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Abstract

Rationale: Prone positioning is an appealing therapeutic strategy
for nonintubated hypoxic patients with coronavirus disease
(COVID-19), but its effectiveness remains to be established in
randomized controlled trials.

Objectives: To identify contextual factors relevant to the conduct
of a definitive clinical trial evaluating a prone positioning strategy
for nonintubated hypoxic patients with COVID-19.

Methods: We conducted a cluster randomized pilot trial at a
quaternary care teaching hospital. Five inpatient medical service teams
were randomly allocated to two treatment arms: 1) usual care (UC),
consisting of current, standardmanagement of hypoxia andCOVID-19;
or 2) the Awake Prone Positioning Strategy (APPS) plus UC. Included
patients had positive severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) testing or suspected COVID-19 pneumonia and oxygen
saturation less than 93% or new oxygen requirement of 3 L per minute
or greater and no contraindications to prone positioning. Oxygenation
measureswere collectedwithin 48 hours of eligibility and included nadir
oxygen saturation to fraction of inspired oxygen (S/F) ratio and time
spent with S/F ratio less than 315. Concurrently, we conducted an
embedded implementation evaluation using semistructured interviews
with clinician and patient participants to determine contextual factors

relevant to the successful conduct of a future clinical trial. The primary
outcomes were drawn from an implementation science framework
including acceptability, adoption, appropriateness, effectiveness, equity,
feasibility, fidelity, and penetration.

Results: Forty patients were included in the cluster randomized
trial. Patients in the UC group (n= 13) had a median nadir S/F ratio
over the 48-hour study period of 216 (95% confidence interval [95%
CI], 95–303) versus 253 (95% CI, 197–267) in the APPS group
(n= 27). Patients in the UC group spent 42 hours (95% CI, 13–47)
of the 48-hour study period with an S/F ratio below 315 versus 20
hours (95% CI, 6–39) for patients in the APPS group. Mixed-
methods analyses uncovered several barriers relevant to the
conduct of a successful definitive randomized controlled trial,
including low adherence to prone positioning, large differences
between physician-recommended and patient-tolerated prone
durations, and diffusion of prone positioning into usual care.

Conclusions: A definitive trial evaluating the effect of prone
positioning in nonintubated patients with COVID-19 is warranted,
but several barriers must be addressed to ensure that the results of
such a trial are informative and readily translated into practice.
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Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), the virus
causing the coronavirus disease (COVID-19)
pandemic, has rapidly led to significant
morbidity andmortalityworldwide, primarily
through lower respiratory tract involvement
progressing from hypoxemia to acute
respiratory distress syndrome (1, 2). Novel
approaches to improving oxygenation are
urgently needed to avoid downstream
consequences for patients as well as limit
resource scarcity associated with advanced
respiratory support.

Prone positioning in mechanically
ventilated patients with hypoxic respiratory
failure has been associated with improvement
in oxygenation and mortality in patients with
acute respiratorydistress syndrome(3–6).The
prone position provides more uniform lung
perfusion, shiftingventilation towell-perfused
lung segments, and recruits dependent
atelectatic regions of lung (7–9). Physiological
alterations associated with the prone position
would foreseeably also apply to spontaneously
breathing patients, and evidence from small
observational studies suggests that prone
positioninginnonintubatedpatients is feasible
and associated with improved oxygenation
(10–13). However, it remains unknown if a
prone ventilation strategy is definitively
beneficial for nonintubated hypoxic patients
with COVID-19, and this question has
stimulated interest in the conduct of rigorous
randomized controlled trials (RCTs) (14–16).

Because the awake prone strategy is a
complex medical intervention, there are
multiple implementation nuances such as
adoption, feasibility, and tolerability that may
affect successful conduct of a definitive RCT.
We designed a novel pilot study with
embedded implementation evaluation to
informsuccessful futureRCTs(17).Theaimof
theAPPS (Awake Prone Positioning Strategy)
pilot trial was to assess feasibility and
important contextual factors for a large RCT
comparing the clinical effectiveness of an
Awake Prone Positioning Strategy (APPS)
versususualcare(UC)aloneforhypoxicadults
withCOVID-19.The specificobjectivesof this
pilot trial included both process and research
objectives. The process objectives focus on the
feasibility of implementation and adoption of
APPS into routine care and acceptability of
study design features for a future large cluster
RCT. The research objectives test outcome
data collection methods and explore clinical
and safety outcomes.

Methods

Design
We conducted a pilot study between June 1
and August 31, 2020, using a convergent
mixed-methods design with hybrid
effectiveness and implementation focus
integrating a pragmatic, two-arm parallel
clusterRCTandaqualitative studyof patients’
and clinicians’ experiences. The pragmatic
trial was designed in close adherence with the
PRECIS-2 criteria (18) to test the feasibility of
implementing the APPS intervention within
the course of UC for hypoxic nonintubated
patients with COVID-19. Five inpatient
medical service teams were randomly
allocated to two treatment arms: 1) UC,
consisting of current, standard management
of hypoxia and COVID-19; or 2) the APPS
plus UC.We compared clinical and safety
outcomes between patients in the UC and
APPS treatment arms. Alongside the
pragmatic trial, we collected qualitative data
from semistructured interviews with patients
in the APPS treatment arm who did and did
not adhere to the prescribed prone strategy
and clinicians who provided care to trial
participants. The trial was approved by the
AtriumHealth Institutional Review Board
(06-20-03E) with a waiver of individual
informed consent.

Setting and Population
The study occurred at a quaternary referral
center in Charlotte, North Carolina. Adult
patients were eligible if they were admitted to
the hospital by one of the study teams, had
tested positive for SARS-CoV-2 within 7 days
or were suspected to have COVID-19
pneumonia, and experienced 1) room air
oxygen saturation,93% or 2) oxygen
requirement of 3 L per minute or greater
without the need for mechanical ventilation.
Patients contraindicated for APPS
intervention (e.g., unable to self-turn, spinal
instability, facial or pelvic fractures, openchest
or abdomen, alteredmental status, anticipated
difficult airway, signs of respiratory fatigue, or
receiving end-of-life care) were ineligible.
Patients were only eligible once for trial
participation.Thefull trialprotocol is available
in the online supplement.

Randomization and Blinding
Five medical admitting teams were
randomized using computer-generated
randomnumbers. Teamswere randomized in

a near 1:1 ratio to deliver UC alone (n=2
clusters) versus UC plus APPS intervention
(n=3 clusters). Eligible patients followed the
care strategy to which their admitting team
wasrandomized.Clinicianswereunblinded to
treatment allocation, and enrolled patients
wereconsideredunblinded.Clinicalandsafety
outcomes were collected from the electronic
health recordby study investigators blinded to
treatment assignment (S.P.T. andM.A.K.).

Study Procedures
The trial adopted a pragmatic approach to
testing the APPS. Broadly, the APPS is a
strategy of guiding hospitalized patients with
COVID-19 to adopt the prone position when
hypoxia thresholds are met. Importantly, the
prone position applied on awake patients
depends on tolerance and adherence. The
APPS protocol combined 1) delivery of prone
positioningeducationandexplanationof risks
and benefits to patients by bedside clinicians;
2) routine monitoring for worsening status;
and3) attempts to improvecomfort asneeded.
Patients were encouraged to sustain the prone
positionas longaspossiblebutwereallowed to
return to the supine position as necessary.

Medical teams assigned to the
intervention arm received 1-hour educational
trainingontheAPPSandtrialprocessesbefore
patient enrollment. Teams randomly assigned
to APPS were instructed to commence prone
positioning for eligible patients with COVID-
19 beginning at the time of eligibility and
sustained for at least 48 hours or until
intubation, intensive care unit (ICU) transfer,
hospital discharge, or death. Because this pilot
trial evaluated the additionofAPPSwithin the
context of usual care, usual care provided to
patients is determined by clinical assessments
and need. Prone positioning was neither
encouraged nor disallowed. We expected UC
to be consistent with routine practice for
hospitalized patients with COVID-19–related
hypoxia and to be similar for patients enrolled
in both groups.

Embedded Implementation
Evaluation Procedures
We used qualitative methods to obtain
contextual insight and assess implementation
outcomes from patients and clinicians
involved in the care of hypoxic patients with
COVID-19(physicians, respiratory therapists,
and nurses). Patients who participated in the
pilot RCT were contacted 48 hours after
enrollment to complete a telephone interview.
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Patients in theAPPS armwhodid and did not
adhere to theAPPSwere invited to participate
in the interviews.Clinicians providing care for
patients inthepilotRCTwerealsocontactedto
participate in an interview. The interviewers
had access to translation services, and there
were no exclusion criteria. Informed assent
was obtained before the interview.

The semistructured telephone interviews
weregivenineitherEnglishorSpanish.Patient
interviews sought a subjective, experiential
knowledge of prone positioning. Clinician
interviewees were queried about their
experiences with APPS and their opinions on
the feasibility of an RCT and were asked to
reflect on the practical and ethical
considerations of conducting an APPS trial.

Data Collection
We collected and managed quantitative trial
data at the time of eligibility, 48 hours, and
hospital discharge using REDCap electronic
data capture tools hosted at AtriumHealth
(19). Patient demographics, clinical
characteristics, receipt of intensive care,
receipt of adjunctive therapies, adverse events,
hospital length of stay, and discharge
disposition were abstracted via clinical chart
review and directly from the health system’s
enterprise data warehouse. Clinicians’
recommendation to prone and patients’
attempt to prone were collected via chart
review of physician and nurse progress
notes—absence of documentation that prone
positioning had been prescribed or that the
patient agreed to prone positioning was
recorded as “not prescribed” and “not
attempted.” Separately, we reviewed progress
notes and nursing flow sheets to identify
documentation of actual duration of prone
positioning.

Outcomes
As a pilot trial, the primary objective was to
establish outcomes relative to successful
implementation of a future definitive RCT.
The study outcomes, shown in Table 1, were
guided by an implementation science
framework (17, 20). Specific research
outcomes includednadir oxygen saturation to
fraction of inspired oxygen (S/F) ratio, time
spent with S/F ratio less than 315 (a threshold
shown to be correlated with P/F ratio [ratio of
arterial oxygen partial pressure to fractional
inspired oxygen] of 300) (21, 22), receipt of
intensive care, greater than 6 L/min oxygen
support, intubation, hospital length of stay,
and hospital mortality.

Safety Monitoring
The safety of the APPS intervention was
explored by the number of adverse events
documented. In mechanically ventilated
patients, prone positioning can be associated
with complications such as pressure wounds,
unintentional extubation, loss of intravenous
and other catheters, facial edema, corneal
ulceration, and pressure neuropathies (23).
Owing to patients’ awake, spontaneous
breathing status, allowance of terminating the
prone positioning per patient request, and the
short duration of the study, these
complications were not anticipated.We
assessed potential serious adverse events
(emergent intubation [defined as intubation
onmedical floor] and new anterior pressure
wound) as well as a nonserious adverse event
(loss of intravenous catheter).

Statistical Analysis

Process and implementation objectives.
Process and implementation outcomes were
assessed using mixed-methods data from
study records and telephone interviews. We
calculated descriptive statistics tomeasure the
proportion of participants who 1) found the
randomization approach acceptable (clinician
and patient), 2) adhered to the assigned
intervention strategy (patient), and 3)
perceived the APPS treatment protocol
practical to implement within the context of
routine care using existing resources
(clinician). Qualitative data analysis of the
interviewswas interpretive and iterative, using
a thematic analysis approach. Interview
recordings were transcribed for coding and
thematic analysis was performed using
ATLAS.ti 8Windows (Scientific Software
Development GmbH) to assess contextual
influencers for the implementation of a
successful future RCT. Data saturation was
determined to be reached when thematic
redundancy was observed beginning with the
11th interview.

Research objectives. Baseline
demographic and clinical data were
summarized for the intention-to-treat and
as-treated population groups. Continuous
variables were summarized using mean,
standard deviation, median, and interquartile
range estimates, andcategorical variableswere
described using frequency and percentages.

Statistical analyses were conducted on
clinical outcomes to describe and explore
changes in defined endpoints, using both
intention-to-treat and as-treated groups.
Separation between the groups was evaluated

by nadir S/F ratio and the time spent with S/F
ratio,315 in the first 48 hours following
randomization. Median S/F ratios were
plotted to visualize longitudinal trajectory of
patient groups from baseline to 48 hours. We
used descriptive statistics to measure the
frequency of secondary outcomes and adverse
events overall and in each treatment group.
For each measure, 95% confidence intervals
(95%CIs)were calculated. Analyses of clinical
outcomes were conducted using SAS
Enterprise Guide 7.1 (SAS Institute Inc.).

Results

Between June and August 2020, a total of
43 patients met inclusion criteria (Figure
1). Of these, two patients (5%) met one or
more exclusion criteria. At the time of
eligibility, 23 (53%) patients had positive
testing for SARS-CoV-2 and 20 (47%)
patients were suspected to have COVID-
19. Eight (19%) patients ultimately had
negative testing for SARS-CoV-2.
Thirteen patients were admitted to the two
teams randomly assigned to the UC group
and 28 patients were admitted to three
teams assigned to the APPS group. One
patient randomized to the APPS group left
against medical advice before being
prescribed prone positioning and was
removed from the study, leaving 40 (98%)
patients who completed the study. Ten
(37%) patients in the APPS group and
three (23%) patients in the UC group
attempted prone positioning.

Baseline Patient Characteristics
As expected, there were baseline imbalances
between groups (Table 2). In the as-treated
population comparisons, patientswhodidnot
attempt prone positioning more frequently
were male, were Black, had chronic lung
disease or heart failure, and had 6 or more
pack-years’ smoking history compared with
those who did attempt prone positioning.

Embedded Implementation Evaluation
Nine patients and eight clinicians were
contacted for inclusion; one clinician and
two patients were not reached, and one
patient declined. Six patients and seven
clinicians (three physicians, three nurses,
and one respiratory therapist) agreed to
participate. Patient interviews ranged from
4 to 9minutes (mean = 6min), and clinician
interviews ranged from 8 to 12 minutes
(mean = 10 min). Four of seven clinicians
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Table 1. Results of convergent mixed-methods analysis presented using implementation outcome framework with associated
implications for a future RCT

Implementation Outcome Quantitative Results Qualitative Results with Example
Quotes

Implication for Future RCT

Acceptability of an RCT
evaluating APPS

57% of clinicians perceive
randomization to control group
unacceptable

Clinicians report perceived lack of
equipoise for prone positioning,
lack of alternatives:
“[Avoiding proning] is a little bit
more challenging to me because
we obviously don’t have a lot of
things that work for COVID… I
think a lot of the patients do
respond to going to a prone
position as far as their oxygen
saturation levels, so, telling
people to not do that, I do have a
little hesitation with that.”

May hinder recruitment or lead to
selection bias; consider clinician
education strategy or switch to
nontraditional (e.g., quasi-
experimental) trial design

Adoption of an RCT evaluating
APPS

74% of physicians assigned to
APPS prescribed the intervention
to eligible patients

May require modifying intervention
to encourage uptake, anticipate
dilution of treatment effect in
intention-to-treat analyses

Appropriateness of an RCT
evaluating APPS

71% of clinicians reported that trial
intervention has become usual
care

Consider organizational education
strategy to reinforce equipoise or
quasi-experimental design

Effectiveness of an RCT
evaluating APPS

Direction of research outcomes
favored prone positioning.

100% of respondents endorsed
ICU use and/or advanced
respiratory support rates to be
relevant and patient-centered
primary outcome

Patients subjectively felt that
prone positioning improved
their breathing:
“I mean, [proning] did work.”
“Yes. [Proning] actually helps, a
lot.”
“Thank God, I feel better now.”

Further investigation of prone
positioning for nonintubated
patients in larger studies likely
warranted; potential patient-
centered outcomes might include
ICU or advanced respiratory
support use

Equity of an RCT evaluating
APPS

Lower rates of adherence among
Black (19%) compared with white
(56%) and non-Black Hispanic
(71%) patients

Develop culturally tailored
approaches to reduce disparities
in adherence

Feasibility of an RCT
evaluating APPS

95% enrollment rate (only 2
patients met exclusion criteria).
98% of patients completed the
study.
Only 2 of 27 patients had
documentation of prone position
duration.

Outcome data collection: no
missing data for ICU transfer,
advanced respiratory support, or
mortality

Nurses reported adherence to a
strict positioning schedule to be
challenging owing to complexities
of care environment:
“Working on the COVID unit is
just so unpredictable and
everybody can be fine one
minute and the next they are not.
So, we could say at 2:00 we are
going to prone all of our patients
for 1 h; however, at 2:00,
everything can go awry and we
get nobody proned, and then it
would be completely off
schedule.…So, there would
definitely be a lot of challenges to
it.”

Tailor strategies to reduce
complexity and increase flexibility
of the intervention delivery
protocol.
Traditional RCTs with active data
collection or novel approaches
such as smart phone applications
and patient-reported measures
will be needed if reliable
estimates of prone duration are
desired. Otherwise, pragmatic
trials should not plan specific
analyses around these data

Fidelity of an RCT evaluating
APPS

50% of patients had protocol
violations/crossovers.

0% of patients managed the 12-
to 16-h prone target time
suggested by clinicians.

Patients estimated spending
between 10 and 120 min a day in
prone position

Patients perceived prone
positioning to be difficult:
“Just that at the time, in the
condition that my body was in, I
could not bear it for too long with
my back pain. So, I had to turn a
lot.”

Will require strategies to enhance
organizational and individual buy-
in and improve comfort/
tolerability.
Consider more flexible prone time
targets than those recommended
in mechanically ventilated
patients.
Anticipate dilution of treatment
effect, plan education strategy to
clinicians to limit crossovers

Penetration of an RCT
evaluating APPS

No patients experienced intubation
or death during hospitalization

Adapt recruitment strategies, may
require inclusion of nonintubated
patients admitted to ICU

Definition of abbreviations: APPS=Awake Prone Positioning Strategy; COVID=coronavirus disease; ICU= intensive care unit; RCT= randomized
controlled trial.
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(57%) felt that randomizing patients to a
no-prone-positioning control group was
unacceptable. Similarly, four of seven
clinicians (57%) reported significant
logistical barriers to the conduct of an RCT
evaluating a prone positioning protocol.
None of the patients interviewed reported
being hesitant to try prone positioning.
However, four of six patient interviewees
(67%) found the position uncomfortable or
intolerable in practice. Although six of
seven clinicians (86%) endorsed 12–16
hours as the daily recommended prone
time, patients reported that they were only
able to lie prone for between 10 and 120
minutes per day. Nurses also indicated that
recommended prone time targets were
unfeasible because of competing demands
of other care tasks requiring supine or
upright positioning. Although tolerability
was limited, five of six patients (83%)
reported that prone positioning
subjectively improved their dyspnea. The
results of the convergent mixed-methods
analysis using a combination of electronic
health record data, study records, and
interview data are presented in Table 1,
organized by implementation outcome.

Additional qualitative findings are
provided in Table E1.

Oxygenation outcomes. There were no
missing values for oxygen saturation or
fractionof inspiredoxygen. Figures 2Aand2B
show the distribution of the lowest S/F ratios
for patients over the first 48 hours of the
intervention based on individual patient
measurements.Patients in theUCgrouphada
median nadir S/F ratio over the 48-hour study
period of 216 (95% CI, 95–303) versus 253
(95% CI, 197–267) in the APPS group
(intraclass correlation coefficient, r=0.11;
95% CI, 0.05–0.18). In the as-treated
populations, patients who did not attempt
pronepositioninghadamediannadirS/Fratio
of 225 (95%CI, 196–258) versus 256 (95%CI,
185–284) in patients who attempted prone
positioning. Patients in theUCgroup spent 42
hours (95% CI, 13–47) of the 48-hour study
period with an S/F ratio below 315 versus 20
hours (95%CI, 6–39) for patients in the APPS
group. Patients who did not attempt prone
positioning spent 30 hours (95%CI, 11–46) of
the 48-hour study period with an S/F ratio
below 315 versus 20 hours (95% CI, 0–45) for
patients who attempted prone positioning.
Figures2Cand2Dshowlongitudinal trends in

median S/F ratios for patients in each group
over the study period. Table 3 shows hospital
outcomes experienced by patients by
intention-to-treat and as-treated groups.

Safety monitoring. There were no
serious adverse events. One patient in the
APPS group experienced loss of an
intravenous catheter thatwas deemed likely to
be related to the trial intervention.

Discussion

This study demonstrates a novel approach to
pilot study design using an explicit
implementation science framework to ensure
that key contextual factors are identified and
addressed.We prioritized rapid knowledge
gain that can be used to make responsive
adjustments to a planned RCT.

Table1 showshowtheresultsof the study
canbeused to informa future trial evaluatinga
prone positioning strategy for nonintubated
patients. Key applications of our results to the
design, eligibility criteria, intervention, data
collection, and outcome selection of a future
trial evaluating awake prone positioning are
discussed briefly here.

Adults hospitalized with
COVID-19 and hypoxemia

(n=43)

Excluded:
-Contraindicated for
prone positioning (n=2)

Hospitalized adults eligible for
treatment assignment (n=41)

Admitted by provider team
allocated to usual care (n=13)

Admitted by provider team
allocated to APPS (n=28)

Did not attempt
to prone (n=10)

Did not attempt
to prone (n=17)

Did attempt to
prone (n=3)

Did attempt to
prone (n=10)

Excluded:
-Left AMA
(n=1)

Figure 1. Flow diagram of patients with COVID-19 acute respiratory failure enrolled into the APPS pilot trial. AMA=against medical advice;
APPS=Awake Prone Positioning Strategy; COVID-19=coronavirus disease.
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Design
Ourfindings informthechoiceof studydesign
to evaluate an awake prone positioning
strategy. Clinician interviews indicated that
patient-level randomization could be
problematic owing to a perceived lack of
equipoise about the intervention, and nurses
indicated that applying different prone
positioning strategies to patients on the same
unit would be operationally difficult.
Additionally, we found that patients met
eligibility criteria within a few hours from
arrival to the hospital, and the cluster-level
design may obviate delays in promptly
applyingpronepositioning in the intervention
group.However, adisadvantageof the cluster-
level randomization is observed diffusion of
prone positioning into the UC group,
reinforced by interview data whereby many
clinicians revealed that prone positioning was

already considered UC for nonintubated
patients in their setting. The implications of
thesefindings include lackof group separation
in pragmatic trials due to treatment
contamination in the UC group. Given the
challenges identifiedwithboth individual-and
cluster-level randomized designs, quasi-
experimental approaches such as regression
discontinuity designs also warrant
consideration (24, 25).

Eligibility Criteria
Our pilot study included suspected COVID-
19 diagnosis in the eligibility criteria, resulting
in the inclusion of patients who ultimately
testednegative for SARS-CoV-2. Investigators
must consider tradeoffs associated with
maintaining fidelity of the target study
population versus avoiding delays in
intervention assignment while awaiting test

results for eligibility determination.
Additional considerations for selecting
eligibility criteria include enrichment
strategies to target patients at increased risk
of poor outcomes, as none of the patients in
our study experienced intubation or death
during hospitalization. However, our
clinician interviews suggest that the
tradeoff for enrolling more severely ill
patients could be less willingness to
withhold prone positioning.

Data Collection
Our results indicate that assessing fidelity to
prone positioning is a major challenge in a
pragmaticstudydesignusingdatacapturedfor
clinical use. Whereas clinical documentation
agreed with interview data for whether
patients attempted prone positioning, only
two patients had chart documentation of time

Table 2. Baseline demographics and clinical characteristics of patients with COVID-19 acute respiratory failure enrolled into the
APPS pilot trial, by assigned treatment and prone positioning status within 48 hours

Assigned Treatment Group Prone Positioning Status

Usual Care
(n=13)

APPS
(n=27)

Did Not Attempt
(n=27)

Did Attempt
(n=13)

Median age at admission (IQR), yr 60 (54–63) 56 (45–66) 61 (55–66) 50 (45–57)
Female sex, n (%) 3 (23) 10 (37) 7 (26) 6 (46)
Race
Black 6 (46) 16 (59) 19 (70) 3 (23)
White 5 (38) 9 (33) 7 (26) 7 (54)
Other 2 (16) 2 (8) 1 (4) 3 (23)

Hispanic or Latino, n (%) 3 (23) 7 (26) 4 (15) 6 (46)
Comorbid conditions, n (%)
None 5 (19) 2 (15) 4 (15) 3 (23)
Chronic lung disease 3 (23) 6 (22) 8 (30) 1 (8)
Chronic renal disease 2 (15) 7 (26) 6 (22) 3 (23)
Diabetes 5 (38) 10 (37) 9 (33) 6 (46)
Heart failure 4 (31) 5 (19) 7 (26) 2 (15)

Median BMI (IQR), kg/m2 31 (28–38) 29 (26–39) 31 (27–37) 30 (27–42)
BMI .30 kg/m2, n (%) 6 (46) 14 (52) 14 (52) 6 (46)

Smoking history, n (%)
Unknown 0 (0) 2 (7) 2 (7) 0 (0)
Never 7 (54) 19 (70) 15 (56) 11 (85)
1–5 cigarette pack-years 1 (8) 3 (11) 2 (7) 2 (15)
6 or more cigarette pack-years 5 (38) 3 (11) 8 (30) 0 (0)

Median pneumonia severity index (IQR) 81 (67–84) 72 (57–95) 79 (66–106) 64 (45–80)
Median hours from presentation to eligibility (IQR) 7 (2–26) 4 (1–24) 6 (2–37) 4 (0–7)
Suspected COVID-19 at time of eligibility*, n (%) 5 (39) 10 (37) 11 (41) 4 (31)
Median oxygen saturation at baseline (IQR) 93 (91–95) 92 (89–94) 93 (90–94) 92 (90–93)
Oxygen support at baseline, n (%)
Room air 1 (8) 0 (0) 1 (4) 0 (0)
,4 L nasal cannula 7 (54) 15 (56) 18 (67) 4 (31)
4–6 L nasal cannula 3 (23) 11 (41) 5 (19) 9 (69)
Medium flow nasal cannula 2 (15) 0 (0) 2 (15) 0 (0)
Humidified high-flow nasal cannula 0 0 (0) 0 (0) 0 (0)
Bilevel positive airway pressure 0 1 (4) 1 (4) 0 (0)

Definition of abbreviations: APPS=Awake Prone Positioning Strategy; BMI=body mass index; COVID-19=coronavirus disease; IQR= interquartile
range.
*COVID-19 testing ultimately negative (n=8): by assigned treatment group (usual care [n=2] vs. APPS [n=6]); by prone positioning status (did not
attempt [n=7] vs. did attempt [n=1]).
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spent in prone position, and nurse
interviewees confirmed low accuracy of this
data element.

Outcome Selection
Given the small size of the pilot study, we used
S/F ratio as a surrogate marker to explore

physiologic differences owing to its
availability, noninvasive collection, and
demonstrated concordance with P/F ratios
(21). However, the S/F ratio is highly variable
depending on the oxygen support strategy
chosen andmay be less accurate in dark-
skinned individuals (26). Ideally, a futureRCT

would evaluate clinically relevant endpoints
such as requirement for intensive care,
advanced respiratory support, or mortality,
which were all viewed as important, patient-
centered outcomes by our interviewees.
However, low event rates and power are
tradeoffs to consider.
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Figure 2. Separation of lowest S/F ratio and trends in median S/F ratio within 48 hours from baseline for patients with coronavirus disease (COVID-
19) acute respiratory failure enrolled into the APPS pilot trial. Box and whisker plots depict the lowest S/F ratio for (A) patients randomly assigned to
UC and APPS and (B) patients who did not prone and did prone. Median and IQR and mean and SD estimates along with 95% CIs are shown below
the plot for each group. Outlier data points are presented with a circle for any estimates located at least 1.5 times the IQR below the first quartile or
above the third quartile. The group median S/F ratio is shown plotted longitudinally at 6-hour intervals for (C) patients randomly assigned to UC and
APPS and (D) patients who did not prone and did prone. APPS=Awake Prone Positioning Strategy; CI =confidence interval; IQR= interquartile
range; SD=standard deviation; S/F= oxygen saturation to fraction of inspired oxygen; UC=usual care.
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Intervention
Important findings include low adoption of
prone positioning by patients. In our study,
using a pragmatic approach to intervention
implementation, fewer than half of patients
assigned to the APPS group had
documentation of attempted prone
positioning, with particularly low uptake
amongBlack patients.Our qualitative analysis
indicates that reasons forpooruptakeofprone
positioning included patient comfort, anxiety,
and interference with other aspects of care.
Broad uptake of prone positioning within the
context of a clinical trial will require dedicated
efforts toaddress thesebarriers to intervention
adherence, with emphasis on addressing
disparities in uptake. Second, we found a
striking disconnect between the daily time
clinicians considered necessary for patients to
adhere to prone positioning, which ranged
from12to16hours,andthedaily timepatients
reported spending in the prone position,

whichmostpatient interviewees estimated at a
little over an hour. In addition to addressing
barriers to tolerability of prone positioning,
future clinical trials may need to decrease the
“dose” of prone positioning required to
consider nonintubated patients adherent with
trial protocols, rather than extrapolate high
values from trials in mechanically ventilated
patients (3–6).

Our study has notable limitations. First,
the study was small and not appropriate to
assess estimates of treatment effectiveness—
our results should be considered exploratory
to inform future investigations. Second,
although interview responses typically
matched chart documentation for adoption of
prone positioning, our assessments of
adoption rates based on clinical
documentation may be inaccurate. Third, the
studyoccurred at a single site,whichmay limit
generalizability for implementationof anRCT

at sites with different operational and clinical
structures. Finally, although our interview
sampling strategy included multidisciplinary
clinicians to obtain a variety of perspectives,
theviewsof respondentsmaydiffer fromthose
who chose not to participate.

Conclusions
We describe a novel approach to improving
the likelihoodof a rigorous, generalizableRCT
by first rapidly conducting a pilot study with
embedded implementation science
evaluation.Our results suggest thatadefinitive
trial evaluating the effect of prone positioning
in nonintubated patients with COVID-19 is
warranted, but they uncover several
considerations for the design and conduct of
such a trial.�

Author disclosures are available with the text
of this article at www.atsjournals.org.

Table 3. Hospital outcomes experienced by patients with COVID-19 acute respiratory failure enrolled into the APPS pilot trial, by
assigned treatment and prone positioning status within 48 hours

Assigned Treatment Group Prone Positioning Status

Usual Care
(n= 13)

APPS
(n=27)

Did Not Attempt
(n=27)

Did Attempt
(n=13)

Attempted prone position within 48 h 3 (23) 10 (37) 0 (100) 13 (100)
Oxygen support required 48 h after baseline
Room air 2 (15) 0 (0) 2 (7) 0 (0)
,4 L nasal cannula 3 (23) 10 (37) 10 (37) 3 (23)
4–6 L nasal cannula 1 (8) 12 (44) 5 (19) 8 (62)
Medium-flow nasal cannula 2 (15) 2 (7) 4 (15) 0 (0)
Humidified high-flow nasal cannula 3 (23) 2 (7) 3 (11) 2 (15)
Bilevel positive airway pressure 2 (15) 1 (4) 3 (11) 0 (0)
Intubated 0 (0) 0 (0) 0 (0) 0 (0)

Adjunctive therapies
Corticosteroids 9 (69) 19 (70) 19 (70) 9 (69)
Remdesivir 5 (38) 10 (37) 11 (41) 4 (31)
Convalescent plasma 2 (15) 1 (4) 1 (4) 2 (15)

Adverse events within 48 h
Anterior pressure wound 0 (0) 0 (0) 0 (0) 0 (0)
Loss of intravenous catheter 0 (0) 1 (4) 0 (0) 1 (8)
Emergent intubation outside of the ICU 0 (0) 0 (0) 0 (0) 0 (0)

Required ICU admission within 48 h 3 (23) 8 (30) 9 (33) 2 (15)
Required ICU admission during hospitalization 6 (46) 8 (30) 11 (41) 3 (23)
Required intubation during hospitalization 0 (0) 0 (0) 0 (0) 0 (0)
Median hospital length of stay (IQR), d 5 (2–9) 6 (3–12) 9 (3–13) 5 (3–8)
Discharge disposition
Expired 0 (0) 0 (0) 0 (0) 0 (0)
Home 11 (84) 24 (89) 23 (85) 12 (92)
Skilled nursing facility 1 (8) 2 (7) 2 (7) 1 (8)
Acute care hospital 1 (8) 1 (4) 2 (7) 0 (0)

Definition of abbreviations: APPS=Awake Prone Positioning Strategy; COVID-19=coronavirus disease; ICU= intensive care unit; IQR= interquartile
range.
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