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Whereas prone positioning of intubated patients suffering from acute respiratory distress syndrome represents the
standard of care, proning non-intubated patients, so-called “awake prone positioning (APP),” has only recently
gained popularity and undergone scientific evaluation. In this review, we summarize current evidence on physio-
logical and clinical effects of APP on patients’ centered outcomes, such as intubation and mortality, the safety of
the technique, factors and predictors of success, practical issues for optimal implementation, and future areas of

research. Current evidence supports using APP among patients suffering from acute hypoxemic respiratory failure
due to COVID-19 and undergoing advanced respiratory support, such as high-flow nasal cannula, in an intensive
care unit setting. Healthcare teams should aim to prone patients at least 8 h daily. Future research should focus on
optimizing the tolerance of the technique and comprehensively evaluating benefits in other patient populations.

Introduction

Hypoxemic respiratory failure, especially acute respiratory
distress syndrome (ARDS), is one of the leading causes of me-
chanical ventilation requirement and mortality in patients with
coronavirus disease 2019 (COVID-19).[:?] Average COVID-19-
associated mortality has reached 17% among hospitalized pa-
tients, with a significant geographical variation in a meta-
analysis of 42 studies involving 423,117 patients worldwide.'®!
A number of death risk factors have been reported, including
older age,’** male sex,!>°! lower partial pressure of oxygen
(Pa0,)/fraction of inspired oxygen (FiO,) ratio,’® comorbid-
ity, such as chronic obstructive pulmonary disease and type 2
diabetes,[%-°] intensive care unit (ICU) admission,!! and aber-
rant cytokine storm.['-°! The incidence of hypoxemic respira-
tory failure/ARDS has been reported to be as high as 30%,!"-%!
and >50% of patients with COVID-19 admitted to ICU need oxy-
gen supplementation or respiratory support upon admission.”’
Whereas placing intubated patients in the prone position rep-

resents the standard of care and is associated with reduced
mortality, placing non-intubated patients in the prone position,
so-called “awake prone positioning (APP),” has only recently
gained scientific interest after being implemented merely as
an innovative rescue technique when clinicians faced the first
COVID-19 pandemic waves. Here, we summarize the current
knowledge and evidence on physiological effects, benefits, and
potential harms associated with APP, the best way to practically
implement it, and further research perspectives on the matter.

Physiological and Clinical Effects of APP
The effect of APP on oxygenation improvement

Early case series studies have shown a reduction of respira-
tory rate and improvement in pulse oximetric saturation(SpO,),
Pa0,, and Pa0,/FIO, during APP,[®°] which have been con-
firmed by subsequent cohort studies.''%!* This improvement
in oxygenation and clinical presentation usually happens in the
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early stage of APP (from 30 min to 6 h of the first episode).
However, several observational studies have reported no im-
provement in oxygenation after APP.[1>16] Notably, patients in
the prone group in these observational studies have been gen-
erally less severe (lower acute physiology and chronic health
evaluation [APACHE] II scores) compared with patients in the
supine positioning group. As for randomized controlled studies,
several studies with a small sample size have found no signif-
icant improvement in oxygenation in patients with APP.[17-20]
A meta-trial with 1126 patients (567 in APP vs. 559 in stan-
dard care) has shown a significant effect of APP on reducing the
respiratory rate and improving oxygenation.?!! Seven currently
available meta-analyses have concluded that APP improves oxy-
genation in patients with COVID-19-induced acute hypoxemic
respiratory failure.?%-28]

The effect of APP on reducing the need for intubation

During the first wave of the pandemic, large cohort studies
have reported that the need for intubation and invasive mechan-
ical ventilation in patients with COVID-19 admitted to ICU and
out-of-ICU was about 80% and 26%, respectively.!”-2°! Efforts
have been undertaken to reduce the need for intubation due to
its association with higher mortality and the use of scarce re-
sources in the pandemic setting.!>7! Early observational stud-
ies have shown controversial effects of APP on the need for
intubation,!%-16-30-32] while early randomized controlled stud-
ies with small sample sizes have not been able to detect the dif-
ferences in intubation induced by APP.['7-20.33] However, from
observational studies, it is interesting to note that a significant
reduction in the need for intubation through APP implementa-
tion has been found in most of the studies in which patients re-
ceived predominantly high-flow nasal cannula (HFNC).[!1,30-32]
The largest randomized evidence published as an international
multi-centered meta-trial, including patients hospitalized with
acute hypoxemic respiratory failure due to COVID-19 pneumo-
nia and requiring HFNC treatment, has demonstrated that APP
significantly reduced the risk of intubation by 7%.!2!! Moreover,
meta-analyses and systematic reviews of non-randomized con-
trolled studies have also shown the effect of APP on reducing
the risk of intubation,!??! except for a meta-analysis conducted
by Pavlov et al.'>! at early pandemic, and including only obser-
vational studies.*”! The introduction of randomized controlled
studies offsets this effect.[?#3*] Interpretation of these meta-
analyses should be cautious because different inclusion criteria
have been used, and eventually, different studies have been in-
cluded for the final analysis as the evidence evolved, comprising
various combinations of randomized and non-randomized stud-
ies published at different time points. It would be important to
dissect the studies based on the study design and perform sub-
group analyses on different patient groups to identify the cluster
of patients that could benefit most from APP. In this regard, a
recent large meta-analysis of 1985 patients from 10 randomized
controlled studies and 2669 patients from 19 non-randomized
controlled studies has confirmed the benefit of APP in reducing
the need for intubation based on both randomized controlled
studies and non-randomized controlled studies.'®*>! Moreover, it
has further revealed that this benefit is more robust in patients
undergoing advanced respiratory support (e.g., HFNC and non-
invasive ventilation [NIV]) and in ICU settings at enrollment.
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Recently, Alhazzani et al.'*®) have published a randomized
clinical trial on awake prone position. Of 400 patients enrolled
in this study, over 2/3 received HFNC. Although the intubation
rate on day 30 was not significantly different between groups
of APP and standard care (34.1% vs. 40.5%, respectively, with
a hazard ratio of 0.81, 95% confidence interval[CI]: 0.59-1.12,
P=0.20), they have reported a lower risk of intubation for pa-
tients who received HFNC in their subgroup analyses. The au-
thors have also recognized that the effect size for the primary
study outcome (intubation rate on day 30) was imprecise and
did not exclude a clinically important benefit.

The effect of APP on mortality

A large retrospective study with 505 patients in the APP
group and 322 patients in the control group has shown that
APP halved the hospital mortality of COVID-19 patients (control
group mortality 37.3% vs. APP group 19.8%)!'?; however, none
of the available randomized controlled studies have reported
such a significant reduction in mortality by APP,[19-21,53,57]
Some meta-analyses pooling non-randomized controlled studies
and randomized controlled studies together have also demon-
strated that APP was associated with lower mortality compared
with supine positioning.[?***! By separating meta-analysis of
randomized controlled studies and non-randomized controlled
studies, the most recent evidence has found no reduction in mor-
tality when pooling randomized controlled studies data while
observing significantly lower mortality in the APP group when
pooling non-randomized controlled studies data.[>>! Moreover,
the aforementioned randomized controlled trial by Alhazzanni
et al.'*®! has also shown no difference in mortality between APP
and control groups. These results call for attention to possible
recruitment and publication bias among non-randomized stud-
ies. Indeed, the mortality data from the non-randomized con-
trolled studies should be interpreted cautiously because signif-
icant differences in patients’ characteristics are noticed in the
supine group, such as older age, more ICU patients, and more
severe patients classified by a higher sequential organ failure
assessment (SOFA), or APACHE II score,['!12.15,38] which are
among the recognized risk factors for COVID-19-associated mor-
tality. In addition, mortality has been exclusively designed as
a secondary outcome in all the currently available randomized
controlled studies, which might be underpowered to detect a
significant difference regarding mortality. Therefore, more ran-
domized controlled studies are needed to reveal the true effect
of APP on mortality.

Safety of APP

Adverse events, such as pressure wounds, endotracheal tube
dislodgement, and sustained hypotension, and the complex-
ity of prone positioning (PP) maneuvers, including but not
limited to the requirement of practical skills, are the major
concerns impeding its implementation in mechanically ven-
tilated patients.[3%°1 In theory, APP seems easier to man-
age because patients are conscious without an endotracheal
tube, meaning that they could be instructed to change posi-
tion by themselves and autonomously adjust their position to
improve tolerance. Based on the current studies, no severe ad-
verse events have been reported during APP. The most com-
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monly reported adverse events associated with APP are discom-
fort, skin breakdown, vomiting, central line dislodgement, back
pain, and bloating sensation.[!3:17-19 21.33,36,41] Generally, APP is
well tolerated,[”-?1-22:371 but discomfort and anxiety have been
reported as the most common reasons for intolerance.[37-41]
Whereas these side effects can be considered mild, they might
still impact patients’ adherence to the technique.

Influential Factors on the Treatment Success of APP

Similar to other therapeutic maneuvers/procedures for the
treatment of acute hypoxemic respiratory failure, selection of
appropriate patients plays a key role in treatment success. Clin-
icians need to consider the following factors while assessing the
benefits of APP for patients.

Disease severity and respiratory support

Based on the physiological mechanism of APP in improv-
ing oxygenation and patient-centered outcomes, a significant
effect size is expected to be more easily detected in patients
with more severe diseases. In a multicenter randomized con-
trolled study including 248 patients with moderate hypoxemia
only (FiO, <50%), Fralick et al.!*?! have not observed any im-
provement in the composite outcome of death, mechanical ven-
tilation, or worsening in respiratory failure. In another recent
non-randomized controlled trial which included 501 patients,
most of whom were treated with a low-flow nasal cannula, Qian
et al.'®! have observed no clinical benefit. Notably, this study
has even reported a potential risk of short-term harm from APP;
however, it has not been apparent on day 28. In this study, mor-
tality has been much higher than the intubation rate, meaning
that several patients have died without being intubated. Those
patients with “do not intubate” orders might have represented
a critical confounding factor.

The HFNC has been used for oxygen support in the stud-
ies included in the meta-trial by Ehrmann et al.?'! In other
randomized controlled studies in which the use of respiratory
support devices has been heterogeneous, including low-flow
nasal cannula, face masks, and non-rebreathing masks, no sig-
nificant improvement in intubation rate or mortality has been
found.[17-20,37,42,431 I Jine with this, in a recent non-randomized
controlled trial including only patients with NIV, Musso et al.[*#
have found that early and prolonged APP was associated with
decreased intubation and mortality. Also, the subgroup analy-
sis of a recent systematic review and meta-analysis has revealed
that the benefits of APP in reducing intubation were limited to
patients with advanced respiratory support (HFNC and NIV) at
enrollment.®>! Taken together, current evidence does not sup-
port the use of APP in COVID-19 patients without the need for
advanced respiratory support; however, there is no solid evi-
dence of harm in this subgroup, and the studies performed so
far have been underpowered due to the low intubation rate. It
is noteworthy to investigate to what extent the combined use of
APP and advanced respiratory support play a role in treatment
success.

Duration of APP

In the meta-trial by Ehrmann et al.,'*!’ only 17% of patients
who attained a daily average time on APP >8 h/day have had

235

Journal of Intensive Medicine 2 (2022) 233-240

treatment failure (intubation or death), compared to 48% of
those with <8 h/day on APP. Similar results have been observed
in the single largest randomized controlled study from Mex-
ico, in which the duration of APP has been linearly correlated
with the probability of treatment success (r=0.70, P <0.001),
and a daily duration of APP >8 h/day has predicted success
with a sensitivity of 90% and specificity of 87%.!“>! However,
given the observational nature of the data precluding causal in-
ference, cautious interpretation is warranted. Interestingly, the
presence of silent hypoxemia (i.e., hypoxemia without dyspnea)
has been associated with a longer duration of APP (12.4 h/day
vs. 7.6 h/day, P <0.001), which could partially explain the im-
proved outcomes found in this subgroup. Esperatti et al.[*6! have
found a similar dose-response effect in a large cohort study from
Argentina. They have included 335 patients with confirmed
COVID-19 and treated with HFNC and found a progressive re-
duction in the risk of intubation as the APP duration increased,
with a cutoff of >6 h/day associated with an odds ratio (OR) of
0.36 (95% CI: 0.2-0.7) for intubation, and a cutoff of >8 h/day
associated with an OR of 0.37 (95%CI: 0.17-0.8) for mortality.
APP might be considered as a cardiopulmonary reserve test in
these acutely ill patients, selecting the fittest patients most likely
to perform well, but the patient’s tolerance relies not only on dis-
ease severity and comorbidities but also on patient motivation.
Therefore, we suggest clinicians actively encourage patients to
use PP, aiming for at least 8 h/day.

Timing of initiating APP

Data on timing from HFNC to initiation of APP are scarce.
In a post hoc analysis of a randomized controlled study, early
APP has been defined as APP starting within 24 h of HFNC ini-
tiation. They have found that patients with late APP (>24 h of
HFNC initiation) had higher mortality than patients with early
APP (45% vs. 26%, P=0.03).[“”! Although these results should be
considered exploratory, they are consistent with those obtained
in the study by Ibarra-Estrada et al.,'*>! in which APP has been
initiated at 11.1 h after HFNC initiation. Therefore, we suggest
that APP should be initiated as soon as patients are indicated for
HFNC treatment.

Predictors of Treatment Success on APP

Once the initiation of APP is decided, it is important to iden-
tify patients who eventually will succeed from APP (defined as
survival without intubation) as early as possible. Some variables
reflecting disease severity at baseline have been identified as po-
tential predictors of outcomes in patients with COVID-19. In the
largest study including 212 patients treated with conventional
oxygen, patients who survived had an improvement in SpO,,
Pa0,/FIO,, and respiratory rate after APP sessions, while these
variables have not improved in non-survivors.[*®! However, the
timing of measurements and duration of APP sessions have not
been reported.

In the large randomized controlled study by Ibarra-Estrada
et al.,[*! several predictors for treatment success have been re-
ported within the first 3 days after admission. First, at the initi-
ation of HFNC, a ROX index of >6.0 (the ROX index is the ratio
of SpO,/FiO, to respiratory rate; it is a clinical score combining
a single number of the three main parameters used to monitor a



Y. Perez, J. Luo, M. Ibarra-Estrada et al.

patient with acute hypoxemic respiratory failure) and D-dimer
concentrations of <1.4 mg/dL have been associated with APP
treatment success. But the variable with the highest area under
the receiver operating characteristics curve (AUC) has been the
respiratory rate at enrollment with a cutoff of <25 breaths/min
showing a sensitivity of 90% and a specificity of 77%. Then, an
increase in ROX index of >1.2 after the first APP session has had
a sensitivity of 62% and specificity of 84%. Finally, a decrease
in lung ultrasound score (LUS) score by >2 points, indicating
less severe consolidation, on the third day from randomization,
showed a sensitivity of 83% and specificity of 77% for APP suc-
cess.[*]

As the research regarding predictors of response to APP has
been limited to observational studies and a post hoc analysis, it
is essential to note that no single variable is accurate enough to
justify a solid recommendation regarding decision-making for
intubation. In line with these results, it is our common practice
to continuously assess the potential benefit of APP in a stepwise
fashion: for instance, variables, such as the presence of silent hy-
poxemia at hospital admission, respiratory rate at the initiation
of HFNC, and response in ROX index after the first APP ses-
sion, can be helpful in decision-making regarding transferring
patients to step-down units to avoid ICU overwhelming during
pandemic surges, especially if patients show adequate tolerance
to long APP sessions. Finally, as long as there are no indications
for immediate intubation, all possible measures to increase pa-
tient adherence to APP should be taken regardless of the level
of care.

How to Prone a Non-intubated Patient?

In this section, we share our experience and techniques that
have been used since the pandemic to place patients in APP with
a focus on improving tolerance.

Preparation

First, it is essential to take time to explain the technique of
APP and its expected benefits to the patient. After 2 years of
the COVID-19 pandemic, patients are usually aware of the poor
prognosis of admission to ICU and intubation. Explaining to pa-
tients that studies have scientifically proven that APP can reduce
intubation rate might be an important source of motivation for
patients and the team. An example of a patient education docu-
ment is available in the Supplemantary Material.

The prone position is ideally supervised by two caregivers,
at least for the first session. A physician may be present for the
first session, depending on the local organization. However, it is
important to note that “self-proning” studies (i.e., patients pron-
ing themself without any healthcare team assistance) have been
associated with poor adherence and that APP success requires a
substantial team effort and motivation.

The oxygenation device (HFNC, NIV, continuous positive
airway pressure [CPAP], etc.) is placed on the patient’s head.
Catheters and other invasive devices must be secured. As a safety
measure, FIO, needs to be increased to 1.0 before proning to
provide oxygen reserve for patients. The monitoring electrodes
are removed from the anterior part of the chest to avoid skin
lesions during prolonged PP sessions. Pulse oximetry should be
monitored during the procedure. If there are buttons on the hos-
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pital gown, depending on the design, these need to be removed
and put back on the patient once in the prone position to prevent
pressure sores.

Prone positioning

Some patients can prone by themselves; however, supervi-
sion and assistance must be provided to favor adherence to the
therapy. Others might need assistance, and in this case, we can
follow the four classic steps used for the intubated patient: lat-
eral translation, placement in the lateral position, reversal, and
final installation [Figure 1]. The arms can be positioned along
the body or on either side of the head, and it is essential to
discuss with the patient and try different positions with their
cooperation to find the most suitable position.

The monitoring electrodes are placed on the back of the pa-
tient. The patient should be as comfortable as possible. Pillows
of different sizes can be placed under the chest, head, arms, and
legs depending on patients’ preferences to improve their com-
fort. The bed can also be tilted to improve patient comfort. It is
necessary to facilitate the patients’ access to their smartphones
or anything that can help them relax (music, television, etc.). A
calling device needs to be placed in the patient’s hand to address
their needs during APP.

Analgesics can be administered in case of pain related to
the position. Some authors have reported the use of light se-
dation with benzodiazepines or dexmedetomidine to improve
tolerance.[*°-501 However, this practice has not been evaluated
in a randomized controlled trial. Patients should be instructed
and assisted to lie in the prone position for as long and as fre-
quently as possible. Efforts are needed to maximize the duration
of the sessions and the total time spent in APP daily. A goal of
8 h minimum per day in APP is advised.

At the end of the APP session, the electrodes are removed
from the back. The same steps described above are followed for
the reversal of the patient.

Monitoring

Vital signs should be continuously monitored during the APP
session. An improvement in oxygenation can be evaluated dur-
ing the session by measuring SpO,, SpO,:FIO,, and ROX index.
Notably, as a pragmatic alternative to PaO,, SpO, needs to be
maintained at 90-97% to have a linear correlation with PaO,.
If desaturation occurs, FIO, should be increased to 1.0, and the
physician in charge should be immediately contacted. If desat-
uration persists, APP should be terminated, and the indication
for intubation should be evaluated. The time spent in the APP
must be quantified daily.

Proning a non-intubated patient takes time, especially when
the sessions are repeated over the day and patients require iso-
lation measures. The involvement and motivation of the entire
healthcare team are essential. The technique and its expected
effects should be explained to the team ideally during dedicated
training. A written procedure should be available in the unit. A
memo sheet for healthcare staff is provided in Figure 2.

Future Research on APP

A mean daily APP duration of >8 h/day has been associated
with treatment success.?!! Unlike intubated patients undergo-
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Figure 1. How to assist patients with prone positioning. A: Patient in supine position. B: Lateral translation. C: Lateral position. D: Reversal of prone position. E:
Replacement of electrodes on the back of the patient. F-I: Different positions of the arms can be proposed. J,K: Pillows can be used to improve the comfort, and the

head of the bed can be elevated.

ing PP, APP time completely depends on patient comfort and
tolerance. Future endeavors should be made to improve patient
comfort and tolerance under prone position. Friedman et al.[>"!
have used an electronic wireless device to remind the patients
to stay in the prone position in their study, and the effects have
remained unknown. Since tolerance to APP might be compli-
cated, involving body habitus, sleeping position, culture, edu-
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cation, etc., a qualitative study to interview patients undergo-
ing APP might find out why patients could not tolerate APP and
their feelings about it. A multidisciplinary team from respira-
tory care, nursing, physiotherapy, wound care, and psycholog-
ical professionals might help to establish a feasible and effec-
tive bundle. Second, how APP works for patients with acute hy-
poxemic respiratory failure remains unclear. Recently, several
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INDICATIONS
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[

Acute hypoxemic respiratory
failure related to COVID-19

And under high flow nasal

cannula, NIV or CPAP /

-

5

Common contra-indications with intubated patients

Specific APP contra-indications:

\

CONTRA-INDICATIONS

Immediate need for intubation

Coma, agitation, confusion

Hemodynamic instability

CHECK-LIST

Patient education
2 caregivers

Pillows

Continuous monitoring

Call bell

N

MONITORING

Glascow Coma Scale Sp02

Heartrate ROXindex

Blood pressure Position of catheters and invasive devices
\Respiratory rate Tolerance )
( ASSESSMENT OF EFFICACY GOALS R

Sp02 Minimum 8 hours/day in APP

ROXindex

J

Figure 2. Practical memo sheet of APP. APP: Awake prone positioning; CPAP: Continuous positive airway pressure; NIV: Non-invasive ventilation.

studies assessing intubated patients’ responses to PP by electri-
cal impedance tomography (EIT) or chest computed tomogra-
phy have revealed that the oxygenation improvement was asso-
ciated with the lung recruitment of dorsal zones and the lung
collapse of the ventral zones after PP.[5%-°3] These findings ex-
plain that oxygenation is improved in some but not all patients.
Future studies might assess the effects of APP on lung recruit-
ment, particularly the combined use of different respiratory sup-
port devices with APP, to explore why the lower risk of intu-
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bation has predominantly been found in patients requiring ad-
vanced respiratory support, such as HFNC or NIV.[®! Similarly,
the effects of APP on patient breathing, specifically the patient’s
self-inflicted lung injury (P-SILI),!>* are worth investigating. In
a recent study by Tonelli et al.,’>>! nasal pressure swings have
been highly correlated with esophageal pressure swings, which
is promising in the utilization during APP. Finally, due to the
benefits of easy implementation and no cost, APP can be applied
to patients with acute hypoxemic respiratory failure caused by
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non-COVID-19 pneumonia, with the aim to reduce intubation.
Five cohort studies with a small sample size have been published
before the COVID-19 pandemic. None of them has demonstrated
the benefits of avoiding intubation.*?! Thus, randomized con-
trolled trials assessing whether APP can reduce intubation rate
in patients with acute hypoxemic respiratory failure induced by
non-COVID-19 pneumonia are highly warranted.!®!

Conclusions

Based on the current knowledge, the prone position should
be offered to all patients with COVID-19-induced acute hypox-
emic respiratory failure when they require advanced respiratory
support (HFNC, NIV, or CPAP) as it is associated with a signifi-
cant reduction in intubation rates. This should ideally be done in
an ICU under continuous monitoring. Beyond this specific pop-
ulation, APP might be considered for less severe patients, given
the lack of harm observed in all studies. On a case-by-case ba-
sis, APP may be considered in some patients with non-COVID-19
acute hypoxemic respiratory failure.
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