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Abstract

Background: The effect of awake prone positioning on intubation rates is not established.The aim of this trial was
to investigate if a protocol for awake prone positioning reduces the rate of endotracheal intubation compared with
standard care among patients with moderate to severe hypoxemic respiratory failure due to COVID-19.

Methods: We conducted a multicenter randomized clinical trial. Adult patients with confirmed COVID-19, high-
flow nasal oxygen or noninvasive ventilation for respiratory support and a PaO,/FiO, ratio <20 kPa were randomly
assigned to a protocol targeting 16 h prone positioning per day or standard care. The primary endpoint was intuba-
tion within 30 days. Secondary endpoints included duration of awake prone positioning, 30-day mortality, ventilator-
free days, hospital and intensive care unit length of stay, use of noninvasive ventilation, organ support and adverse
events. The trial was terminated early due to futility.

Results: Of 141 patients assessed for eligibility, 75 were randomized of whom 39 were allocated to the control group
and 36 to the prone group. Within 30 days after enrollment, 13 patients (33%) were intubated in the control group
versus 12 patients (33%) in the prone group (HR 1.01 (95% Cl 0.46-2.21), P=0.99). Median prone duration was 3.4 h
[IOR 1.8-8.4] in the control group compared with 9.0 h per day [[QR 4.4-10.6] in the prone group (P=0.014). Nine
patients (23%) in the control group had pressure sores compared with two patients (6%) in the prone group (dif-
ference —18% (95% Cl — 2 to — 33%); P=0.032). There were no other differences in secondary outcomes between
groups.

Conclusions: The implemented protocol for awake prone positioning increased duration of prone positioning, but
did not reduce the rate of intubation in patients with hypoxemic respiratory failure due to COVID-19 compared to
standard care.

Trial registration: 1SRCTN54917435. Registered 15 June 2020 (https://doi.org/10.1186/ISRCTN54917435).
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Introduction

Prone positioning reduces mortality in intubated and
mechanically ventilated patients with moderate to severe
acute respiratory distress syndrome (ARDS) [1, 2]. Awake
prone positioning (APP) in non-intubated, spontane-
ously breathing patients with hypoxemic respiratory fail-
ure has gained wide-spread use in health care systems
overwhelmed by patients with Coronavirus disease 2019
(COVID-19) [3-5] although previously rarely reported
[6-9].

Prone positioning improves respiratory mechanics and
gas exchange owing to several mechanisms in non-intu-
bated spontaneously breathing and intubated mechani-
cally ventilated patients. It increases lung volume [10, 11],
improves ventilation-perfusion ratio [12—14] and distrib-
utes pleural pressure more evenly [15]. Several studies
report transient improvement in oxygenation during APP
in a majority of patients with hypoxemic respiratory fail-
ure due to COVID-19 pneumonia [3, 16-23]. However,
translating physiological improvement into clinically rel-
evant outcomes has not been supported by ARDS-stud-
ies [24] and there remains a gap in the current knowledge
for the use of APP [25-28]. To date, the effect of APP on
intubation rates in patients with hypoxemic respiratory
failure has not been studied in a randomized clinical trial.

The primary aim of this trial was to determine if a
protocol for APP and standard care reduces the rate of
endotracheal intubation compared to standard care alone
among COVID-19 patients with hypoxemic respiratory
failure supported with high-flow nasal oxygen (HFNO)
or noninvasive ventilation (NIV).

Materials and methods

Trial design and study setting

We conducted a prospective multicenter, open-label,
parallel arm, randomized clinical superiority trial in
accordance with the 1964 Helsinki Declaration, Good
Clinical Practice and the Consolidated Standards of
Reporting Trials (CONSORT) guidelines. The trial was
conducted at two tertiary teaching hospitals and one
county hospital in Sweden between October 7, 2020,
and February 7, 2021; 30-day follow-up was complete
March 9, 2021. The trial protocol was prospectively
registered at the ISRCTN registry (ISRCTN54917435)
June 15, 2020 (http://isrctn.com/). Ethical approval
(2020-02743) was provided by the Swedish Ethical
Review Authority June 10, 2020. Written informed

consent was obtained from all subjects. The trial was
overseen by a trial steering committee and an inde-
pendent data and safety monitoring board.

Patients

Adults (>18 years old) with COVID-19 verified by
positive SARS-CoV-2 reverse transcription polymerase
chain reaction tests on naso- or oropharyngeal swabs
and hypoxemic respiratory failure, HFNO or NIV for
respiratory support and a PaO,/FiO,-ratio <20 kPa
or corresponding values of SpO, and FiO, (Additional
file 1: eTable 1) for more than one hour, were eligible for
inclusion.

Exclusion criteria were the following: oxygen supple-
mentation with a device other than HENO or NIV; ina-
bility to assume prone or semi-prone position; immediate
need for endotracheal intubation; severe hemodynamic
instability; previous intubation for COVID-19 pneumo-
nia; pregnancy; terminal illness with less than one year
life expectancy; do-not-intubate order; inability to under-
stand oral or written study information.

Randomization and masking

Randomization was performed with an allocation ratio
of 1:1 and a block size of eight. Randomization allocation
was obtained via a centralized web-based system. Due to
the nature of the intervention, the patient, the treating
physician, care providers, data collectors and outcome
assessors were aware of the allocation.

Trial protocol

After enrollment by members of the research team,
patients were randomly assigned to one of two groups
(Additional file 1: eFigure 1):

1. Control group. APP was not encouraged but could be
prescribed by the attending clinician at his/her dis-
cretion.

2. Pronme group. A protocol targeting at least 16 h APP
per day was initiated. Prone and semi-prone posi-
tioning was allowed (Additional file 1: eFigure 2a-c).
Flat supine positioning was discouraged and patients
were instructed to place themselves in the semi-
recumbent or lateral position in between proning
sessions. During in-hospital transportation, oxygena-


http://isrctn.com/

Rosén et al. Crit Care (2021) 25:209

tion by face mask and positioning appropriate for
adequate monitoring and safety was allowed.

Protocol discontinuation criteria were intubation,
death or clinical improvement defined as the use of
standard nasal cannula or open face mask with an oxy-
gen flow rate of <5 L min~! for 12 h. Attending clinicians
could withdraw the patient from the trial at any time if
they considered APP unsafe.

Standard care

Standard care was delivered in both groups according to
clinical practice in participating hospitals. Intravenous
sedation was allowed but not protocolized. Decision
to intubate was made at the discretion of the attending
clinician but followed local guidelines. Positioning after
intubation was not protocolized, but liberal prone posi-
tioning was part of the clinical routine for mechanically
ventilated patients with COVID-19 fulfilling criteria for
moderate to severe ARDS [29] at all three centers.

Data collection

Data on age, sex, weight, height, comorbidities, location
of enrollment (ward or ICU), PaO,, SpO,, FiO, and res-
piratory rate were recorded at the time of enrollment.
Positive-end expiratory pressure was recorded if the
patient had NIV for respiratory support. APP duration
was recorded continuously by health care providers on
case report forms or in electronic data monitoring sys-
tems as available. Intubation and use of NIV, continu-
ous renal replacement therapy (CRRT), vasopressor/
inotropic support and extracorporeal membrane oxy-
genation (ECMO) were recorded daily. Data quality and
compliance to Good Clinical Practice was verified by
independent reviewers. Anonymized data were entered
in a secure electronic case report form (OpenClinica®,
OpenClinica LLC, Waltham, MA, USA).

Outcome measures

The primary endpoint was intubation within 30 days after
enrollment. Secondary endpoints were duration of APP,
use of NIV and time to NIV for patients included with
HFNO, use of vasopressors/inotropes, CRRT, ECMO,
ventilator-free days, days free of NIV/HFNO for patients
not intubated, hospital and ICU length of stay, 30-day
mortality, WHO-ordinal scale for clinical improvement
[30] at day 7 and 30, and adverse events. Ventilator-free
days were calculated for intubated patients and defined
as days free from invasive mechanical ventilation from
enrollment until day 30. If the patients died, zero ventila-
tor-free days were registered.
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Sample size calculation

Sample size calculation was based on previous studies
[31, 32]. Assuming an intubation rate of 88% in the con-
trol group, we estimated a sample size of 224 patients to
detect a 20% decrease of intubation in the prone group
with 90% power at a type I error rate of 5%. To compen-
sate for patients withdrawing consent, 240 patients were
planned for inclusion.

Statistical methods

An interim analysis was planned a priori when half of the
patients had been included. The decision to terminate the
trial could be based on futility, safety or efficacy (Addi-
tional file 1: eTable 2). Due to rapidly declining case num-
bers in January 2021, the interim analysis was performed
when 75 patients had been included in the study. Follow-
ing the blinded analysis by the data and safety monitoring
board, a re-estimation of the sample size was performed
based on the observed event rate. To detect a decrease
in intubation rate of 20% a sample size >2000 patients
would be required, or >8000 patients to detect a 10%
decrease in intubation rate. Therefore, early trial termina-
tion due to futility was decided.

The analyses were performed on an intention-to-treat
basis. Continuous variables were reported as median
(interquartile range [IQR]). Categorical variables were
expressed as numbers and percentages. The primary
endpoint, intubation within 30 days was analyzed using
Kaplan—Meier survival analysis and compared between
groups with Cox’s proportional-hazards model. Mann—
Whitney U-test was used to compare non-normally dis-
tributed variables. Categorical variables were compared
using y*-test or Fisher’s exact test. We did not correct
for multiple statistical testing in the analyses of second-
ary and exploratory endpoints. Two-sided P-values <0.05
were considered statistically significant. Statistical analy-
ses were performed using R Statistical Software.

Results

Patient characteristics

From October 7, 2020, through February 7, 2021, 1290
patients with confirmed COVID-19 were admitted to the
three participating hospitals. One hundred and forty one
patients were screened, of whom 75 were randomized
(Fig. 1). No patients were lost to follow-up or withdrew
consent. End of follow-up was March 9, 2021. Hyperten-
sion, diabetes, obesity and lung disease were the most
common comorbidities (Table 1).

Level of respiratory support, oxygenation and hemo-
dynamic status were balanced between the two groups at
inclusion. More patients allocated to the prone group had
HFNO at randomization compared to the control group
(86% vs. 74%).
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1290 patients with confirmed COVID-19 were
admitted to three hospitals during the study period
October 7, 2020 to February 7, 2021

Assessed for eligibility
(n=141)

[ Enrollment ]

Excluded (n=66)

* Did not have NIV/HFNO (n=13)

* Did not fulfill inclusion criteria (n=11)

* Emergency intubation (n=2)

* Pregnant (n=1)

* Do-not-intubate order (n=13)

* Unable to understand information (n=4)

» Previously intubated for COVID-19 (n=4)
» Declined to participate (n=15)

» Participation in other study (n=3)

A

Randomized (n=75)

v Allocation v

Allocated to prone group (n=36) Allocated to control group (n=39)

|

y Follow-Up V

Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued protocol (n=0) Discontinued protocol (n=0)
v | Analysis ) <
Included in the Included in the
intention-to-treat analysis (n=36) intention-to-treat analysis (n=39)
Excluded from analysis (n=0) Excluded from analysis (n=0)

Fig. 1 Consolidated standards of reporting trials (CONSORT) flow diagram of randomized and analyzed participants
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Table 1 General characteristics of the study cohort at inclusion

Variable Control group Prone group
Count 39 36

Male 32 (82%) 23 (64%)

Age 65 [55-70] 66 [53-74]
BMI 29 [27-33] 28 [25-30]
Obesity (BMI>30 kg m™2) 12 (32%) 8 (23%)
Hypertension 21 (55%) 17 (47%)
Ischemic cardiac disease 5(13%) 6 (17%)
Congestive heart failure 6 (15%) 2 (6%)

Lung disease 10 (26%) 4(11%)
Asthma 5(13%) 1 (3%)

COPD 4 (10%) 2 (6%)
Fibrosis 0 (0%) 1 (3%)
Sarcoidosis 1(3%) 0 (0%)
Diabetes mellitus 11 (28%) 14 (39%)
Renal disease? 2 (5%) 3 (8%)

Active cancer 1 (3%) 4(11%)

Liver disease 1 (3%) 0 (0%)
Enrollment outside ICU 20 (51%) 19 (53%)
HFNO 29 (74%) 31 (86%)
Flow rate (HFNO) 50 [40-50] 50 [40-50]
PEEP (NIV) 8[6-8] 7 [6-10]

FiO, 0.6 [0.55-0.70] 0.6 [0.55-0.70]
SpO, 94 [92-95] 93 [91-94]
PaO, 9.2 [8.2-10] 8.8[7.7-9.7]
RR 26 [23-32] 24 [21-29]
PaO,/FiO, ratio 154[125-17.3] 154 [11.5-174]
SpO./Fi0, ratio 157 [136-175] 151 [131-174]
SBP 130 [120-140] 130 [120-140]
DBP 70 [60-80] 69 [62-75]

Categorical parameters are presented as n (%), continuous variables as median
(interquartile range [IQR]); COPD, Chronic obstructive pulmonary disease; BMI,
Body Mass Index; ICU, Intensive Care Unit; HFNO High-flow Nasal Oxygen; PEEP,
Positive End Expiratory Pressure; NIV Noninvasive ventilation; RR, Respiratory
Rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure

2 Creatinine clearance <60 mL min~'

Primary endpoint

Within 30 days after enrollment, 13 patients (33%) in the
control group and 12 patients (33%) in the prone group
were intubated (HR 1.01 (95% CI 0.46-2.21), P=0.99)
(Fig. 2).

Secondary endpoints

Duration of early APP (first three days after enrollment)
and total APP (all days from enrollment to protocol dis-
continuation) was longer in the prone group compared
with the control group (Table 2). In the prone group, the
duration of APP was > 16 h for five (14%) patients during
the first day in protocol, and the mean duration of APP
was > 16 h for two (6%) patients for all days in protocol.
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Three patients (8%) died in the control group compared
with six patients (17%) in the prone group (HR 2.29 (95%
CI 0.57-9.14), P=0.30). There were no significant differ-
ences between groups regarding ventilator-free days for
intubated patients, days free of NIV/HENO for patients
not intubated, hospital or ICU length of stay or use of
organ support between groups. A majority of patients
in both groups received respiratory support with NIV
within one day after enrollment.

Adverse events

Nine patients (23%) in the control group had pressure
sores, all located in the lower back or gluteal region,
compared with two patients (6%) in the prone group that
were both related to pressure from the HFNO (difference
—18% (95% CI —2 to —33%); P=0.032). Three cardiac
arrests occurred, one in the control group and two in the
prone group but none related to APP.

Exploratory analysis

Patients with duration of APP shorter than 3 h (7=26)
versus longer than 9 h (n=26) irrespective of allocation
(median prone duration 0.46 [IQR 0-2.2] versus 11.9
[IQR 10.4-13.5] h per day, P<0.001) were compared
using Cox’s proportional hazards model, but there was
no significant difference in the proportion of patients
being intubated in unadjusted analysis (HR 1.14 (95% CI
0.44-2.96), P=0.79) or in analysis adjusted for age and
PaO,/FiO, at enrollment (HR 0.79 (95% CI 0.29-2.18),
P=0.65) (Additional file 1: eFigure 3).

Sub-analysis of patients with PaO,/FiO, ratio <15 kPa
did not show any difference in the proportion of patients
being intubated between groups in unadjusted analysis
(HR 0.94 (95% CI 0.35-2.50), P=0.90) or when adjust-
ing for age (HR 0.51 (95% CI 0.25-1.89), P=0.49).
Among patients in this sub-cohort, median prone dura-
tion per day was 3.8 h [IQR 2.0-6.5] in the control group
(n=13) compared with a median of 8.5 h [IQR 6.5-10.8]
in the prone group (n=14), P=0.021 (Additional file 1:
eFigure 4).

Discussion

This is to the best of our knowledge the first randomized
clinical trial investigating prolonged prone positioning
in non-intubated spontaneously breathing patients with
COVID-19. The main finding was that implementation of
a protocol for APP increased the duration of prone posi-
tioning but did not affect the rate of intubation in patients
with moderate to severe hypoxemic respiratory failure
compared with standard care. However, only a minority
of patients in the prone group complied with the proto-
col target of 16 h APP duration per day. Furthermore,
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1.00

0.754

Control group

m=== Prone group

0.50

Proportion free from intubation

the prone group, HR 1.01 (95% Cl 0.46-2.21), P=0.99

0.25 1
HR 1.01 (95% CI 0.46-2.21), P=0.99
0.00 - T T T T
0 10 20 30
Days from enrollment
Number at risk
Control group 39 28 26 26
Prone group 36 25 24 24

Fig. 2 Kaplan—Meier survival analysis. Within 30 days, 13 patients (33%) were intubated in the control group compared with 12 patients (33%) in

there were no statistically significant differences in the
use of other supportive treatments, 30-day mortality or
time to recovery, although these analyses may have been
underpowered.

The results of this study were consistent also in explora-
tory post-hoc analyses subgrouping patients according to
the duration of APP irrespective of group allocation. Fur-
ther, no benefit of prolonged APP was found in patients
with PaO,/FiO, ratio <15 kPa at inclusion between the
prone and control group.

Prone positioning in mechanically ventilated patients
with COVID-19 improves oxygenation and is associated
with reduced mortality [33]. Although APP similarly
improves oxygenation in non-intubated patients with
COVID-19 [3, 16-23], reports have failed to show bene-
fits on patient-centered outcomes [25, 26]. A multicenter
observational study, investigating a cohort of 199 patients
with COVID-19 found no difference in intubation rates
in patients with duration of APP for more than 16 h per

day compared with shorter duration of APP [25]. They
reported similar baseline characteristics, degree of res-
piratory failure and mortality but higher intubation rates
(41% in the control group and 40% in the prone group)
compared with our investigation. Further corroborating
our results, a single center observational study including
166 patients with COVID-19 with respiratory rate > 24/
min who required oxygen supplementation >3 L min~*
found no difference in intubation rates or ICU admis-
sion in patients who were treated with APP compared
to those who were not [26]. Although the patients in
this study were younger and had less severe respiratory
failure at inclusion compared to our population, the
authors reported higher overall intubation rates (58% in
the prone group and 49% in the control group) compared
with our trial.

There are several possible explanations for the neu-
tral result of our investigation. Due to observed benefi-
cial physiological effects, patients with COVID-19 were
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Table 2 Secondary outcomes for the study cohort
Variable Control group Prone group P value
Count 39 36
Daily total prone time, hours 34[1.8-84] 9.0 [4.4-10.6] 0.014
Total protocol duration, days 491[23-8.1] 421[1.7-5.7] 033
Daily prone time day 1-3, hours 2.6[03-8.1] 8.5[5.2-12.2] 0.001
30-day mortality 3 (8%) 6 (17%) 0.30
VFD?, all patients, days 30[11-30] 30 [12-30] 0.69
VFD?, intubated patients, days 2[1-10] 7 [0-20] 0.38
Days free from HFNO/NIV® 24 [22-26] 26 [23-28] 0.15
Enrolment to IMV, days 2[1-6] 2 [1-5] 0.59
Use of NIV 27 (69%) 21 (58%) 033
Enrolment to NIV, days 0.25[0.1-1.1] 0.23[0.05-1.2] 0.63
Admitted to ICU 27 (69%) 27 (75%) 0.58
ICU LOS, days 11 [3-22] 5[4-13] 0.25
ICU-free days* 26 [8-30] 25 [14-28] 0.56
Hospital LOS, days 18 [11-30] 16 [11-22] 044
Vasoactive drugs 17 (44%) 13 (37%) 0.57
Sedation by continuous infusion® 14 (36%) 16 (44%) 045
Renal replacement therapy 1 (3%) 1 (3%) -
ECMO 1 (3%) 0 (0%) -
WHO clinical progression scale day 7, (0-10) 61[6,7] 6 [5-7] 0.35
WHO clinical progression scale, day 30, (0-10) 2 [2-6] 2[2-4] 0.28
Adverse events
Pressure sores 9 (23%) 2 (6%) 0.032
Vomiting during proning 0 (0%) 1 (3%) -
Central or arterial line dislodgement 0 (0%) 0 (0%) -
Cardiac arrest within 30 days 1 (3%) 2 (6%) 0.51
During proning 0 (0%) 0 (0%) -

Categorical parameters are presented as n (%), continuous variables as median (interquartile range [IQR]), VFD, Ventilator-Free Days; HFNO High-flow Nasal Oxygen;
NIV, Noninvasive Ventilation; IMV, Invasive Mechanical Ventilation; ICU, Intensive Care Unit; LOS, Length of Stay; ECMO, Extracorporeal Membrane Oxygenation; WHO,

World Health Organization

?Ventilator-free days were calculated for intubated (Control n =13, Prone n=12) and all patients, respectively, and defined as days free from invasive mechanical

ventilation from enrollment until day 30. Patients who died were registered as 0 VFD

b Patients who were not intubated. Calculated from enrollment until day 30. Control n=26, Prone n=24

€ Days when patients were not in the ICU. Patients who died were registered as 0 ICU-free days

4 Non-intubated patients during protocol

increasingly treated with APP as part of standard care
during the study period at the participating study hos-
pitals, resulting in longer APP duration than expected
in the control group. The optimal duration of prone
positioning is unknown. However, the mean duration of
prone positioning was 17 h per day in the prone group
compared to 0 h in the supine group in the first study
that reported mortality benefit in mechanically venti-
lated patients [1]. Although the median duration of APP
per day was 9.0 h in the prone group compared with 3.4 h
in the control group in our study, this difference may not
have been large enough to decrease the rate of intuba-
tion. Intubated patients are often heavily sedated to tol-
erate prone positioning and it may be difficult to reach a

similar duration of prone positioning in awake patients.
Our protocol targeted an APP duration of 16 h in the
prone group, but only two (6%) patients were able to
reach this target. This is similar to a previous study [23]
and indicates that treatment adherence is a major limita-
tion of APP.

Reduction in lung injury associated with mechani-
cal ventilation may in part explain the mortality benefit
in mechanically ventilated ARDS [1] and COVID-19
patients [33] undergoing prone positioning [34]. In
non-intubated critically ill COVID-19 patients, APP
may delay intubation due to temporary improvements
in oxygenation [25] which could paradoxically lead
to patient self-inflicted lung injury (P-SILI) [35, 36].
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Although not statistically significant, there were more
deaths in the prone group compared with controls
raising concerns of harm associated with awake prone
positioning. However, time to intubation was similar
between groups, and P-SILI thus may not be a relevant
mechanism contributing to mortality in our popula-
tion. A recently published meta-analysis of non-rand-
omized cohort studies found no difference in mortality
or duration of invasive mechanical ventilation in criti-
cally ill patients with COVID-19 who were intubated
early compared with patients who were intubated late
[37]. Although further research is warranted, this could
suggest that harm associated with early intubation out-
weighs harm associated with P-SILI in delayed intuba-
tion or that P-SILI may not be an important mechanism
in COVID-19 [38].

Among intubated patients in our study, there were
more ventilator-free days in the prone group com-
pared with the control group and among non-intubated
patients there were more days free from NIV/HENO in
the prone group compared with the control group. These
differences were not statistically significant, possibly due
to low statistical power. Reducing duration of invasive
and noninvasive respiratory support is important, in par-
ticular in settings with resource shortage. Ventilator-free
days or days free from any respiratory support including
NIV and HENO [39] may thus be an appropriate primary
outcome of future studies.

Contrary to intubated patients, where prone posi-
tion increases the risk of pressure sores [40], patients in
the prone group had fewer pressure sores than patients
in the control group in our study. Frequent changes in
body position may have reduced the risk of lower back
and gluteal pressure sores in the prone group. Pressure
sores have been associated with higher mortality in ICU
patients and constitute a considerable burden to health-
care systems [41]. The large number of patients dur-
ing the pandemic combined with the high proportion
of pressure sores in the control group indicates that this
may be a substantial problem and the present investiga-
tion highlights the need for protocolized mobilization in
critically ill patients.

Strengths of the present study included the randomized
multicenter design and the well-defined protocol for APP
increasing generalizability and reproducibility. This trial
was conducted during the second pandemic wave, and
physicians, nurses and physiotherapists at the participat-
ing ICUs and wards gained extensive experience of prone
positioning in non-intubated patients during the first
wave, ensuring high-quality APP for included patients.
No patients were lost to follow up and there was minimal
missing data. As the first randomized clinical trial of pro-
longed APP in COVID-19, this trial provides important
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new information to bedside clinicians and for future
studies.

There are also limitations to this trial. First, the trial
was halted early resulting in limited statistical power
to detect differences between groups. In particular,
analyses of subgroups that may benefit from APP and
analyses of secondary outcomes with few events may
have been hampered and the results should therefore
be interpreted with caution. Second, due to the nature
of the intervention, blinding was not possible, increas-
ing the risk of bias. Third, we included patients with
moderate to severe respiratory failure and there was
a liberal use of NIV in both groups early after enroll-
ment. Our results may therefore not be generalizable
to patients with less severe degrees of respiratory fail-
ure and settings where prolonged respiratory sup-
port with HENO is standard care. Fourth as all study
sites became overwhelmed by severely ill patients with
COVID-19, and research staft was relocated for clinical
service, we were not able to identify all patients eligible
for inclusion. Fifth, APP was increasingly considered
standard of care in COVID-19-related hypoxemic res-
piratory failure attenuating the difference in duration of
APP between groups. Finally, we did not pre-define cri-
teria for intubation or de-escalation from NIV/HENO
to low flow oxygen therapy. This was a pragmatic choice
to minimize extra workload on clinicians and decrease
risk of protocol compliance issues.

Conclusions

The implemented protocol for APP and standard care
among patients with hypoxemic respiratory failure due
to COVID-19 was safe and increased the duration of
prone position, but did not reduce the rate of endotra-
cheal intubation compared with standard care alone.
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