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IMPORTANCE The efficacy and safety of prone positioning is unclear in nonintubated patients
with acute hypoxemia and COVID-19.

OBJECTIVE To evaluate the efficacy and adverse events of prone positioning in nonintubated
adult patients with acute hypoxemia and COVID-19.

DESIGN, SETTING, AND PARTICIPANTS Pragmatic, unblinded randomized clinical trial
conducted at 21 hospitals in Canada, Kuwait, Saudi Arabia, and the US. Eligible adult patients
with COVID-19 were not intubated and required oxygen (�40%) or noninvasive ventilation.
A total of 400 patients were enrolled between May 19, 2020, and May 18, 2021, and final
follow-up was completed in July 2021.

INTERVENTION Patients were randomized to awake prone positioning (n = 205) or usual care
without prone positioning (control; n = 195).

MAIN OUTCOMES AND MEASURES The primary outcome was endotracheal intubation within
30 days of randomization. The secondary outcomes included mortality at 60 days, days free
from invasive mechanical ventilation or noninvasive ventilation at 30 days, days free from the
intensive care unit or hospital at 60 days, adverse events, and serious adverse events.

RESULTS Among the 400 patients who were randomized (mean age, 57.6 years [SD, 12.83
years]; 117 [29.3%] were women), all (100%) completed the trial. In the first 4 days after
randomization, the median duration of prone positioning was 4.8 h/d (IQR, 1.8 to 8.0 h/d) in
the awake prone positioning group vs 0 h/d (IQR, 0 to 0 h/d) in the control group. By day 30,
70 of 205 patients (34.1%) in the prone positioning group were intubated vs 79 of 195
patients (40.5%) in the control group (hazard ratio, 0.81 [95% CI, 0.59 to 1.12], P = .20;
absolute difference, −6.37% [95% CI, −15.83% to 3.10%]). Prone positioning did not
significantly reduce mortality at 60 days (hazard ratio, 0.93 [95% CI, 0.62 to 1.40], P = .54;
absolute difference, −1.15% [95% CI, −9.40% to 7.10%]) and had no significant effect on days
free from invasive mechanical ventilation or noninvasive ventilation at 30 days or on days
free from the intensive care unit or hospital at 60 days. There were no serious adverse events
in either group. In the awake prone positioning group, 21 patients (10%) experienced adverse
events and the most frequently reported were musculoskeletal pain or discomfort from
prone positioning (13 of 205 patients [6.34%]) and desaturation (2 of 205 patients [0.98%]).
There were no reported adverse events in the control group.

CONCLUSIONS AND RELEVANCE In patients with acute hypoxemic respiratory failure from
COVID-19, prone positioning, compared with usual care without prone positioning, did not
significantly reduce endotracheal intubation at 30 days. However, the effect size for the
primary study outcome was imprecise and does not exclude a clinically important benefit.
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H ospitalizations due to COVID-19 strained critical care
resources internationally.1-3 Surges limited the avail-
ability of resources for critically ill patients, empha-

sizing a need for practical, widely available, and affordable in-
terventions. Awake prone positioning arose as a potentially
useful intervention to investigate during the pandemic.

Prone positioning has been used since the 1970s in pa-
tients undergoing invasive mechanical ventilation for acute re-
spiratory distress syndrome.4 Observational studies showed
that prone positioning may result in increased lung volume,5

homogenized pleural pressure,6 and reduced shunting.7

Furthermore, randomized clinical trials found prone position-
ing to be associated with a lower risk of death in patients un-
dergoing invasive mechanical ventilation for moderate to se-
vere acute respiratory distress syndrome (relative risk, 0.74
[95% CI, 0.56-0.99]).8,9

Awake prone positioning has been used widely for
patients with COVID-19. Prior to the pandemic, there were
no randomized clinical trials examining the effects of prone
positioning in patients who were awake and not intubated
and who had hypoxemic respiratory failure.10 A meta-
analysis of 2 randomized clinical trials and 12 observational
studies found no association of awake prone positioning
with the risk of endotracheal intubation in patients with
COVID-19.11 In contrast, a meta-trial of 6 randomized clinical
trials enrolling patients with COVID-19 found awake prone po-
sitioning to be safe and associated with a reduction in a com-
posite outcome of endotracheal intubation or death within
28 days of enrollment.12 However, the most current practice
guideline concluded that there is insufficient evidence to is-
sue a clinical recommendation on this strategy.13

The COVI-PRONE (Awake Prone Position in Hypoxemic
Patients with Coronavirus Disease 19) trial aimed to assess the
efficacy and adverse events of awake prone positioning in pa-
tients who were not intubated and who had COVID-19 with
hypoxemic respiratory failure.

Methods
Trial Design and Oversight
We conducted a pragmatic, unblinded randomized clinical
trial at 21 hospitals in Canada, Kuwait, Saudi Arabia, and the
US. Investigators obtained approval from their local research
ethics review boards. The trial protocol (Supplement 1) and
statistical analysis plan (Supplement 2) were published prior
to trial completion.14 An independent data and safety moni-
toring committee reviewed the interim analysis at 50%
recruitment of the original sample size and provided recom-
mendations to the trial steering committee. Study research
coordinators obtained a priori or deferred consent for all
enrolled patients. Screening and enrollment occurred
between May 19, 2020, and May 18, 2021 (eTable 1 and eFig-
ure 1 in Supplement 3).

Patients
The trial included patients aged 18 years or older who were
not intubated, who had suspected or confirmed COVID-19,

and who required at least 40% oxygen (via low- or high-flow
oxygen devices) or noninvasive positive pressure ventilation
and were being treated in an intensive care unit (ICU) or a
monitored acute care unit. Patients were excluded from the
trial if they (1) had received invasive mechanical ventilation,
(2) had contraindications to prone positioning, (3) were at
risk of complications from prone positioning, or (4) had been
self-prone positioning prior to enrollment. Details of the eli-
gibility criteria appear in the eMethods in Supplement 3.
Racial and ethnic categorization was used to reflect interna-
tional enrollment and provide a description of racial and eth-
nic diversity in this study. Research coordinators abstracted
race and ethnicity using prespecified fixed categories from
medical records when available.

Randomization
Using a web-based randomization system with undisclosed
variable block sizes of 2, 4, and 6, allocation was 1:1 and strati-
fied by hospital and by ratio of oxygen saturation as mea-
sured by pulse oximetry (SpO2) to fraction of inspired oxygen
(FIO2) of greater than 150 or of 150 or less. The nature of the
intervention precluded blinding of participating patients, fami-
lies, the health care team, or research staff.

Study Intervention
Patients randomized to the intervention group underwent
awake prone positioning. The target duration of prone posi-
tioning was 8 h/d to 10 h/d with 2 to 3 breaks (1-2 hours
each), if needed (Figure 1). Daily prone positioning sessions
were protocolized to continue until 1 of the following stop-
ping criteria was met: a relative improvement in the FIO2

requirement by 40% from the baseline value that was sus-
tained for 24 hours; endotracheal intubation; or discharge
from the ICU or acute care unit. The treating team super-
vised patients who could move themselves during the prone
positioning process and assisted the patients with position-
ing as required.

Patients randomized to the control group, and their
treating team, were informed of their group assignment.
Nurses instructed patients not to position themselves in the
prone position.

Key Points
Question Does prone positioning reduce endotracheal intubation
in adults who were awake and not intubated and who had
hypoxemic respiratory failure from COVID-19?

Findings In this randomized clinical trial that included 400 adults
with acute hypoxemic respiratory failure from COVID-19, awake
prone positioning compared with usual care resulted in
endotracheal intubation at 30 days in 34.1% vs 40.5% of
participants, respectively. Although the hazard ratio was 0.81,
the result was not statistically significant.

Meaning Although the findings do not support prone positioning
in this setting, the effect size for the primary study outcome was
imprecise and does not exclude a clinically important benefit.
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Patients in the intervention and control groups received
usual care at the discretion of the treating team. Daily data col-
lection on co-interventions continued until the intervention
stopping criteria were met. In both groups, nurses used prone
positioning logs to document the number of prone positioning
hours every day. Daily documentation of prone positioning
hours continued until the day of meeting stopping criteria.

Study Outcomes
The primary outcome was endotracheal intubation within 30
days of randomization. The secondary outcomes included
mortality at 60 days, days free from invasive mechanical ven-
tilation or noninvasive ventilation at 30 days, days free from
the ICU or hospital at 60 days, and adverse events. In this
study, adverse events included both adverse events and seri-
ous adverse events. Further details appear in eTable 2 in
Supplement 3.

Sample Size Calculation
The original target sample size was 350 participants based on
an assumption for an estimated absolute risk reduction of 15%,
an endotracheal intubation rate of 60% in the control group,
a power of 80%, and a 2-sided α level of 5% (α = .05). Due to
lack of preexisting studies to inform the sample size calcula-
tion, these assumptions were based on discussion and con-
sensus among steering committee members.

As the management of COVID-19 evolved, the threshold
for endotracheal intubation of COVID-19 patients changed,
and guidelines suggested a trial of other respiratory support
modalities prior to endotracheal intubation.13 Therefore, the
steering committee decided to increase the study sample
size to 400 participants. This sample size increase allowed
80% power to detect an absolute reduction of 13.5% for

endotracheal intubation, assuming an endotracheal intuba-
tion risk of 45% in the control group.

Due to the lack of evidence to inform the study sample size
calculation, the decision to increase the sample size from 350
to 400 participants was based on discussion and consensus
among the steering committee members; all members were
blinded to the study outcomes and interim analysis results. In
addition, this change was approved by the independent data
and safety monitoring committee and by the local research eth-
ics review boards.

Statistical Analysis
Patient baseline characteristics are reported as percentages
for categorical variables and as means (SDs) or medians
(IQRs) for continuous variables as appropriate. The primary
analyses were conducted with patients analyzed according to
their randomization group; the full analysis set included all
randomized patients. There were no missing outcome data.
The main analysis for the primary outcome (ie, endotracheal
intubation within 30 days of randomization), mortality at 60
days, and a post hoc composite outcome of endotracheal
intubation or death at 30 days was an unadjusted Cox pro-
portional hazards regression analysis with the results re-
ported as hazard ratios (HRs) with 95% CIs. Graphical diag-
nostics based on the scaled Schoenfeld residuals showed that
the proportionality assumption was met. In addition, we con-
structed Kaplan-Meier survival curves, including log-rank
tests. To assess the effect of competing risk of death, we used
the Fine and Gray subdistribution hazard model for the pri-
mary outcome.15

We conducted preplanned secondary analyses for
binary outcomes (ie, endotracheal intubation at 30 days and
mortality at 60 days) comparing the proportion of patients

Figure 1. Screening, Enrollment, Randomization, and Inclusion in Analysis in the COVI-PRONE Trial

4229 Patients who were awake, were not intubated, and were
receiving oxygen for COVID-19 assessed for eligibility

3829 Excluded
3634 Did not meet eligibility criteriaa

195 Eligible but not randomized
129 Patient or substitute

decision-maker refusal
21 Decision of care team
12 Language barrier

5 Overlooked
4 Enrolled in another study

24 Other

400 Randomizedb

205 Included in the primary analysis

205 Randomized to awake prone positioning
(target: 8-10 h/d)
184 Underwent awake prone positioning

as randomized
21 Did not undergo any hours of awake

prone positioning

195 Randomized to control treatment (usual
care without awake prone positioning)
 157 Received usual care as randomized

38 Underwent awake prone positioning
(median, 0.9 h/d [IQR, 0.3-3.5 h/d])

195 Included in the primary analysis

COVI-PRONE, Awake Prone Position
in Hypoxemic Patients with
Coronavirus Disease 19.
a No data were collected on screened

patients found to be ineligible.
b Central web-based randomization

stratified by hospital and by ratio of
oxygen saturation as measured by
pulse oximetry to fraction of
inspired oxygen of greater than 150
or of 150 or less.
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Table 1. Baseline Characteristics of the Patients

Prone positioning (n = 205) Control (n = 195)
Age, mean (SD), y 56.8 (12.5) 58.3 (13.2)

Sex, No. (%)

Male 149 (73) 134 (69)

Female 56 (27) 61 (31)

Body mass index, mean (SD)a 29.7 (4.7) 29.5 (4.9)

Glasgow Coma Scale score ≥14, No. (%)b 205 (100) 193 (99)

Race, No. (%)c (n = 181) (n = 180)

Alaska Native/American Indian 1 (<1) 2 (1)

Asian 40 (22) 36 (20)

Black 3 (2) 3 (2)

Middle Eastern 86 (48) 94 (52)

White 51 (28) 45 (25)

Country of enrollment, No. (%)

Canada 84 (41) 77 (40)

Kuwait 26 (13) 23 (12)

Saudi Arabia 80 (39) 82 (42)

US 15 (7) 13 (7)

Confirmed COVID-19, No. (%)d 199 (97) 189 (97)

Time from hospital admission to randomization, median (IQR), d 1.6 (0.9-3.2) 1.5 (0.8-3.7)

Severity of hypoxemia measured by SpO2:FIO2, No. (%)e

≤150 121 (59) 117 (60)

>150 84 (41) 78 (40)

SpO2:FIO2, median (IQR) 132 (103-174) 136 (110-181)

FIO2, median (IQR), % 70 (55-90) 70 (52-90)

Oxygenation mode, No. (%)

High flow 148 (72) 132 (68)

Low flowf 45 (22) 43 (22)

Noninvasive positive pressure ventilation 12 (6) 20 (10)

Preexisting condition, No. (%)g

Chronic cardiovascular disease 101 (49) 102 (52)

Hypertension 94 (46) 96 (49)

Diabetes 83 (40) 76 (39)

Chronic pulmonary disease 23 (11) 25 (13)

Chronic kidney disease 15 (7) 12 (6)

No comorbidities, No. (%) 47 (23) 41 (21)

Pharmacological intervention, No. (%)

Corticosteroids 194 (95) 186 (95)

Prophylactic-dose anticoagulantsh 158 (77) 155 (79)

Antibiotics 163 (80) 154 (79)

Tocilizumab 36 (18) 33 (17)

Therapeutic-dose anticoagulantsi 23 (11) 24 (12)

Abbreviations: FIO2, fraction of inspired oxygen; SpO2, oxygen saturation as
measured by pulse oximetry.
a Calculated as weight in kilograms divided by height in meters squared.
b Measures consciousness by using eye, verbal, and motor responsiveness.

Scores range from 3 to 15; higher scores reflect better levels of consciousness.
c Race and ethnicity were not documented in the patient’s medical record for 16

patients in the prone positioning group and 12 patients in the control group.
The documented race or ethnicity was not captured by the prespecified race
and ethnicity categories in the study’s baseline case report form for 8 patients
in the prone positioning group and 3 patients in the control group.

d Defined as a positive polymerase chain reaction for SARS-CoV-2.
e A small case series showed a median level of 150 for SpO2:FIO2 in patients

undergoing prone positioning. SpO2:FIO2 was used instead of the more

commonly used PaO2:FIO2 to avoid mandating arterial blood gases in every
patient during the pandemic.

f Included oxygen delivery via any device other than high-flow nasal cannula or
noninvasive ventilation regardless of the fraction of oxygen delivered to the
patient.

g Abstracted from the patient’s chart whenever available. The most commonly
reported comorbidities in patients with COVID-19 were selected based on the
available literature at the time of the trial design.

h Low-molecular-weight heparin or unfractionated heparin. Additional details
appear in eTable 2 in Supplement 3.

i Low-molecular-weight heparin, unfractionated heparin, warfarin, or direct oral
anticoagulants. Additional details appear in eTable 2 in Supplement 3.
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in the 2 groups using the χ2 test or the Fisher exact test as
appropriate and presented the results as relative risks and
95% CIs. We also conducted a preplanned secondary per-
protocol analysis excluding patients with protocol devia-
tions (ie, patients who did not participate in prone position-
ing in the intervention group and patients who participated
in any prone positioning in the control group). To assess
hospital site effect, we conducted a post hoc mixed-effects
modeling analysis using hospital site as a random effect.

The primary analysis method for the continuous out-
comes (ie, days free from invasive mechanical ventilation or
noninvasive ventilation and days free from the ICU or hospi-
tal) was an unadjusted linear regression analysis in which
the main independent variable was group allocation. In
addition, for all study outcomes, we conducted secondary
analyses adjusting for stratification variables (ie, recruiting
hospital site and severity of hypoxemia). All primary and
secondary analyses of the study outcomes used 2-sided
testing and an α = .05.

We compared the primary outcome in prespecified sub-
groups with prespecified hypotheses and reported the cor-
responding P value for the interaction. In addition, we
reported the false discovery rate to account for multiplicity
by calculating the expected proportion of tests with false-
positive results at a specified rank for a set of tests.16 Pre-
defined subgroup analyses focused on the severity of
hypoxemia (SpO2:FIO2 ≤ 150 vs SpO2:FIO2 > 150) and the
threshold used was based on the median SpO2:FIO2 in a case
series that was available during the trial design,17 the mode
of respiratory support at baseline (low-flow oxygen [ie, oxy-
gen delivery other than via high-flow nasal cannula or non-
invasive ventilation regardless of the fraction of oxygen
delivered to the patient], high-flow oxygen, or noninvasive
positive pressure ventilation); age (<70 years vs ≥70 years);
and sex (male or female). All analyses were conducted using
SAS version 9.4 (SAS Institute Inc).

Results

During the study period, a total of 4229 patients were
screened and, of these, 595 met the eligibility criteria and
400 were randomized (205 to the awake prone positioning
group and 195 to the control group; Figure 1). Final follow-up
was completed in July 2021. Patient characteristics at ran-
domization were similar between groups. The mean age
was 56.8 years (SD, 12.5 years) in the prone positioning
group and 58.3 years (SD, 13.2 years) in the control group and
the mean body mass index (calculated as weight in kilo-
grams divided by height in meters squared) was 29.7 (SD,
4.7) and 29.5 (SD, 4.9), respectively (Table 1 and eTable 3 in
Supplement 3).

Most enrolled patients had confirmed COVID-19 at the time
of randomization (97.0%). The median percentage of FIO2 at
randomization was 70% (IQR, 55%-90%) in the awake prone
positioning group and 70% (IQR, 52%-90%) in the control
group and the median SpO2:FIO2 was 132 (IQR, 103-174) and 136
(IQR, 110-181), respectively. Approximately 60% of enrolled pa-
tients had an SpO2:FIO2 of 150 or less. The most prevalent co-
morbidities at baseline were chronic hypertension (48%) and
diabetes (40%). Most patients received corticosteroids (95%)
and prophylactic-dose anticoagulants (78%) at the time of en-
rollment.

Prone Positioning Intervention
In the awake prone positioning group, the median duration
of prone positioning was 5.0 hours (IQR, 2.0-8.0 hours) on
day 1. In the first 4 days after randomization, the median
duration of prone positioning was 4.8 h/d (IQR, 1.8-8.0 h/d)
in the awake prone positioning group vs 0 h/d (IQR, 0-0 h/d)
in the control group (Figure 2 and eTable 4 in Supplement 3)
and the mean between-group difference was 4.48 h/d (95%
CI, 3.90-5.06 h/d; P < .001).

Figure 2. Duration of Awake Prone Positioning by Study Group
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In the awake prone positioning group, the median num-
ber of prone positioning days was 3 (IQR, 1-5 days). Of the 205
patients in the prone positioning group, 21 (10.2%) did not un-
dergo any prone positioning after randomization, mostly due
to patient preference. Additional details appear in eTable 5 in
Supplement 3. In the control group, 38 patients (19.5%) un-
derwent prone positioning after randomization, mainly at the
request of the care treating team or patient preference (eTable 5
in Supplement 3). The median duration of prone positioning
for the 38 patients who underwent prone positioning in the
control group was 0.9 h/d (IQR, 0.3-3.5 h/d). The duration of
daily prone positioning and patient adherence appear in eFig-
ures 2-4 in Supplement 3.

During the study intervention period, the use of pharma-
cological agents such as corticosteroids, immunomodula-
tors, anticoagulants, vasoactive agents, and antivirals was simi-
lar between groups (eTables 3-4 and eTable 6 in Supplement 3).
After randomization, 143 patients (69.8%) in the prone posi-
tioning group and 122 patients (62.6%) in the control group re-
ceived low-flow oxygen and 176 patients (85.5%) vs 165 pa-
tients (84.6%), respectively, received high-flow oxygen. In
contrast, 53 patients (25.9%) in the prone positioning group
and 60 patients (30.8%) in the control group received nonin-
vasive positive pressure ventilation after randomization
(eTable 4 in Supplement 3). Details on the duration of each oxy-
genation mode used per group appear in eTable 7 in Supple-
ment 3. Awake prone positioning was associated with mod-
est improvement in both SpO2:FIO2 and FIO2 compared with the
values collected prior to prone positioning (eFigure 5 in Supple-
ment 3). Changes in oxygenation parameters appear in eFig-
ures 6-7 in Supplement 3.

Primary Outcome
By day 30, 70 of 205 patients (34.1%) were intubated in the
prone positioning group vs 79 of 195 patients (40.5%) in the
control group (HR, 0.81 [95% CI, 0.59 to 1.12], P = .20; abso-
lute difference, −6.37% [95% CI, −15.83% to 3.10%]; Table 2 and
Figure 3A). The preplanned per-protocol analysis was consis-
tent with the primary analysis in that 62 of 184 patients (33.7%)
were intubated in the prone positioning group vs 57 of 157 pa-
tients (36.3%) in the control group (HR, 0.89 [95% CI, 0.62 to
1.28], P = .54; Table 2). A competing risk analysis yielded an
HR of 0.81 (95% CI, 0.59 to 1.10; P = .19).

Secondary Outcomes
At 60 days, 46 of 205 patients (22.4%) died in the prone posi-
tioning group and 46 of 195 patients (23.6%) died in the con-
trol group (HR, 0.93 [95% CI, 0.62 to 1.40], P = .72; absolute
difference, −1.15% [95% CI, −9.40% to 7.10%]; Figure 3B). At
30 days, patients in the prone positioning group had a mean
of 21.6 days (SD, 12.4 days) free from invasive mechanical ven-
tilation compared with a mean of 19.6 days (SD, 13.1 days) in
the control group (mean difference, 2.03 days [95% CI, −0.47
to 4.54 days], P = .11). The between-group differences were not
statistically significant for ventilation-free days (invasive me-
chanical or noninvasive) at 30 days (mean difference, 2.04 days
[95% CI, −0.50 to 4.59 days], P = .12), ICU-free days at 60 days
(mean difference, 4.07 days [95% CI, −0.67 to 8.81 days], Ta
bl
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P = .09), and hospital-free days at 60 days (mean difference,
3.52 days [95% CI, −1.05 to 8.08 days], P = .13; Table 2). The
adjusted linear regression analysis for secondary continuous
outcomes yielded consistent results that were not statisti-
cally significant (eTable 8 in Supplement 3).

Adverse Events
No serious adverse events were reported in either group; how-
ever, 26 adverse events were reported in 21 patients in the prone
positioning group and no events were reported in the control
group. Most reported adverse events were musculoskeletal pain
or discomfort from prone positioning (13 of 205 patients
[6.34%]) and desaturation (2 of 205 patients [0.98%]). Unin-

tentional removal of intravenous access occurred in 1 patient
(Table 3 and eTable 2 in Supplement 3).

Subgroup Analyses
A prespecified subgroup analysis by severity of hypoxemia
yielded an HR of 0.44 (95% CI, 0.23 to 0.87; absolute differ-
ence, −16.58% [95% CI, −29.50% to −3.65%]) for endotra-
cheal intubation in patients with SpO2:FIO2 greater than 150 at
baseline and an HR of 1.02 (95% CI, 0.70 to 1.48; absolute dif-
ference, 0.95% [95% CI, −11.72% to 13.63%]) in patients with
SpO2:FIO2 of 150 or less at baseline (P = .03 for interaction and
P = .12 for false discovery rate). The subgroup analysis by oxy-
gen delivery modality yielded an HR of 0.61 (95% CI, 0.42 to
0.88; absolute difference, −16.13% [95% CI, −27.55% to
−4.72%]) for endotracheal intubation in patients who re-
ceived high-flow oxygen at baseline, an HR of 3.69 (95% CI,
1.07 to 12.70; absolute difference, 38.33% [95% CI, 5.39% to
71.28%]) in patients who received noninvasive positive pres-
sure ventilation at baseline, and an HR of 1.35 (95% CI, 0.60
to 3.05; absolute difference, 7.86% [95% CI, −10.65% to
26.36%]) in patients who received low-flow oxygen at base-
line (P = .54 for interaction and P = .73 for false discovery rate).
Similarly, there was no evidence of heterogeneity of treat-
ment effect in other subgroups (eTable 9 in Supplement 3).
We were unable to conduct a prespecified subgroup analysis
by COVID-19 status because almost all enrolled patients had
confirmed COVID-19 at baseline.

Post Hoc Analyses
A post hoc analysis showed that 74 of 205 patients (36.1%) in
the prone positioning group and 89 of 195 patients (45.6%) in
the control group were intubated or died within days 30 after
randomization (HR, 0.75 [95% CI, 0.55 to 1.02], P = .07; abso-
lute difference, −9.54% [95 CI, −19.14% to 0.05%]). For the pri-
mary outcome, a post hoc mixed-effects modeling analysis,
using hospital site as a random effect, yielded an HR of 0.80
(95% CI, 0.58 to 1.11, P = .18; eTable 8 in Supplement 3).

Table 3. Adverse Events

Prone positioning
(n = 205)

Control
(n = 195)

Serious adverse events,
No. of patientsa

0 0

Adverse events,
No. (%) of patients

21 (10) 0

Total reported
adverse events, No.

26 0

Type of adverse event,
No. (%)

Pain or discomfortb 16 (62) 0

Desaturation 4 (15) 0

Unintentional removal
of intravenous access

1 (4) 0

Hypotension 1 (4) 0

Nausea 1 (4) 0

Shortness of breath 1 (4) 0

Dizziness 1 (4) 0

Coughing 1 (4) 0

a Any occurring after study-mandated procedures that were directly related to
the treatment or intervention and resulted in any of the following outcomes:
death, life-threatening adverse event, disability, or incapacity.

b Musculoskeletal pain in the back, abdomen, chest, or neck. Additional details
appear in eTable 9 in Supplement 3.

Figure 3. Kaplan-Meier Survival Curves for Endotracheal Intubation Within 30 Days of Randomization and Mortality at 60 Days
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B, The log-rank test did not demonstrate a significant between-group difference
(P = .72). In both groups, the median time of observation was 60 days (IQR,
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Discussion

In this international, pragmatic, unblinded randomized clini-
cal trial enrolling 400 patients who were not intubated and who
had confirmed or suspected COVID-19, awake prone position-
ing compared with usual care did not show a statistically sig-
nificant difference in endotracheal intubation within 30 days
after randomization or for the secondary outcomes.

Several small trials have assessed awake prone position-
ing in patients with COVID-19; however, none of which indi-
vidually showed a reduction in endotracheal intubation or
death.18-23 Another 6 randomized clinical trials were prospec-
tively analyzed and published collectively as a meta-trial12

and showed a reduced risk of endotracheal intubation at 28
days with awake prone positioning. However, these trials dif-
fered by the inclusion criteria and the prone positioning pro-
tocols used, and most achieved short durations (<3 h/d) of
prone positioning. In addition, the effect sizes of the indi-
vidual studies were inconsistent, and the pooled estimate
seemed to be primarily driven by the results from 1 trial
(NCT04477655).

The preplanned subgroup analysis showed a possible re-
duction in endotracheal intubation risk with prone position-
ing in patients with SpO2:FIO2 greater than 150 and in those re-
ceiving high-flow oxygen. It is possible that patients with more
severe disease do not benefit from awake prone positioning.
However, the false discovery rate did not reach statistical sig-
nificance for any of the preplanned subgroups, therefore, these
findings should be interpreted with great caution and consid-
ered hypothesis generating.24

In this trial, 26 adverse events were reported, the major-
ity (62%) of which were related to pain and discomfort from
prone positioning (Table 3). These findings are congruent with
other trials.12 Long hours of awake prone positioning are chal-
lenging and highly influenced by patient comfort and prefer-
ence in contrast to prone positioning of sedated (and often
pharmacologically paralyzed) patients requiring invasive me-
chanical ventillation.8

In the current trial, the median duration of prone posi-
tioning per day (in the first 4 days after randomization) was
approximately 5 hours for a median of 3 days. Although the
median duration of prone positioning in our study was longer
than in most published trials, the target of 8 h/d to 10 h/d was
not universally achieved. The most common reason for inter-
ruption of prone positioning was patient request, which might
have been related to overall subjective improvement or re-
lated to discomfort from prone positioning (eTable 10 in Supple-

ment 3). Given the pragmatic design of this trial, these find-
ings reflect the challenges with implementing prone positioning
in awake patients with severe illness. Studying strategies to en-
hance prone positioning adherence is worthy of future inves-
tigation (eg, verbal support, anxiolytics, pain control, me-
chanical support devices).

Strengths of this study include enrollment of patients with
severe COVID-19 in acute care settings, commensurate with a
high median FIO2 requirement of 70% at randomization; in this
trial, 60% of patients had an SpO2:FIO2 of 150 or less. In addi-
tion, the international collaboration led to including patients
with racial and ethnic diversity, enhancing the generalizabil-
ity of the results.

Limitations
This study has several limitations. First, although the study
sample size was increased from 350 to 400 patients and a
total of 149 endotracheal intubation events occurred, the
effect size for the primary outcome was imprecise. The 95%
CI included a 15.8% absolute reduction in endotracheal intu-
bation but could not exclude a 3.1% absolute increase. It is
also possible that the effect of prone positioning is heterog-
enous as suggested by subgroup analyses, further contribut-
ing to imprecision.

Second, patient preference and health care team request
led to 19% of patients in the control group undergoing some
prone positioning. However, the median duration of daily prone
positioning in these patients was less than 1 hour, and the per-
protocol analysis was consistent with the primary intention-
to-treat analysis. Furthermore, 58% of these patients were in-
tubated despite prone positioning, suggesting that the prone
positioning was prompted by severe disease.

Third, the inability to keep the health care teams blinded
to the study intervention and the lack of structured criteria for
endotracheal intubation may have introduced bias. How-
ever, pharmacological and nonpharmacological interven-
tions after randomization were similar in both groups (eTables 4
and 6 in Supplement 3).

Conclusions
In patients with acute hypoxemic respiratory failure from
COVID-19, prone positioning, compared with usual care with-
out prone positioning, did not significantly reduce endotra-
cheal intubation at 30 days. However, the effect size for the
primary study outcome was imprecise and does not exclude
a clinically important benefit.
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