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CLINICAL STUDY
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ABSTRACT
OBJECTIVES: It was aimed to demonstrate the applicability of the prone position with high-fl ow oxygen to 
COVID-19 patients with severe respiratory failure in the service in September when the number of cases and 
the need for intensive care were increased.
MATERIAL AND METHODS: The prone position was applied for a minimum of 30-minute periods for at least 
four hours a day. The patients’ oxygen saturation levels and respiration rates were monitored before and 30 
minutes after prone positioning. 
RESULTS: Ten patients, nine males (9/1, M/F), were included in the study. Mean oxygen saturation at 
baseline was 75.8±12.14 (min: 50 %; max: 90 %) and all patients had high oxygen demand. The oxygen 
saturation of the patients differed signifi cantly before and after (83.4±6.38 %; 90±5.31 %, p <0.001) prone 
positioning. Similarly, respiration rates differed signifi cantly before and after (23.9±6; 21.4±4.97, p <0.001) 
prone positioning. Two patients died during treatment.
CONCLUSION: This study highlights the promise of prone positioning performed in ward conditions for 
improving oxygenation in COVID-19. While the study contains a small group, it may provide guidance for the 
clinical management of COVID-19 patients to prevent the need for intensive care in the challenging course of 
therapy (Tab. 2, Fig. 2, Ref. 15). Text in PDF www.elis.sk
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Abbreviations: ARDS – acute respiratory disstres sydrome,
BMI – body mass index, COVID-19 – Corona Virus Disease-19, 
CRP – C-reactive protein, FiO2 – fraction of inspired oxygen, 
HFNO – high-fl ow oxygen treatment, ICUs – Intensive care units, 
PA – posteroanterior, PaO2 – partial arterial oxygen pressure,
PPL – pleural pressure, PTP – transpulmonary pressure, RT-
PCR – real-time reverse transcriptase-polymerase chain reaction,
SARS-CoV-2 – severe acute respiratory syndrome corona virus 2, 
SpO2 – oxygen saturation, SPSS – Statistical Package for Social 
Sciences, SSC – surviving sepsis campaign.

Introduction

Corona virus disease-19 (COVID-19), a respiratory disease 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) that has spread globally, is highly contagious and asso-
ciated with high mortality (1). A simple, effective treatment for 

COVID-19 is urgently needed to reduce admissions to intensive 
care units (2). When patients are in a supine position, dorsal-
ventral transpulmonary pressure can cause impaired oxygenation 
due to ventral alveolar infl ation and dorsal alveolar atelectasis (3, 
4). Prone positioning reduces this pressure difference, resulting in 
ventral homogeneity and thereby increasing ventral alveolar infl a-
tion and reducing dorsal alveolar atelectasis. This can then reduce 
the risk of hypoxia as the ventilation/perfusion ratio is improved 
by the redistribution of blood from non-ventilated regions to ven-
tilated ones (5). End-expiratory lung volume is also greater in a 
prone position (6). Previous studies have consistently shown that, 
in most patients with acute respiratory distres sydrome (ARDS) 
(up to 70 %), prone ventilation increases partial arterial oxygen 
Pressure (PaO2), reducing patients’ fraction of inspired oxygen 
(FiO2) requirements (7, 8). 

This study aimed to examine the applicability and effi ciency 
of prone positioning outside the ICU in order to determine its 
relevance as a convenient, simple, effective method for reducing 
mortality in COVID-19 patients with severe hypoxia.

Materials and methods

Patient selection
This study was conducted at the Ankara Atatürk Chest Diseases 

and Chest Surgery Training and Research Hospital. The study in-
cluded patients admitted to hospital with confi rmed COVID-19 
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between 1st September 2020 and 1st October 2020. Cases of 
COVID-19 were diagnosed using real-time reverse transcriptase-
polymerase chain reaction tests. The inclusion criteria were as fol-
lows: First, included patients were over 18 years of age and tested 
positive for COVID-19 on a RT-PCR test. Included patients also 
experienced hypoxic respiratory failure, were conscious, and did 
not require intubation. They could tolerate a prone position for at 
least 30 minutes and had undergone thoracic tomography and/or 
posteroanterior chest x-rays. Finally, other data necessary for the 
study were available for all included patients. Patients; – under 18 
years of age, – unconscious patients, – patients followed up with 
only nasal oxygen, – those with hypoxic respiratory failure who 

required intubation, – patients with obesity or anatomic deformi-
ties that restricted positioning, and – patients for whom the data 
on fi le were incomplete were excluded from the study.

Prone positioning
The patients were informed about the prone position and placed 

in a prone position for at least four hours per day. This treatment 
was combined with nasal O2, venturi mask or high-fl ow oxygen 
treatment. The patients’ oxygen saturation levels and respiration 
rates were monitored before and 30 minutes after prone position-
ing. The differences between pre- and post-prone positioning oxy-
gen saturation levels and respiration rates were evaluated.

Statistical methods
The data were analysed using SPSS 21.0 (Statistical Package

 for Social Sciences for Windows, Inc., Chicago, Illinois, USA). 
The distribution of data normality was determined using the Kol-
mogorov-Smirnov test. The data were reported as mean ± standard 
deviation for normally distributed continuous variables, as median 
(minimum–maximum) for non-normally distributed continuous 
variables and as n (%) for categorical variables. The values be-
fore and after prone positioning were compared using the paired 
samples t-test. Statistical signifi cance was set at p <0.05.

Results

360 patients were hospitalized and followed up in the clinic 
between 1st September and 1st October. Oxygen therapy was 
served to 319 patients by nasal cannula (2–4lt / min), 19 patients 
by a venturi mask, 19 patients by high fl ow nasal cannula, and 1 
patient with NIMV. 2–4 lt / min oxygen therapy given by nasal 
cannula was considered to be mild to moderate hypoxia, and was 
excluded from the study. When the remaining 41 patients were 
evaluated with the inclusion criteria; patients with unconscious-
ness (3), obesity(18), kyphoscoliosis (5), unable to adapt to prone 
position (5) were excluded. The remaining ten patients were in-
cluded in the study and analyzed.

Of ten patients nine (90 %) were males and one was (10 %) 
female. All the patients had a mean body mass index of 29.84 ± 
4.32. Patients’ demographics are summarized in Table 1. Steroids 
and favipiravir were used in treatment of all patients. Nine were 
given vitamin C, and eight were given concomitant hydroxy-
chloroquine. At baseline, the patients had low mean lymphocyte 
counts, however neutrophil-lymphocyte ratios, C-reactive protein, 
D-dimer, and ferritin values were high (Tab. 1). Mean oxygen 
saturation (SpO2) at baseline was 75.8 ± 12.14 (min: 50 %; max: 
90 %) and all patients had high oxygen demand (nasal O2: n = 7; 
venturi mask: n = 1; HFNO: n = 2). Mean FiO2 was 57.5 % (min: 

Prone positioned patients (n=10)
Age (years) 52.3±11.3 (39-66)
Gender

Male
Female

9 (90%)
1 (10%)

BMI (kg/m2) 29.84±4.32
Comorbidities

Hypertension
DM
CAD
Asthma
Familial Mediterranean Fever

1 (10%)
3 (30%)
2 (20%)
1 (10%)
1 (10%)

Mean length of stay (days) 10.6
Baseline values: 

WBC
Neutrophil count
Lymphocyte count
Neutrophil/lymphocyte ratio
Hemoglobin 
Platelet count
AST
ALT
CRP
D-dimer
Ferritin
Troponin
Creatinine
Saturation
FiO2

6295.56±2249.58
5026.67±2482.9
915.56±429.42

4.72 (2.63–34.7)
13.93±1.04

213444.4±28076.28
61 (30–161)
38 (14–258)
90 (3,1–189)
607.78±310.5
654 (97–1650)

7.5 (0–45)
1.02±0.2

75.8±12.14 (50–90)
57.5 (45–100)

Fever (>38°) 2 (20%)
Number of involved lobes on CT 4.78±0.67
Plaqueniltreatment 8 (80%)
Faviripavirtreatment 10 (100%)
Favipiravirtreatment duration 8.7±2.83
Steroids 10 (100%)
Enoxaparine treatment

Prophylactic (dosage:0.4,SID)
Therapeutic (dosage: 0.6 BID)

7 (70%)
3 (30%)

Antibiotic treatment 10 (100%)
Vitamin C treatment 9 (90%)
Baseline O2 treatment

Nasal
Venturi
High-fl ow

7 (70%)
1 (10%)
2 (20%)

Exitus 2 (20%)

Tab. 1. Demographic features of patients.

Pre Prone 
Positioning

Post Prone 
Positioning

p

Respiration rate 23.9±6 21.4±4.97 <0.001
Saturation (%) 83.4±6.38 90±5.31 <0.001

Tab. 2. Differences between pre and post prone positioning.
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45 %; max: 100 %). Bilateral multilobar ground-glass opacity and 
consolidation that indicated severe pneumonia, were present on
the computerized tomography in all patients. The oxygen satura-
tion of the patients differed signifi cantly before (83.4±6.38 %) and 
after (90±5.31 %) prone positioning (p <0.001) (Tab. 2, Fig. 1).
Similarly, respiration rates varied signifi cantly before (23.9±6) 
and after (21.4±4.97) prone positioning (p <0.001) (Fig. 2). Two 
patients (20 %) died during treatment.

Discussion

In this study, the applicability of prone positioning performed 
in ward conditions for improving oxygenation in a challenging 
course of COVID-19 was highlighted. While the study contains a 
small group, it may provide guidance for the clinical management 
of COVID-19 patients to prevent the need for intensive care in the 
challenging course of therapy.

Hypoxia is the most common problem in patients with severe 
COVID-19, and approximately 40% of these patients develop 
ARDS (9). Recent studies have shown that prone positioning can be 
used to treat hypoxemic acute respiratory failure in non-intubated, 

awake COVID-19 patients (2). When the patient lies in a supine 
position, the dorsal pleural pressure (PPL) is greater than the ven-
tral PPL; thus, the ventral transpulmonary pressure (PTP) exceeds 
the dorsal PTP, causing the ventral alveoli to infl ate more than the 
dorsal alveoli. This effect is exaggerated in patients with ARDS 
since the difference between dorsal and ventral pleural pressures 
is increased as a result of excessive lung weight, leading to exces-
sive infl ation of the ventral alveoli and atelectasis of the dorsal 
alveoli (3, 4). Prone positioning reduces the difference between 
dorsal and ventral PTP values, producing homogeneous pressure 
in the ventral areas (5), increasing ventral alveolar infl ation and 
reducing dorsal alveolar collapse (10). An alternative mechanism 
is the increased end-expiratory lung volume that occurs when a 
patient lies in a prone position (6). 

Conventional invasive mechanical ventilation is administered 
with the patient in supine position. Prone ventilation is a strategy 
used to improve oxygenation in ARDS patients when conventional 
ventilation modes (e.g. lung protective ventilation) are unsuccess-
ful. Studies have shown that prone positioning may correct oxy-
genation in non-intubated, awake patients better than in intubated 
patients; this treatment can avoid the need for intubation as well 
as the complications associated with intubation and mechanical 
ventilation (11).

Studies have consistently shown that, in most patients with 
ARDS (up to 70 %), prone ventilation increases PaO2, reducing 
the patient’s FiO2 requirements (7, 8). Zang et al placed 23 ICU 
patients with severe hypoxia in an early prone position (12). In this 
study, patients’ oxygen saturation increased from 91.09±1.54 % to 
95.30±1.72 % after ten minutes (p <0.01) and to 95.48±1.73 % 
after 30 minutes (p <0.01) and the differences between ten and 30 
minutes were not signifi cant (p=0.58). Furthermore, patients’ res-
piration rates reduced from 28.2±3.06 breaths/min to 27.78±2.75 
breaths/min after ten minutes (p=0.20) and to 24.87±1.84 breaths/
/min after 30 minutes (p <0.01) and there was no signifi cant dif-
ference in respiration rate at ten minutes compared to the baseline 
(p=0.203) (12, 13). In another study, Moghadam et al randomly 
selected ten non-ICU non-intubated COVID-19 patients (70 % 
male, 30 % female) with a mean age of 41 years for treatment 
with prone positioning. Participants in that study had a mean 
SpO2 before and after prone positioning of 85.6 % and 95.9 %, 
respectively. All of the patients were discharged after a mean of 
4.8 days of hospitalization (13). Similarly, in the current study, 
ten patients (mean age 52 years) with severe hypoxia were treated 
in ward conditions with a minimum of four hours of prone posi-
tioning per day. A remarkable improvement in both the patients’ 
oxygen saturation levels and respiration rates was identifi ed after 
30 minutes of prone positioning.

Zang et al conducted follow-up evaluations 90 days after 
treatment. Ten (43.5 %) of the 23 COVID-19 patients in the prone 
position group died within 90 days (12). In our study, the mean 
duration of hospitalization for the patients was 10.6 days and eight 
(80 %) patients were discharged, while two (20 %) died.

Although the benefi cial effects of prone positioning on hy-
poxemia in COVID-19 patients in ICUs were emphasized in the 
reviews and guidelines (14, 15) only a few studies were present 

Fig. 1. The oxygen saturation of the patients differed signifi cantly 
before (83.4 ± 6.38 %) and after (90 ± 5.31 %) prone positioning 
(p < 0.001).

Fig. 2. Respiration rates varied signifi cantly before (23.9 ± 6) and after 
(21.4 ± 4.97) prone positioning (p < 0.001).
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about the use of prone positioning in outside ICU. Whereas it may 
bet also applied successfully in the clinic by a close follow-up. 

The study had several limitations. First, it was a retrospective 
study; second, the sample was too small, and lastly, arterial blood 
gases were not analyzed. 

Conclusion

The prone positioning is an effective, simple, easy, sustainable, 
repeatable therapy for inpatient (outside ICU) in the supportive 
treatment of severe COVID-19 pneumonia. We predict that with 
the widespread use of this form of treatment, the transfer to the 
ICU will decrease, hence ICU overload will reduce. At the same 
time, it can be thought that intubation will abate, so complications 
and mortality associated with intubation will decrease.
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