REVIEW ARTICLE

Awake Proning: Current Evidence and Practical
Considerations

Kanwalpreet Sodhi®, Gunjan Chanchalani?

ABSTRACT

Prone positioning has been shown to improve oxygenation for decades. However, proning in awake, non-intubated patients gained acceptancein
the last few months since the onset of coronavirus (COVID-19) pandemic. To overcome the shortage of ventilators, to decrease the overwhelming
burden on intensive care beds in the pandemic era, and also as invasive ventilation was associated with poor outcomes, proning of awake,
spontaneously breathing patients gathered momentum. Being an intervention with minimal risk and requiring minimum assistance, it is now a
globally accepted therapy to improve oxygenation in acute hypoxemic respiratory failure in COVID-19 patients. We thus reviewed the literature

of awake proning in non-intubated patients and described a safe protocol to practice the same.
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INTRODUCTION

The coronavirus disease (COVID-19) presents with a multitude of
clinical manifestations, with very high morbidity and mortality. The
concern for increased mortality among patients needing invasive
ventilation and the shortage of intensive care unit (ICU) beds and
ventilators in the pandemic, led to the use of awake proning as
a potential strategy to delay intubation or avoid ICU admissions.

Recent reports in COVID-19 acute respiratory distress
syndrome (C-ARDS) have shown that awake, self-proning improves
oxygenation in this group of patients. We hence reviewed the
literature of awake proning and suggested a protocol based on
the available evidence.

Proning has been widely studied mainly in intubated ARDS
patients and has shown improvement in oxygenation and reduced
mortality in patients on invasive ventilation, in large randomized
trials. However, with increasing clinical experience of treating
COVID-19 patients, self-proning of conscious, awake, non-intubated
patients with C-ARDS has shown profound improvement in
oxygenation, leading to delay and even avoiding intubation and
invasive ventilation altogether.

PHysioLoGicAL BENEFITS WiTH PRONING

Patients in a supine position have compromised pulmonary

function, due to

« Atelectasis of the dorsal alveoli.

« Over-inflation of ventral alveoli due to increased respiratory
drive.

- Ventilation-perfusion mismatch.

Proning in ARDS has shown to improve survival, possibly
explained by the reduction in ventilator-induced lung injury (VILI),
as first theorized by Albert? in 1997. Using personalized computer-
simulated models of lung ventilation in 31 obese patients (11
healthy, 20 asthmatics), Foy et al.> demonstrated the benefits of
proning by reducing ventilator heterogeneity and improving
ventilation. These effects were more pronounced in patients with
a body mass index (BMI) >30 kg/m?.
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Figure 1 shows the schematic representation of the lung in
the supine (Fig 1A) and prone (Fig 1B) position. Prone positioning
(PP) of conscious patients with C-ARDS has shown to improve
oxygenation.

The proposed mechanisms explaining the improved
oxygenation after awake proning are:

+More uniform distribution of tidal volume and end-expiratory
lung volume, thus reducing the cyclical opening and closing of
alveoli (reduced atelectasis).*

«  Recruitment of areas in the posterior part of the lung, thus
improving compliance, and decreasing the shunt.

+ Decreased lung deformation (increased homogeneity) and lungs
are less compressed in prone, thereby increased ventilation.

« Dorsallungregions have a higher density of blood vessels (which
is independent of gravity). Proning improves the ventilation
in these nondependent lung fields, thereby improving the
ventilation:perfusion (V:Q) matching.®

- Increased perfusion toward the anterior alveoli; improving the
V:Q ratio.

«  The chest wall compliance reduces, as the anterior part of the
chest is now facing the bed surface, reducing the regional
lung stress and potentially decreasing the possibility of patient
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Figs 1A and B: Schematic representation of the lung in the supine (A) and prone (B) position. (The red circle is the heart, the red lines are the
blood vessels, and the circles are the alveoli.) (A) In supine position, there is more collapse of the alveoli posteriorly, with overdistention of the
ventral alveoli. Perfusion is more in the posterior regions, causing V:Q mismatch. (B) In a prone position, there is the recruitment of the dorsal

alveoli and improved V:Q ratio

self-inflicted lung injury (p-SILI). Contraction of muscular
diaphragm exerts a more uniform distribution of stress.
« Better secretion drainage.

THE EVIDENCE

There is enormous literature suggesting that PP can increase
PaO,/FiO, (PF) ratio and reduce mortality in moderate-to-severe
ARDS and PP has been proposed as a standard treatment during
mechanical ventilation in ARDS. But very few studies have reported
the use of PP in spontaneously breathing patients.

Pre-COVID Evidence

The first report of the use of awake proning in improving
oxygenation dates back to 1977, where proning in one non-
intubated patient improved oxygenation and avoided invasive
ventilation.® Further reports of PP in spontaneously breathing
patients were reported by Valter et al.” in 2003. They showed a
beneficial effect of PP with spontaneous breathing in four awake
patients with hypoxemic respiratory failure in whom mechanical
ventilation was indicated. There was rapid improvement in PaO,
and intubation was avoided in all the patients. All four patients had
good tolerance to proning.

Feltracco et al.® showed spontaneous clearance of bronchial
secretions, significant attenuation of graft infiltrates and
consolidations, reduction in the number of bronchoscopies
required, decrease in spontaneous respiratory rate and work of
breathing, and a significantimprovement in gas exchange with the
use of noninvasive ventilation (NIV) with high-frequency percussive
ventilation (HFPV) in the prone position of three patients with post-
lung transplantation respiratory complications. All three patients
were comfortable or only mildly uncomfortable with HFPV by facial
mask in the prone position.

Feasibility and efficacy of awake proning were further evaluated
in a 6-year retrospective study of 15 spontaneously breathing
non-intubated patients with hypoxemic acute respiratory failure
in a single Italian ICU.° Patients underwent 43 PP procedures.
Twelve patients were discharged and three died. No complications
occurred and no alteration was observed in hemodynamics
or respiratory rate. Two procedures were interrupted due to
intolerance. In the subset of PP procedure with the same positive
end-expiratory pressure (PEEP) and FiO, (n = 18), significant
improvement in oxygenation was observed (p < 0.001) with PaO,/
FiO, increasing from pre-proning 124 + 50 to 187 + 72 mm Hg
during proning and PaO,/FiO, remaining elevated post-proning to
140 + 61 mm Hg. There was no effect on pH or PaCO, with a change
in positioning. In subset of patients on NIV with proning (n = 10),
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improved oxygenation was observed during proning (PaO,/FiO,
= 214 + 71 mm Hg) as compared to pre- (157 + 44 mm Hg) and
post-proning (160 + 69 mm Hg) (p < 0.001).

A prospective multicentric observational cohort study by Ding
et al.'”® was performed across two teaching hospitals where non-
intubated moderate-to-severe ARDS patients with baseline SpO,
< 95%, were placed in PP along with NIV or with high-flow nasal
cannula (HFNC), for 2 hours twice daily. The efficacy of four support
methods — HFNC, HFNC + PP, NIV, and NIV + PP, in improving
oxygenation were evaluated by blood gas analysis. Twenty patients
(10 with moderate ARDS and 10 with severe ARDS) were enrolled.
Patients were divided into success (11 patients) and failure (9
patients) groups based on whether an intubation was avoided or
those who needed intubation, respectively. It was seen that all seven
patients with a PaO,/FiO, < 100 mm Hg on NIV required intubation.
PaO,/FiO, in HFNC + PP was non-significantly higher in the success
group than in the failure group (125 + 41 vs 119 + 19 mm Hg, p =
0.043). An upward trend in oxygenation (PaO,/FiO,) was seenin all
four support strategies: HFNC < HFNC + PP < NIV < NIV + PP. The
investigators concluded that patients with severe ARDS were not
appropriate candidates for HFNC/NIV + PP.

In another report of three cases of acute respiratory failure
secondary to unspecified pneumonia, with PP started due to lack
of response to a combination of HFNC and BiPAP over the first 48
hours of admission, a continued improvement was seen over the
following 7 days to repeated episodes of PP with HFNC and all
patients were discharged from hospital."

Evidence during the COVID-19 Pandemic

During the COVID-19 pandemic, the use of awake, self-proning
increased in cases of hypoxemic respiratory failure. Initially,
anecdotal evidence on the benefit of awake proning in COVID-19
was reported, but later more and more evidence has been published
on the same.

One of the first reported uses of awake proning in COVID-19
patients was from three Chinese hospitals.'”” Of 79 patients with
COVID-19, 10 had severe ARDS (PaO,/FiO,, i.e., PF < 300) and had
undergone PP along with HFNC. The targets were PP of >16 hours
and SpO, > 90%. After proning, the PF improved significantly
in all patients in 3 days and none of them needed intubation.
Median PaCO, increased slightly after proning but was statistically
significant (32.3 vs 29.7 mm Hg; p < 0.001). Thereby early awake
proning with HFNC was proposed as a therapy to avoid invasive
mechanical ventilation in severe ARDS in COVID patients and also
reduce medical resource requirement.

In another experience from Jiangsu province'® in China, lower
mortality was shown in COVID-19 with early recognition and
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intervention which included awake PP. Awake proning resulted
in significant improvement in oxygenation and pulmonary
heterogeneity.

Another pilot observational cohort study was carried out in
a single emergency department (ED) in New York City' which
included 50 patients having COVID-19 with hypoxia (SpO, < 90%).
Median SpO, at triage was 80% (IQR 69-85) which increased with
supplemental oxygen to 84% (IQR 75-90) and after 5 minutes of
proning to 94% (IQR 90-95). Comparison of the pre- to post-median
SpO, was significant (p = 0.001). Thirteen patients (24%) had no
improvementin oxygenation and required endotracheal intubation
within 24 hours of arrival to the ED.

Elharrar et al.”® presented a prospective before and after, single-
center, French hospital study of 24 patients with acute hypoxemic
respiratory failure and infiltrates on computerized tomography
(CT) chest. Of 88 patients with COVID-19, 24 non-intubated
spontaneously breathing patients requiring supplemental oxygen
underwent awake proning. Sixty-three percent were able to tolerate
PP for >3 hours. In patients who sustained PP for >3 hours, PaO,
increased from 73.6 mm Hg pre-proning to 94.9 mm Hg post-
proning. However, oxygenation increased during PP in only 25%
and was not sustained in half of those after resupination.

In a 1-day cross-sectional study in 15 awake patients with mild
to moderate ARDS, Sartini and colleagues'® applied sessions of PP
along with continuous positive airway pressure (CPAP) in medical
wards. All patients had a significant reduction in respiratory rate
during and after proning (p < 0.001), significant improvement in
SpO, and PF during proning (p < 0.001). Eighty percent of patients
had improvement in oxygenation after pronation, 13% had no
improvement while 6.7% had worsened parameters after pronation.

In a Singapore study'” of 10 COVID-19 pneumonia patients
requiring supplemental oxygen inwards underwent 1-hour session
each of prone position, five sessions a day, each 3 hours apart.
Hemodynamics and oxygenation at 0, 30, and 60 minutes from the
start of each session were monitored. Patients underwent protocol
foramedian of 21 hours. Nine patients were successfully weaned off
oxygen in a median of 8 days. Three patients were shifted to ICU due
toincreasing oxygen requirement, of which one was subsequently
intubated and died from severe ARDS. The other two continued
with the same prone protocol and recovered. The study clearly
demonstrated the positive effects of the self-proning maneuver
on patients’ oxygenation and outcomes.

Similar results were seen in Italy, where Coppo and colleagues'®
enrolled 56 confirmed COVID-19-related pneumonia receiving
supplemental oxygen or noninvasive CPAP, who were proned for a
minimum duration of 3 hours. In 47 patients (83.9%), PP was feasible
(i.e., maintained for at least 3 hours). Oxygenation substantially
improved from supine to PP (PaO,/FiO, ratio 180.5 + 76.6 mm Hg
in supine position vs 285.5 + 112.9 mm Hg in a prone position; p
< 0.0001). Improved oxygenation was maintained in 23 patients
(50.0%) after resupination but this was not significant compared
with before PP (PaO,/FiO, ratio 192.9 + 100.9 mm Hg 1 hour after
resupination; p = 0.29). Twenty-eight percent of patients were
eventually intubated. Five patients died due to underlying disease.
The study again showed that PP was feasible in awake patients
with COVID-19-related pneumonia and effective in improving
oxygenation, with effects maintained after supination in half of
the patients.

In a study in Columbia University,' all consecutive patients
admitted to the step-down unit between April 6 and April 14,
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2020 (n = 88) with laboratory-confirmed COVID-19 with severe
hypoxemic respiratory failure [respiratory rate (RR) > 30 breaths/
minute or SpO, < 93%] receiving supplemental oxygen 6 L/
minute via nasal cannula and 15 L/minute via non-rebreather
face mask (NRBM) were included. Among 29 eligible patients,
25 had at least one awake session of the prone position lasting
longer than 1 hour; four refused the prone position and were
intubated immediately. SpO, improved from 1 to 34% (median
[SE], 7% [1.2%]; 95% Cl, 4.6% to 9.4%). One hour after initiation of
the prone position, 19 patients had SpO, of >95% and 7 patients
(37%) required intubation. Among six patients whose SpO,
remained <95% 1 hour after initiation of the prone position, five
(83%) were intubated. Among 12 who required intubation, 3 died
subsequently in the ICU.

Few case reports of self-proning in COVID-19 patients having
respiratory distress have come up since the inception of the
pandemic. All patients had good outcomes with an improvement
in their PF ratio that allowed the oxygen requirement to be reduced
and invasive ventilation could be avoided.20-2?

Ongoing Trials

Optiprone (Prone Positioning During High Flow Oxygen Therapy
in Acute Hypoxemic Respiratory Failure: A Pilot Physiological Trial)
(NCT03095300) is a pilot feasibility study to assess the safety and
efficacy of PP in acute hypoxemic respiratory failure patients,
noninvasively treated with HFNC. Estimated enrollment is 15
patients and each enrolled patient will be monitored in the supine
position for one hour, placed in the prone position for 2 hours, and
replaced in the supine position for a final 1-hour step. The study is
expected to be complete in December 2020.

ProCov (Prone Positioning in Spontaneously Breathing
Nonintubated COVID-19 Patient: A Pilot Study) (NCT04344106) is
an open-label clinical trial which included 25 COVID-19 patients
with posterior lung involvement who may benefit from prone
position sessions before mechanical ventilation. The study has
been completed and the results are awaited.

APPROVE-CARE (Awake Prone Positioning to Reduce invasive
VEntilation in COVID-19 induced Acute Respiratory failure)
(NCT04347941) is an ongoing multicenter open-label randomized
control trial on 200 participants to determine if PP reduces the need
for mechanical ventilation. As per the study protocol, PP will be
given for at least 16 hours a day with 45 minutes break for meals.
The study results are expected in mid-2021.

COVI-PRONE (Awake Prone Position in Hypoxemic Patients With
Coronavirus Disease 19: ARandomized Clinical Trial) (NCT04350723)
is an ongoing multicenter randomized control trial over 350
participants to determine if early awake PP in COVID-19 patients
with hypoxemic respiratory failure; irrespective of the mode
of oxygen delivery; reduces the need for invasive mechanical
ventilation. The secondary outcomes to be measured are mortality,
invasive, and NIV free days, ICU and hospital length of stay, change
in oxygenation and complications from proning.

Another ongoing clinical trial is the Study of High-Flow Nasal
Cannula with Prone Position for COVID-19 Acute Respiratory Distress
Syndrome which is a multicenter randomized controlled trial of
early use of PP combined with HFNC COVID-19-induced moderate-
to-severe acute respiratory distress syndrome (20032604-IRB01).
The study aims to prove that early use of PP combined with HFNC
can improve oxygenation and reduce the need for intubation in
COVID-19-induced moderate-to-severe ARDS patients.
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Thus, multiple trials have shown that awake self-proning in
non-intubated patients, helps improve the oxygenation and avoid
intubation in many. We propose the following protocol and safety
process to be followed while encouraging awake proning in your
unit with COVID-19 hypoxemic respiratory failure.

ProTtocoL FOR AwWAKE PRONING

All patients with COVID-19 lung involvement should be
encouraged to lie prone, as it is a low-cost, low-risk maneuver
requiring minimal manpower. It can be safely done in the wards,
outside the ICU in mild to moderate severity of the disease.
However, frequent monitoring of such patients should be done
on the floors, to look for early deterioration and need for shifting
to ICU in case of worsening.

The Intensive Care Society?® has recently advocated for a trial
of PP in conscious patients with suspected/confirmed COVID-19
requiring FiO, of >28% or requiring basic respiratory support to
maintain SpO, 92-96% (or 88-92% in those at risk of hypercapnic
respiratory failure), utilizing cycles of 30 minutes to 2 hours, rotating
through prone to right-sided to supine to left-sided positioning.

Flowchart 1 shows the process to follow while proning a patient
of COVID-19 hypoxemic respiratory failure.

Indications of Awake Proning

+ All patients with SpO, <94% and RR >22/minute should be
advised early awake proning.

Though the benefits of awake proning in mild COVID-19 disease

have not been studied, the strategy should be encouraged in this

group of patients as well.

- Patients on oxygen supplementation via nasal prongs, oxygen
mask, NRBM, HFNC, and NIV, can be safely self-proned, as per
their tolerance and comfort.

Flowchart 1: Steps to follow when we awake prone a conscious patient

Yes

Whom Can We Awake Prone?

« Conscious, cooperative, alert patients who can self-communicate.
+ Able to adjust their own position, with minimal assistance.

How to Do Awake Proning?

- Explain the procedure to the patient and its benefits.

- Emphasize to maintain the position for 30 minutes to 2 hours.

« Alternative lateral and semi-prone positions may be tried if the
patient is unable to prone completely.

+ Inanxious patients, low doses of anxiolytics may be considered
to improve tolerance. However, a close watch for respiratory
depression should be kept.?*

Care during Awake Proning

+ Continue monitoring of vitals—SpO,, respiratory rate, pulse
rate, blood pressure.

- Initial monitoring should be every 15 minute for the first 30
minutes; thereafter every 30-60 minutes till in PP.

« Vigilant monitoring to detect early signs of deterioration.

« Acall bell should be available.

- Patients with a protruding abdomen will need a special mattress
for the same. The use of multiple pillows/towels to create a
hollow in the middle of the patient’s abdomen may be tried.

Contraindications to Awake Proning?®

Mild tachycardia, tachypnea, and hypoxemia are not considered as
a contraindication to conscious proning. However, awake proning
should be avoided in the following group of patients:

- Patients in need of immediate intubation.
«  Compromised airway.

Sp0O, <94% on RA, RR >22/min

No

-

-

« Patient conscious, alert,
and self-communicative

* Able to change position independently

* Close monitoring
» Educate and encourage proning

A

If worsening

No

oxygenation
Yes

-

* Is altered mentation, secondary
to hypoxemia?
* Is the airway unprotected?

] Yes NoJ,

:

» Educate and explain proning
* Allay anxiety
* Use of pillows at pressure points

* Assess for proning
* Intubate and invasively

ventilate sedation, as needed with

* Use of anxiolytics and mild

close monitoring

v

» Worsening oxygenation, increasing work of breathing
» Hemodynamic instability, arrhythmias
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+ Respiratory exhaustion.

« Uncooperative patients.

« Patients with altered mentation.

+  Hemodynamic instability, arrhythmias.

« Patients with an unstable spine, pelvicinstability, chest trauma,
recent abdominal surgery.

+  Pregnancy: second and third trimester.

How Long do We do Awake Proning?

Studies have shown that although a single proning episode
improves Pa0,, the effect of a single episode of proning is usually
ill-sustained. Hence, we advise prolonged and repeated episodes
of conscious proning to help consistent improvements. The
optimal duration for awake proning has not to be studied, and its
lot depends on the patient body habitus, tolerance, and comfort
in the prone position.

A single session of a prone position should be maintained for
at least 120 minutes for an effective improvement in oxygenation.
Itis advisable to do frequent proning to an average of 5 to 6 hours
per day.

When to Interrupt?

Thereis no specific recommendation for how long a patient should
be self-proned. We suggest that awake, self-proning should be
continued till the patient is comfortable, or has recovered and
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