopted while conducting this
review.” No ethical committee approval was required.

The research question was: In patients with confirmed COVID-
19, is awake proning of patients in addition to other standards of
care effective in improving clinical outcome?

PICO Question

Population (P): Adult patients with confirmed COVID-19
requiring oxygen therapy.

Intervention (I): Awake proning

Comparison (C): Other standards of care.

Outcomes (0): Clinical improvement of COVID-19 patients.

The predetermined primary outcome was the clinical
improvement rate (in terms of improved oxygenation) in
nonintubated patients with COVID-19 pneumonia undergoing
awake proning. Other outcomes were need for mechanical
ventilation, death rate, and length of hospital stay.

Search Strategy and Inclusion Criteria

We carried out a systematic literature search following electronic
databases: PubMed, EMBASE, Web of Science, Cochrane Library
(Central Register of Controlled Trials), and Google Scholar from
December 31, 2019 (first report of COVID-19) to September 23,
2020, using free-text terms, keywords, and controlled vocabulary
terms [i.e., medical subheading (MeSH) terms]. Keywords were
translated into a controlled vocabulary for the individual database
(Appendix 1).

In addition, we conducted the search for ongoing trials using
the U.S. National Library of Medicine Register of Clinical Trials
(ClinicalTrials.gov). The last search was performed on September
23,2020. Reference lists of the included papers were also explored
for additional potentially relevant studies. We did not attempt to
identify any grey literature.

Studies published in English language only were looked at
during the search strategy and were included.

We sought to include published or in press peer-reviewed
randomized control trials, case-control trials, and prospective
or retrospective cohort studies assessing the effectiveness
of awake proning for nonintubated patients diagnosed with
COVID-19. Patients with confirmed COVID-19 as detected by
real-time reverse transcription-polymerase chain reaction
(RT-PCR) in nasopharyngeal or oropharyngeal samples were
included. Doubtful cases of COVID-19 without positive RT-PCR,
intubated patients, or patients in need of impending intubation
were excluded from the study. Furthermore, studies on animals,
pregnant women, and children with COVID-19 were also
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excluded. The control group included patients treated with
other standards of care.

After removing the duplicates, screening of titles and abstracts
were carried outin a spreadsheet. All articles were screened by two
authors independently (S.P.and K.A.) to identify the relevant studies
based on prespecified inclusion criteria. Of those articles selected by
atleast one of the reviewers, each of the reviewer (S.P,,K.A.,and R.G.)
independently applied an inclusion and exclusion criteria checklist
to decide if the study meets our selection criteria. Disagreements
were resolved by discussion between the reviewers, with a fourth
person (D.M.) available if consensus cannot be reached.

Data Extraction and Risk of Bias Assessment

Reviewers team developed a standardized data abstraction form,
pilot tested it, and then used a piloted form to independently
extract the following information from an individual study: Year of
publication, country of origin, study design, sample size, inclusion
or exclusion criteria, COVID-19 confirmation, intervention, follow-up
duration, and outcome data.

Risk of bias of the included studies was evaluated by two of the
reviewers (S.P. and K.A.) independently. Any difference in opinion
was resolved by consensus or, if necessary, by discussion with the
third (D.M.) reviewer.

The methodological quality of the included studies was
assessed by Newcastle-Ottawa scale (NOS) (Appendix 2). The NOS
is a nine-point scale that assesses patient selection (four points),
comparability of cohorts (two points), and the ascertainment of
outcomes (three points).!%™

REesuLTs

Search Results and Study Characteristics

A PRISMA flow diagram is represented in Figure 1. Initial database
search found 1707 articles, including 557 duplicates, leaving 1150
to be screened. After exclusion by title and abstract of 988 articles,
162 full-text articles were reviewed, of which 21 studies'>? were
included in this review. Reviewers reached a complete agreement
regarding the inclusion of all studies. In addition, 23 registered
clinical trials were retrieved from the trial registries. Characteristics
of these clinical trials are tabulated in Appendix 3.

Out of 21 included studies, 5 were from ltaly,"2%2° 3 each from
China'*"*?” and Spain,?*~2% 2 each from France,'*? Iran,>'® New
York,?'?2 United Kingdom,*"*2 and 1 each from Singapore?* and
Maryland.?? All included studies were done in different hospitals
and universities except two studies reported from the same hospital
and also done during the overlapping time period,?>?¢ thereby
causing duplicate analysis of the same cohort.

The study design included 14 prospective cohort studies,
6 retrospective cohort studies,?”’ 32 and one pilot study."? Included
studies had varying durations of follow-up, mostly following till
discharge from hospital'>'8:2225.27.293032 o 1,294 Sjx studies
had no mention of follow-up duration.'?'61%21:2831 A|| studies were
single arm without any control group except two studies that had
a control group and an intervention group.'*?* Prone positioning
was the intervention in all studies except one study that reported
outcomes for two interventions, prone position and lateral
position.' Duration of participant recruitment in these studies was
from February 1, 2020 to June 9, 2020.

Outcome data for a total of 698 patients admitted to mainly
non-ICU settings were reported in these studies. The median
(IQR) number of patients was 24 (49-10). All included patients
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Fig. 1: PRISMA flowchart of included and excluded studies. PRISMA: p
n: number of articles

were adults and had laboratory-confirmed diagnosis of COVID-19.
All patients were presented with hypoxia requiring supplemental
oxygen by nasal prongs or face mask or high-flow nasal oxygen
(HFNO) or noninvasive ventilation strategy. The intervention in
each study was prone positioning of the patient, while the patient
being still awake (except one study where morphine infusion
was given for sedation).?’ The duration of proning session varied
between studies from 1 hour to 8 hours/day, mostly without
change in inspired oxygen concentration. Table 1 represents the
baseline characteristics of the included studies. The time point for
oxygenation status measurement ranged from 5 minutes to 1 hour
after proning.

Parameter reported for assessing clinical improvement varied
between studies and was oxyhemoglobin saturation of the
peripheral blood (SpQ,),'>315717:21:22:25.26.30.31 ROX index (ROX index
= Sp0,/Fi0, x 1/respiratory rate),"**! partial pressure of oxygen in
arterial blood (Pa0,)," partial pressure of oxygen in arterial blood-
fraction of inhaled oxygen (Pa0,:Fi0,),"18:20227-2931 3lyeolar to
arterial oxygen gradient (A-a0,),'” and oxyhemoglobin saturation
of peripheral blood-fraction of inhaled oxygen (SpO,/Fi0,).?
Oxygenation improvement was not assessed in three studies.?>?%32

A total of 495 patients underwent awake proning across
included studies. Out of 495, 139 (27.1%) patients needed intubation
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referred reporting items for systematic reviews and meta-analyses,

and mechanical ventilation. Mortality rate was assessed in 18
studies. Fifty-five (13.3%) patients died among the four hundred and
fourteen patients who were assessed for this outcome. Important
findings of this review are summarized in Table 2.

Risk of Bias Assessment

The median NOS quality score for risk of bias was 3/9, with 11 studies
scoring below 4 (Table 3). Quality of studies was lowered by the lack
of control group in majority of the studies.

Discussion

This is the first systematic review assessing the outcomes of
nonintubated COVID-19 patients undergoing awake proning. This
review summarizes the clinical evidence available to date in the form
of 21 studies. The cohort studies included in this review indicate
a positive impression of awake proning on oxygenation status of
the patients. The intubation rate was 27.1%, and the mortality rate
assessed was 13.3%.

Outcome indicator chosen for improvement in oxygenation
pre- and postintervention of prone positioning of patient
varied among different studies. Most consistently reported
parameter was an improvement in values of SpO, (and in
some studies usually the only measurement that was actually

21)
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Table 2: Summary of assessed outcomes

Prospective cohort,’

retrospective cohort,’
Included studies (n=21) pilot study’
Total number of patients in included studies 698
Median (IQR") number of patient in each 24 (10-49)
study
Number of patients who underwent awake 495
proning

Duration of proning session
Intubation rate
Mortality rate

“IQR: interquartile range

1to 8 hr/day
139/495 (27.1%)
55/414 (13.3%)

recorded), probably because the intervention under evaluation
is awake proning, which can easily be implemented outside the
ICU,3® thereby reducing the load on ICU services. Also, since
arterial blood sampling facility may not be readily available
in wards or emergency department units or non-ICU settings,
SpO, monitoring proves itself as a prime noninvasive bedside
indicator of oxygen saturation of the patient. SpO, is stated
to be the most clinically relevant measure of oxygenation and
most often used for decision-making in the emergency ward
and other outpatient settings.>?

Most studies demonstrated statistically significant
improvement in oxygenation with the intervention of awake
proning. Caputo et al. reported in their study of 50 patients
that after 5 minutes of proning, comparison of the pre- and
postmedian SpO, by the Wilcoxon rank sum test yielded a
significant favorable response (p = 0.001).2" Same results
were reported by Coppo et al. in their study on 46 patients;
they demonstrated a significant improvement in SpO, after
10 minutes of proning [mean difference (95% Cl) 1.0 (0.3-2.0),
p = 0.011."8 Retucci also based on the analysis of variance and
Friedman tests detected a statistically significantimprovement
in SpO, values pre- and one-hour postproning (p < 0.0001)."
These studies demonstrated a significant improvement in
oxygenation with early initiation of proning sessions, probably
owing to a larger fraction of potentially recruitable alveoli in
the early stages of ARDS.

Mostly, literature has used PaO,-FiO, ratio (PFR) to establish
the effectiveness of prone positioning in acute lung injury or
ARDS.>* PFR has traditionally been used to diagnose ARDS (Berlin
criteria), but now SpO,-FiO, ratio (SFR) can be used as a reliable
noninvasive measure of oxygenation.>>% Hence, substituting SFR
instead of PFR may allow attending physicians to point toward
ARDS associated with COVID-19 without the need of blood gases,
further strengthening the agreement toward SpO, being used as
an outcome indicator.

The time points of measuring oxygenation outcome were
different in included studies, thereby explaining the differencesin
the degree of improvement seen. Furthermore, to procure clinically
significant benefits, the minimum duration of prone positioning
needed to be maintained in awake patients remains undefined.
Durations equivalent to those required for patients undergoing
mechanical ventilation (12-16 hours/day) may be arduous to
attain.3”*® For instance, the maximum duration of prone positioning
reported in included studies was 8 hours in a single session.'® As
alveolar recruitment by prone positioning is a time-dependent

Indian Journal of Critical Care Medicine, Volume 25 Issue 8 (August 2021)

affair,>® more studies appraising the outcome with prolonged
duration of proning sessions are needed.

The persistence inimprovement of oxygenation after resuming
supine position would have been a better indicator ofimprovement;
however, these data were missing in most of the studies. Coppo
et al. mentioned that the improvement seen on proning was not
sustained and on an average was not significant when supine
position was resumed (p = 0.87)."® Elharrar et al. also reported that
oxygenation thatimproved in about one-fourth of the patients by
awake proning worsened again on making the patient back to the
supine position.™

Short-livedimprovement in oxygenation with prone positioning
has been shown in numerous studies, without any ill effects to
patients.®3%° Valter reported that four patients with hypoxemic
respiratory failure with indications for mechanical ventilation
had good tolerance when placed in prone position, thereby
increasing oxygenation and avoiding intubation in all four patients.?
Scaravilli et al. demonstrated that repeated prone positioning in
nonintubated patients with acute hypoxemic respiratory failure,
who were managed with noninvasive mode of ventilation,
significantly improved oxygenation.*® Thus, favorable results were
observed with repeated sessions of prone positioning.

Although improvement in oxygenation with prone positioning
of the patient is important, hypoxemia has not been shown to be
a definitive proxy biomarker for mortality in ARDS. This review
showed a mortality rate of 13.3% among the patients with the
intervention of awake proning. Thirty out of forty-eight patients
in a study by Hallifax et al. were made prone, and twelve patients
died during the treatment. The high number of patient death could
be attributed to their inclusion criteria; they included patients
with increasing oxygen requirement and already on continuous
positive airway pressure (CPAP) or HFNO support.3? Twenty-one
studies demonstrated a high need for intubation and mechanical
ventilation. Four hundred and ninety-five patients underwent
awake proning, and one hundred and thirty-nine (27.1%) were
intubated. This intubation rate seen in patients with COVID-19 is
similar to the one that is usually seen in patients with other causes
of ARDS being treated with noninvasive ventilation (NIV). In a
proportion meta-analysis by Agarwal et al., assessing the efficacy
of NIV estimated the pooled intubation rate to be 48% (95% Cl,
39-58%).*' Another study by Thompson et al. in a similar cohort
of 25 patients treated with conventional oxygen therapy found
improvements in SpO, (in response to awake proning) ranging from
1 to 37%, but 48% of patients (12/25) needed intubation.?? Better
results were shown in a study by Ng et al. who demonstrated the
need of intubation in only one out of 10 non-ICU patients with
daily awake proning sessions of 5 hours.?* Xu et al. applied HFNO
with early awake prone positioning in ten patients with five (50%)
requiring intubation.?’ In a prospective multicenter adjusted
study of 199 COVID-19 patients with acute respiratory failure,
contrasting results were seen. In this study, patients managed with
awake proning and HFNO not only failed to show any reduction
in intubation rate, but also awake proning could have negatively
influenced the outcome by delaying intubation.?*

STRENGTHS AND LIMITATIONS

Very little literature is available currently, and lots of trials are
currently under recruitment and trial process. Twenty-six trials are
registered for assessing the effectiveness of prone positioning in
COVID-19 pneumonia currently. Until these studies are available,
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our review represents the summary of the currently available
evidence for the effectiveness of awake proning. However, this
review has various limitations. Firstly, as all aspects of care were
uncontrolled in a majority of studies, therefore, the result derived
may actually be due to unidentified another intervention and not
due to awake proning. Secondly, the time point for data collection
varied across included studies making it difficult to estimate the
true effectiveness of awake proning in patients with COVID-19.
The timings and the technique of the prone positioning were
nonuniform among different studies. Thirdly, these studies were
carried out on a selected group of patients who could tolerate
the intervention, thereby having much heterogeneity in both
reporting the intervention delivered and the manner of assessing
its effects. Fourthly and most importantly, most studies available
were single-armed studies without a control group, some of
which were retrospective, with low quality, high publication bias,
and lack of hard outcomes, making it difficult to assess the true
validity of outcomes and also, limiting conclusions that could be
drawn from these studies. Since several studies are single arm, any
improvements reported may also be just a reflection of natural
history for that patient and may not imply anything about the
intervention. No randomized clinical trials have been published
so far regarding either the effectiveness or the safety of awake
proning in the context of COVID-19. Lack of comparator cohort
groups weakens the usefulness of these studies; thus, caution
should be taken while interpreting the outcomes of these studies.
High heterogeneity between each study has led to the inability to
pool the data to come up with a meaningful assessment on the
benefits of awake prone positioning. Thus, awake proning is an easy
to execute intervention and also might show short-term benefits.
But to assess the degree to which awake prone positioning may be
beneficialand whether these translate into a useful clinical outcome
orworse needs further high-quality studies. In paucity of high-level
evidence, providing a blanket policy for awake prone positioning
in COVID-19 may actually harm the patient by delaying intubation.

To conclude, we share preliminary evidence that proning the
patient with COVID-19 pneumonia could prove to be an effective
way to improve the clinical outcomes. However, further high-quality
studies providing a better evidence base for the practice of awake
prone positioning are warranted.

HIGHLIGHTS

- Awake proning is commonly advocated in the management of
patients with COVID-19.

+ We evaluated the literature assessing the clinical effectiveness
of awake proning.

« Awake proning of nonintubated patients with COVID-19 might
improve oxygenation; however, high-quality studies to base this
evidence are lacking.
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