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Prone positioning in coronavirus
disease 2019 patients with acute
respiratory distress syndrome: How
and when is the best way to do it?

David De Bels, Sébastien Redant, Patrick M. Honoré
Departments of Intensive Care, Brugmann University Hospital, Brussels, Belgium

The acute respiratory distress syndrome
(ARDS) was initially desctibed in 1967.1" The
Betlin definitions nine years ago proposed
three different categories of ARDS (mild,
moderate, and severe) according to the
degree of hypoxemia (PaO,/FiO, ratio
between 300 and 200 in mild cases, between
200 and 100 in moderate cases, and below
100 in sevete cases). The first data to have
changed the mortality in ARDS patients
were the ARDS-Net trial twenty years ago
optimizing tidal volume.” In this study, a
decrease in tidal volume under mechanical
ventilation from 12 to 6 mL/kg of ideal
body weight decreased the mortality of
these patients from 39.8% to 31% (P =
0.007). Ventilator-free days were higher in
the low tidal volume group, and failure of

nonpulmonary organs was also statistically
reduced.”!

Patients with ARDS have also undergone
prone positioning for the last twenty
years.! Prone positioning induces a transfer
of the weight of the heart, the anterior wall
of the rib cage, and the abdomen which fall
on the bed and thus release the pressure
on the dependent alveoli and improves
ventilation. Randomized control trials have
shown an increase in patient’s oxygenation”!
and a decrease in ventilator-induced lung
injury”! under prone positioning but have
not shown a decrease in mortality. It is
not until the Guerin!” study in 2013 that
intensivists changed their mind in the best
way of handling mechanically ventilated
patients with ARDS with prone positioning,
Indeed, in this multicenter study evaluating
466 patients with severe ARDS who

underwent sessions of prone positioning
for 16 hours a day after 24 hours of
mechanical ventilation, the 28-day mortality
decreased from 32.8% to 16% (P < 0.001).
Ventilator-free days were also statistically
reduced from 14 to 10 days (P < 0.001).

Complications of prone positioning seem
rare in the literature and are mainly nerve
compression (e.g., brachial plexus injury),
crush injury, venous stasis (e.g., facial
edema), dislodging of the endotracheal
tube, diaphragm limitation, pressure sores
(e.g., facial), dislodging of vascular catheters
or drainage tubes, retinal damage, transient
reduction in arterial oxygen saturation,
vomiting, or transient arrhythmias. Mortality
was never observed, and in Guerin’s study,”!
it was statistically reduced in the proning
group (P = 0.002).

The effect of prone positioning on
hemodynamics has long been a subject of
debate. The APRONET study showed that
one of the main reasons for not putting a
patient in a prone position was the presence
of a mean blood pressure <65 mmHg."!
However, in the PROSEVA study, 72% of
the patients were on vasopressors in prone
position and the same proportion was found
in the control group. Previously, it had been
shown that the application of thoraco-pelvic
supports decreases chest wall compliance,
increases pleural pressure, and slightly
deteriorates hemodynamics without any
advantage in gas exchange. This technique
has since been abandoned.” More recently, it
was shown that the setting in prone position
was beneficial to the hemodynamics of the
right heart with an increased cardiac index
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in 50% of patients."” This improvement is attributed
to a decrease in afterload related to better oxygenation,
a decrease in PaCO,, and potentially the possibility of
reducing plateau pressure and positive end-expiratory
pressure (PEEP).!

Prone positioning has also been used during surgery,
for example, in spine surgery. In this type of surgery,
hypotension is frequently seen in prone patients. In
these ventilated patients, the best way to predict fluid
responsiveness in hypotension is the tidal volume challenge
which seems a reliable functional hemodynamic test helpful
in guiding intraoperative fluid therapy.l'"” This could maybe
be used in ARDS patients, but changing tidal volume could
be dangerous.

In 2020, when the coronavirus disease 2019 (COVID-19)
epidemic exploded, a high number of patients were
admitted to intensive care units (ICU) with severe hypoxia
due to SARS-CoV-2-induced ARDS. ARDS seems to be a
major complication in 20%—40% of COVID-19 patients.
% The first strategy was rapid intubation and mechanical
ventilation."! The major problem in COVID-19-associated
ARDS is the pertinence of prone positioning. As in non-
COVID-19 patients, prone positioning has been proposed
even though its role remains unclear as it is not sure that
COVID-19-associated ARDS is the same as conventional
ARDS." In which intubated patients could prone help?
Lung ultrasound could predict response to prone position
in intubated patients. This was shown in patients intubated
with a high lung ultrasound score (LUS), zero being
normal to three showing a complete loss of aeration.!"”)
In such patients, proning could help ameliorate the PaO,/
FiO, ratiol' Another mean of showing the benefit of
prone positioning is electrical impedance tomography.
When image of lung ventilation and perfusion by using
electrical impedance tomography is done, it shows a global
decrease in the inhomogeneity index both for ventilation
and perfusion, overall increasing ventilation and perfusion
matching in the lung, which explains the improvement
in oxygenation with prone positioning in patients with
acute respiratory failure secondary to COVID-19-induced
ARDS."T A retrospective observational cohort study in 42
ventilated patients with ARDS induced by SARS-CoV-2
showed an increase in PaO,/FiO, ratio from 134 to 211 (P
< 0.01) after the first prone session. A larger cohort study
evaluating 335 patients!" with the same disease showed,
using a Fine-Gray competing risk analysis, that prone
positioning was associated with a reduced mortality (SHR
of 0.61 with a 95% CI of 0.46-0.80, P < 0.005). Using
linear mixed effects models, the study was able to prove
that proning was associated with improved oxygenation-
saturation index, oxygenation index, and PaO,/FiO, ratio

(P < 0.05).

Later in the COVID-19 epidemic, high-flow nasal
oxygenation, which has been proposed in nonhypercapnic
hypoxia,l”! and noninvasive ventilation (NIV) were
proposed as a first use in severe hypoxic patients with
COVID-19 as part of an attempt to decrease the need of
mechanical ventilation and as such decrease the number of
admissions to ICU.2"*? This was even feasible outside ICU
to be able to admit patients needing mechanical ventilation.
In these COVID-19 awake patients without mechanical
ventilation, a prone positioning has been proposed. A
first study included 56 patients of which 84% were put in
prone position. The PaO, /FiO, ratio increased from 181 to
286 (P < 0.0001). When being asked to return to a supine
positioning, 50% of the patients maintained a better PaO,/
FiO, ratio than before proning ™l Two other smaller studies
gave the same answer. In 24 patients, all were proned and
only 4 needed invasive ventilation.* The others increased
PaO, by 20% (P = 0.006). The last study looking at patients
without mechanical ventilation included 15 patients
with mild or moderate ARDS.! Patients received NIV.
Proning was initiated after poor response. Oxygenation
and respiratory rates statistically improved. After 14 of
therapy, only one patient was intubated, and one died.
Caution is needed after seeing the studies in nonintubated
patients as the improvements were only transient in most
of them. Indications of proning in nonintubated patients
could be acute respiratory failure in alert and conscious
patients. This should be done eatrly. It should be stopped in
case of respiratory distress or when the patient sufficiently
improves SpO, (more than 2 hours at more than 93%).l

Finally, we could look at some specific data about prone
positioning in patients under extracorporeal membrane
oxygenation (ECMO). In COVID-19-induced ARDS,
some case series have shown the possibility of associating
veno-venous (VV)-ECMO.” % A recent study evaluated
125 COVID-19 patients with ARDS. Of these, 25 had
a VV-ECMO, and in this ECMO subgroup, 14 (20%)
underwent prone positioning.” PaO, /FiO, ratio improved
up to 28% after prone positioning,

In conclusion, COVID-19 patients with ARDS have
undergone prone positioning whether they were under
mechanical ventilation or with NIV and/or high-flow nasal
oxygenation. This seems a very good idea even though
we are waiting for sufficiently large studies to confirm
this in COVID-19 patients, whether they are intubated or
not. Complications are possible and should be evaluated.
Prone positioning under VV-ECMO seemed to improve
oxygenation in patients with COVID-19 ARDS without
compromising the safety of the patients.
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