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In intubated ARDS patients, prone positioning reduces mortality. On spontaneously breathing
patients, oxygenation improved during awake prone positioning. Relevant data on clinical
outcomes are expected, especially on COVID-19 patients. https://bit.ly/2PU3B6v
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and involved patients with different diseases. However, results have been appealing with regard to oxygenation
Received: 27 Jan 2021 improvement, especially when combined with noninvasive ventilation or high-flow nasal cannula.

Accepted: 4 March 2021 The recent COVID-19 pandemic has led to a major increase in hospitalisations for acute respiratory failure.
Awake prone positioning has been used with the aim to prevent intensive care unit admission and
mechanical ventilation. Prone positioning in conscious, non-intubated COVID-19 patients is used in
emergency departments, medical wards and intensive care units.

Several trials reported an improvement in oxygenation and respiratory rate during prone positioning, but
impacts on clinical outcomes, particularly on intubation rates and survival, remain unclear. Tolerance of
prolonged prone positioning is an issue. Larger controlled, randomised studies are underway to provide
results concerning clinical benefit and define optimised prone positioning regimens.

Introduction

Prone positioning consists of placing a patient face down. Prone positioning has been used for more than
40 years to improve oxygenation in patients who require invasive mechanical ventilation for acute
respiratory distress syndrome (ARDS). The first demonstration of a beneficial effect on patients’
oxygenation was shown in 1974 [1].

Numerous studies have demonstrated physiological improvement related to prone positioning.

Nevertheless, these benefits have only recently been translated into improved patient outcomes. The first

a evidence of reduced mortality was reported by the PROSEVA study, in which early and prolonged prone
5r_nC positioning sessions (of at least 16 h) were applied without increasing the rate of complications [2]. These
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results were later confirmed in several meta-analyses [3, 4]. In the management of moderate-to-severe
ARDS, prone positioning is now strongly advocated [5].

Because of the positive physiological effects of prone positioning on transpulmonary pressure, lung
compression and ventilation perfusion ratio, it has also been applied to non-intubated patients with acute
respiratory failure (ARF), to improve oxygenation and delay or even avoid the need for invasive ventilation [6].

Data in spontaneously breathing patients were limited to retrospective studies or small prospective cohorts
until the recent coronavirus disease 2019 (COVID-19) pandemic outbreak characterised by increased
ARDS and intensive care unit (ICU) overload.

The aims of the present review were to summarise physiological aspects and rationale for using prone
positioning in spontaneously breathing patients with hypoxaemic ARF, either with or without COVID-19.

Physiological effects
Available data on the physiological effects of prone positioning mainly concern mechanically ventilated
patients.

Currently, described leading mechanisms are decreased lung compression in the gravity dependant zone,
homogenisation of transpulmonary pressure, improvement of ventilation/perfusion ratio, and reduction of
ventilator-induced lung injury (VILI) or patient self-inflicted lung injury (P-SILI) (figure 1).

Decreased lung compression
In the supine position, the dorsal part of the lung is compressed by its own weight, the mediastinum
weight, the abdominal compartment and the diaphragm weight.

The effects of prone and supine positioning on lung density have been compared by Garrinont et al. [7],
using computerised tomography, in patients with ARDS. This study found that prone positioning
redistributed lung densities from the dorsal to ventral regions. This finding led to the “sponge lung model”,
where ARDS was characterised by a heavy oedematous lung that can be compared to a wet sponge.

By placing the patient in the prone position, the lung’s compression due to its own weight is reduced via a
gravitational-dependent redistribution of fluids. In addition, the weight of the mediastinum is supported by the
sternum, the stiffer part of the chest. At the same time, the diaphragm is displaced caudally, decreasing
compression of the posterior-caudal lung parenchyma [8]. Finally, in a triangular-shaped lung, more parenchyma
is included in the dorsal half than in the ventral one resulting in a more aerated lung in prone positioning [9].

Homogenisation of transpulmonary pressure

During spontaneous breathing, the inspiratory effort exerted by respiratory muscles decreases pleural
pressure further, giving rise to pulmonary ventilation. This pressure gradient across the lung is named
transpulmonary pressure (Py), i.e. the pressure distending the lung. Py is defined as the difference between
the airway/alveolar pressure and pleural pressure estimated by oesophageal pressure: Py =airway/alveolar
pressure — pleural pressure.

Overdistended

Re-opened
a) ventral.alveolus Heart b) dorsal q!veolus
PTP Blood flow PTP Blood flow
+++ + + ++ +
+ +++ + +
Collapsed Heart Non-overdistended
dorsal alveolus ventral alveolus

FIGURE 1 Effects of a) supine positioning and b) prone positioning on lung mechanics.
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In mechanical ventilation, variations in Py (and variations in lung compliance) are used to define variations
in lung volume. For example, for a same level of lung compliance, the larger the Py, the larger the lung
volume.

With the patient in the supine position, the dorsal pleural pressure is greater than ventral pleural pressure.
As a result, the ventral Py exceeds the dorsal P;. The higher P; at the ventral part of the lung leads to
hyperinflation, while the lower P at the dorsal part of the lung leads to atelectasis. Prone positioning
reduces the difference between the dorsal and ventral P;, leading to a decrease in ventral alveolar
hyperinflation and dorsal alveolar collapse [10]. These mechanisms are increased in patients with ARDS,
where the dorsal part of the lung is heavier (due to inflammation, oedema in the sloping areas and weight
of the overlying lung), and the tidal volume is preferably distributed to the ventral, nondependent part of
the lungs [6].

Ventilation/perfusion ratio improvement

Ever since the work of WEesT et al. [11] in 1964, we have known that, in healthy volunteers, pulmonary
perfusion is greater in the lung bases in the upright position and in the dorsal zones of the lung when in
the supine position.

Blood flow is independent of the gravitational gradient. In the prone position, the dorsal part continues to
receive the majority of the blood flow when alveoli reopen, while the ventral part continues to receive the
minority of the blood flow when alveoli collapse [12]. There is, therefore, a decrease in the related
intra-pulmonary shunt and an improvement in the ventilation/perfusion ratio [7].

In patients with ARDS, the gas exchange impairment is mainly related to disturbed ventilation/perfusion
ratio [13], the management of hypoxaemia is clearly devoted to its improvement.

Reduction of VILI and P-SILI

In mechanically ventilated ARDS patients, prone positioning can also prevent VILI, an acute lung injury
caused or worsened by mechanical ventilation. VILI includes several lung mechanic alterations that can
lead to worsening hypoxaemia and increased mortality, especially in ARDS patients. Adopting a protective
mechanical ventilation strategy can prevent VILI and improve survival [14]. This strategy includes an
increase in positive end-expiratory pressure (PEEP) to prevent alveolar de-recruitment but may also favour
overdistension of previously well-ventilated alveoli [15]. Adding prone positioning to high PEEP may
decrease regional overdistension and small airways opening/closing events, thereby preventing VILI [16].

Similarly to intubated ARDS patients, spontaneously breathing patients with hypoxaemic ARF can
generate high respiratory drives and forceful inhalation effort, leading to lung damage similar to VILI [17].
This concept is termed P-SILI and worsens respiratory mechanics and haematosis, leading to an increased
respiratory drive and increased P-SILI, as a vicious cycle [18]. Decreasing inspiratory effort by improving
gas exchange in the prone position could be an option to reduce P-SILI during ARF.

Prone positioning in conscious, non-intubated, non-COVID-19 patients
Evidence of prone positioning benefits in non-intubated patients is limited to a few case reports and small
observational studies (table 1).

Effects on oxygenation

The first use of prone positioning in spontaneously breathing patients was described in 1999, in two studies
including paediatric patients, in whom oxygenation was improved during prone positioning [19, 20]. In four
adults with hypoxaemic respiratory failure, arterial oxygen tension (P,o,) improved after the first session of
prone positioning [21]. Two other studies tested awake prone positioning in patients with severe hypoxaemia
after lung transplantation, in addition to noninvasive ventilation (NIV) or high-frequency percussive
ventilation. Improvement of oxygenation and respiratory mechanics have been reported after multiple
sessions [22, 23].

Prone positioning in addition to respiratory devices

A first retrospective observational study based on a 5-year experience included 15 ARF patients managed
with high-flow nasal cannula (HFNC) or NIV, performing multiple prone positioning sessions. Pjo,
improved significantly during pronation [24]. A second prospective observational study [25] recruited 20
patients receiving, similarly, awake prone positioning in addition to HFNC and/or NIV for
moderate-to-severe, infectious, ARDS. P,c /inspiratory oxygen fraction (Fip,) improved and intubation
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TABLE 1 Prone positioning in non-intubated, non-coronavirus disease 2019 patients

First author [ref.] Patients Diseases Respiratory PP Main results Adverse Comments
n device regimen event
CHAISUPAMONGKOLLARP 17 Pneumonia Oxygen Improve Spo, Paediatric
[19] Improve compliance
TuLLeken [20] 1 Pneumonia HFNC 20 h Improve Po, 0 Paediatric
Resolve opacities
VALTER [21] 4 CHF, pneumonia, 0 1-5h Improve Py, 0 1 death
ARDS Avoid intubation (CHF)
FeLTRACCO [22] 2 Post-reimplantation NIV 6-8 h Decrease Fio, 0
syndrome per day, NIV removal
8-10 days
FeLTRACCO [23] 3 Lung transplant HFPV 1-3h, Improve secretions 0
respiratory 3-6 times clearance
complications per day Improve respiratory
mechanic

Attenuate graft infiltrates
Improve gas exchange

ScaraviLLl [24] 15 Hypoxaemic acute HFNC, CPAP 3h Improve Pyo, Intolerance Retrospective
respiratory failure and NIV per day, (n=2) Pao, return to
(pneumonia, fascitis, 2 days baseline after
sepsis) resupination
Dine [25] 20 Infectious, NIV and 30 min Avoid intubation Intolerance Intubation in
moderate-to-severe HFNC twice Improve P /Fio, (n=2) 78% of severe
ARDS (pneumonia, per day, ARDS patients
influenza) >3 days
Perez-NieTo [26] 6 Non-infectious, NIV and 2-3h Avoid intubation 0 Retrospective
severe ARDS HFENC per 12 h,
(thoracic trauma, 2 days

lupus pneumonitis)

PP: prone positioning; S,o,: oxygen saturation measured by pulse oximetry; HFNC: high-flow nasal cannula; P,o,: arterial oxygen tension; CHF:
congestive heart failure; ARDS: acute respiratory distress syndrome; NIV: noninvasive ventilation; Fio: inspiratory oxygen fraction; HFPV:
high-frequency percussive ventilation; CPAP: continuous positive airway pressure.

could be avoided in up to half of the patients. Most severe patients finally required intubation suggesting
they were not appropriate candidates for prone positioning trials.

Together, these studies suggest positive effects of prone positioning in awake, non-intubated patients on
oxygen, especially when combined with NIV or HFNC. However, it remains unclear if these benefits
persist after resupination and if they lead to improved clinical outcomes.

Prone positioning in conscious, non-intubated COVID-19 patients

The COVID-19 pandemic led to a dramatic increase in the number of patients requiring respiratory support
for ARDS, resulting in an ICU overload. Therefore, clinicians have to use innovative approaches to limit
the need for mechanical ventilation, including awake prone positioning.

The first use of prone positioning in the management of non-intubated COVID patients was briefly
described at the beginning of the pandemic in China [27], where prone positioning was part of a bundled
intervention, including NIV, HFNC and restrictive fluid resuscitation. Authors described a decreased need
for invasive mechanical ventilation, with an intubation rate <1% among their hospitalised patients.

Given these promising results, numerous studies were performed around the world to assess the impact of
prone positioning on oxygenation when combined with conventional oxygen therapy (COT), HFNC or
NIV. Other authors studied the possible role of prone positioning as a prognostic factor and the impact on
clinical outcomes, particularly intubation rate (table 2).

Effects on oxygenation
ELHARRAR et al. [28] conducted a prospective, single-centre study of prone positioning in patients with
hypoxaemic ARF requiring oxygen supplementation with HFNC or COT. Among the 24 patients included,
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First author Design Patients  Respiratory PP regimen Main results Adverse event Comments
[ref.] n device
Sun [27] Retrospective 631 HFNC and Unknown Combined Bundled intervention
analysis NIV strategy PP regimen undisclosed
including PP
might decrease
mortality
ELHARRAR Prospective 24 COT and >3 h, one Increased P,o, Back pain (42%) 3 patients maintained
[28] feasibility study HFENC session during PP improvement after
resupination
Despres [29] Prospective 6 COT and 1to16h Improve Pyo /Fio, In ICU 3 (50%) patients
feasibility study HFNC required intubation
Xu [30] Retrospective 10 HFNC 16 h per day Improve Pao /Fio, Discomfort and 0 patients required
case series anxiety intubation
Ne [31] Prospective 10 cot 1h, 5 times Shortening of Musculoskelatal 8 patients received
case series per day oxygen weaning discomfort and COVID-19 specific
nausea/vomiting therapies
DamARLA [32] Retrospective 10 COT and Alternate every Improve Spo, In ICU 2 patients
case series HFNC 2h Decrease required intubation
dyspnoea/RR (most severe,
HFNC
0.5 and 0.6)
Repoy [33] Meta-analysis 449 COT, HFNC Heterogeneous Improve Included 15 studies
and NIV oxygenation
Decrease RR
SArTINI [34] Prospective 15 CPAP Based on Improve S0, and 80% of patients
case series severity and Pao,/Fio, maintain oxygenation
adherence Decrease RR improvement
after
resupination
Corpo [35] Prospective 56 Helmet >3h Improve Pyo /Fio, Discomfort and 50% of patients
feasibility study CPAP cough maintain P,o /Fio,
improvement after
resupination but no
difference on
intubation rate
Caputo [36] Observational 50 coT 5 min Improve Spo, In ED 13 (25%)
cohort study patients required
intubation
within 24 h
THOMPSON Prospective 25 coT 1h Improve Spo, In IMCU 12 (48%)
[37] feasibility study patients required
intubation
Patients with an Sy,
>95% after 1 h of PP
was associated with a
lower rate of intubation
HaLLiFax [38] Retrospective 30 HFNC and 2 h twice Reduced In ICU only 11 patients
cohort study NIV per day, mortality “fully” prone
2 consecutive
days
Paprio [39] Retrospective 57 cot >4 h Do not reduce Accidental removal Only COT was used
cohort study intubation rate of i.v. lines while other respiratory
devices might improve
outcomes
FERRANDO Prospective 55 HFNC 16 h per day Do not reduce In ICU did not establish
[40] cohort study intubation rate whether was used as a

routine or life-saving
therapy
Non-prone group also
included regimen <16 h
per day
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TABLE 2 Continued

First author Design Patients  Respiratory PP regimen Main results Adverse event Comments
[ref.] n device
Jacan [41] Retrospective 40 >1h, 5 times per Decrease Respiratory devices
analysis day, +1 h intubation rate undisclosed
overnight Prone group patient
were younger and
healthier
PP regimen at patient’s
discretion

PP: prone positioning; HFNC: high-flow nasal cannula; NIV: noninvasive ventilation; COT: conventional oxygen therapy; P.o,: arterial oxygen tension;
Fio,: inspiratory oxygen fraction; ICU: intensive care unit; Spo,: oxygen saturation measured by pulse oximetry; RR: respiratory rate; CPAP: continuous
positive airway pressure; ED: emergency department; IMCU: intermediate care unit.

15 (63%) were able to tolerate a first prone positioning session for at least 3 h. Among the tolerant
patients, P,o, increased from 73.6 mmHg before to 94.9 mmHg during prone positioning. Only three
patients maintained improved oxygenation 6-12 h after resupination. In COVID-19 hospitalised patients
other similar studies have reported improved oxygenation during prone positioning, with a heterogenous
prone positioning regimen [29-32].

A total of 15 studies, representing 449 patients, have been included in a systematic review and
meta-analysis [33], assessing the change in oxygenation (i.e. P,o,/Fio, ratio, P,o, and oxygen saturation
measure by pulse oximetry (S,0,)) after prone positioning. Despite heterogeneity in prone positioning
regimens and associated respiratory devices, significant oxygenation improvement was reported at the end
of the prone positioning session.

Prone positioning in addition to respiratory devices

Prone positioning was also used in addition to NIV/continuous positive airway pressure (CPAP), in two
Italian studies. In the first [34], 15 patients who were hypoxaemic despite a 10 cmH,O CPAP were placed
prone. All patients had an improvement in S,o,, P.o,/Fio, ratio and respiratory rate. Most of them
maintained the oxygenation improvement after prone positioning. In addition to helmet CPAP, prone
positioning was used for a minimum duration of 3 h. The P,o/Fio, ratio significantly improved, and
improvement was sustained in half of the patients after resupination [35].

Tolerance of prone positioning as a prognostic factor

Few trials reported a possible role of prone position as a prognostic factor for COVID-19 patients. A first
retrospective study [36], was conducted in a New York City (NY, USA) emergency department and involved
50 patients with hypoxia at triage. The authors reported a significant increase in Spo, during prone positioning
[36]. Failure to improve oxygenation during initial proning seemed to be associated with an increased risk of
intubation. In the second study [37], 25 hypoxaemic patients in an intermediate care unit presented with a
significant Sp, increase during prone positioning. A lower rate of intubation was observed in patients with
Spo, 295% after 1 h of proning. More recently, a retrospective study [38] included 48 patients requiring CPAP
and/or HFNC. Only 11 patients could tolerate prone positioning for at least 2 hours twice daily for two
consecutive days (full proning), but achievement of full proning was associated with reduced mortality.

Effects on clinical outcomes

Several studies have specifically assessed whether the use of awake prone positioning is associated with
improved clinical outcomes, and particularly reduced intubation rate. A single-centre retrospective study
[39] compared awake prone positioning to usual care in 57 hypoxaemic patients presenting with increased
work of breathing (i.e. tachypnoea >24 breaths'min™'). Exposure to awake prone positioning was not
associated with reduced intubation rate. Then, in a multicentre prospective study [40], prone positioning
was used as adjunctive therapy to HFNC in 55 patients compared to 144 patients. Intubation rate was not
lower in the prone group but prone positioning was only considered when applied for >16 h-day'. Awake
prone positioning for <16 h-day™" could have reduced the risk of intubation in the control group. Finally, a
retrospective analysis [41] compared 40 patients who could be proned to those who could not (65
patients). Intubation rate was significantly lower in the prone group, with a lower risk of intubation of
69%. The effect of awake prone positioning on nosocomial pneumonia prevalence remains unknown.

https://doi.org/10.1183/16000617.0022-2021 6



EUROPEAN RESPIRATORY REVIEW

INFECTIOUS DISEASE | F. TOUCHON ET AL.

In an exposed/non-exposed bicentric retrospective matched cohort study, PrRup’HomME et al. [42] compared
a prone group and a control group (no prone positioning). 96 COVID-19 patients with acute hypoxaemic
respiratory failure requiring oxygen supplementation were included. Prone positioning for at least 3 h a day
during three consecutive days may be associated with a clinical benefit by preventing the upgrading of
oxygen delivery method.

Several conclusions can be drawn cautiously from these first trials in COVID-19: prone positioning
improves oxygenation during proning. Scientific evidence on the prognostic value of initial awake prone
positioning and on clinical outcomes are limited and require future trials.

Limitations

Strong clinical evidence for prone positioning is restricted to patients undergoing invasive mechanical
ventilation. The application of prone positioning in awake, spontaneously breathing patients has not been
largely studied. Several limitations can be identified.

Prone positioning in conscious patients might be a complementary tool to improve oxygenation in addition
to respiratory devices as COT, HFNC, CPAP or NIV. Numerous studies have shown that prone positioning
improved oxygenation, at least during prone positioning.

However, available data from trials using different methodologies and designs are contradictory on clinical
outcomes. Lack of evidence on clinical benefits could be explained by the absence of large randomised
controlled trials and because awake prone positioning sessions were much shorter than the prone
positioning sessions recommended in intubated ARDS patients.

Most of the complications described during prone positioning in mechanically ventilated patients (airway
obstruction, unplanned extubation, pressure ulcers, facial oedema, and brachial plexus neuropathy) seem to
be related to sedation and mechanical ventilation. Other complications such as transient oxygen
desaturation and loss of venous access are described in awake proning. Data are limited but no severe
adverse events were described in published awake prone positioning studies.

Data are limited but no severe adverse events were described in published awake prone positioning studies.
Nevertheless, some trials reported a limited tolerance of awake prone positioning sessions, with frequent
side-effects: musculoskeletal discomfort [28, 30, 31, 35], nausea/vomiting [31], cough [35] or anxiety [30].
More than the duration of a single prone positioning course, multiple short prone positioning sessions in
the presence of trained and experienced staff might be a solution to improve tolerance in awake patients
and lead to clinical benefits. Published data do not allow us to determine for which patients prone
positioning may be beneficial, or the best duration and frequency of prone positioning sessions [43].

Clinical practical issues

Before the first prone positioning session, explain the procedure to the patient. Ensure respiratory devices
and intravenous lines are secure. For the first session, initial close monitoring (S0, and respiratory rate)
should be performed. A call bell should be available. Frequent repositioning might upgrade tolerance.
Pillows can be used to improve comfort. A nurse or a physical therapist may help positioning.

Conclusion
Awake prone positioning improves oxygenation during prone positioning, but persistence after resupination
and impact on clinical outcomes remain undetermined.

Due to its relative ease of use, and low sides-effects, prone positioning for non-intubated patients has been
widely applied and studied in COVID-19 patients, whether in medical wards or in emergency rooms.
Association with NIV or HFNC is suggested to improve the benefits on respiratory status.

Findings on oxygenation are encouraging, but evidence is lacking on clinical outcome, such as mortality or
intubation rates.

Studies do not rule on the best duration and frequency of prone positioning session, and tolerance of
prolonged prone positioning sessions is a concern.

Many questions remain unanswered, and a systemic approach is needed. Numerous randomised trials,
including a meta-trial [44], are in progress to assess the clinical benefits of prone positioning in the
management of COVID patients (www.clinicaltrials.gov/ NCT04325906, NCT04347941, NCT04358939,
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NCTO04395144). In the near future, awake prone positioning could be a simple, low-cost tool for the
management of hypoxaemic ARF in spontaneously breathing, non-COVID and COVID patients.
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