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Abstract

We hereby present two case reports of moderate coronavirus disease patients, suffering

from profound hypoxaemia, further deteriorating later on. A schedule pre-planned

awake prone position manoeuvres were executed during their hospital stay. Following

this, the patients’ saturation improved, later to be weaned from oxygen support. Pau-

city of evidence and data regarding this topic led us to review the concept of awake

prone position.

Prone position is a well known technique for treating
severe hypoxaemia in acute respiratory distress syn-
drome (ARDS) patients.1 Randomised controlled trials
have demonstrated that prone position in ARDS patients
reduces mortality.2 Patients suffering from coronavirus
disease (COVID-19) infection might progress to severe
hypoxaemia, respiratory failure and ARDS typically
within 7–10 days from the disease onset (classified as
moderate to severe disease). These patients require, first,
high-flow oxygen support and later on ventilation sup-
port, either non-invasive or invasive mechanical ventila-
tion. The prognosis then is usually poor with mortality
rates reaching as high as 65%.3 In 2015, Scaravilli et al.
demonstrated that a combination of non-invasive venti-
lation with awake prone position in patients with
hypoxaemic acute respiratory failure improved their
oxygenation.4 Therefore, we hypothesised that early rec-
ognition and treatment of mild to moderate, hypoxic,
COVID-19 patients by awake prone position may pre-
vent further deterioration and may render mechanical
ventilation unnecessary.
Paucity of evidence and data regarding this topic have

led us to review the concept of awake prone position. After
a waiver from informed consent was given by the Chaim
Sheba Medical Center institutional review board, we

collected and present two case reports of moderate COVID-
19 patients (diagnosed by both nasal and throat polymer-
ase chain reaction) who were treated in our department
during this pandemic. Their clinical results are later dis-
cussed in light of the current available literature.
Implementation of awake (self-) prone positioning in

our department was based on the following: (i) all
patients with hypoxaemia (SpO2 < 90% in room air) were
considered eligible. All were encouraged to self-prone and
stay in prone position at least 12 h daily and for longer
durations as tolerated; (ii) old and obese patients who
were intolerable of prone positioning were encouraged to
lie on their sides; (iii) prone positioning was considered to
fail when saturation did not increase in at least 5% (never
happened); (iv) patient classified as ‘severe ARDS’ were
considered ineligible for awake prone positioning and
were considered for early invasive ventilation; and (v)
combination of prone positioning with non-invasive ven-
tilation was considered inappropriate.
A 52-year-old woman with a history of type 2 diabetes

mellitus and hyperlipidaemia was admitted to our
department with moderate COVID-19 infection. Her
vital signs on admission were as follows: fever 39.2�,
blood pressure 142/92 mmHg, heart rate 102 b.p.m.,
oxygen saturation in room air was 86%, while on 2 L
per min (LPM) oxygenation with nasal cannula the satu-
ration increased to 93%. On physical examination, she
was tachypnoeic with a respiratory rate of 25 b.p.m. All
other physical findings were unremarkable. The chest
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X-ray demonstrated bilateral, peripheral consolidations.
The electrocardiogram (ECG) showed normal sinus
rhythm, 90 b.p.m. The venous blood gas equation on
admission showed the following: pH = 7.48, HCO−

3 = 29.3

and PCO2 = 42mmHg. All other laboratory findings are
shown in Table 1. She was initially treated with 2 LPM oxy-
genation via nasal cannula, levofloxacin and hydro-
xychloroquine. Despite this treatment, after 48 h she further
deteriorated: the respiratory rate went up to 45–50b.p.m.,
the saturation decreased to 85% with 10 LPM. Repeated
venous blood gas sampling showed: pH = 7.48, PCO2
=42mmHg and HCO−

3 = 26.03. High-flow nasal, humidi-

fied oxygen cannula support (HFNC, 40 LPM; 33�C; 100%
O2) was initiated and the peripheral saturation improved to
90%. At that point of time, the patient was asked to self-
prone position for 5 h (Fig. 1). Shortly after (less than 30
min) this manoeuvre, the saturation increased to 100%
(combined with HFNC) and the respiratory rate decreased to
25b.p.m. On the following days, she continued to self-prone
position (for a mean duration of 4 h per day) and gradually
improved her oxygenation, eventually weaned off any respi-
ratory support (stayed on ambient air) and transferred to a
step down department for further care.

A 40-year-old male patient with no significant, past
medical history was admitted to our department with mod-
erate COVID-19 infection. The vital signs on admission
were as follows: fever 38.0�C, blood pressure of 122/
77 mmHg and heart rate of 85 b.p.m. The oxygen satura-
tion was 88% in room air and increased up to 92% with
oxygenation (4 LPM via nasal cannula). On physical exam-
ination, he appeared lethargic and was tachypnoeic (respi-
ratory rate of 30 b.p.m.). His chest X-ray demonstrated
mild bilateral peripheral consolidations. The ECG showed
normal sinus rhythm (85 b.p.m.). The venous blood gas
equation on admission showed pH of 7.401, PCO2 of

42.7 mmHg and HCO−
3 of 26.0. Other relevant laboratory

findings are detailed in Table 1. The patient was initially
treated with levofloxacin, hydroxychloroquine and low-
dose molecular weight heparin (due to low mobilisation).
On the second day after admission, he began a daily session
of respiratory physiotherapy, which included approximately
30 min staying in awake prone position. He was instructed
by the physiotherapist to continue self-proning for at least
2 h per day. While in prone position, within 10 min of
proning, a significant increase in saturation up to values of
96–98% (combined with 2 LPM oxygenation) was noticed.
After 6days of hospitalisation, the peripheral oxygen satu-
ration was 95% in room air without oxygen support and
the patient was discharged.

Discussion

Prone positioning is indicated in ARDS patients who fulfil
the Berlin criteria.5,6 The suggested mechanisms by which
prone positioning improves these patients’ oxygenation
include recruitment of the non-aerated dorsal lung terri-
tories, and resultant improvement in ventilation–perfu-
sion mismatches. Prone position may also improve CO2

clearance due to an increase in the number of open and

Table 1 Laboratory parameters of two selected patients

Laboratory findings on admission Patient 1 Patient 2

WBC (K/mcL) 6.33 5.51
Haemoglobin (g/dL) 10.3 13.08
PLT (K/mcL) 580 190
Lymphocyte (K/mcL) 800 650
AST (IU/L) 72 31
ALT (IU/L) 56 27
LDH (IU/L) 420 412
Troponin-I HS (ng/L) 11 4.4
CRP (mg/L) 178 140.9
D-dimer (ng/mL) 10 367 725
Ferritin (ng/mL) 591 913
Procalcitonin (ng/mL) 0.24 <0.2

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP,
C-reactive protein; LDH, lactate dehydrogenase; PLT, platelet count.

Figure 1 Awake prone position of a COVID-19 patient.
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ventilated alveoli. It should be emphasised that among all
our COVID-19 patients, hypercapnia was not evident as a
dominant characteristic of disease. Regarding potential
benefits among mechanically ventilated patients, typical
ventilator lung injury (VILI) arises due to repeated
mechanical force on the alveoli. The prone position pro-
duces a more homogeneous stress on the lung paren-
chyma, therefore reducing the risk of VILI.1,5

The newly described COVID-19 course is divided into
three stages: the first early stage includes viral replication
and is associated with either mild, flu-like symptoms
such as fever, malaise, myalgia and dry cough or no signs
and symptoms at all. The second stage includes viral
pneumonia and exacerbated inflammation in lung
parenchyma, in this stage patients experience
hypoxaemia along with fever and dry cough. In the third
stage, there is a transition to hyperinflammation state
(cytokine storm) and possibly haemodynamic collapse.7

As it is regarding all potential treatment modalities, lack
of evidence in the literature exists regarding awake
prone position as part of COVID-19 patients’ manage-
ment. In 2003, Valter et al. published three case reports
of patients who presented with hypoxaemia (mean
PaO2 = 51) and tachypnoea who improved dramati-
cally right after short awake prone position manoeu-
vres.8 Scaravilli et al. further demonstrated this
phenomenon in their cohort study: 15 non-intubated
patients (5 females and 10 males) most of whom pres-
ented with pneumonia (one presented with fasciitis
and the others with sepsis) and PaO2/FIO2 < 300 were
treated with prone position together with different
respiratory devices (oxygen mask, high flow nasal can-
nula, helmet continuous positive airway pressure
(CPAP), non-invasive ventilation (NIV) mask). During
the study, 43 prone position procedures were per-
formed with an average of two procedures per subject
with a median of 3 h per session. Among their study
population, mean PaO2/FIO2 ratios were significantly
higher during prone position (186 ± 72 mmHg), as
compared to pre-prone position (127 ± 49 mmHg).

The largest improvement was demonstrated in patients
who were treated with non-invasive ventilation sup-
port, mean PaO2/FIO2 was significantly higher during
the prone position (214 ± 71 mmHg), as compared
with pre-prone position (157 ± 44 mmHg).4

The fact that early application of awake prone posi-
tioning together with HFNC or non-invasive ventilation
that may enable avoidance of endotracheal intubation
was demonstrated by Ding et al. Their patient selection
included 20 patients with moderate ARDS (PaO2/FIO2
< 200 mmHg), who were admitted to the respiratory
intensive care unit. This study revealed that early awake
prone positioning together with NIV/HFNC made endo-
tracheal intubation redundant in more than 50% of
patients (11/20). In face of the fact that endotracheal
intubation rate among ARDS patients is 75%, based on
previous publications, the investigators were able to
decrease the intubation rate by a substantial percentage.9

Emerging evidence for early recognition and treat-
ment for COVID-19 patients with ARDS and pneumo-
nia using high flow nasal cannula together with awake
prone position and restrictive fluid resuscitation
showed a decrease in invasive mechanical ventilation
rate also in the Jiangsu Province, China.10 Prone posi-
tions applied on awake patients require the patients’
cooperation and depend on their tolerance and com-
pliance. There are several contraindications to the
awake prone positioning, which include recent
abdominal surgery, increased intra-abdominal pres-
sure, facial injuries and unstable fractures.8 Severe
ARDS patients (PaO2/FIO2 < 100 mmHg) are not appro-
priate candidates for awake prone position, this might
delay unavoidable intubation and subsequent treat-
ment failure.9

Early application of awake prone position in mild to
moderate COVID-19 patients improves oxygenation and
may avoid intubation and deterioration to severe dis-
ease. Based on our experience, exemplified in the cases
herein, we encourage further study and application for
future COVID-19 patients.
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