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Original Article

Background: In this study, we explored whether early application of the prone position (PP)
can improve severe hypoxemia and respiratory failure in coronavirus disease 2019 (COVID-19)
patients with spontaneous breathing.

Methods: This is a prospective observational study of severe, critically ill adult COVID-19 pa-
tients admitted to the intensive care unit. All vital parameters were recorded in real time for
all patients. Moreover, the results of chest computed tomography (CT), when available, were
analyzed.

Results: PP was applied in 21 patients who were breathing spontaneously. The application of
PP was associated with a significant increase in oxygen saturation measured by pulse oxime-
try (Sp0-) from 82% + 12% to 96% = 3% (P<0.001) 1 hour later. Moreover, PP was associated
with a significant reduction in respiratory rate from 31+ 10 to 21+4 breaths/min (P<0.001).
Furthermore, the number of patients who exhibited signs of respiratory distress after PP was
reduced from 10 (47%) to 3 (14%) (P=0.04). Early PP application also led to a clear improve-
ment on CT imaging. It was not, however, associated with a reduction in mortality rate or in
the use of invasive mechanical ventilation (P>0.05 for both).

Conclusions: Our study confirmed that the early application of PP can improve hypoxemia
and tachypnea in COVID-19 patients with spontaneous breathing. Randomized controlled tri-
als are needed to confirm the beneficial effects of PP in COVID-19 patients with spontaneous
breathing.

Key Words: COVID-19; intensive care unit; patient outcomes; prone position; respiratory dis-
tress

INTRODUCTION

A newly identified coronavirus disease 2019 (COVID-19) caused by a severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) strain rapidly spread across China and other neigh-
boring countries in early 2020. To date, the COVID-19 coronavirus has affected 219 countries,
with more than 99 million infected patients leading to more than 3.7 million deaths [1]. Fever
and cough are the most prevalent symptoms, while gastrointestinal symptoms are not as com-
mon [2]. However, severe COVID-19 infections are generally characterized by acute respira-
tory distress, and refractory hypoxemia is the most frequently reported cause of death [2,3].
Severe cases with acute respiratory distress requiring admission to an intensive care unit
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(ICU) necessitate treatment via a high-flow nasal oxygen
(HFNO) cannula or a facial mask.

On the other hand, non-invasive and/or invasive mechani-
cal ventilation as supportive care is used for serious cases with
severe hypoxemia. Recently, the prone position (PP) has also
been used in the management of non-intubated COVID-19
patients with acute respiratory failure [4-6]. Despite the insuf-
ficiency of the data published about this subject [4-6], studies
have suggested that early use of the PP in the management of
acute respiratory failure due to COVID-19 infection can im-
prove oxygenation and prevent the need for invasive mechan-
ical ventilation. It can also help decrease the number of COV-
ID-19 patients who ultimately die due to severe hypoxemia
[5,6]. However, this result has not been confirmed by other
studies [4,7]. In our ICU, the PP is usually used to treat non-in-
tubated COVID-19 patients and hypoxemic acute respiratory
failure. In this study, we explored whether early application of
the PP (PP within 6 hours after ICU admission) can improve
severe hypoxemia and respiratory failure in COVID-19 pa-
tients with spontaneous breathing.

MATERIALS AND METHODS

Study Design and Setting
This study was approved by the local Institutional Review Board
of Habib Bourguiba University Hospital (IRB No. 310/2021)
and the need for written informed consent was waived by the
ethics committee. This a prospective observational study of
severe, critically ill adult COVID-19 patients—all of whom had
a confirmed SARS-CoV-2 infection—admitted into the ICU of
a university hospital between September 1 and December 4,
2020, for acute respiratory distress. The positive diagnosis of
SARS-CoV-2 infection was confirmed by a reverse transcrip-
tion polymerase chain reaction test in all cases. In this study,
we included all patients with spontaneous breathing and
whose hypoxemia (oxygen saturation measured by pulse ox-
imetry [SPO:] <92%) did not resolve despite supplemental
oxygen delivered via facial mask or HFNO cannula, and who
accepted the PP. We excluded all patients who were admitted
in cardiac arrest, those who required non-invasive and/or in-
vasive mechanical ventilation on ICU admission, those with
hemodynamic instability (shock), and those with neurologi-
cal disorders (agitation and/or coma). However, patients who
refused the PP were used as a control group.

Data collected for the included patients comprised epide-
miological, clinical, laboratory, radiological, and treatment
data on the day of admission and during ICU stay. In our ICU,
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KEY MESSAGES

= Early application of prone position (PP) can improve se-
vere hypoxemia and tachypnea in coronavirus disease
2019 (COVID-19) patients with spontaneous breathing.

= Early application of PP does not seem to be associated
with a reduction in the use of invasive mechanical ven-
tilation.

= Early application of PP does not seem to be associated
with a reduction in mortality rate in COVID-19 patients
with spontaneous breathing.

= Randomized controlled trials are needed to confirm the
beneficial effects of PP in COVID-19 patients with spon-
taneous breathing.

corticosteroids (dexamethasone: 12-24 mg/day) were used to
treat all SARS-CoV-2 infected patients. Moreover, zinc, vita-
min D and vitamin C, diuretics (in the absence of hypovole-
mia and/or shock), and enoxaparin were administered to all
patients. In our ICU, illness severity was evaluated based on
Simplified Acute Physiology Score (SAPS) II [8] and Sequen-
tial Organ Failure Assessment (SOFA) score [9]. All included
patients were asked to take a PP for 2 to 4 hours (as tolerated
by the patient) followed by 2 hours of supine positioning dur-
ing the day, and to sleep in a PP at night, when possible.

Vital signs were monitored by a cardio-respiratory monitor
and all vital parameters (heart rate, blood pressure, respirato-
ry rate [RR], and SpO-) were recorded in real time for all pa-
tients. For all included patients, the last parameters were re-
corded 30 minutes before and 60 minutes after the applica-
tion of the PP. Moreover, the results of chest computed tomog-
raphy (CT), when performed, were analyzed. For rare patients,
a PP chest CT was performed if possible (in our institution, CT
is not always available). The primary outcome was the change
in SpO., RR, and the evolution of signs of respiratory distress
(such as retractions, accessory muscle use) prior to and 60
minutes after the application of the PP, without change in in-
spired oxygen concentration. The secondary outcome was the
need for mechanical ventilation and the prognostic impact
(i.e., wether the patient survived or died) of the PP.

Statistical Modeling

All statistical analyses were performed using IBM SPSS ver.
20.0 (IBM Corp., Armonk, NY, USA). Categorical data were ex-
pressed in proportion and subgroups, while continuous vari-
ables were expressed as mean (+standard deviation). Com-
parisons between the PP group and the PP-free group (17 pa-
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tients who refused the PP) and of change in respiratory pa-
rameters (SpO:, RR, retractions) before and after PP, were ana-
lyzed by the chi-square test (or Fisher’s exact test), the two-
group t-test, or the Mann-Whitney U-test, as appropriate. The
level of significance was set at P <0.05.

RESULTS

From September 1, 2020, to December 4, 2020, a total of 96
patients were admitted to our ICU for respiratory distress due
to a COVID-19 infection. Fifty-eight patients were excluded
from this study because they had developed shock and/or re-
quired mechanical ventilation (invasive and/or noninvasive)
on ICU admission. Moreover, in 17 cases, the PP was refused
by patients. As a result, the PP was applied in only 21 patients
with spontaneous breathing and they were all included. There
were 16 male and 5 female patients. The mean age was
61.4+9.5 with a median of 64 years. Body mass index (BMI)
was more than 30 kg/m?in 10 cases (47.6%). Mean SAPS Il on
ICU admission was 28.6+9.7 and mean SOFA score was
4+1.7. Moreover, 16 patients (76%) had one or more patho-
logical antecedents. The most common past medical condi-
tions included arterial hypertension in 10 patients (47.6%)
and diabetes mellitus in 7 (33%). A history of malignancy,
structural lung diseases such as bronchiectasis, or immuno-
compromise such as human immunodeficiency virus (HIV)
infection or autoimmune diseases were not present in any pa-
tient.

The most common symptoms on hospital admission were
dyspnea, which was observed in 21 patients (100%), cough in
15 (71.4%), and fever (>38°C) in 13 (62%). The mean time from
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Figure 1. Evolution of oxygen saturation measured by pulse ox-
imetry (Sp0>) 1 hour after prone positioning. Early prone position
improve significantly SpO.. Black line, median; box, 25%-75%; er-
ror bar, range.
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the onset of symptoms to ICU admission was 9.7 +5.8 days.
The cause of ICU admission was acute respiratory failure in all
cases. On ICU admission, all patients exhibited major signs of
respiratory distress. The mean RR was at 31+ 10 breaths/min,
the mean SpO. was at 82% + 11% (under oxygen support via a
facial mask or HFNO cannula). The mean body temperature
was 37.8°C+1.0°C. Moreover, 10 patients (47.6%) exhibited
signs of respiratory distress. Oxygen support was required for
all patients (100%): via facial mask for 9 (43%), HFNO for 12
(57%). In our ICU, corticosteroids (dexamethasone: 12-24
mg/day) were used to treat all SARS-CoV-2 infected patients.
However, remdesivir and hydroxychloroquine were not used
for any patient. During their ICU stay, six patients (28.5%) de-
veloped a hospital-acquired infection (ventilator-associated
pneumonia in five patients and urinary tract infection in one
patient), one patient (4.5%) experienced a thromboembolic
event, and six patients (28.5%) experienced a kidney injury.
The mean arterial oxygen tension (Pa0.)/fractional inspired
oxygen (FiO.) ratio was 88 + 37 with a median at 80. The PaO,/
FiO; ratio was under 200 in all patients except one. In the cur-
rent study, the application of the PP in our patients was asso-
ciated with a significant increase in the SpO. from 82% + 12%
to 96%+3% (P <0.001) 1 hour after PP application (Figure 1).
Moreover, PP application was associated with a significant re-
duction in the RR from 31 +10 to 21 +4 breaths/min (P <0.001)
(Figure 2). Additionally, the number of PP patients who exhib-
ited signs of respiratory distress was reduced from 10 (47%) to 3
(14%) (P=0.04). Furthermore, early PP application led to clear
improvement on CT (Figure 3). Mean ICU stay was 9.5+6.6
days with a median at 9.5 days. During the ICU stay, nine pa-
tients (43%) required invasive mechanical ventilation and 7
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Figure 2. Evolution of respiratory rate 1 hour after prone position-
ing. Early prone position improve significantly respiratory rate.
Black line, median; box, 25%-75%; error bar, range.
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Figure 3. Computed tomography imaging showed that the density and scope of diffuse patch shadow and pulmonary condensation in both

lungs were significantly improved after prone position.

(33%) died.

Lastly, comparison between the PP-free group (17 patients
who refused the PP) and the PP group showed that the two
groups were comparable (Table 1). Chest CT was performed
in 17 patients in the PP group and in eight patients in the con-
trol group with no difference in terms of severity between the
two groups (Table 1). Moreover, early application of the PP
was not associated with a reduction in mortality rate or in the
use of invasive mechanical ventilation (P > 0.05 for both) (Table
1). Finally, the time from ICU admission to the use of me-
chanical ventilation was longer in patients in the PP group in
comparison with the control group (8.1+5.8 vs. 6.0+ 3.2 days,
P=0.17).

DISCUSSION

Our study confirmed that early application of the PP can im-
prove severe hypoxemia and respiratory failure in COVID-19
patients with spontaneous breathing. In fact, early application
of the PP in these patients led to a significant increase in SpO-,
a significant reduction in RR, and a significant reduction in
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signs of respiratory distress. Nevertheless, we found that, in
comparison with the control group (PP-free group), early ap-
plication of PP was not associated with a reduction in mortali-
ty rate or in the use of invasive mechanical ventilation. How-
ever, we found that invasive mechanical ventilation applica-
tion was delayed longer in patients in the PP group in compari-
son with the control group.

Although we were surprised by the absence of a prognostic
impact (i.e., wether the patient survived or died) of early PP in
COVID-19 patients, similar results have recently been pub-
lished [4,7]. In fact, in a prospective, multicenter, observation-
al cohort study in consecutive COVID-19 patients with acute
respiratory failure requiring respiratory support with HENO,
Ferrando et al. [4] found that the use of awake-PP as adjunctive
therapy to HENO did not reduce the risk of intubation. More-
over, although the use of awake-PP with HFNO showed a
trend toward delaying intubation compared to HFNO alone,
early use of awake-PP did not affect 28-day mortality (RR, 1.04;
95% confidence interval [CI], 0.40-2.72; P=0.92). However,
some other studies showed that the use of early PP to treat
COVID-19 patients with severe hypoxia improves hypoxemia,
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Table 1. The clinical presentation of the study group on hospital admission and on the day of ICU admission

Variable PP group (n=21) PP-free group (n=17) P-value

Demographic characteristics
Age (yr)
Obesity (BMI >30 kg/m?)
Diabetes mellitus
Arterial hypertension
COPD
Symptom on hospital admission
Dyspnea
Cough
Fever
Headache
Anosmia/ageusia
Vomiting
Abdominal pain
Diarrhea
Clinical findings on ICU admission
Respiratory rate/min
Sp0; under oxygen
Sign of respiratory fight
SAPS Il score
SOFA score
pH
Blood bicarbonate (mmol/L)
Pa0,/Fi0; ratio
GGOP >50% on chest CT scan
Treatment and outcome
High-flow nasal oxygen
Invasive mechanical ventilation
Corticosteroid
Diuretics
ICU stay (day)
Delay of invasive mechanical ventilation (day)

Survivor

61+10 60+12 0.68
10 4 0.18
7 7 0.74
10 6 0.52
2 0 0.49
21 10 0.02
15 6 0.48
13 5 0.06
5 1 0.19
3 2 0.60
3 2 0.60
5 0 0.05
4 0 0.1
3110 277 0.16
83+ 85+8 0.41
10 0.32
28.6+9.7 29.7£8.5 0.73
42+1.7 44+17 0.70
7.44+0.03 7.43+0.03 0.45
23.7+£2.8 243149 0.69
88+37 80+20 0.45
15/17° 8/8’ 0.45
12 4 0.05
9 4 0.30

21 17 1
19 10 0.05
9.5+£6.6 7.6+3.7 0.13
8.1+£58 6.0+3.2 0.17
7 5 0.79

Values are presented as mean £standard deviation or number.

ICU: intensive care unit; PP: prone position; BMI: body mass index; COPD: chronic obstructive pulmonary disease; Sp0O.: oxygen saturation measured
by pulse oximetry: SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; Pa0s: arterial oxygen tension; FiO.: fractional
inspired oxygen; GGOP: ground glass opacity portion; CT: computed tomography.

*Total number of patients with chest CT scan.

prevents the need for invasive mechanical ventilation, and
may be associated with a significant reduction in mortality
rate [5,6,10]. In a single-center retrospective study including
48 patients treated for COVID-19 in the UK, Hallifax et al. [10]
showed that PP of COVID-19 patients was associated with a
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significant reduction in mortality rate. Moreover, multivariate
analysis showed that lack of awake-PP was an independent
predictor of COVID-19 mortality (OR, 0.06; 95% CI, 0.01-0.55).
Thus, PP of COVID-19 patients appears to be associated with a
significant improvement in hypoxemia. However, the prognos-
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tic impact (i.e., wether the patient survived or died) of this
method on the mortality rate and on the need for invasive me-
chanical ventilation is not well established. In our study, early
application of PP was also associated with a significant in-
crease in SpO,, a significant reduction in the RR, and a signifi-
cant reduction in signs of respiratory distress. The mechanism
of improvement of hypoxemia can be explained by the in-
crease in lung recruitability and alveolar recruitment follow-
ing PP, which causes ventilation-perfusion (V/Q) enhance-
ment. Our results are in line with this hypothesis. CT imaging
revealed that the density and scope of diffuse patch shadow
and pulmonary condensation in both lungs were significantly
improved by PP.

Oxygenation improvement, however, did not persist after
return to the dorsal position; instead, it led to a new decrement
and alveolar collapse. However, oxygenation improvement
did not persist after returning to the dorsal position; instead,
dorsal position led to a new decrement and alveolar collapse.
This occurrence (i.e., decrement and alveolar collapse after
return to the dorsal position) can explain why early applica-
tion of PP was not associated with a reduction in the mortality
rate or a decrease in the use of invasive mechanical ventila-
tion. Moreover, the temporary improvement of oxygenation
under PP, can explain the long time needed between ICU ad-
mission and the use of invasive mechanical ventilation in pa-
tients in the PP group in comparison with the control group.

Finally, our study suffers from some limitations. First, the
number of included patients is small. Second, in our study
SpO. was analyzed instead of arterial blood gas analysis (ABGA)
Pa0. in the primary outcomes and blood gases were not stud-
ied before and after the PP. We excluded all patients with he-
modynamic instability (shock), which represents the most fre-
quent source of error in pulse oximetry in this specific condi-
tion [11]. Moreover, no patients had dark skin pigmentation
and there was no use of fingernail polish by the included fe-
male patients. Pulse oximetry has many advantages com-
pared to ABG monitoring. For instance, ABG is an invasive,
painful, and expensive procedure; ABGs seldom reflect ve-
nous samples; and measuring an ABG may delay interven-
tions, such as invasive mechanical ventilation. For these rea-
sons, SpO, was used as a monitoring parameter in addition to
other clinical parameters (RR, and the evolution of signs of re-
spiratory distress) in our study. This type of methodology was
previously used in a number of published studies [6,12-14].
Lastly, all included patients were not managed by the same
team of physicians and did not receive the same therapies be-
fore ICU admission.
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Our study confirms that early application of the PP can im-
prove severe hypoxemia and respiratory failure in COVID-19
patients with spontaneous breathing. However, early applica-
tion of PP was not associated with a reduction in mortality
rate or in the use of invasive mechanical ventilation. Random-

ized controlled trials are needed to confirm the beneficial ef-
fects of PP in COVID-19 patients with spontaneous breathing.
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