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BACKGROUND: Safe, effective, and easily implementable treatments that reduce the progres-
sion of respiratory failure in COVID-19 are urgently needed. Despite the increased adoption
of prone positioning during the pandemic, the effectiveness of this technique on progression
of respiratory failure among nonintubated patients is unclear.

RESEARCH QUESTION: What is the effectiveness of smartphone-guided self-prone positioning
recommendations and instructions compared with usual care in reducing progression of
respiratory failure among nonintubated patients with COVID-19?

STUDY DESIGN AND METHODS: Awake Prone Position for Early Hypoxemia in COVID-19
(APPEX-19) is a multicenter randomized clinical trial that randomized nonintubated
adults with COVID-19 on < 6 L/min of supplemental oxygen to receive a smartphone-
guided self-prone positioning intervention or usual care. The primary outcome was the
composite of respiratory deterioration (an increase in supplemental oxygen requirement) or
ICU transfer. Using a Bayesian statistical approach, the posterior probability of superiority
within each treatment arm (superiority threshold 95%) was calculated.

RESULTS: The trial was stopped early for slow enrollment. A total of 293 participants were
included in the modified intention-to-treat analysis (159 self-prone positioning intervention
and 134 usual care). Among participants who self-reported body positioning (n ¼ 139 [70
intervention, 69 usual care]), 71.4% in the intervention arm and 59.4% in the usual care arm
attempted prone positioning. Thirty-one participants (posterior mean, 24.7%; 95% credible
interval, 18.6-31.4) receiving usual care and 32 participants (posterior mean, 22.1%;
95% credible interval, 16.6-28.1) receiving the self-prone positioning intervention experienced
the primary outcome; the posterior probability of superiority for the self-prone positioning
intervention was 72.1%, less than the 95% threshold for superiority. Adverse events occurred in
26.9% of participants in the usual care arm and in 11.9% of participants in the intervention arm.

INTERPRETATION: Among nonintubated patients with COVID-19, smartphone-guided self-
prone positioning recommendations and instructions did not promote strong adherence to
prone positioning.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov; No.: NCT04344587; URL: www.
clinicaltrials.gov. CHEST 2022; 162(4):782-791
KEY WORDS: COVID-19; prone positioning; randomized clinical trial; respiratory failure;
smartphone
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Take-home Points

Study Question: What is the effectiveness of
smartphone-guided self-prone positioning recom-
mendations and instructions compared with usual
care to reduce progression of respiratory failure
among nonintubated, non-ICU patients hospitalized
with COVID-19?
Results: Among 293 participants, the posterior
probability of superiority for the self-prone posi-
tioning intervention compared with usual care was
72.1%, below the predefined superiority margin;
however, the study was stopped early owing to low
enrollment.
Interpretation: Among nonintubated, non-ICU
hospitalized patients with COVID-19, smartphone-
guided self-prone positioning recommendations and
instructions did not promote strong adherence to
prone positioning.
COVID-19, the respiratory illness caused by SARS-CoV-
2, is a global public health emergency. Nearly 25% of
hospitalized patients with COVID-19 are cared for in
the ICU,1,2 leading to potential shortages and rationing
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of scarce medical resources.3 Therefore, safe, effective,
cost-efficient, and easily implementable treatments that
reduce the progression of acute respiratory failure and
the need for ICU transfer due to COVID-19 are urgently
needed.

Prone positioning improves oxygenation and mortality
in patients who are mechanically ventilated who have
moderate to severe ARDS4 and potentially offers
improvement for patients with COVID-19 on high-flow
nasal cannula.5 However, despite increased adoption of
prone positioning in nonintubated patients during the
pandemic,6 and clinical guidelines7 that recommend
prone positioning in patients on minimal respiratory
support, the potential risks (eg, dislodgement of
catheters, intubation delays) and benefits (eg, reduced
progression of acute respiratory failure) in
nonintubated, lower-acuity patients remain unclear. We
present the results of an unblinded, multicenter,
randomized controlled trial (Awake Prone Position for
Early Hypoxemia in COVID-19 [APPEX-19])
comparing the effectiveness of smartphone-guided self-
prone positioning recommendations and instructions
with usual care among nonintubated, non-ICU patients
with COVID-19.
Study Design and Methods
Objectives, Participants, and Oversight

The study protocol (e-Appendix 1) was registered on ClinicalTrials.
gov8 and prepublished.9 Patients were recruited from EDs and
general medical wards at participating hospitals. Eligible patients
were English-speaking and English-reading or Spanish-speaking
and Spanish-reading adults aged $ 18 years with confirmed or
suspected COVID-19 per the treating clinician, were within 48 h of
admission to a medical ward, were not intubated, and had access
to a functioning smartphone during their hospitalization. Patients
receiving supplemental oxygen with flow rates $ 6 L/min were
excluded because of concern from consulting physicians during the
design phase and from the institutional review board that self-prone
positioning in patients receiving higher oxygen flow rates was rapidly
becoming standard care and that clinical equipoise may not exist.
Patients were excluded if they had contraindications for prone
positioning (eg, unstable fracture, indwelling chest tube, recent facial
trauma or surgery4), were unable to safely self-pronate (eg, unable to
operate the hospital bed or unable to turn from prone to supine
without assistance), or had a diagnosis of dementia. Complete
inclusion and exclusion criteria are provided in e-Table 1.

The trial protocol was approved by the institutional review board at each
of the 12 study sites (e-Table 2) and was overseen by an independent
data and safety monitoring board that reviewed unblinded
effectiveness and safety data (e-Appendix 2). Data coordination was
provided by the study team at Boston University School of Medicine.
All participants provided written informed consent. The study began
enrollment on April 25, 2020, and halted enrollment on March 25,
2021, after the study met stopping criteria for low enrollment (one or
fewer participants enrolled per week for 3 consecutive weeks).

Randomization

Participants were allocated to the prone positioning intervention arm
or the usual care arm using response adaptive randomization based
on the posterior probability of the intervention being superior to
usual care. The randomization was initially 1:1, and at each
predetermined interim analysis, a beta-binomial conjugate model10
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was used to update the randomization probabilities to preferentially
assign more patients to the better-performing study arm. Three of
six planned interim analyses were completed prior to halting the
study. Study personnel enrolling patients were blinded to the
randomization allocation sequence. Additional details concerning the
adaptive randomization are available in the study protocol
(e-Appendix 1).

Trial Procedures

Study personnel approached patients for enrollment via in-room
hospital telephones or patient cellphones or as part of entering a
hospital room for routine medical care. Participants who enrolled in
APPEX-19 received a text message to their personal smartphone
containing a link to a Qualtrics-based (Qualtrics XM) welcome
message customized to their assigned study arm (prone positioning
intervention or usual care). The welcome message for participants
randomized to the self-prone position intervention arm contained
the following: (1) an overview of the potential benefits of prone
positioning in COVID-19; (2) a recommendation to lie in the prone
position up to four times daily for 1 to 2 h each session and nightly
for a total of 12 h; (3) pictorial instructions to safely turn to the self-
prone position while in the hospital; and (4) instructions to keep
track of time spent in different body positions while in bed. The
welcome message for participants randomized to the usual care arm
contained the following: (1) instructions to lie in bed in whichever
position was comfortable and (2) instructions to keep track of time
spent in different body positions while in bed. All participants were
then sent separate monitoring survey links twice daily via text
messages that contained the initial treatment arm instructions
(including a reminder to prone position in the intervention arm)
and prompts to report complications and estimates of time spent in
different positions. Surveys were sent until any of the following
occurred: the primary outcome was reached, the participant was
discharged from the hospital, or 14 days had passed since
enrollment. Intervention adherence was assessed by participant self-
report on twice-daily surveys.

An amendment to the study protocol (e-Appendix 1) allowed remote
contact of participants who had not responded to a survey in 24 h
to troubleshoot technical issues and to remind participants to
complete surveys. Screenshots of the treatment arm smartphone
messages and surveys are included in e-Figure 1. There were no
restrictions to prone positioning in the usual care group (neither
participants nor providers were advised against prone positioning),
and clinical staff were blinded to treatment assignment. Study
investigators selected a smartphone-based approach to avoid the
need for study staff to enter patient rooms, because of prior reported
success of smartphone-based interventions11,12 to change behavior,
and because smartphones have been widely adopted across
demographic and socioeconomic groups,13 making them widely
implementable. Participant study materials were developed iteratively
by the study investigators, including experts in ecological momentary
assessment (C. S. R.) and implementation (A. J. W.), and were
translated into Spanish by certified medical translators.

Data Collection

Electronic medical record data, including outcome data, were collected
at enrollment and daily thereafter by study personnel and were entered
into centralized Research Electronic Data Capture and Qualtrics
databases.14,15 Participants recorded prone position adherence
information, adverse events, and their level of dyspnea twice daily on
electronic surveys.

Outcomes

The primary outcome, specified to assess the effectiveness of self-prone
positioning on reducing the progression of acute respiratory failure,
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was the composite of (1) respiratory deterioration or (2) transfer to
the ICU. Respiratory deterioration was defined as an increase in the
supplemental oxygen flow rate of $ 2 L/min compared with the
flow rate at the time of the initial welcome text message and
sustained for $ 12 h, or a switch to a higher level of oxygen support
(eg, a transition from nasal cannula to nonrebreather mask, high-
flow nasal cannula, noninvasive positive pressure ventilation, or
mechanical ventilation). Secondary effectiveness outcomes included
each individual component of the primary composite outcome,
receipt of mechanical ventilation, hospital mortality, diagnosis of
ARDS, and each participant’s median self-reported level of dyspnea
as measured by using the modified Borg dyspnea scale.16,17

Secondary safety outcomes were the self-reported degree of
discomfort with self-prone positioning, and loss of venous or urinary
catheters, captured through survey prompts (e-Fig 1). Prone
positioning adherence was recorded for time categories of no time,
up to 6 h, 6 to 11 h, and $ 12 h since the last monitoring survey.
Outcome data collection was conducted until the participant was
discharged from the hospital or 14 days following enrollment,
whichever came first.

Sample Size

Based on preliminary data at Boston Medical Center from spring 2020,
we determined a maximum total of 560 participants would have
90% power to reject the null hypothesis, assuming a primary
outcome rate of 24.5% in the self-prone positioning arm and
35.0% in the usual care arm.

Statistical Analysis

In the primary analysis, a modified intention-to-treat approach was
used; this approach included all participants who were randomized to
treatment and subsequently received the initial welcome text message
instructions prior to discharge from the hospital, transfer to the ICU,
or study withdrawal. Bayesian analyses were used to calculate the
posterior probability: the probability of the primary outcome
accounting for the probability prior to randomization and the data
gathered from the study. A priori, we selected a prior probability
(beta [12þ events, 28þ nonevents]), which assumed that the effects
of the prone positioning intervention in the study cohort would be
small. This prior probability has a mean of 30% (average of assumed
rates) and was selected to express a priori skepticism of the
alternative hypothesis being true; indeed, under this prior probability,
the probability of the alternative hypothesis is 50%, whereas the
probability of observing an improvement in the true rate of 10.5% or
larger (the hypothesized improvement) is only 15%. Thus, only strong
study data supporting the use of self-prone positioning would be
taken as evidence that self-prone positioning was superior to usual care.

For each treatment arm, the posterior mean (the posterior probability
distribution average for the primary outcome) and 95% credible
interval are reported. We predefined that self-prone positioning would
be considered superior to usual care if the data showed that there was
a > 95% probability that the posterior probability in the intervention
arm was less than that of the usual care arm. Unlike the P value, the
posterior probability for superiority provides the probability of the
alternative hypothesis being true (ie, that the intervention is superior
to usual care) and thus may be informative even when below the
predefined superiority threshold of 95%. Additional details of the
Bayesian approach are provided in e-Appendix 1.

In addition to the intention-to-treat analysis, we performed an
exploratory analysis that compared participants in the intervention
arm who self-reported prone positioning for $ 6 h at least once
vs participants in the usual care arm who did not self-report prone
positioning on any survey. The single 6-h prone positioning duration
for inclusion in the exploratory analysis was selected owing to the
[ 1 6 2 # 4 CHES T OC TO B E R 2 0 2 2 ]



improvement in oxygenation using this duration in a prior prone
positioning clinical trial18; there was also concern from study
investigators that longer durations used for patients who were
mechanically ventilated and had ARDS4 would not be feasible in
nonintubated patients. We were unable to adjust for a priori selected
covariates in the exploratory analysis given the low number of
outcomes.

Prespecified subgroups tested for heterogeneity of treatment effect were
as follows: (1) enrollment BMI < 30 kg/m2 vs $ 30 kg/m2; (2)
enrollment age < 65 years vs $ 65 years; (3) no history of
congestive heart failure vs history of congestive heart failure; (4) no
receipt of oxygen at the time of enrollment vs receipt of oxygen at
the time of enrollment; (5) no opacities or infiltrates on admission
Hospitalized patients with con
or suspected COVID-19 who
assessed for eligibility (N = 3

Randomized (n = 305)

Allocated to usual care (n = 140)
• Received allocated intervention (n = 135)
• Did not receive allocated intervention (n = 5)
     4 discharged prior to allocation
     1 transferred to ICU prior to allocation

Lost to follow-up (n = 0)
Discontinued intervention (n = 1)
  1 withdrew from study

Analyzed (n = 134)
• Excluded from analysis (n = 5)
     5 discharged prior to allocation
     1 transferred to ICU prior to allocation
     1 withdrew from study

Allocated
• Receiv
• Did no
     2 disc
     1 enr

Lost to f
Disconti
  3 withd

Analyzed
• Exclud
     2 disc
     3 with
     1 enr

Figure 1 – Enrollment and randomization of study participants for the awa

chestjournal.org
chest radiograph vs opacities or infiltrates on admission chest
radiograph; and (6) negative or pending vs positive SARS-CoV-2 test
result at the time of enrollment.

Dichotomous secondary effectiveness outcomes were compared by
using risk differences with 95% CIs. Continuous secondary
effectiveness outcomes were presented as medians and interquartile
ranges (IQRs) for each treatment arm. No corrections for multiple
testing were made for the exploratory analysis, subgroup, or
secondary outcomes. Adverse events were reported as the number of
participants and associated percentages that experienced at least one
adverse event per treatment arm. The complete statistical analysis
plan is included in the study protocol (e-Appendix 1). R version
4.0.5 (R Foundation for Statistical Computing) was used for analyses.
Results

Participants

From April 25, 2020, to March 25, 2021, a total of 3,128
patients were screened, 305 participants underwent
randomization, and 293 participants (134 in the usual
care arm and 159 in the self-prone positioning
intervention arm) were included in the modified
intention-to-treat analysis (Fig 1). Participants were on
average 53 (IQR, 41-63) years old and had COVID-19
symptoms for 7 (IQR, 4-10) days prior to hospital
admission (Table 1),19 and 91.1% had a positive SARS-
CoV2 test result at the time of enrollment. More than
one-half of participants (n ¼ 153 [52.2%]) were
receiving supplemental oxygen at the time of
enrollment, of whom 72 (47.1%) were receiving oxygen
flow rates of $ 3 L/min.
Adherence to Prone Positioning Recommendations

A total of 99 of 159 (62.3%) participants in the self-
prone positioning intervention arm and 83 of 134
(61.9%) participants in the usual care arm opened the
survey link on their smartphone and received their
treatment assignment instructions. In total, 139
(47.4%) participants self-reported their body position
firmed
 were
,128)

Excluded (n = 2,823)
• Unable to contact (n = 464)
• Did not meet inclusion criteria (n = 1,762)
• Declined to participate (n = 597)

 to intervention (n = 165)
ed allocated intervention (n = 162)
t receive allocated intervention (n = 3)
harged prior to allocation

olled in higher priority study

ollow-up (n = 0)
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ed from analysis (n = 5)
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ke prone position for early hypoxemia in COVID-19 trial.
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TABLE 1 ] Baseline Characteristics of Participants According to Treatment Arm

Characteristic Total (N ¼ 293)
Usual Care
(n ¼ 134)

Self-Prone Positioning
Intervention (n ¼ 159)

Age, median (IQR), y 53 (41-63) 54 (43-63) 52 (39-62)

Sex

Female 117 (39.9) 54 (40.3) 63 (39.6)

Male 176 (60.1) 80 (59.7) 96 (60.4)

Race

White 180 (61.4) 83 (61.9) 97 (61.0)

Black 52 (17.7) 24 (17.9) 28 (17.6)

Asian 8 (2.7) 2 (1.5) 6 (3.8)

Other or not reported 53 (18.1) 25 (18.7) 28 (17.6)

Ethnicity

Hispanic or Latino 59 (20.1) 24 (17.9) 35 (22.0)

Not Hispanic or Latino 220 (75.1) 106 (79.1) 114 (71.7)

Unknown/not reported 14 (4.8) 4 (3.0) 10 (6.3)

Preferred language

English 253 (86.3) 109 (81.3) 144 (90.6)

Spanish 40 (13.7) 25 (18.7) 15 (9.4)

Randomized following release of dexamethasone
RECOVERY19 on June 22, 2020

242 (82.6) 108 (80.6) 134 (84.3)

Medical history

Asthma 48 (16.4) 19 (14.2) 29 (18.2)

Chronic pulmonary disease, not asthma 30 (10.2) 14 (10.4) 16 (10.1)

Coronary artery disease 28 (9.6) 11 (8.2) 17 (10.7)

Congestive heart failure 18 (6.1) 9 (6.7) 6 (3.8)

Diabetes 84 (28.7) 39 (29.1) 45 (28.3)

HIV/AIDS, or other immunocompromising condition 19 (6.5) 10 (7.5) 9 (5.7)

Hypertension 138 (47.1) 62 (46.3) 76 (47.8)

Malignancy 15 (5.1) 9 (6.7) 6 (3.8)

Organ transplant 20 (6.8) 7 (5.2) 13 (8.2)

Current smoker 15 (5.1) 8 (6.0) 7 (4.4)

SARS-CoV-2 virus test result

Positive 267 (91.1) 118 (88.1) 149 (93.7)

Negative 19 (6.5) 13 (9.7) 6 (3.8)

Not performed or pending 7 (2.4) 3 (2.2) 4 (2.5)

Days from earliest symptoms to admission, median
(IQR)

7 (4-10) 7 (4-10) 7 (4-10)

Chest radiograph findings

Multifocal distribution 158 (53.9) 70 (52.2) 88 (55.3)

Opacities 197 (67.2) 88 (65.7) 109 (68.6)

Interstitial pattern 54 (18.4) 30 (22.4) 24 (15.1)

Pleural effusion 12 (4.1) 8 (6.0) 4 (2.5)

No acute pathology 48 (16.4) 26 (19.4) 22 (13.8)

Chest radiograph not performed 16 (5.5) 6 (4.5) 10 (6.3)

Medications received

Anti-IL-6 or anti-IL-1 1 (0.3) 0 1 (0.6)

Azithromycin or doxycycline 63 (21.5) 26 (19.4) 37 (23.3)

(Continued)
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TABLE 1 ] (Continued)

Characteristic Total (N ¼ 293)
Usual Care
(n ¼ 134)

Self-Prone Positioning
Intervention (n ¼ 159)

Hydroxychloroquine 5 (1.7) 2 (1.5) 3 (1.9)

Remdesivir 77 (26.3) 29 (21.6) 48 (30.2)

Mean arterial pressure, median (IQR), mm Hg 90 (82-100) 89 (83-99) 91 (82-101)

Respiratory rate, median (IQR), breaths/min 18 (18-20) 18 (18-20) 18 (18-20)

Peripheral venous oxygen saturation, median (IQR), % 95 (93-97) 95 (94-97) 95 (92-96)

Sequential organ failure assessment score, median
(IQR)

1 (0-2) 1 (0-2) 0 (0-2)

BMI $ 30 kg/m2a 160 (55.0) 67 (50.0) 93 (59.2)

SpO2/FIO2 ratio at enrollment, median (IQR) 396 (306-378) 402 (311-457) 396 (308-457)

Supplemental oxygen delivery device at the time of
initial study text messageb

None 140 (47.8) 66 (49.3) 74 (46.5)

Nasal cannula 148 (50.5) 65 (48.5) 83 (52.2)

Mask 2 (0.7) 2 (1.5) 0 (0.0)

High-flow nasal cannula 3 (1.0) 1 (0.7) 2 (1.3)

Supplemental oxygen flow rate, L/minc

Room air 140 (47.8) 66 (49.3) 74 (46.5)

1 15 (5.1) 5 (3.7) 10 (6.3)

2 66 (22.5) 30 (22.4) 36 (22.6)

3 33 (11.3) 14 (10.4) 19 (11.9)

4 19 (6.5) 10 (7.5) 9 (5.7)

5 7 (2.4) 4 (3.0) 3 (1.9)

> 5 13 (4.4) 5 (3.7) 8 (5.0)

Data are presented as No. (%) unless otherwise indicated. IL ¼ interleukin; IQR ¼ interquartile range; SpO2 ¼ blood oxygen saturation; RECOVERY ¼
Randomised Evaluation of COVID-19 Therapy.
aTwo participants were missing BMI values.
bFour participants had an escalation in their supplemental oxygen delivery device to Venturi mask or high-flow nasal cannula following randomization but
prior to the initial study intervention.
cThirteen participants had an escalation in their supplemental oxygen delivery rate above 5 L/min following randomization but prior to initial study
intervention. These participants were included in the modified intention-to-treat analysis.
at least once during the study period (70 in the
intervention arm and 69 in the usual care arm).
Among participants in the self-prone position
intervention arm who self-reported their body position
and received their initial treatment assignment, 50
(71.4%) reported lying in the prone position at least
once and 25 (35.7%) reported lying in the prone
position for $ 6 h at least once. In the usual care
arm, 41 (59.4%) reported lying in the prone position
at least once and nine (13.0%) reported lying in the
prone position for $ 6 h at least once. In total, among
those who received their initial treatment assignment,
25 participants in the self-prone positioning
intervention arm documented prone positioning and
60 participants in the usual care arm documented not
positioning themselves in the prone position and thus
were included in the exploratory analysis. The
chestjournal.org
self-reported time spent in the self-prone position
according to treatment arm and survey is displayed in
e-Table 3.

Primary Outcome

The primary outcome of respiratory deterioration of
ICU transfer was experienced by 31 participants
(posterior mean, 24.7%; 95% credible interval, 18.6 to
31.4) in the usual care arm and 32 participants
(posterior mean, 22.1%; 95% credible interval, 16.6 to
28.1) in the self-prone positioning intervention arm
(posterior mean difference, –2.6%; 95% credible interval,
–11.2 to 6.0). The posterior probability of superiority for
the self-prone positioning intervention was 72.1%, less
than the 95% prespecified threshold for superiority
(Table 2). The posterior probability of inferiority of the
self-prone positioning intervention was 10.0%, also less
787
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TABLE 2 ] Main and Subgroup Analyses

Analysis

Usual Care
Primary

Outcome Events
(N)

Self-Prone Positioning
Primary Outcome

Events (N)

Usual Care: Posterior
Mean (95% Credible

Interval)

Self-Prone Positioning Arm:
Posterior Mean (95% Credible

Interval)
Posterior Mean Difference
(95% Credible Interval)

Posterior Probability of
Superiority of Self-Prone

Positioning

Probability of
Significant
Interaction

MITT 31 (134) 32 (159) 24.7% (18.6 to 31.4) 22.1% (16.6 to 28.1) –2.6% (–11.2 to 6.0) 72.1%

Exploratory 17 (60) 1 (25) 29.0% (20.6 to 38.2) 20.0% (11.3 to 30.5) –9.0% (–21.8 to 4.4) 90.9%

Age 0.77

< 65 y 23 (105) 23 (125) 24.1% (17.6 to 31.4) 21.2% (15.3 to 27.8) –2.9% (–12.3 to 6.3) 73.1%

$ 65 y 8 (29) 9 (34) 29.0% (19.0 to 40.2) 28.4% (18.8 to 39.1) –0.6% (–15.4 to 14.1) 53.2%

BMI 0.94

< 30 kg/
m2

14 (67) 11 (64) 24.3% (16.7 to 32.8) 22.1% (14.7 to 30.5) –2.2% (–13.5 to 9.2) 64.8%

$ 30 kg/
m2

17 (67) 20 (93) 27.1% (19.2 to 35.9) 24.1% (17.2 to 31.7) –3.1% (–14.2 to 7.9) 70.4%

History of congestive heart failure 0.97

Yes 2 (9) 1 (9) 28.6% (17.0 to 41.9) 26.5% (15.3 to 39.6) –2.0% (–19.5 to 15.5) 59.1%

No 29 (125) 31 (150) 24.9% (18.6 to 31.7) 22.6% (17.0 to 28.8) –2.2% (–11.1 to 6.6) 68.8%

Receipt of supplemental oxygen at the time of enrollment 0.46

Yes 17 (68) 22 (85) 26.9% (19.0 to 35.6) 27.2% (19.8 to 35.3) 0.4% (–11.1 to 11.7) 47.5%

No 14 (66) 10 (74) 24.5% (16.9 to 33.1) 19.3% (12.6 to 27.0) –5.2% (–16.2 to 5.6) 82.7%

Opacities or infiltrates on admission chest radiograph 0.57

Yes 26 (97) 30 (117) 27.7% (20.6 to 35.5) 26.8% (20.1 to 33.9) –1.0% (–11.2 to 9.2) 57.4%

No 5 (37) 2 (42) 22.1% (13.6 to 31.9) 17.1% (9.8 to 25.9) –5.0% (–17.4 to 7.2) 78.9%

Positive SARS-CoV-2 test result at the time of enrollment 0.49

Yes 30 (118) 31 (149) 26.6% (20.0 to 33.7) 22.8% (17.1 to 29.0) –3.8% (–13.0 to 5.2) 79.5%

No 1 (16) 1 (10) 23.2% (13.2 to 35.0) 26.0% (15.0 to 38.9) 2.8% (–13.4 to 19.2) 37.0%

MITT ¼ modified intention-to-treat; NA ¼ not applicable.
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TABLE 3 ] Secondary Effectiveness Outcomes

Outcome or Analysis Usual Care (n ¼ 134) Self-Prone Positioning Intervention (n ¼ 159)

Increase in the supplemental oxygen flow rate, No. (%) 26 (19.4) 30 (18.9)

Risk difference, % (95% CI) ... –0.5 (–9.6 to 8.5)

Switch to a higher level of oxygen support, No. (%) 18 (13.4) 16 (10.1)

Risk difference, % (95% CI) ... –3.4 (–10.8 to 4.1)

ICU transfer, No. (%) 6 (4.5) 9 (5.7)

Risk difference, % (95% CI) ... 1.2 (–3.8 to 6.2)

Invasive mechanical ventilation, No. (%) 4 (3.0) 2 (1.3)

Risk difference, % (95% CI) ... –1.7 (–5.1 to 1.6)

Diagnosis of ARDS, No. (%) 1 (0.7) 4 (2.5)

Risk difference, % (95% CI) ... 1.8 (–1.1 to 4.6)

Hospital mortality, No. (%) 2 (1.5) 2 (1.3)

Risk difference, % (95% CI) ... –0.2 (–2.9 to 2.5)

Hospital length of stay, median (IQR), d 4 (1 to 6) 3 (2 to 6)

Median Modified Borg Dyspnea Scale,15,16 median (IQR) 1 (0.5 to 2) 1 (0 to 3)

IQR ¼ interquartile range.
than the 95% prespecified threshold for inferiority.
Characteristics of patients (n ¼ 85) included in the
exploratory analysis are presented in e-Table 4. In the
exploratory analysis comparing participants who
reported self-prone positioning in the intervention arm
vs participants who did not self-prone position from the
usual care arm, the primary outcome occurred in one
participant in the self-prone positioning intervention
arm (posterior mean, 20.0%; 95% credible interval, 11.3
to 30.5) and in 17 participants in the usual care arm
(posterior mean, 29.0%; 95% credible interval, 20.6 to
38.2) for a posterior mean difference of
–9.0% (95% credible interval, –21.8 to 4.4). The
posterior probability of superiority for the self-prone
positioning intervention in the exploratory analysis was
90.9%. There was no evidence of heterogeneity of
treatment effect in the subgroup analyses.

Secondary Outcomes

There were no differences between the self-prone
positioning intervention arm and the usual care arm
across all secondary effectiveness outcomes (Table 3).
Participants’ respiratory parameters over time are shown
in e-Figure 2.

Adverse Events

Adverse events occurred in 19 (11.9%) participants in
the self-prone positioning intervention arm and in 36
(26.9%) participants in the usual care arm. Fourteen
(8.8%) participants in the self-prone positioning
intervention arm and 28 (20.9%) in the usual care arm
chestjournal.org
reported being very uncomfortable with self-prone
positioning. Nine (5.7%) participants in the self-prone
positioning intervention arm and 12 (9.0%) in the usual
care arm reported loss of an IV catheter and one (0.6%)
and zero (0.0%) reported loss of a urinary catheter in the
intervention and usual care arms, respectively. There
were no serious adverse events.
Discussion
In this multicenter, unblinded, randomized clinical trial,
smartphone-guided self-prone positioning
recommendations and instructions did not promote
strong adherence to self-prone positioning. Notably, the
study was terminated prematurely owing to low
enrollment; fewer than two-thirds of participants
accessed their treatment assignment on their
smartphones; and the self-reported time spent in the
prone position was short. Thus, the study was
underpowered to make conclusions regarding the
effectiveness of self-prone positioning recommendations
and instructions or self-prone positioning itself in
reducing clinical deterioration.

The current study highlights three important aspects of
self-prone positioning for non-ICU, nonintubated,
hospitalized patients during the COVID-19 pandemic.
First, smartphone-guided delivery of trial instructions
among hospitalized patients with COVID-19 had low
rates of adherence. Only 60% of participants accessed
their randomization group, and < 40% reported self-
prone positioning for $ 6 h, suggesting participant
789
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difficulty with both accessing and adhering to the
smartphone-guided interventions. Thus, time spent in
the prone position in this study was substantially shorter
in duration compared with a recent meta-trial5 among
critically ill patients with COVID-19 on high-flow nasal
cannula, which found that prone positioning reduced
rates of treatment failure. Importantly, the meta-trial
intervention used assisted prone positioning. In contrast,
clinical trials20 (including ours) that involved
recommendations for self-prone positioning but no
direct assistance have had shorter durations and lower
adherence to prone positioning. These results suggest
that the efficacy of prone positioning in nonintubated
patients may strongly depend on the degree to which
staff assist with the maneuver. In contrast to our
findings of low adherence, studies of smartphone-based
interventions for chronic disease management11,12 have
reported high rates of adherence. We speculate that the
low adherence and low access rate in our study were due
in part to the inclusion of hospitalized patients with
acute illness who may be less able or motivated to
navigate their smartphones compared with outpatients.
It is also possible that the specific smartphone-guided
recommendations and instructions in our study were
ineffective, and the low rate of adherence may not be
generalizable to other smartphone-guided interventions
in the inpatient setting. Further research is required
prior to more widespread use of smartphone-guided
intervention delivery for hospitalized patients. Second,
among patients who did self-prone position for $ 6 h,
outcomes may be favorable. In the current study,
participants who self-prone positioned in the
intervention arm exhibited a 90% posterior probability
for superiority in reducing the rate of respiratory
deterioration and ICU transfer compared with
participants in the usual care arm who did not self-
prone. However, this exploratory analysis may be
confounded by a strong association between
postrandomization factors that predict adherence (eg,
patient ability to access their smartphones and perform
self-pronation) and outcome.21 Third, self-prone
positioning among nonintubated, hospitalized patients
who received instructions via smartphone was generally
well tolerated and without serious side effects.
790 Original Research
The current study has several limitations. First, the study
was terminated for low enrollment. Thus, whether
completion of the study to the planned sample size
would have led to different results is unknown. Second,
only about two-thirds of participants opened the
smartphone-guided survey containing their treatment
assignment and just less than one-half self-reported their
time spent in the prone position. Thus, it is unclear if
our primary findings of no difference were driven by
lack of effectiveness of prone positioning in the study
population, lack of effectiveness of the smartphone-
guided delivery platform and instructions, not reaching
the planned sample size, and/or the short duration spent
in the prone position. Nineteen percent of approached
patients declined to participate, and patients who were
unable to self-prone position were excluded. Thus, the
external validity of these results may be limited. A small
percentage of participants (< 10%) did not have a
positive SARS-CoV-2 test result at the time of
enrollment. The effect of these patients with suspected
COVID-19 on study outcomes and the ultimate status of
subsequent test results are unknown. Lastly, the
inclusion of patients receiving < 6 L/min of
supplemental oxygen via nasal cannula was necessitated
by concern that clinical equipoise may not exist for
patients on higher flow rates of oxygen. However, prone
positioning may be more beneficial in patients with
severe respiratory disease.22 Thus, the lack of
effectiveness of this study may be due to the lower
severity of respiratory disease included in the study
cohort.
Interpretation
Among nonintubated, non-ICU hospitalized patients
with COVID-19, smartphone-guided self-prone
positioning recommendations and instructions did not
promote strong adherence to prone positioning. These
results help to inform the use of self-guided prone
positioning recommendations among nonintubated
low-acuity patients with COVID-19, inpatient
smartphone-based interventions, and self-prone
positioning vs assisted prone positioning in
nonintubated patients.
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