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Methods

The trial was performed at a tertiary level hospital in Ho Chi Minh City,
Vietnam, recruiting adults (=18 years) hospitalized with moderate or
severe COVID-19 and receiving supplemental oxygen therapy via
nasal/facemask systems or high-flow nasal cannula (HFNC). Patients
were allocated by a computer-generated random number sequence in
a l:1ratio to standard care or APP, where a dedicated team provided
bedside support. Wearable devices continuously recorded pulse
oximetry and body position continuously. Our primary outcome was
escalation of respiratory support within 28 days of randomization.

Results

Ninety-three patients were enrolled in this study between March 2022
and March 2023. Eighty (86%) patients had received =2 doses of
SARS-CoV2 vaccine. The study was terminated early because of a
reduction in the number of eligible patients. Data from 46 patients
allocated to APP and 47 to standard care were available for analysis. At
baseline, 19/47 (40%) patients allocated to the standard care group
and 14/46 (30%) patients allocated to the APP group received HFNC.
Continuous monitoring data were available for all patients monitored
with wearable devices. Significantly greater mean daily APP times were
achieved in those allocated to APP, however, most achieved less than
the target 8 h/day. We did not detect clear differences in the primary
outcome (relative risk,RR, 0.85, 95% Cl 0.40-1.78, p=0.67) or secondary
outcomes, including intubation rate and 28-day mortality. Patients
reported prone positioning was comfortable, although almost all
patients preferred supine positioning. No adverse events associated
with the intervention were observed.

Conclusions

APP was not associated with benefit, but there was no sign of harm.
Continuous monitoring with wearable devices is both feasible and
acceptable for patients. In our population, achieving prolonged APP
time was challenging despite a dedicated support team, and patients
preferred supine positioning.

Clinical Trials Registration

NCT05083130.

Plain language summary

Lying on ones front (prone) can have beneficial effects for the lungs in

very sick patients on ventilators. In people not on ventilators, but
nevertheless requiring breathing assistance through oxygen devices,

3. Luke A McDonald =, Austin Health,

Melbourne, Australia

Any reports and responses or comments on the

article can be found at the end of the article.
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it is less clear whether this position is still beneficial. There have been
several studies in patients with COVID-19 examining this, but results
differ between studies. Very few studies have been carried out in
patients who have been vaccinated against COVID-19, or in low and
middle income countries.

We carried out a study in Vietnam, a lower-middle income country to
examine this. In total 93 patients participated in the study and were
randomly treated following standard care (verbal advice to change
positions) or were provided with a special team present in the ward to
help them and encourage them to lie in a prone position for as long as
possible every day. The rate of patients requiring next level of support
for breathing was compared between groups.

Our results showed that there was no difference between treatment
groups in the rate of patients requiring extra breathing support, orin
mortality rates, although some indication of shorter hospitalization
times in those lying prone. Participants reported that they found lying
prone comfortable, however most still preferred to lie on their back.

Keywords
awake prone position; low- middle- income country, randomised
controlled trial, COVID-19
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113783 Amendments from Version 1

Changes have been made to Version 1 to address comments
by reviewers. This includes clarification of the aim of the study
in the introduction - in that we aimed to achieve 8 hours a day
of prone position in the intervention group. The full protocol for
achieving this is linked to the description of the intervention in
the methods section.

A clarification that protocol violations and dropouts were
included in the original sample size calculation has been added.

In the results the link to the study flowchart is included.

Any further responses from the reviewers can be found at
the end of the article

Introduction

In mechanically ventilated patients with acute respiratory
distress syndrome (ARDS), prone positioning is associated with
improved survival'. The benefit of prone positioning in patients
not receiving invasive mechanical ventilation is less clear,
but the COVID-19 pandemic stimulated multiple randomized
controlled trials of prone positioning in non-mechanically
ventilated patients, termed awake prone positioning (APP).
Comparison of these studies is enabled by the consistent use
of similar endpoints and several studies using a harmonized
protocol’. However, conflicting results have been reported.
While a meta-analysis showed the overall benefit of APP in
patients with COVID-19, a subgroup analysis showed no benefit
in those treated outside the ICU or where patients received
lower levels of baseline respiratory support’. A more recent
non-randomized trial of 501 patients in the USA receiving
supplemental oxygen for COVID-19 pneumonia, including
non-ICU settings, reported worse outcomes in those allocated
to APP, with patients requiring a higher level of oxygen support
on day 5% Differences in the reporting of the APP intervention
itself, patient compliance with the intervention, and differ-
ences in comparator groups remain significant impediments to
understanding these conflicting results. Nevertheless, a better
understanding is vital to inform decision-making, resource
allocation, and policy around APP, particularly in low-resource
settings where limited staff already make implementing APP
challenging’®.

In ventilated patients, the duration of prone position is a key
factor in determining its efficacy, and data from APP studies
also indicate that this is important’. Accurately quantifying the
duration of an APP is difficult, particularly under pandemic
pressure. While several studies have not reported APP dura-
tion, others have relied on nursing reports, electronic health
records, or reports from patients themselves®*'*. In low-resource
settings, these methods are usually unfeasible or unavailable
outside ICUs.

Duration may also be confounded by disease severity and
implementation methods. More severely ill patients are more
likely to be cared for in settings with greater access to staff
for support in turning and maintaining APP, whereas patients
with lower oxygen requirements, cared for in less intensive
environments, are more able to move themselves to a position
of their choice. Studies in the UK, Pakistan, and China that
have examined acceptability from patient perspectives suggest
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overall negative attitudes to APP related to discomfort,
physical consequences, and social factors that may influence
patients’ willingness to self-prone®'7. Concurrent patient
perspectives from randomised controlled trials are lacking.

The aim of this study was to evaluate APP in an LMIC setting
using a dedicated team to evaluate prone duration and assist
patients with the allocated study intervention, to enable up
to 8 hours of prone position daily. While conceived at the
height of the pandemic in Vietnam, our study was imple-
mented after widescale population-level vaccination coverage
in Vietnam and is, to our knowledge, the only randomized trial
in a largely vaccinated population. To reduce the burden on
staff, we introduced wearable monitors to facilitate remote
patient monitoring. Our team has already developed monitoring
with low-cost pulse oximeters, in which wearables are used
for both vital sign monitoring and quantification of prone
position duration by incorporating a low-cost accelerometer'®.

Methods

Trial design

This was an open-label, randomized controlled trial. A Trial
Steering Committee oversaw the trial, and an independent
Data and Safety Monitoring Review Board (DSMB) reviewed
all severe adverse events and data for safety endpoints at
pre-specified time points. The full protocol was published
separately’”. The study was stopped before reaching the
predetermined sample size because of the low number of cases
and the infeasibility of reaching the proposed sample size.

Ethics

The study protocol was approved by the Ethical Committee
of the Hospital for Tropical Diseases and the Oxford Tropical
Research Ethics Committee. All participants or their repre-
sentatives provided written informed consent before enrolment
in the study.

Setting

This study was conducted at the Hospital for Tropical
Diseases, Ho Chi Minh City. The hospital is a tertiary referral
center for infectious diseases in southern Vietnam and a
designated special treatment center for COVID-19 throughout
the pandemic.

Participants

Adult patients aged >18 years with a diagnosis of probable or
confirmed COVID-19 were eligible for inclusion in the study
if they had moderate or severe COVID-19 (Vietnam Ministry
of Health criteria) and required supplemental oxygen'. Patients
who had already received noninvasive ventilation (continuous
or bilevel positive airway pressure), mechanical ventilation,
or with contraindication to prone positioning, body mass index
> 35, pregnancy, Glasgow coma scale <13, or a decision not
to escalate care were excluded from the study. All patients or
their representatives provided written informed consent prior to
enrollment.

Intervention

Those in the standard care group received verbal and
written instructions conforming to the Vietnamese Ministry of
Health Guidelines, as well as visits by the study team at the
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beginning and end of possible proning times. These instructions
include changing position between prone, supine, lateral, and
semi-recumbent every two hours (See Supplementary materi-
als and full description https://doi.org/10.1101/2024.06.30.24
309722). Patients in the APP group were visited by the study
team and provided written and verbal advice about lying in
the prone position, as well as assistance in achieving and
maintaining a fully prone position for as long as possible. All
study procedures were carried out by a specific study team
who were present in the ward at 8am-5Spm daily and dedicated
ward nurses who supervised the evening APP session (6-8pm).
Patients were followed up daily for study outcomes until
hospital discharge or transfer. Day 28 outcomes were collected
by telephone follow-up for patients who were already discharged
from the hospital at this time.

Randomisation

Patients were enrolled by the study staff prior to randomization.
Enrolled patients were randomized in a 1:1 ratio to the two
allocations according to a computer-generated random list
using block randomization with variable block length to the
standard care or APP groups. An independent statistician
generated this list.

Procedures

APP was initiated as soon as possible after randomization
and continued until either escalation or cessation of oxygen
therapy. Patients in the APP group were supported to be in
the prone position for as long as possible while the study staff
were attending the ward, except for mealtimes or other nursing
procedures. Support included both physical assistance and
physical aid such as pillows. No support was available to
assist patients in turning prone at night time after 8pm.
Routine management was provided by ward staff and followed
the Vietnam Ministry of Health Guidelines. In addition, all
patients underwent continuous SpO, (SmartCare Analytics, UK)
and accelerometry (Axivity AX3, Newcastle upon Tyne, UK)
monitoring with wearable devices during the intervention
period. The pulse oximeters were connected via Bluetooth to a
bedside tablet where data could be visualized and transmitted
to the cloud server for remote visualization and downloading
of data®. Accelerometers were attached to the patient’s
infraclavicular fossa to infer prone vs. non-prone positions. The
duration of prone position was also recorded manually by the
study staff in the ward. To determine the acceptability of APP
and wearable device monitoring, prior to hospital discharge,
a questionnaire was administered to patients by trained study
staff using a 10-point Likert scale to evaluate patient experiences
(Protocol'?).

Outcomes

The primary outcome was escalation of respiratory therapy
within 28 days of randomization, defined as intubation or
escalation to the next level of respiratory support (with
lowest level nasal canulae or face mask, escalating from HFNC
to NIV or mechanical ventilation).

Secondary outcome measures included the requirement for
intubation and mechanical ventilation within 28 days of randomi-
zation, 28-day all-cause mortality, in-hospital mortality, duration
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of hospital stay, SpO, /respiratory rate/ heart rate/ FiO2, and
ROX index ([SpO,/FiO,]/respiratory rate) before and at the
end of the period of prone positioning every day, duration of
oxygen, and estimated oxygen consumption. Adverse events
were monitored daily by the study team.

The sample size was calculated based on a treatment failure
rate of 52%, and a relative risk of treatment failure of 0.8 for
the intervention was calculated at a two-sided 5% significance
level, leading to 300 patients in each arm, allowing for dropouts
and protocol violations.

Statistical methods

Data analysis followed a priori defined statistical analysis plan
completed before database locking (https://doi.org/10.1101/2024.
06.30.24309722).

The primary population for all analyses was the full popu-
lation of all randomized patients. The patients were ana-
lyzed according to their randomized arms (intention-to-treat).
Analyses for the primary endpoint were repeated on the
per-protocol population, which excluded the following patients:
patients not receiving the randomized intervention and other
major violations of inclusion/exclusion criteria or study
procedures.

The primary outcome measure was compared between the
groups based on a logistic regression model, with the inter-
vention as the only covariate. As odds ratios from logistic
regression are somewhat difficult to interpret, we additionally
estimated the RR between the groups based on a binary
regression model with a log-link rather than the logit link
function used in logistic regression. The heterogeneity of the
treatment effect was not assessed because of the small sample
size. For secondary dichotomous outcomes, such as requirement
for intubation and mechanical ventilation within 28 days of
randomization, we computed the number of patients who
developed or did not develop the outcomes of interest and fitted
a logistic regression.

For duration of hospital stay, ventilator-free days, time from
enrolment to first escalation of respiratory therapy, time from
enrolment to first intubation, hospital mortality was treated as
a competing event. Time-to-event analysis was performed
using a subdistribution hazards model. Cause-specific cumula-
tive incidence was estimated and plotted. Differences between
intervention groups was tested using Gray’s log-rank test.
In-hospital mortality was assessed with both a logistic regression
model and estimated via Kaplan-Meier curves and compared
using the log-rank test. We assumed that individuals that
did not die remained alive until day 90. Patients discharged
for palliative care were considered in-hospital deaths.

For continuous outcomes, such as vital signs (SpO, /respira-
tory rate/ heart rate/ FiO,/ROX index) (repeated measure-
ments) before and at the end of prone sessions (morning and
afternoon, excluding evening), interventions were compared
using a linear mixed-effects model, with or without a quad-
ratic term for both fixed and random effects if it gave the model
a better fit (p<0.05).
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Wearable data preprocessing

Accelerometers were worn continuously and oximeters were
worn during observation periods between 9am and 8am the
following day. For accelerometry, 3 axis measures at a frequency
of 100 Hz from the accelerometers were used to calculate the
angular positions, defined by degrees in the x-plane (left-right
from -180 to 180), y-plane (prone-supine -180 to 180 degrees),
and z-plane (up-down from -180 to 180). To determine the’
prone’ label for 30 s segments, we first smoothed the measures
using the median for 30 s consecutive moving window; then,
we applied a threshold of (x| < 60, |y| < 40, |z| < 60) degrees.
This threshold was obtained by a grid search for [x|,
and |z| between 0 and 90, step 5 degrees, and optimized for the
prone morning and afternoon sessions observed by the study
staff.

ylis

Adverse events

All adverse events, defined according to the Common Termi-
nology Criteria for Adverse Events as “any untoward medi-
cal event that occurs to a study participant during the course
of the study” and followed their grading (grade 1: mild to
grade 4: severe) were recorded'*’'. Serious adverse events
were defined as those that were life-threatening or resulted in
death, new inpatient hospitalization or prolongation of existing
hospitalization, persistent or significant disability, or congenital
anomalies. All serious and additional specified adverse events
were reported to the study data monitoring and safety board
and relevant ethical committees.

Wellcome Open Research 2024, 9:543 Last updated: 09 DEC 2024

Role of the funding source
The study funder had no role in the study design, data collection,
data analysis, data interpretation, or writing of the manuscript.

Results

Ninety-three patients were enrolled between 8% March 2022
and 23" March 2023 and were followed up until 1** May 2023.
Despite the Hospital for Tropical Diseases remaining the
dedicated COVID-19 treatment center for Ho Chi Minh
City (population 10 million), a reduction in admissions with
COVID-19 and eligible study patients meant that recruitment
was significantly impacted. The Trial Steering Committee and
Data Monitoring and Safety board approved the early cessa-
tion of the study owing to the unfeasibility of reaching the
planned sample size, balanced with duty for timely report-
ing and sharing of already acquired data. Consequently, 46 and
47 patients were enrolled in the APP and standard care groups,
respectively. Three patients were transferred to other wards
before cessation of oxygen therapy and excluded from the
per-protocol analysis. A study flow chart is available in
separately published material (https://doi.org/10.1101/2024.06.30.
24309722).

The baseline patient characteristics are presented in Table 1.
Eighty-five out of 93 (92%) patients had received at least one
dose of COVID-19 vaccine, with 80/93 (86%) receiving two
or more doses and 42/93 (45%) 3 or more doses. Patients
received the allocated intervention for a median of 4.95 days

Table 1. Baseline characteristics of patients.

Standard Care

n Summary statistic n

Prone Position

Summary statistic

Age 47 66 (42,76) 46 64 (44,73)
Female Sex 47 17 (36%) 46 15(33%)
BMI (kg/m2) 47 23 (20, 25) 46 24 (21, 26)
Hypertension 47 31 (66% ) 46 26 (57%)
Diabetes 47 18 (38%) 46 19 (41%)
HIV/AIDS 47 14 (30%) 46 11 (24%)
Duration of symptoms on 47 5(2,8) 4(2,7)
admission to hospital (days)
Previous vaccination 47 44 (94%) 46 41(89%)
Steroids on admission to hospital 47 42 (89%) 46 43 (93%)
Respiratory support at enrolment 47 46

HENC

Nasal/Mask 19 (40%) 14 (30%)

28 (60%) 32 (70%)

SOFA score 47 2(1,3) 46 1(1,3)
APACHE 1II score 47 12 (8,15) 46 10(7,13)
Charleston Comorbidity Score 47 2(1,6) 46 1(0,6)

n = number of patients included in that summary statistic.
- Values in the form of X (A, B) are medians followed by the 25th and 75th percentiles in parentheses.
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(interquartile range (IQR) 3.0-7.8) in the standard care group
and 3.94 days (IQR 2.9-7.2) in the APP group. Mean of daily
APP duration per individual observed by study staff was a
median of 0 hours (IQR 0.0, 1,2) in the standard care group and
3.3 hours (IQR 2.1, 4,7) in APP group.

There was no difference in the primary outcome of escala-
tion of respiratory care within 28 days (RR 0.85, 95% CI
0.40, 1.78, p=0.67) (Table 2). For the secondary outcomes of
requirement for intubation and mechanical ventilation, 28-day
mortality, in-hospital mortality, ventilator-free days, and dura-
tion of oxygen therapy, there was no difference between those
allocated to APP or standard care (Table 3). Similarly, we
detected no changes in SpO,, respiratory rate, heart rate, or
ROX index before and after prone sessions (Table 3, Table 4 and
Figure 1-Figure 8).

None of the patients experienced adverse events attributed as
definitely related to the intervention. There was no difference

Wellcome Open Research 2024, 9:543 Last updated: 09 DEC 2024

in adverse events judged as possibly related to the intervention
groups (10/46 (24%) in the standard care group and 8/44
(18%) in the APP group). These events were pneumonia or
exacerbation of chronic pulmonary disease (Table 5). Severe
adverse events occurred in 9/44 (20%) patients in the prone
care group and 12/46 (26%) patients in the standard care group
(p=0.56) (Table 6). None of these serious adverse events was
judged to be related to or possibly related to the intervention.

Wearable device data

Data from wearable devices were available for all patients in
whom devices had been used (45 in standard care and 44 in
APP). Exploratory analyses showed increased monitoring
data available from those in the standard care group linked to
a longer duration of monitoring in those in the standard care
group. Patients monitored in the standard care group had
gyrometry recordings for a median of 118 hours (IQR 73,
187) compared to 93 hours (IQR 70,171) in the APP group.
The mean daily prone hours recorded were 4.3 hours (IQR

Table 2. Primary outcome (intention to treat and per protocol population).

Sample Regression
N Non-escalation' Escalation' RR?> 95% CI* p-value
Intention to treat 93
Standard care 47 35 (74%) 12 (26%) — — —
Prone 46 36 (78%) 10(22%)  0.85 0.40,1.78 0.67
Per protocol 90
Standard care 46 34 (74%) 12 (26%) — —
Prone 44 34 (77%) 10 (23%) 0.87 0.41,1.82 0.71
n (%)
“RR = Relative Risk, CI = Confidence Interval
Table 3. Secondary outcomes, intention to treat population.
Standard care APP Outcome measure
n Surqmgry n Surqmgry 95% CI P value
statistic statistic

Intubation and MV within 28 days n (%) 47 8 (17%) 46 6(13%) RR 0.77 0.27,2.04 0.59
28-day mortality n(%) 47 8 (17%) 46 8(17%) RR 1.02 0.41,2.56 0.96
In-hospital mortality n(%) 47 11 (23%) 46 10(22%) RR 0.93 0.43,2.00 0.85
Duration hospital stay (days) (median, IQR) 47 12(10,20) 46 11(9,16) Beta -1.72 -8.15,4.72 0.60
Duration of oxygen therapy' (days) 47 6(3,11) 46 5(3,9) Beta -1.32 -3.48,0.85 0.23
median (IQR)
Ventilation free days? (days) median IQR) 47 11 (9,16) 46  10(8,15) Beta -2.3 -4.8,0.2 0.07

1. Supplemental oxygen via low flow nasal canulae/mask or HFENC
2. Ventilation free days until hospital discharge
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Table 4. Secondary outcomes, per protocol population.

Standard care

n Summary Statistic n

Intubation and MV within 28 days n(%) 46 8 (17%)
28-day mortality n(%) 46 8 (17%)
In-hospital mortality n(%) 46 11 (24%)
Duration hospital stay (days) (median, IQR) 46 13 (10, 21)
Duration of oxygen therapy' (days) (median, 46 6(3,7)
IQR)

Ventilator free days’ (median, IQR) 46 11(9,17)

1. Supplemental oxygen via low flow nasal canulae/mask or HFNC
2. Ventilation free days until hospital discharge

Prone Outcome measure P value
Summary Statistic 95% CI P value

44 6 (14%) RR0.78 0.28,2.08 0.62

44 8 (18%) RR 1.05 042,261 092

44 10 (23%) RR 0.95 0.44,2.04 0.89

44 11 (9, 16) Beta -1.73 -8.36,4.91 0.61

44 5(3,6) Beta -1.25 -3.48,097 0.27

44 9(8,15) Beta -2.41 -5.0,0.2 0.07

Time to death by intervention group
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Figure 1. Time to death according to intervention group - intention to treat population.

1.9, 7.4) in the standard care group compared to 7.3 hours
(IQR 4.3, 9.2) in the APP group (p=0.006).

Patient perspectives

Patients’ perspectives on the APP revealed that most patients
found APP comfortable. Similarly, they expressed general ease
in entering and exiting the prone position (Table 7). Nevertheless,
29/43 (70%) patients in the APP group preferred to be in a
supine position during the day and 23/43 (55%) preferred
to be supine at night, which was similar to the preferences
reported by the standard care group. Patients reported that the

wearable monitoring devices were very comfortable (median
scores of 8 (7-9) and 9 (8-9) out of 10 in the standard care
and prone groups, respectively) (Table 7).

Discussion

Our study was terminated early due to a significant reduc-
tion in the number of patients hospitalized with COVID-19,
reflecting the overall trend of the pandemic and the success of
the vaccination program in Vietnam. Despite failing to reach
the required sample size, there are several important findings
and conclusions.
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Time to hospital discharge by intervention group
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Figure 2. Time to hospital discharge (intention-to-treat and per-protocol populations). The P-value relates to cause-specific

cumulative incidence tested using Gray's log-rank test.
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Figure 3. Kaplan Meier Curves for mortality 28-day all-cause mortality (intention-to-treat and per-protocol populations). The
P-value relates to cause-specific cumulative incidence tested using Gray's log-rank test.

Our final sample size was underpowered to detect anticipated
differences in outcomes, and our study outcome rate was
lower than expected, perhaps due to the vaccination status of
our population and routine use of steroid treatment. However,
we did not detect significant differences in the primary or
secondary outcome measures. Nevertheless, we did not observe
any evidence of harm from the intervention. Importantly, in com-
parison to Qian et al.,* who reported high oxygen dependence
at 5 days in patients treated with APP in a non-randomized

clinical trial, we observed a trend towards shortening supple-
mental oxygen therapy (nasal, mask, or HFNC) in the APP
group. This is further supported by the reduced monitoring
hours in the APP group, as monitors were removed when the
patients no longer required oxygen therapy.

The difference we observed in the primary outcome between
groups is similar to that reported in the large meta-analysis’,
and data from our study will contribute to further analyses.
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Per protocol

Predicted values of SpO2

96.0 p - value = 0.76

©
a
o

Allocation

= Standard care
= Prone

t— |

o ~ n

® L
~

94.5

5
Morning (before) Morning (after) Aftenoon (before) Afternoor

Time

(after)

Figure 4. Longitudinal vital signs parameters: SpO, (intention-to-treat and per-protocol populations). The p-values refer to the

overall effect of intervention on the outcome.
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Figure 5. Longitudinal vital signs parameters: respiratory rate (intention-to-treat and per-protocol populations). The p-values

refer to the overall effect of intervention on the outcome.

Our study protocol and endpoints were designed to allow
this. Of note, our study is the first in a vaccinated population,
and the similarity in behavior of this population with previ-
ously studied unvaccinated patients underlines the validity of our
findings.

Importantly, our study has demonstrated that achieving a
significant duration of prone positioning in our population was
extremely challenging, an important finding for policymakers
in LMICs, such as Vietnam. Despite dedicated study staff
available in the ward, our average prone duration was less
than our target of 8 hours a day. The reasons for this included
frequent interruptions to prone positioning due to routine ward
care, mealtimes, and general frailty in our study population,
who required significant help to turn prone. We demonstrated
that an APP is not a resource-free intervention. Staff are needed

to communicate with patients, assist them in achieving and
maintaining the prone position, and monitor for potential
adverse events.

The use of wearable devices and dedicated study staff allowed
us to accurately quantify the time patients spent in the prone
position. We note that accelerometer data indicate that patients
in both the standard and APP groups changed positions
frequently. The discrepancy between the accelerometer-recorded
prone position and that observed by our study staff is likely
due to several reasons. First, accelerometer data include
unobserved night-time movements of patients and second, our
accelerometer data is the sum of 30 second intervals, thus it
may include many short periods of prone not accounted for
by ward staff. Whilst our choice of the infraclavicular fossa
for sensor positioning aimed to reduce false indication of
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Figure 6. Longitudinal vital signs parameters: heart rate (intention-to-treat and per-protocol populations). The p-values refer to

the overall effect of intervention on the outcome.
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Figure 7. Longitudinal vital signs parameters: FiO, (intention-to-treat and per-protocol populations). The p-values refer to the

overall effect of intervention on the outcome.

position changing and focused our analysis on the position
of the thorax, accelerometer data used arbitrary cut-offs and
therefore thoracic positioning, not seen as ‘prone’ by observers
may be classified as prone, for example side-lying.

We have demonstrated that applying technologies such as
wearable devices may allow detailed monitoring despite
limited staff availability. The lack of routine electronic health
record data and monitoring is a major impediment to
performing high-quality clinical trials in LMICs, without
significant investment in trial staff and infrastructure. The use
of novel technologies can potentially eliminate such barriers
to participation, redress inequity in research, and bias in
data.

Our study improves the evidence base for APP as an inter-
vention for COVID-19 patients. Data will be included in an
ongoing meta-analysis, emphasizing the value of harmonized
outcome data and the methodology used in this and other
studies. It remains unclear whether these findings can be
translated to the treatment of pneumonia due to other causes.
Simple and effective means of improving the outcomes
of patients with these infections could have important
consequences for patients and resource utilization.

Declarations

Ethics and consent

The study protocol was approved by the Ethics Committee
of the Hospital for Tropical Diseases (23/12/21) and Oxford
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Table 5. Adverse events, per protocol population.

Prone (N=44) STDCARE (N=46)

Characteristic n Summary statistic n Summary statistic
Definitely Related AE 44 0/44 (0%) 46 0/46 (0%) -
Possibly Related AE 44 8/44 (18%)* 46 10/46 (22%)** 0.673
Number of AEs per patient 44 46 0.624
-0 7144 (16%) 3/46 (7%)
-1 4/44 (9%) 5/46 (11%)
-2 3/44 (7%) 7146 (15%)
-3 6/44 (14%) 6/46 (13%)
-4 6/44 (14%) 5/46 (11%)
-5 5/44 (11%) 3/46 (7%)
->5 13/44 (30%) 17/46 (37%)

*7 pneumonia, 1 blood stream infection/pneumonia.
**10 pneumonia or exacerbation of chronic pulmonary disease.

Table 6. Severe adverse events, per protocol population.

Prone (N=44) Standard care (N=46)
Characteristic n Summary statistic n  Summary statistic
Severe Adverse Event 9 12 0.56
- Cardiopulmonary Failure 0/9 (0%) 1/12 (8%)
- Multi organ failure, shock 6/9 (67%) 6/12 (50%)
- Multiorgan failure 2/9 (22%) 2/12 (17%)
- Septic shock 1/9 (11%) 3/12 (25%)
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Table 7. Questionnaire Results.

Comfort of prone position (0-10 scale, with O extremely

Standard Care Prone (N=43)

uncomfortable and 10 extremely comfortable), median

(1*and 3 quartile)

Ease of getting in and out of prone position (0-10 scale,

with 0 very difficult and 10 very easy), median (1% and 3

quartile)

Comfort of wearable devices ((0-10 scale, with O

extremely uncomfortable and 10 extremely comfortable),

median (1°*and 3 quartile)

Preferred daytime position whilst receiving oxygen n (%)

Supine

Prone

Side

Sitting up

No preference

Preferred nighttime position whilst receiving oxygen n( %)

Supine

Prone

Side

Sitting up

No preference

Tropical Research Ethics Committee (Ref 39-21 (3/12/21). All
participants or their representatives provided written informed
consent before enrolment in the study.

Data availability

Underlying data

Data is available through a managed access policy at Oxford
University Clinical Research Unit. Application to the data
access committee is detailed on our website.

Reporting guidelines

Figshare: CONSORT checklist and flowchart for Awake prone
positioning effectiveness in moderate to severe COVID-19

References

(N=42)
n=21 8 (6, 8) n=42 7(6,8)
n=21 8(5.5,9) n=42 8(6,8)
n=43  8(7,9) n=42 9(8,9.25)
n=43 n=42
30 (70) 29 (70)
3(7) 3(7)
6 (14) 8(19)
49 2(5)
0 0
n=43 n=42
24 (56) 23 (55)
1(2) 2(5)
18 (42) 16 (38)
0(0) 0(0)
0(0) 1(2)

a randomized controlled trial. Combined consort checklist
and flow diagram O6NV.pdf’. https://doi.org/10.6084/m9.figshare.
268303422

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).

Acknowledgements

We would like to thank members of the DSMB, Nicholas
White, Duncan Wyncoll, Bui Thi Hanh Duyen, and Mavuto
Mukaka; Trial Steering Committee: David Paterson, Mo Yin,
Dang Trong Thuan, and Vu Quoc Dat; and patients and staff
at the Hospital for Tropical Diseases, Ho Chi Minh City.

1. Guérin C, Reignier J, Richard JC, et al.: Prone positioning in severe Acute
Respiratory Distress Syndrome. N Engl | Med. 2013; 368(23): 2159-68.
PubMed Abstract | Publisher Full Text

2. Ehrmann S, Li), Ibarra-Estrada M, et al.: Awake Prone Positioning for
COVID-19 acute hypoxaemic respiratory failure: a randomised, controlled,
multinational, open-label meta-trial. Lancet Respir Med. 2021; 9(12):
1387-1395.

PubMed Abstract | Publisher Full Text | Free Full Text

3. LiJ, LuoJ, Pavlov, et al.: Awake Prone Positioning for non-intubated
patients with COVID-19-related acute hypoxaemic respiratory failure: a

systematic review and meta-analysis. Lancet Respir Med. 2022; 10(6):
573-583.
PubMed Abstract | Publisher Full Text | Free Full Text

4. Qian ET, Gatto CL, Amusina O, et al.: Assessment of Awake Prone Positioning
in Hospitalized Adults With COVID-19. JAMA Intern Med. 2022; 182(6): 612-621.
PubMed Abstract | Publisher Full Text | Free Full Text

5. Fralick M, Colacci M, Munshi L, et al.: Prone positioning of patients
with moderate hypoxaemia due to COVID-19: multicentre pragmatic
randomised trial (COVID-PRONE). BM]. (February 2020), 2022; 376: e068585.
PubMed Abstract | Publisher Full Text | Free Full Text

Page 14 of 22


https://www.oucru.org/vi/ctu/
https://doi.org/10.6084/m9.figshare.26830342
https://doi.org/10.6084/m9.figshare.26830342
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://www.ncbi.nlm.nih.gov/pubmed/23688302
http://dx.doi.org/10.1056/NEJMoa1214103
http://www.ncbi.nlm.nih.gov/pubmed/34425070
http://dx.doi.org/10.1016/S2213-2600(21)00356-8
http://www.ncbi.nlm.nih.gov/pmc/articles/8378833
http://www.ncbi.nlm.nih.gov/pubmed/35305308
http://dx.doi.org/10.1016/S2213-2600(22)00043-1
http://www.ncbi.nlm.nih.gov/pmc/articles/8926412
http://www.ncbi.nlm.nih.gov/pubmed/35435937
http://dx.doi.org/10.1001/jamainternmed.2022.1070
http://www.ncbi.nlm.nih.gov/pmc/articles/9016608
http://www.ncbi.nlm.nih.gov/pubmed/35321918
http://dx.doi.org/10.1136/bmj-2021-068585
http://www.ncbi.nlm.nih.gov/pmc/articles/8941343

Ibarra-Estrada M, LiJ, Pavlov I, et al.: Factors for success of Awake Prone
Positioning in patients with COVID-19-induced acute hypoxemic
respiratory failure: analysis of a randomized controlled trial. Crit Care. 2022;
26(1): 84.

PubMed Abstract | Publisher Full Text | Free Full Text

Barker J, Koeckerling D, Mudalige NL, et al.: Awake Prone Positioning for
patients with COVID-19. BM/. 2022; 376: 0632.

PubMed Abstract | Publisher Full Text

Rosén J, von Oelreich E, Fors D, et al.: Awake Prone Positioning in patients
with hypoxemic respiratory failure due to COVID-19: the PROFLO
multicenter randomized clinical trial. Crit Care. 2021; 25(1): 209.

PubMed Abstract | Publisher Full Text | Free Full Text

Ehrmann S, Li), Ibarra-Estrada M, et al.: Awake Prone Positioning for
COVID-19 acute hypoxaemic respiratory failure: a randomised, controlled,
multinational, open-label meta-trial. Lancet Respir Med. 2021; 9(12): 1387-95.
PubMed Abstract | Publisher Full Text | Free Full Text

Alhazzani W, Parhar KKS, Weatherald J, et al.: Effect of Awake Prone
Positioning on endotracheal intubation in patients with COVID-19 and
acute respiratory failure: a randomized clinical trial. JAMA. American Medical
Association, 2022; 327(21): 2104-13.

PubMed Abstract | Publisher Full Text | Free Full Text

Jayakumar D, Ramachandran DP, Rabindrarajan DE, et al.: Standard care
versus Awake Prone Position in adult nonintubated patients with acute
hypoxemic respiratory failure secondary to COVID-19 infection—a
multicenter feasibility randomized controlled trial. J Intensive Care Med.
2021; 36(8): 918-24.

PubMed Abstract | Publisher Full Text | Free Full Text

Rampon G, Jia S, Agrawal R, et al.: Smartphone-guided self-prone positioning
vs usual care in nonintubated hospital ward patients with COVID-19: a
pragmatic randomized clinical trial. Chest. 2022; 162(4): 782-91.

PubMed Abstract | Publisher Full Text | Free Full Text

Kharat A, Dupuis-Lozeron E, Cantero C, et al.: Self-proning in COVID-19
patients on low-flow oxygen therapy: a cluster randomised controlled trial.
ERJ Open Res. 2021; 7(1): 00692-2020.

PubMed Abstract | Publisher Full Text | Free Full Text

15.

16.

18.

19.

20.

21.

22.

Wellcome Open Research 2024, 9:543 Last updated: 09 DEC 2024

Johnson SA, Horton DJ, Fuller MJ, et al.: Patient-directed prone Positioning in
Awake Patients with COVID-19 Requiring hospitalization (PAPR). Ann Am
Thorac Soc. 2021; 18(8): 1423-6.

PubMed Abstract | Publisher Full Text | Free Full Text

Sethi SM, Hirani S, Igbal R, et al.: Patient’s perspective of awake proning: a
cross-sectional interview-based survey from COVID-19-recovered patients.
Crit Care Explor. 2022; 4(12): e0824.

PubMed Abstract | Publisher Full Text | Free Full Text

Jha A, Chen F, Mann S, et al.: Physiological effects and subjective tolerability
of prone positioning in COVID-19 and healthy hypoxic challenge. ER/ Open
Res. 2022; 8(1): 00524-2021.

PubMed Abstract | Publisher Full Text | Free Full Text

Zhu L, Ni Z, Zhang Y, et al.: Barriers and facilitators of adherence to Awake
Prone Positioning: a qualitative study using the COM-B model. BVIC Pulm
Med. 2023; 23(1): 267.

PubMed Abstract | Publisher Full Text | Free Full Text

Chau NVV, Hai HB, Greeff H, et al.: Wearable remote monitoring for patients
with COVID-19 in low-resource settings: case study. BM/ Innov. 2021;

7(Suppl 1): $12-5.

Publisher Full Text

Truong NT, Phong NT, Nguyen NT, et al.: Evaluation of Awake Prone
Positioning effectiveness in moderate to severe COVID-19 [version 1; peer
review: 1 approved, 1 approved with reservations]. Wellcome Open Res. 2023;
8:235.

Publisher Full Text

Chau NVV, Trung TN, Nguyen PNQXK, et al.: Wearable devices for remote
monitoring of hospitalized patients with COVID-19 in Vietnam [version 1;
peer review: 1 approved]. Wellcome Open Res. 2022; 7: 257.

PubMed Abstract | Publisher Full Text | Free Full Text

Common Terminology Criteria for Adverse Events.

Reference Source

Thwaites CL: Awake Prone Positioning effectiveness in moderate to severe
COVID-19 a randomized controlled trial. Combined consort checklist and
flow diagram 06NV.pdf. figshare. Figure. [dataset]. 2024.
http://www.doi.org/10.6084/m9.figshare.26830342.v1

Page 15 of 22


http://www.ncbi.nlm.nih.gov/pubmed/35346319
http://dx.doi.org/10.1186/s13054-022-03950-0
http://www.ncbi.nlm.nih.gov/pmc/articles/8958810
http://www.ncbi.nlm.nih.gov/pubmed/35321937
http://dx.doi.org/10.1136/bmj.o632
http://www.ncbi.nlm.nih.gov/pubmed/34127046
http://dx.doi.org/10.1186/s13054-021-03602-9
http://www.ncbi.nlm.nih.gov/pmc/articles/8200797
http://www.ncbi.nlm.nih.gov/pubmed/34425070
http://dx.doi.org/10.1016/S2213-2600(21)00356-8
http://www.ncbi.nlm.nih.gov/pmc/articles/8378833
http://www.ncbi.nlm.nih.gov/pubmed/35569448
http://dx.doi.org/10.1001/jama.2022.7993
http://www.ncbi.nlm.nih.gov/pmc/articles/9108999
http://www.ncbi.nlm.nih.gov/pubmed/33949237
http://dx.doi.org/10.1177/08850666211014480
http://www.ncbi.nlm.nih.gov/pmc/articles/8107489
http://www.ncbi.nlm.nih.gov/pubmed/35597286
http://dx.doi.org/10.1016/j.chest.2022.05.009
http://www.ncbi.nlm.nih.gov/pmc/articles/9116967
http://www.ncbi.nlm.nih.gov/pubmed/33718487
http://dx.doi.org/10.1183/23120541.00692-2020
http://www.ncbi.nlm.nih.gov/pmc/articles/7869594
http://www.ncbi.nlm.nih.gov/pubmed/33596394
http://dx.doi.org/10.1513/AnnalsATS.202011-1466RL
http://www.ncbi.nlm.nih.gov/pmc/articles/8513661
http://www.ncbi.nlm.nih.gov/pubmed/36567783
http://dx.doi.org/10.1097/CCE.0000000000000824
http://www.ncbi.nlm.nih.gov/pmc/articles/9762918
http://www.ncbi.nlm.nih.gov/pubmed/35136823
http://dx.doi.org/10.1183/23120541.00524-2021
http://www.ncbi.nlm.nih.gov/pmc/articles/8591389
http://www.ncbi.nlm.nih.gov/pubmed/37468848
http://dx.doi.org/10.1186/s12890-023-02561-x
http://www.ncbi.nlm.nih.gov/pmc/articles/10357605
http://dx.doi.org/10.1136/bmjinnov-2021-000706
http://dx.doi.org/10.12688/wellcomeopenres.18509.1
http://www.ncbi.nlm.nih.gov/pubmed/38601327
http://dx.doi.org/10.12688/wellcomeopenres.18026.1
http://www.ncbi.nlm.nih.gov/pmc/articles/11004598
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://www.doi.org/10.6084/m9.figshare.26830342.v1

Wellcome Open Research Wellcome Open Research 2024, 9:543 Last updated: 09 DEC 2024

Open Peer Review

Current Peer Review Status: ¢ ¢

Reviewer Report 09 December 2024

https://doi.org/10.21956/wellcomeopenres.25910.r114921

© 2024 Qiu H. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v

Haibo Qiu
Southeast University, Nanjing, China

The authors have made a commendable revision to the manuscript. I have no additional
comments.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: critical care medicine, mechanical ventilation, ARF

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 08 December 2024

https://doi.org/10.21956/wellcomeopenres.25097.r111143

© 2024 McDonald L. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Luke A McDonald
Austin Health, Melbourne, Australia

This is a well designed study that aims to assess the efficacy and acceptability of awake prone
positioning in patients with COVID-19 requiring supplemental oxygen.

Page 16 of 22


https://doi.org/10.21956/wellcomeopenres.25910.r114921
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.21956/wellcomeopenres.25097.r111143
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-8364-5995

Wellcome Open Research Wellcome Open Research 2024, 9:543 Last updated: 09 DEC 2024

The trials primary outcome - escalation of respiratory therapy within 28 days of randomisation - is
of clinical relevance in this population and setting.

Due to widespread vaccination uptake in Vietnam, there was a substantial reduction in eligible
patients and accordingly, the study was ceased early without reaching the calculated sample size.
It is important to note that ceasing this trial early does not reflect poor trial design.

The authors have appropriately interpreted the results from the reduced sample, without
overstating any findings.

Whilst a small study, as discussed by the authors, the results may be included in a meta-analysis of
awake prone positioning to further strengthen the evidence base.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Critical Care, Respiratory Medicine, Prone Positioning, Physiotherapy

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 26 November 2024
https://doi.org/10.21956/wellcomeopenres.25097.r111149
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Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

? Haibo Qiu
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Southeast University, Nanjing, China

Thanks for giving me this chance to review this trial. Since COVID-19 pandemic, APP has been
widely used in the clinical practice. Despite several trial has been conducted to explore the efficacy
of APP, it is not completely clear. The authors performed a single, randomized trial to evaluate the
efficacy and acceptability of APP in a lower-middle income country. They found that APP did not
reduce the escalation of respiratory support within 28 days. Please see my major and minor
comments below and I hope these can be used to help to strengthen the manuscript.

Major:
1. The duration of APP may affect its efficacy. However, the target duration of APP in the APP
group was lack. Can you please explain the reason?

2. The intervention in the APP group is not very clear. Could you please add the detailed
intervention method?

3. The sample size calculation may not be suitable. The primary outcome is escalation of
respiratory therapy within 28 days of randomization, while the sample size was calculated
based on a treatment failure rate; there was lack of absolute change in the APP group; why
did you not consider the dropout rate?

Minor:

1. Introduction, the background and the aim of this study are not closely related. Please focus
on the aim of the study.

2. Can you add the flowchart of study participants in the manuscript?

3. Baseline SpO,/FiO, is lack. Please add this information in the Table 1.

4. Please present the duration of APP in both groups.

5. The secondary outcomes did not require analysis in the per-protocol population.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
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Yes
Competing Interests: No competing interests were disclosed.
Reviewer Expertise: critical care medicine, mechanical ventilation, ARF

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

C Louise Thwaites

o Thank you for reviewing our article and your questions are very much ones we have
considered already in carrying out the study and preparing the manuscript.

o The duration of APP is indeed important and was the rationale for us supervising the
APP periods to try and enable this to be as long as possible. The reasons for lack of
APP reaching the appropriate timing varied but were generally reported as patients
being otherwise engaged (eating, washing), discomfort, inability to turn themselves.
These are included in the discussion section as they were not formally collected in our
results or analysis plan: “ The reasons for this included frequent interruptions to prone
positioning due to routine ward care, mealtimes, and general frailty in our study
population, who required significant help to turn prone.”

o The description of APP in detail is given in the supplementary materials as the format
of this publication and the editorial committee did not allow Appendices. We have
supplemented the reference to these supplementary materials with the DOI index
where these can be found. In addition the methods section contains the following
information:

o “Patients in the APP group were visited by the study team and provided written and
verbal advice about lying in the prone position, as well as assistance in achieving and
maintaining a fully prone position for as long as possible. All study procedures were
carried out by a specific study team who were present in the ward at 8am-5pm daily
and dedicated ward nurses who supervised the evening APP session (6-8pm). APP
was initiated as soon as possible after randomization and continued until either
escalation or cessation of oxygen therapy. Patients in the APP group were supported
to be in the prone position for as long as possible while the study staff were
attending the ward, except for mealtimes or other nursing procedures. Support
included both physical assistance and physical aid such as pillows. No support was
available to assist patients in turning prone at night time after 8pm.”

o Adropout rate was included in the sample size estimation (performed by a
biomedical statistician). However as the sample size was not reached due to the
decision to halt the trial early. In reality this rate was very low. We have modified the
text to show that drop-out and protocol violations were indeed included in this
sample size calculation.

o We have made our aim more clear - in that we aimed to evaluate APP of longer
duration (8 hrs a day), using a dedicated team to achieve this. We feel that this now is
appropriate for our introduction. This includes what is known about prone position
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(largely data in MV patients), what is already known about APP in COVID-19 and the
limitations of these studies, particularly with relevance to a LMIC setting and where
our study aims to fit in terms of knowledge gap.

o To address your point we have emphasized the points around the aim of the study
further in the introduction section.

o The editorial guidelines have not permitted us to include a Flowchart in this
publication. We have therefore included this in the Additional materials. Thank you
for drawing attention to this point as we had asked to be able to include this. This is
available at the following point, as detailed in the manuscript.

o Our analysis and results presentation have followed our a-priori statistical analysis
plan. As the use of nasal canulae, low-flow and high-flow systems means that an
accurate SpO2/FiO2 could be highly misleading. For that reason we elected at this
point to include only the level of respiratory support as a guide to the severity of
patients. This is consistent with other published studies of awake prone positioning in
this population and makes this more comparable. For our results, we have analysed
the change in ROX index, but these considerations still apply to this population.

o Duration of APP is presented already using both methods in the results section and
included in the discussion section. Mean of daily APP duration per individual
observed by study staff was a median of 0 hours (IQR 0.0, 1,2) in the standard care
group and 3.3 hours (IQR 2.1, 4,7) in APP group. The mean daily prone hours
recorded were 4.3 hours (IQR 1.9, 7.4) in the standard care group compared to 7.3
hours (IQR 4.3, 9.2) in the APP group (p=0.006).

o We have included secondary outcomes per-protocol analyses for completeness and
for transparency. We maintain that intention to treat analysis is primarily presented.
Again we are restricted by the journal's policy on publishing these in the main
manuscript as opposed to a supplement.

Competing Interests: No competing interests were disclosed.

Reviewer Report 18 October 2024
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© 2024 Maraziti G. This is an open access peer review report distributed under the terms of the Creative
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v

Giorgio Maraziti
Internal Vascular and Emergency medicine - Stroke Unit, Azienda Ospedaliera di Perugia (Ringgold
ID: 18633), Perugia, Umbria, Italy

This randomized controlled trial evaluated the efficacy and acceptability of awake-prone
positioning (APP) in patients with moderate to severe COVID-19 in a lower-middle-income setting.
The trial was terminated early due to reduced COVID-19 admissions; as a result, it did not reach its
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planned sample size of 300 patients per arm. It showed no significant differences between the
APP group and standard care regarding respiratory support escalation, intubation rates, or
mortality. Additionally, APP was found to be safe, but achieving the targeted prone time of 8 hours
was challenging, and most patients preferred supine positioning. The use of wearable monitoring
devices to control APP was feasible and provided valuable data.

The work is clearly and accurately presented and cites the current literature. The randomization
process and statistical analysis are adequately described. The results are consistent with the data,
and the conclusions have been drawn adequately. I have no significant concerns about this study.

I have some minor comments:

Background section:

o It may be better to cite more references related to the following sentence: "The COVID-19
pandemic stimulated multiple randomized controlled trials of prone positioning in non-
mechanically ventilated patients."

The acronym LMIC was first introduced and needs to be explained.

Methods:
> Body mass index > 35 needs a unit (kg/m?).

o Were sedative drugs used to facilitate the APP? Given APP's very short mean time of 3.3
hours versus the target of 8 hours in the APP group, I suppose not; however, I think this
doubt should be addressed. Moreover, the use of sedative drugs or other procedures to
facilitate the maintenance of APP may be discussed in the Discussion section.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: emergency medicine, respiratory failure, pulmonary embolism, stroke

I confirm that I have read this submission and believe that I have an appropriate level of
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expertise to confirm that it is of an acceptable scientific standard.
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