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ABSTRACT

Introduction: Awake prone positioning has the
potential to improve oxygenation and decrease
respiratory rate, potentially reducing the need
for intubation in patients with acute hypoxemic
respiratory failure. We investigated awake prone

positioning-induced changes in oxygenation
and respiratory rate, and the prognostic capac-
ity for intubation in patients with COVID-19
pneumonia.
Methods: International multicenter prospec-
tive observation study in critically ill adult
patients with COVID-19 receiving supplemental
oxygen. We collected data on oxygenation and
respiratory rate at baseline, and at 1 h after
being placed in prone positioning. The com-
bined primary outcome was oxygenation and
respiratory rate at 1 h. The secondary endpoint
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Universitat Autònoma de Barcelona Sabadell,
Sabadell, Spain

L. Morales-Quinteros � S. Pascual � A. Artigas
CIBER Enfermedades Respiratorias (ISCiii), Madrid,
Spain

R. Scala
Pulmonology and RICU, S Donato Hospital, Arezzo,
Italy

J. M. Silva Jr.
Department of Anesthesiology, Hospital das
Clinicas, Sao Paolo, Brazil

A. Leidi � A. Leszek
General Internal Medicine, Department of
Medicine, Geneva University Hospitals, Geneva,
Switzerland

R. Vazquez-Guillamet
Division of Pulmonary and Critical Care Medicine,
John T. Milliken Department of Medicine,
Washington University School of Medicine,
Washington University, Saint Louis, MO, USA

S. Pascual
Servei de Pneumologia, Departament de Ciències,
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was treatment failure, defined as need for intu-
bation within 24 h of start of awake prone
positioning.
Results: Between March 27th and November
2020, 101 patients were enrolled of which 99
were fully analyzable. Awake prone positioning
lasted mean of 3 [2–4] h. In 77 patients (77.7%),
awake prone positioning improved oxygena-
tion, and in 37 patients (54.4%) it decreased
respiratory rate. Twenty-nine patients (29.3%)
were intubated within 24 h. An increase in
SpO2/FiO2 of\ 10 (OR 5.1, 95% CI 1.4–18.5,
P = 0.01), a failure to increase PaO2/FiO2

to[116 mmHg (OR 3.6, 95% CI 1.2–10.8,
P = 0.02), and a decrease in respiratory rate
of\ 2 breaths/min (OR 3.6, 95% CI 1.3–9.5,
P = 0.01) were independent variables associated
with need for intubation. The AUC–ROC curve
for intubation using a multivariable model was
0.73 (95% CI 0.62–0.84).
Conclusions: Awake prone positioning
improves oxygenation in the majority of
patients, and decreases respiratory rate in more
than half of patients with acute hypoxemic
respiratory failure caused by COVID-19. One in
three patients need intubation within 24 h.
Awake prone position-induced changes in oxy-
genation and respiratory rate have prognostic
capacity for intubation within 24 h.

Keywords: Coronavirus disease; COVID-19;
Acute hypoxemic respiratory failure; Awake
prone position; Self-proning; Intubation;
Prognostication

Bullets Points

Why carry out the study?

Studies have not yet provided clinicians
with tools to predict which patients with
acute respiratory failure due to COVID-19
are most likely to improve with awake
prone positioning.

Awake prone positioning has the potential
to avoid the need for intubation in
patients with acute respiratory failure,
therefore preventing its complications
(e.g., reducing the risk of lung injury
caused by invasive ventilation, associated
infections and factors that may lead to
post-intensive care unit syndrome).

We hypothesized that awake prone
positioning improves oxygenation and
decreases the respiratory rate, and that
changes in these parameters have
associations with need for intubation.

What was learned from this study?

(1) Awake prone positioning improved
oxygenation within 1 h in the majority of
patients receiving noninvasive respiratory
oxygen therapy; (2) Awake prone
positioning decreased respiratory rate in
more than half of patients; and (3)
changes in these parameters have
prognostic value for need for intubation
within 24 h.

Awake prone positioning improves
physiologic measurements in patients
with acute hypoxemic respiratory failure
related to COVID-19. One-third of the
patients needed intubation within 24 h.
The effects of awake prone positioning
had prognostic capacity for intubation
within 24 h.
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INTRODUCTION

Patients with coronavirus disease 2019 (COVID-
19) may develop severe and progressive acute
hypoxemic respiratory failure, requiring intu-
bation for invasive ventilation [1, 2]. Prone
positioning has the potential to improve oxy-
genation, and also to improve outcome in these
patients [3]. Awake prone positioning, i.e.,
prone positioning in nonintubated patients,
may also improve oxygenation, and even
reduce respiratory rate. Awake prone position-
ing therefore has the potential to reduce the
need for intubation, preventing its complica-
tions [4], reducing the risk of lung injury caused
by invasive ventilation [5], and associated
infections [6].

In the prone position, the anterior chest wall
expansion is restricted, resulting in a more
homogeneous chest wall compliance. Gravita-
tional forces on lung parenchyma allow greater
recruitment of the posterior zones, enabling
homogenization of transpulmonary pressure
improving the ventilation to perfusion ratio [7].
This results in a more significant proportion of
alveoli participating in gas exchange because
the dorsal areas, which anatomically have an
increased number of alveolar units, are no
longer compressed by the weight of the
abdominal cavity and the mediastinum. An
equal distribution of stress forces onto the lungs
by the diaphragm also occurs in prone position,
which may help reduce lung injury in sponta-
neously breathing patient, possibly minimizing
patient self-inflicted lung injury (P–SILI) [8, 9].

Recent studies of awake prone position in
COVID-19 patients receiving non-invasive res-
piratory oxygenation therapies (NIROT), i.e.,
conventional oxygen therapy, high flow nasal
oxygen (HFNO) noninvasive ventilation deliv-
ered either with continuous positive airway
pressure (CPAP) or bilevel positive pressure
ventilation (NIV), have shown encouraging
results with respect to prevention of intubation
[3, 10, 11]. Delayed intubation, however, can
also worsen outcomes [12, 13]. It could be
helpful to predict when awake prone position-
ing during NIROT cannot prevent intubation.
The primary objective of this study was

therefore to determine the effect of prone
positioning on oxygenation and the respiratory
rate in critically ill non-intubated COVID-19
patients receiving any type of NIROT. The sec-
ondary objective was to study the prognostic
capacity of these changes for need for intuba-
tion. We hypothesized that awake prone posi-
tioning improves oxygenation and decreases
the respiratory rate, and that changes in these
parameters have associations with need for
intubation.

METHODS

Design

This is an investigator-initiated, observational,
prospective, international, and multicenter
study in six hospitals in Europe, one hospital in
Brazil, and one hospital in the United States.
Study sites were recruited through direct con-
tact by the principal investigator. The institu-
tional review boards of the participating centers
approved the study protocol, and signed
informed consent was obtained in every
patient. Study coordinators monitored the
study according to the International Confer-
ence on Harmonization Good Clinical Practice-
guidelines. Integrity and timely completion of
data collection was ensured by the principal
investigator. A statistical analysis plan for the
analysis was finalized before cleaning and clos-
ing of the study database.

The study was approved by all institutions
and the names of all the ethics committees are
provided. This study was performed in accor-
dance with the Helsinki Declaration of 1964
and its later amendments.

Participants

Consecutive non-intubated patients were eligi-
ble for participation if (i.) aged C 18 years, (ii.)
admitted to the emergency department, ward,
or ICU (i.e., intermediate and intensive care
unit) of a participating hospital, and (iii.) hav-
ing acute hypoxemic respiratory failure caused
by COVID-19. Acute hypoxemic respiratory
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failure was defined as presence of any of the
following criteria: (a) peripheral oxygen satura-
tion (SpO2)\92% with oxygen[4 l/min;
(b) indirect signs of increased work of breathing
with use of accessory respiratory muscles, and a
respiratory rate[25/min; (c) PaO2/FiO2

ratio\200 mmHg. Patients were excluded if
there was a contraindication for prone posi-
tioning [14], if no signed informed consent was
obtained, or in case of acute hypercapnic res-
piratory failure.

The decision to commence with invasive
ventilation was to be based on clinical judg-
ment rather than isolated gasometrical criteria.
Herein, the following criteria had to be consid-
ered: any respiratory or cardiac arrest, or
hemodynamic instability; any respiratory pau-
ses; any altered level of consciousness including
uncontrolled agitation not responding to med-
ical treatment, or a worsening Glasgow Coma
Scale score; evidence of exhaustion including
subjective increase in use of accessory muscles,
or a thoracoabdominal paradox; and develop-
ment of inability to clear secretions from the
airway in patients with abundant sputum pro-
duction, or evidence of aspiration.

Collected Data

After enrollment, baseline data including
demographic and anthropometric data, a base-
line arterial blood gas measurement, vitals, and
ventilation parameters including respiratory
rate, and fractional concentration of oxygen in
inspired air (FiO2) were collected.

In addition, we collected detailed informa-
tion regarding oxygen support, including the
type of oxygen interface, i.e., non-rebreather
mask or Venturi mask or nasal prong (conven-
tional oxygen therapy: COT), high-flow nasal
oxygen (HFNO), continuous positive pressure
airway (CPAP), and noninvasive bilevel venti-
lation. If a patient received noninvasive venti-
lation, we also collected the applied level of
positive end-expiratory pressure (PEEP).

The percentage of the fractional concentra-
tion of inspired oxygen (FiO2) was calculated by
a 4% increase in FiO2 for every liters/min use of
oxygen from the oxygen device used in case of

non-rebreather mask or nasal prong device. If a
Venturi system was in used, the masks used had
different color-changeable plastic pieces in
which each color signifies the amount of oxy-
gen delivery as a percentage. In the case of
HFNO, a humidification chamber was set at
37 �C or 31 �C or 34 �C, according to patient’s
comfort. The flow rate and FiO2 were indepen-
dently titrated, and was based on SpO2 levels.
HFNO, CPAP, and NIV were delivered through a
high flow system or adapted to the ventilator. In
the of CPAP or NIV, different interfaces were
used (i.e., complete face mask, full face mask,
helmet). All data were collected before start of
prone positioning, and again after 1 h.

Intervention

Patients were managed in different hospitals
settings: emergency room, hospital ward, ICU.
The nurses helped the patient into a prone
position, who was then encouraged to maintain
in that position for as long as it was tolerable.
For comfort, nurses offered pillows that could
be placed around the chest, pelvis, and/or
knees. Personal cell phone or tablets with
internet connection were provided with the aim
to further improve tolerance of the prone posi-
tion. At the end of the first hour in a prone
position, patients were free to resume the
supine position or maintain the prone position
at their discretion. Sessions of prone positioning
were allowed thereafter according to clinicians’
indication and patients’ preference. In centers
involved in this study, the caregivers assisted
and stimulated patients to stay in prone posi-
tion for as long as possible, with breaks if nee-
ded. At least two sessions lasting 30 min or
longer had to be performed each day.

During these additional prone positioning
sessions, we did not collect data. The decision to
use each of the oxygenation devices was made
according to the physician in charge. As well
the decision to use analgosedation for poor
tolerance to prone position was made according
to the physician in charge.

502 Pulm Ther (2023) 9:499–510



Endpoints

The primary endpoint was the effects of awake
prone positioning on oxygenation, and on the
respiratory rate 1 h after start of awake prone
positioning. The secondary endpoint was early
intubation defined as the need for invasive
ventilation within the first 24 h of start of awake
prone positioning.

Power Calculation
We performed no a priori sample size calcula-
tion; the number of patients admitted in the
participating centers served as the sample size.

Statistical Analysis

We report numbers and percentages for cate-
gorical variables, and the medians with
interquartile ranges for continuous variables.
The assumption of normality was checked by
means of the Kolmogorov–Smirnov test. Cate-
gorical variables were compared using the chi-
square test or the Fisher’s exact test, whereas
continuous variables were compared using the
nonparametric Mann–Whitney test. The Wil-
coxon signed-rank test was used to compare a
continuous variable between paired groups (pre-
post-analysis).

Univariate and multivariate logistic regres-
sion analyses [15] were performed to identify
variables associated with intubation. The fol-
lowing variables were first analyzed univariately
based on previous findings [3, 16] and clinical
characteristics: sex, age, BMI, respiratory rate,
PaO2/FiO2, SpO2/FiO2, PaO2, and ROX Index.
Predictors for treatment failure were predefined,
and included respiratory rate, oxygenation
defined as the SpO2/FiO2 ratio and PaO2. Final
variable selection was performed using the
backward stepwise selection method. Odds
ratios (ORs) and their 95% confidence intervals
(CI) were calculated. Single collinearity was
evaluated using the Pearson’s coefficient corre-
lation (r). PaO2/FiO2 and was excluded because
of collinearity with SpO2/FiO2 and ROX Index,
while ROX Index was omitted because of
collinearity with respiratory rate, PaO2/FiO2 and
SpO2/FiO2. Multicollinearity was examined by

means of the variance inflation factor (VIF). The
model’s performance was assessed by studying
calibration and discrimination. We evaluated
calibration with the Hosmer–Lemeshow good-
ness-of-fit test, comparing observed and pre-
dicted risks across subgroups of the population
by using the model. If the P value is large
([0.05), then the model is well calibrated and
fits the data well. The discriminative ability
refers to the model’s ability to distinguish
patients intubated from those not intubated
and is expressed as the area under the receiver
operating characteristic (ROC) curve (AUC)
ranging from 0.5 (no discriminative ability) to
1.0 (perfect discriminative ability).

The following variables were second ana-
lyzed univariately based on previous findings
and clinical characteristics: sex, age, BMI,
change from supine to prone position after 1 h
in respiratory rate, change from supine to prone
position after 1 h in PaO2/FiO2, change from
supine to prone position after 1 h in SpO2/FiO2,
change from supine to prone position after 1 h
in PaO2, and change from supine to prone
position after 1 h in ROX Index, and similar
criteria were applied for multivariable analysis
(P\0.25).

ROC curves were constructed to determine
the best cutoff for PaO2, PaO2/FiO2, SpO2/FiO2,
respiratory rate, and ROX index to predict
intubation or mortality. Youden’s index [17]
was defined for all points along the ROC curve,
and the maximum value of the index was used
as a criterion for selecting the optimum cutoff.

We investigated missing data patterns for
covariates and assumed missing at random
(MAR) conditioned in the covariates [18]. We
used multiple imputation to generate five
datasets to evaluate the prediction performance
for the intubation. The model for multiple
imputation included all covariates of the risk
models. For simplicity, for the performance
evaluation we filled in missing values with the
first set of imputed values from the multiple
imputation.

The level of significance was set at 0.05 (two-
tailed). All analyses were performed using IBM
SPSS version 26.0 (IBM Corp., Armonk, NY,
USA).
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RESULTS

Patients

Between March 27 and November 2020, 101
patients fulfilled the inclusion criteria. In two
patients, data collection was incomplete, leav-
ing us with 99 fully analyzable patients. Patient
characteristics are presented in Table 1. Most
patients were admitted to an ICU at the
moment of inclusion, and HFNO and CPAP
were the most frequently used oxygen NIROT
devices at start of awake prone positioning.

Effects of Prone Positioning

Awake prone positioning lasted mean of 3 h
[2–4] . In 77 patients (77.7%), awake prone
positioning resulted in an improved oxygena-
tion, and in 37 patients (54.4%) it resulted in a
lower respiratory rate at 1 h after start of the
intervention (Fig. 1).

Need for Intubation

Twenty-nine patients (29.3%) were intubated
for invasive ventilation within 24 h after start of
awake prone positioning. Patients that were
intubated received oxygen via HFNO more
often and had worse oxygenation problems
than patients that were not intubated (Table 1).
Patients that were intubated were also more
tachypneic (Figs. 1 and 2). Otherwise, there
were no differences between the two groups,
neither with respect to patient characteristics
nor to other ventilatory parameters and hemo-
dynamic parameters.

Predictors of Intubation

Baseline characteristics that had an indepen-
dent association with intubation within 24 h
were a baseline respiratory rate[ 26 breaths/
min, SpO2/FiO2\147 and PaO2\ 100 mmHg
(Table 1 online supplementary material). The
AUC–ROC for the multivariable model using
these baseline characteristics was 0.89 (95% CI
0.81–0.97) (Fig. 3A). The probability of

intubation for patients without any of these
characteristics was 1%, and 90% for patients
having all three characteristics (Table 2).

Responses to awake prone positioning that
had an independent association with intuba-
tion were failure to lower the respiratory rate by
at least two breaths/min, failure to increase
PaO2/FiO2[116 mmHg, and failure to increase
SpO2/FiO2 C 10 mmHg (Table 1 online supple-
mentary material). The AUC–ROC curve for the
multivariable model using the physiological
responses to prone positioning was 0.73
(Fig. 3B). The probability of intubation for
patients without any of these responses was 2%,
and 62% for patients having all three responses
(Table 2).

DISCUSSION

The findings of this study in critically ill
patients with acute hypoxemic respiratory fail-
ure due to COVID-19 can be summarized as
follows: (1) awake prone positioning improved
oxygenation within one hour in the majority of
patients receiving NIROT; (2) awake prone
positioning decreased respiratory rate in more
than half of patients; and (3) changes in these
parameters have prognostic value for need for
intubation within 24 h.

This study has several strengths. To our best
knowledge, our study is the first to assess the
predictive value of physiologic responses to
awake prone positioning in patients with
COVID-19 pneumonia. We included consecu-
tive patients that were admitted in normal
wards or ICUs in various types of hospitals in
three countries, all contributing to the gener-
alizability of the findings. Loss to follow-up was
minimal, despite the restrictions caused by the
pandemic. We used predefined and objectives
endpoints, and followed the predetermined
analysis plan that was in line with the latest
recommendations for predictive research
[19, 20]. Although physiological changes in
response to APP have been described in previous
studies, we decided to search for prognostic
parameters for early intubation for comparison
with a previously published study [16].
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Benefit with regard to oxygenation of awake
prone positioning in nonintubated ICU patients
was initially suggested in patients with acute
hypoxemic respiratory failure that was not
related to COVID-19 [21], and in patients with
severe hypoxemia after lung transplantation
[22, 23]. Since the onset of the COVID-19 pan-
demic, a rapidly growing number of mainly
small observational studies suggest that awake
prone positioning can improve oxygenation,
improvements in oxygenation usually happens
within minutes [24–28] and can lasts for up to

1 h after turning back to a supine position [29].
Our findings confirm these findings, by show-
ing that awake prone positioning rapidly
improved oxygenation in roughly four out of
five COVID-19 patients.

Individual studies [28, 30–32] and one meta-
analysis [29] show that awake prone positioning
can decrease the respiratory rate, which may
decrease the risk of patient self-inflicted lung
injury [9, 30]. We could confirm this decrease in
respiratory rate, albeit that it was only found in
half of the patients.

Fig. 1 Cumulative frequency distribution of the study
variables PaO2, PaO2/FiO2, SpO2/FiO2, and respiratory
rate. The plots show the study parameters at baseline and
1 h after awake prone position of intubated and nonin-
tubated patients. The lines in red are intubated patients at
1 h of awake proning; the dotted lines in red are intubated

patients before awake proning; the lines in green are
nonintubated patients at 1 h of awake proning; the dotted
lines in green are nonintubated patients before awake
proning
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A recently published meta-trial of six ran-
domized clinical studies in critically ill COVID-
19 patients that needed supplementary oxygen
via HFNO showed awake prone positioning to
reduce the need for intubation within 28 days
[3]. Mortality at day 28 was not affected by the
intervention. However, a nonrandomized clin-
ical trial in patients with acute hypoxic respi-
ratory failure due to COVID-19 related,
suggested awake prone positioning to have no
benefit, as its use was neither associated with

reduced progression to invasive ventilation, nor
with an increase in the number of ventilator-
free days [33]. None of these studies reported on
early intubation, i.e., need for intubation
within one day, and there was also no analysis
that determined whether changes induced by
prone positioning could predict the need for
intubation.

Studies have not yet provided clinicians with
tools to predict which patients with COVID-19
are most likely to improve with awake prone

Fig. 2 Cumulative frequency distribution of the study
variables SpO2, FiO2, ROX index, and PaCO2. The plots
show the study parameters at baseline and 1 h after awake
prone position of intubated and nonintubated patients.
The lines in red are intubated patients at 1 h of awake
proning; the dotted lines in red are intubated patients

before awake proning; lines in green are nonintubated
patients at 1 h of awake proning; dotted lined in green are
nonintubated patients before awake proning
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positioning, nor have they proven whether
awake proning can delay or avoid the need for
invasive ventilation. In our study, the variables
under investigation have some prognostic
capacity that may help clinicians identify
patients that may not respond to awake pron-
ing, preventing intubation delay and early
transfer of the patient to the ICU for close
monitoring. Besides, in our study the baseline
respiratory parameters also had capacity, which
in some way could reflect a more protracted
course of the disease that may lead to a greater
probability of intubation.

Our study has limitations. First, our study
had a relatively small sample size. Second, we
could not perform arterial blood gas analyses in
nearly half of the patients. Third, we did not
collect data on subsequent cycles of awake
prone positioning that patients might have
undergone. Fourth, the median time from hos-
pital admission to the first session of awake
proning was nearly 3 days, suggesting a relative
late start of the intervention in our cohort. It
has been suggested that earlier use of awake
proning could have better clinical outcomes
[11]. Fifth, the sample size of our study is too
small to come to subgroups of patients with
different types of respiratory support. We

acknowledge additional limitations in our
study. We acknowledge that seeking for prog-
nostic parameters for early intubation could be
a surrogate outcome. During the initial wave of
the pandemic, it was challenging to collect data
on comorbidities, disease severity scores, and
laboratory results, which are all potential con-
founding factors. Therefore, it is important to
interpret our results with caution. These rele-
vant drawbacks might attenuate the strength of
the findings of this study; however, we should
consider the overwhelming workload for clini-
cians at the beginning of SARSCoV2 spreading
and the lack of chances of increasing nowadays
the number of enrolled patients provided with a
full set of physiological data due to the changed
epidemiologic, clinical, and biological features
of COVID-19 infection.

CONCLUSIONS

Awake prone positioning improves oxygenation
in most and decreases respiratory rate in more
than half of the patients with acute hypoxemic
respiratory failure related to COVID-19 receiv-
ing NIROT. In this cohort, one out of three
patients needed intubation for invasive

Fig. 3 A ROC curve for the multivariable model, based
on respiratory rate, SpO2/FiO2 and PaO2 at baseline.
Sensitivity 76%, specificity 87%, positive predictive value
71%, negative predictive value 89%; B ROC curve for the
multivariable model, based on changes in respiratory rate,

PaO2/FiO2, and PaO2 from supine to 1 h after prone
position. Sensitivity 65%, specificity 61%, positive predic-
tive value 41%, negative predictive value 81%
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ventilation within 24 h. The effects of awake
prone positioning on oxygenation and respira-
tory rate had prognostic capacity for intubation
within 24 h.
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