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Background: The COVID-19 pandemic has led to new approaches to manage patients

outside the ICU, including prone positioning in non-intubated patients.

Objectives: To report the use of prolonged active prone positioning in spontaneously

breathing patients with COVID-19-associated acute respiratory failure. Spontaneously

breathing vs non-invasive respiratory support for COVID19 associated acute

respiratory failure.

Methods: Patients with PaO2/FiO2 > 150, with lung posterior consolidations

as assessed by means of lung ultrasound, and chest x-ray were studied. Under

continuous pulse oximetry (SpO2) monitoring, patients maintained active prone position.

A PaO2/FiO2 < 150 was considered as treatment failure and patients had to be switched

to non-invasive respiratory support. Retrospectively, data of 16 patients undergoing

who refused proning and underwent non-invasive respiratory support were used as

controls. The primary outcome was the proportion of patients maintaining prolonged

prone position and discharged home. Secondary outcomes included improvement in

oxygenation, hospital length of stay, and 6-month survival.

Results: Three out of 16 (18.7%) patients did not tolerate the procedure.

Three more patients showed a worsening in PaO2/FiO2 to <150 and required

non-invasive support, two of whom finally needing endotracheal intubation. After

72 h, 10 out of 16 (62.5%) patients improved oxygenation [PaO2/FiO2: from

194.6 (42.1) to 304.7 (79.3.2) (p < 0.001)] and were discharged home. In the

control group, three out of 16 failed, required invasive ventilatory support, and

died within 1 month in ICU. Thirteen were successful and discharged home.
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Conclusion: In non-intubated spontaneously breathing COVID-19 patients with

PaO2/FiO2 >150, active prolonged prone positioning was feasible and tolerated with

significant improvement in oxygenation.

Keywords: COVID-19, prone position, non-intubated, spontaneously breathing, hypoxic respiratory failure

INTRODUCTION

The Coronavirus disease 19 (COVID-19) pandemic has led to
more than 1million casualties worldwide (1). COVID-19 severely
hit Italy with an increasingly number of patients admitted
to hospitals with hypoxemic acute respiratory failure (ARF)
needing intensive care unit (ICU) admission, often exceeding the
availability of ICU beds. Due to ICU bed and ventilator shortage,
critical care resources were saved to care for patients with ARF
also outside the ICU (2, 3).

Mechanical ventilation in the prone position (PP) is a
validated strategy in the treatment of acute respiratory distress
syndrome (ARDS) (4) with several beneficial effects on
pulmonary physiology. In supine position, pulmonary edema
accumulates in basal regions, leading to increased air volume
delivered to apical and anterior lung units, which are also the
regions receiving less pulmonary circulation. Prone positioning
leads to more homogeneous distribution of ventilation, thus
decreasing the shunt fraction and improving matching of
ventilation and perfusion (4). Recently, studies have reported
improvement in oxygenation during PP in non-intubated awake
patients with COVID-19 during spontaneous and non-invasively
assisted breathing (5–8, 8–11). However, those were mainly
physiologic studies of active PP for a few daily hours. We aimed
to report the feasibility and the tolerability of prolonged active PP
in non-intubated, spontaneously breathing patients with arterial
oxygen tension to inspiratory oxygen fraction ratio (PaO2/FiO2)
>150 in a respiratory intensive care unit (RICU). Secondary
outcomes were PaO2/FiO2 before and after the trial and during
PP, the length of stay (LoS) in hospital, and 1- and 6-month
survival rates.

METHODS

This observational, prospective, single-center study was
approved by the Bari Policlinico ethic committee (study number
6363), and written or verbal informed consent was obtained
from all patients.

Patients
From March 11, to April 30, 2020, all consecutive patients with
confirmed COVID-19 without indication for immediate non-
invasive respiratory support (NRS) were considered eligible if
they had (1) PaO2/FiO2 > 150 and (2) lung ultrasound (LUS)
and chest x-ray signs of basal and posterior consolidations.
Under continuous pulse oximetry (SpO2) and EKG monitoring
and oxygen supplementation to maintain SpO2 > 96%,
spontaneously breathing patients were asked to actively maintain

PP (Study Group). Active PP had to be maintained as longest as
possible with intervals for meals and other personal care.

Patients who refused to undergo PP were initiated to
NRS either with high-flow nasal cannula (HFNC), continuous
positive airway pressure (CPAP), or non-invasive ventilation
(NIV). These patients with the same clinical and physiological
characteristics as the study group were retrospectively considered
as controls.

One or more of the following drugs were administered:
hydrosi-chloroquine, macrolides, steroids, anticoagulants,
tocilizumab, N-acetyl-cysteine, vitamin D, and vitamin C (12),
and the rest of patients’ comorbidities treatment.

Measurements
Demographics, clinical characteristics, comorbidities, the
sequential organ failure assessment (SOFA), and 1- and 6-month
survival were recorded. Chest x-ray and LUS were assessed at
admission and at discharge. The CT chest was not promptly
available in the same location; therefore, considering the severity
of the hypoxic ARF, it was not performed in all patients.

The study group underwent arterial blood gas analysis at the
6th, 24th, 48th, and 72nd hour during PP and in supine position
before and after the trial. Controls underwent arterial blood gas
analysis at the start of the NRS and at discharge from the RICU.

In patients of the study group, the ventilatory ratio (VR), an
index of respiratory effort, was calculated according to Morales-
Quinteros et al. (13).

Worsening in PaO2/FiO2 to <150 was considered as
treatment failure. Patients in the PP group who dropped out
or who were failing treatment were switched to NRS. Control
patients failing NRS were transferred to the ICU for invasive
ventilator support.

Procedure
The nurse-to-patient ratio in the RICU was 1:4 to 1: 5. Patients
enrolled maintained PP with the Venturi Oxygen mask under
non-invasive monitoring of EKG, SpO2, and arterial blood
pressure. During PP, EKG patches were moved from the front
to the back of the patients’ chest. All healthcare providers wore
personal protective equipment, whereas all patients were wearing
a surgical mask on top of the Venturi mask (14, 15) (Figure 1).

Control patients continuously performed NRS in semi-
recumbent supine position, with only short intervals for eating
and personal care. Patients on HFNC were wearing a surgical
mask on top of nasal cannula, whereas those on CPAP and NIV
used masks closed without expiratory holes and an antiviral filter
was inserted between the mask and the circuit to filter all patients’
exhaled air.
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FIGURE 1 | Cartoon demonstrating continuous prone positioning with oxygen

supplementation only via Venturi Mask demonstrated under continuous

monitoring.

Statistical Analysis
Statistical analysis was performed using the R statistical
environment (16). For each variable, Shapiro–Wilk test and
graphical evaluations (Q–Q plots) were applied to assess
the correspondence with the normal distribution. Descriptive
statistics are shown as mean ± standard deviation (SD) and/or
median and interquartile range [IQR] for normally distributed
and non-normally distributed continuous variables, respectively,
whereas categorical variables were indicated with absolute
frequency (%). Student’s t-test and Mann–Whitney U-test were
performed to assess between group comparisons, as appropriate.
In particular, to evaluate differences between PaO2/FiO2 at
admission and discharge, a paired t-test was used. Differences
for categorical variables between groups were assessed by a
Pearson χ

2 test and or Fisher’s exact test. Then, multivariate
ANOVA and ANCOVA analyses were performed to compare
PaO2/FiO2 at discharge between the two experimental groups,
namely, PaO2/FiO2 at admission as a covariate. p-values lower
than 0.05 were regarded as significant. Plots and graphs were
realized using the Excel graph tool.

RESULTS

Sixteen patients showed eligible criteria and agreed to be
enrolled in the study. The other 16 patients were controls.
The flow diagram of the study is shown in Figure 2. The
demographic, anthropometric, and clinical characteristics of
patients at admission are shown in Table 1. The baseline
characteristics were similar between the two groups, with the
exception of age, CRP, and PaCO2, with the controls being older,
being more hypercapnic, and having a higher CRP.

Three out of 16 (18.7%) patients did not tolerate PP
for chronic osteoarticular pain related to knee and spine
degeneration; therefore, they received oxygen therapy in supine
position. However, within 24 h from the discontinuation of PP,
they all experienced worsening of their gas exchange. In more
detail, one of them was supported via HFNC with FiO2 0.75
and two were supported via helmet CPAP with FiO2 0.70. None
of them required intubation (Figure 2). Three more patients
showed worsening in PaO2/FiO2 to <150 and underwent NIV;

two of them finally needed endotracheal intubation. Ten out of
16 patients of the study group showed a significant improvement
in oxygenation [PaO2/FiO2 from 194.6 (42.1) before to 304.7
(79.32) after 72 h of PP via ANCOVA test (p < 0.001)]. Figure 3
shows the individual and mean PaO2/FiO2 values during the trial
in the successful patients of study group. The mean PaO2/FiO2

before discharge from the RICU was 330± 89.1.
As shown in Table 2, the baseline clinical characteristics

of successful patients were not significantly different between
groups with the exception of the PaCO2 being higher in controls.
However, only two patients were affected by chronic respiratory
failure in the control group before admission.

The baseline VR was not different between the two groups.
The LUS scores of the 10 successful patients changed from
13.0 [IQR 6.0–16.5] before, to 5.0 [IQR 2.5–12.0] at the end
of PP (p = 0.0364), indicating a significant improvement in
lung consolidations. All 10 patients were discharged home after
a mean LoS of 21.0 (7.0) days (Figure 2). Patients undergoing
active PP <12 days from hospital admission had a significantly
shorter LoS as compared to the others [17.0 (5.0) vs. 25.0 (6.0)
days, p= 0.04]. No patient who had undergone PP had died at 1-
and 6-month follow-up.

As also shown in Figures 2, 4 out of 16 controls showed
a worsening in PaO2/FiO2 to <150, requiring admission to
ICU and endotracheal intubation. All three patients died in
ICU within 1 month. The 13 successful controls showed a
significant improvement in oxygenation from admission to
discharge [PaO2/FiO2 from 181.2 (19.1) at the start to 290.5
(81.4) at discharge from RICU (p < 0.001)]. There was no
significant difference in discharge to admission changes in
PaO2/FiO2 between the successful patients of the study group or
control group (p= 0.3156).

Figure 4A shows the individual and mean PaO2/FiO2 values
at admission and discharge of all patients and controls while
Figure 4B shows only successful patients including study group
and controls.

Only one healthcare provider suffered from COVID-19
infection during the study period.

DISCUSSION

In this small single-center cohort study, we found that the
use of PP in awake, spontaneously breathing patients with
COVID-19-induced hypoxemic ARF with PaO2/FiO2 > 150 was
feasible, tolerated for a prolonged time (three consecutive days),
with similar results to patients undergoing NRS. The PP was
associated with improved oxygenation and lung consolidations.
Patients did not require ventilatory support in 62.5% of cases with
good 1- and 6-month outcome.

Before the COVID-19 pandemic, there was limited published
research on PP in non-intubated patients. The COVID-19
pandemic has led to a dramatic increase in patients requiring
critical care, pushing clinicians to use new approaches to save
resources for mechanical ventilation, including awake proning.
A few physiological and clinical studies have evaluated the effects
of PP in non-intubated patients with COVID-19 under NRS or
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FIGURE 2 | Study flow diagram.

spontaneously breathing (6–8, 8–10), and early helmet CPAP
with moderate pressure and PP has been suggested (11).

This study enrolled unsupported breathing patients, and the
active PP was tolerated all day long, with just short intervals for
meals and personal care, for 3 consecutive days: to the best of our
knowledge, this is the longest reported period: in literature, up to
8 daily hours of active PP are reported (9).

During the PP, the expansion of the anterior chest wall is
limited, resulting in more homogeneous chest wall compliance
and gravitational forces on lung parenchyma. This enables
greater recruitment of the posterior zones, recruiting a larger
proportion of alveoli clusters to participate in gas exchange.
The diaphragm also greatly contributes to improve stress forces

during PP, which may help to reduce lung injury during
spontaneous breathing (17, 18). Indeed, the PP enhances
the inferior movement of the diaphragm, which relieves
compression on posterior lung zones that are usually atelectatic
during supine positioning, thus improving their recruitment
(19, 20).

The Ventilatory ratio (VR) is considered an index
of respiratory effort, and it has been found to be
independently associated with mortality in non-COVID-
19 ARDS patients (21). In our patients, the mean VR was
similar to survivors of non-COVID ARDS (13). Further
studies will be required to confirm the VR ranges within
COVID-19 patients.

Frontiers in Medicine | www.frontiersin.org 4 July 2021 | Volume 8 | Article 626321

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Pierucci et al. Spontaneously Breathing Prone-Positioning COVID-19 PF<150

TABLE 1 | Demographic, physiological, and clinical characteristics of patients at RICU admission.

Variables Study group Control group p-value

Number 16 16

Age, years 59 ± 11 70 ± 15 0.01

Males, n (%) 13 (81) 10 (62) 0.71

Smokers, n (%) 9 (56) 8 (50) 1

Presence of comorbidities, n (%) 13 (81.2) 13 (81.2) 1

Obesity, n (%) 5 (27.8) 4 (25) 1

Hypertension, n (%) 5 (31.2) 11 (68.8) 0.07

Diabetes, n (%) 3 (18.8) 4 (25) 1

Chronic cardiac failure, n (%) 0 3 (18.8) 0.22

Ischemic cardiac disease, n (%) 2 (12.5) 2 (12.5) 1

Chronic kidney disease, n (%) 5 (31.2) 6 (37.5) 1

Respiratory disease, n (%) 0 2 (12.5) 0.48

Autoimmune diseases, n (%) 2 (12.5) 0 0.48

SOFA* 2 [0.25] 2 [0] 0.61

PaO2 142 ± 62 127 ± 27 0.46

FiO2 57 ± 7 59 ± 13 0.31

PaO2/FiO2 226 ± 74 179 ± 18 0.11

PaCO2, mmHg 37 ± 4 43 ± 6 0.03

CPR, mg/L 78 ± 63 137 ± 80 0.03

WBC, 103 µl 6.8 ± 2.4 8.9 ± 4.9 0.83

NLR 6.6±3.8 8.8 ± 6.5 0.13

HR, bpm 78 ± 10 80 ± 12 0.38

RR, bpm 20 ± 4 20 ± 3 0.32

VR 1.6±0.5 1.5 ±0.8 0.46

Time from ED to RICU admission, days 11 ± 7 10 ± 10 0.47

Values are shown as mean± SD, respectively, for normal distributed numeric variables or as median [IQR] for non-normal distributed numeric variables (*), and with % for categorical ones.

SOFA, sequential organ failure assessment; ED, emergency department; CPR, C-reactive protein; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; HR, heart rate; RR,

respiratory rate; VR, ventilatory ratio; LUS, lung ultrasound; RICU, respiratory intensive care unit.

FIGURE 3 | Time course of PaO2/FiO2 of PP group ANOVA, p = 0.001. The x refers to the average value and the continuous line refers to the median value.
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TABLE 2 | Demographic, physiological, and clinical characteristics of successful patients at admission.

Variables Study group Control group p-value

10 13

Age, years ∧ 60 ± 9 69 ± 17 0.07

Males, n (%) 8 (80) 10 (80) 1

Smokers, n (%) 5 (50) 6 (46) 1

Presence of comorbidities, n (%) 7 (70) 10 (77) 0.1

Obesity, n (%) 4 (40) 4 (30.8) 0.68

Hypertension, n (%) 4 (40) 8 (61.5) 0.41

Diabetes, n (%) 3 (30) 3 (23.1) 1

Chronic cardiac failure, n (%) 0 3 (23.1) 0.23

Ischemic cardiac disease, n (%) 1 (10) 2 (15.4) 1

Chronic kidney disease, n (%) 3 (30) 5 (38.5) 1

Respiratory disease, n (%) 0 2 (15.4) 0.48

Autoimmune diseases, n (%) 1(10) 0 0.43

SOFA* 2 [0.75] 2 [0] 0.12

PaO2 117 ± 25 117 ± 27 0.65

FiO2 60 ± 0 55.8 ±10.6 0.42

PaO2/FiO2 195 ± 42 181 ± 19 0.17

PaCO2, mmHg 35 ± 3 42 ± 5 0.001

CPR, mg/L 84 ± 62 127 ± 70 0.09

WBC, 103 µl 6.5 ± 2.6 8.7 ± 4.7 0.14

NLR 6.8 ± 3.4 8.7 ± 6.1 0.25

HR, bpm 76 ± 9 80 ± 12 0.29

RR, bpm 20 ± 4 21 ± 3 0.33

VR 1.5 ± 0.3 1.4 ± 0.4 0.43

Time from ED to RICU admission, days 13 ± 4 10 ± 10 0.40

Values are shown as mean± SD, respectively, for normal distributed numeric variables or as median [IQR] for non-normal distributed numeric variables (*), and with % for categorical ones.

SOFA, sequential organ failure assessment; ED, emergency department; CPR, C-reactive protein; WBC, white blood cell count; NLR, neutrophil-to-lymphocyte ratio; HR, heart rate;

RR, respiratory rate; VR, ventilatory ratio; LUS, lung ultrasound; RICU, respiratory intensive care unit.

FIGURE 4 | Individual (box plots) and time course of PaO2/FiO2 of both proning and control group on non-invasive respiratory support. (A) Total patients enrolled

including dropouts and failures. (B) Only successful patients. Assessments at RICU admission and at RICU discharge. ANOVA, p = 0.001. The x refers to the average

value and the continuous line refers to the median value.
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Active PPmay result in good physiological and clinical results,
avoiding contacts and waste of human, economic, therapeutic
resources and personal protective equipment (12, 14, 15). These
patients were able to maintain active PP, and the only additional
nursing workload was to move the EKG patches from the front to
the back of the patients’ chest.

The two groups of patients analyzed were similar but showed
one significant difference in terms of age with the control group
being older. Furthermore, the control group showed higher CRP
and PaCO2 compared to the other. This, on one hand, would
potentially expose the control group to a better response to
NRS; on the other hand, both the SOFA score and the P/F ratio
did not differ between the two groups, showing a substantial
similar prediction of mortaility and grade of severity of hypoxic
respiratory failure.

The setting of the study allows its repeatability in a clinical
unit with patients under 24 h monitoring and adequate nurse
support and supervision. Although promising, our case series
should be interpreted with caution. In this selected group
(PaO2/FiO2 > 150), three patients did not tolerate the PP, and
two patients required intubation. The RICU is the right location
for these unstable patients where adequately trained personnel
may promptly recognize the need for treatment escalation and
switch to NIV or IMV, respectively (22). Although improved
oxygenation with the PP is important, hypoxemia has not been
a reliable surrogate biomarker for mortality in clinical trials of
ARDS (23).

This study has limitations. The sample size of patients was
small (16 patients vs. 16 controls), and the data of controls were
retrospectively collected. The performance of a chest CT scan
in all admitted patients with hypoxic ARF would have added
important information on the status of the lung parenchyma.
However, due to the large number of patients to manage at that
time, this was not promptly available for all admitted patients.

A control population of consecutively admitted patients only
on low flow oxygen not undergoing NRS would have been more
suitable for adequate comparison; however, at the time of the
study, patients with PaO2/FiO2 > 150 used to be initiated to NRS.

The choice of SpO2/FiO2 would have been useful as a
surrogate evaluation of time points in the initial 24 h; however,
this parameter, although monitored, was not recorded.

On the other hand, our study highlights the feasibility,
tolerability, and effectiveness of prolonged PP. Indeed, the
shorter LoS of patients undergoing earlier PP suggests greater
effectiveness in early application. Within the 6-month follow-
up, no deaths occurred in the group that underwent PP.
Furthermore, in consideration of the high shortage of ICU beds,
the PP may represent a first-line treatment outside the ICU.

Spontaneously breathing patients with hypoxemic ARF may
generate relatively large tidal volumes with potential self-inflicted

lung injury (SILI) (24). Therefore, continuous monitoring of
paradoxical breathing pattern and vital parameters should be
warranted in these patients as they may deteriorate very fast.
These concerns should be balanced with the lack of ICU bed
availability and the risks of mechanical ventilation, including
the need for prolonged sedation and the risk of ventilator-
associated pneumonia.

CONCLUSION

In conclusion, in the majority of the studied non-
intubated spontaneously breathing series of patients with
COVID-19-associated hypoxemic ARF with PaO2/FiO2

ratio >150 prolonged active PP was feasible and well-
tolerated and associated to improvement in PaO2/FiO2.

This approach may be confirmed by larger randomized
controlled studies.
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