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with mild or moderate COVID-19 progressing 
to severe or even critical cases: a retrospective 
study
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Abstract 

Background: To investigate whether prone position can reduce the risk of patients with mild or moderate COVID‑19 
who progress to severe or critical illness.

Methods: The prone position group was treated in prone position on the day of admission in addition to conven‑
tional treatment. Indicators such as saturation of pulse oximetry  (SpO2), heart rate, blood pressure, respiratory rate, 
and prone position‑related adverse events were recorded before prone ventilation, 5 min after prone position and 
30 min after prone position. Meanwhile, the cases of severe and critical patients, the percentage of transformation 
and the final clinical outcome of this group were analyzed. Conversion rates and mortality were calculated for patients 
with mild or moderate COVID‑19 retrieved from the database who received only conventional care without com‑
bined prone positioning as control group.

Results: (1) A total of 34 patients were included in prone position group. There were significant differences in  SpO2 
between the first 4 days after admission and the day of discharge (F = 3.17, P < 0.001). (2) The main complications 
were back and neck muscle soreness (55.9%), followed by abdominal distension (8.9%). (3) In control group, a total 
of 4873 cases of mild and moderate patients were included from 19 literatures, with an average deterioration rate of 
22.7% and mortality rate of 1.7%. (4) In prone position group, there were no severe or critical transformation cases and 
also no death cases. The prone position group had a significantly lower deterioration rate when compared with the 
control group (χ2 = 9.962, P < 0.01).

Conclusion: Prone position improves  SpO2 in patients with mild or moderate COVID‑19. It can also reduce the per‑
centage of mild or moderate patients progressing to severe or critical patients. The application of prone position is a 
simple, feasible, safe and effective treatment method in such patients.
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Background
COVID-19 can cause a subset of patients to develop 
acute respiratory distress syndrome (ARDS) [1, 2]. 
Prone position ventilation is a mechanical ventila-
tion method that uses various means to put patients in 
prone position, and its therapeutic status in ARDS has 
been widely recognized [3, 4]. As a result of COVID-19 
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outbreak, there are an increasing number of stud-
ies on the use of prone position ventilation in severe 
and critically ill patients, showing that prone position 
ventilation can also improve oxygenation in COVID-
19 patients. However, more research is still needed to 
confirm whether it can reduce mortality and improve 
patient outcomes [5–8]. Recent studies have shown 
that prone position combined with oxygen inhalation 
by mask or high-flow nasal cannula oxygen therapy 
(HFNC) or non-invasive positive pressure ventilation 
has the clinical efficacy in reducing the rate of endotra-
cheal intubation and mortality in the treatment of 
severe COVID-19 patients. Meanwhile, studies have 
shown that early prone position has better clinical effi-
cacy than late prone position [9, 10].

COVID-19 patients can be classified into mild, moder-
ate, severe and critical according to the severity of their 
illness [11, 12]. Studies have found that about 0 to 45.0% 
of mild or moderate patients can progress to severe or 
critical patients [13–31]. Once progressed to severe or 
critical patients, the place of treatment needs to be trans-
ferred from ordinary wards or Fangcang shelter hospi-
tals to intensive care unit (ICU) wards, which will greatly 
increase the difficulty of treatment and the medical 
resources needed. Even worse the mortality rate of criti-
cally ill patients is as high as 49% [32–34].

There are few reports on whether the combination of 
prone position therapy with conventional therapy can 
reduce the percentage of patients with mild or moderate 
COVID-19 who develop to severe or critical illness, and 
thus reduce patient mortality, especially with regard to 
the Delta subtype of COVID-19. Therefore, we recorded 
the changes of vital signs such as saturation of pulse oxi-
metry  (SpO2) and the occurrence of complications in 
patients with mild or moderate COVID-19 after prone 
position, and the percentage of patients progressing to 
severe or critical COVID-19. We analyzed and compared 
the obtained results with the control group (reported 
cases without prone position and only received conven-
tional treatment), and the clinical value of prone position 
in mild-to-moderate patients was preliminarily explored.

Material and methods
Diagnostic criteria
According to the National Health Commission’s Novel 
Coronavirus Protocol for the diagnosis and treat-
ment of pneumonia (Trial Version 8) [12], the diagnos-
tic criteria includes following aspects: epidemiological 
history, clinical manifestations are fever and/ or respira-
tory symptoms, chest imaging shows pneumonia, real-
time fluorescence RT-PCR is used to detect positive 

SARS-CoV-2 Delta nucleic acid in nasal swabs or phar-
yngeal swabs.

General information
Prone position group: clinical data of 62 patients with 
mild and moderate COVID-19 admitted to Yangzhou 
Third People’s Hospital from July to August 2021 were 
collected. All patients were given traditional Chinese 
medicine anti-viral therapy and symptomatic support-
ive treatment upon admission, and all patients were in 
prone position on the day of admission. Among these 
patients, 21 patients were transferred to other hospi-
tals for treatment (hospital duration ≤ 3  days, no fol-
low-up clinical data), and 7 patients (< 14  years) did 
not undergo chest computed tomography (CT) exami-
nation or were not reviewed. The above 28 patients 
were excluded due to lack of clinical data. Thus, a total 
of 34 patients with complete clinical data were finally 
enrolled in the study, the inclusion of patients in prone 
position group are shown in Fig.  1. They were 14 to 
83 years old and spent 8 to 12 h a day in prone position. 
Chest CT examination and vital signs  (SpO2, heart rate, 
blood pressure and respiratory rate) were performed at 
admission, and chest CT was reviewed later.

Control group: The related data were searched 
from database including Cochrane Library, PubMed, 
Excerpta Medica Database (EMBASE), China National 
Knowledge Infrastructure (CNKI) and Wanfang Data-
bases. Search keywords are COVID-19, mild, moder-
ate and progression. Search languages are English and 
Chinese (with English abstract required). The search 
deadline was December 31, 2021. During hospitaliza-
tion, only conventional treatment was performed in 
these patients without prone position, and duplicate 
references were excluded. The number of patients with 
mild and moderate COVID-19 at the beginning of 
treatment, and the number of patients with severe and 
critical COVID-19 at the later stage were counted, and 
the percentage of progression and mortality were cal-
culated. The inclusion of patients in control group are 
shown in Fig. 1.

Methods of prone position
All patients had independent activity ability. The opera-
tion method is as follows: patients face down, arms on 
both sides of the body, legs straight, a soft pillow can be 
put under the chest, hip and ankle, head biased to one 
side, their own initiative to choose a most comfortable 
decubitus position.
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Observation indicators
SpO2, heart rate, blood pressure, respiratory rate, prone 
position-related adverse events, changes in clinical 
classification of COVID-19 and the final clinical out-
come (mortality) were recorded before the first prone 
position, 5 min after prone position, 30 min after prone 
position in the first 4 days after admission and the day 
of discharge.

Statistical methods
SPSS 26.0 was used for data analysis. The measurement 
data were expressed as mean ± standard deviation, and 
the counting data were expressed as the number of cases 
and rate. Analysis of variance (ANOVA) was used for 
data comparison among multiple groups. Chi-square test 
was used for the data rates between two groups. P < 0.05 
means the difference is statistically significant.

Results
Influence of prone position on  SpO2
There was a significant difference in  SpO2 between the 
first 4  days after admission and the day of discharge 
(F = 3.17, P < 0.001).  SpO2 was the lowest on admission 

and the highest on discharge day. On the first day of 
admission, the level of  SpO2 in the prone position was 
higher after 5  min and 30  min than before, while there 
was no significant difference between 5 and 30 min after 
the prone position. On the 2nd, 3rd and 4th days after 
admission, there was no significant difference in  SpO2 
before and after prone position (all P > 0.05) (Fig. 2).

Influence of prone position on respiratory rate, heart rate 
and blood pressure (systolic and diastolic)
There were no statistically significant differences in res-
piratory rate, heart rate, systolic blood pressure and dias-
tolic blood pressure between patients in the first 4 days 
after admission and on the day of discharge (F = 0.641, 
0.573, 0.671 and 0.386, respectively, all P > 0.05) (Fig. 3).

Prone position‑related adverse events
The main complication was back and neck muscle sore-
ness, accounting for 55.9% (19/34), which was consid-
erably relieved or disappeared in most patients within 
3 days. Abdominal distension occurred in 8.9% (3/34) of 
patients and was relieved by supine position or exercise. 

Fig. 1 Flowchart of patients enrollment
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There was no indwelling of deep vein, catheter, endotra-
cheal intubation, etc., so there were no complications 
such as catheter displacement. Pressure ulcers, facial 

edema, optic nerve damage, pneumothorax and other 
complications were also not observed.

Fig. 2 Influence of prone position on  SpO2.  SpO2, saturation of pulse oximetry; Pre‑PP, before prone position; Post‑PP, after prone position; D1, D2, 
D3, D4, the first 4 days after admission. There was significant difference in  SpO2 between the first 4 days after admission and the day of discharge. 
*, compared with D1 Pre‑PP, P < 0.05, On the first day of admission, the level of  SpO2 in the prone position was higher after 5 min and 30 min than 
before prone position.

Fig. 3 Influence of prone position on respiratory rate, heart rate and blood pressure. Pre‑PP, before prone position; Post‑PP, after prone position; 
D1, D2, D3, D4, the first 4 days after admission; RR, respiratory rate; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure. There 
were no statistically significant differences in RR, HR, SBP and DBP between patients in the first 4 days after admission and on the day of discharge 
(F = 0.641, 0.573, 0.671 and 0.386, respectively, P > 0.05).



Page 5 of 9Xu et al. European Journal of Medical Research          (2022) 27:149  

Progression and mortality in prone position group
There was a total of 34 patients in prone position group, 
among which 3 patients progressed from mild-to-mod-
erate illness. The SARS-CoV-2 Delta nucleic acid test of 
all patients ultimately turned negative and patients were 
then admitted to the rehabilitation hospital for follow-up 
treatment, and no death cases occurred. No patient pro-
gressed to severe or critical cases, with a rate of deterio-
ration of 0%. The mortality rate in this group was also 0%.

Progression of patients in control group
The literature was searched, and duplicates were 
removed. In total, 19 Chinese and English literatures 
that met the requirements were identified. Among these 
19 literatures, there were 4873 cases of mild or moder-
ate patients, of which 1106 cases progressed to severe 
or critical cases. The deterioration rate from low to high 
were 0%, 5.7%, 6.0%, 8.3%, 10.9%, 13.7%, 16.1%, 16.4%, 
19.0%, 20.3%, 21.7%, 23.2%, 27.0%, 29.4%, 31.6%, 34.9%, 
36.9%, 40.9% and 45.0%. The average deterioration rate 
was 22.7%. There were 69 deaths and the mortality rate 
was 1.7% (Table 1).

Effect of prone position on conversion from mild 
or moderate to severe or critical patients
The deterioration rate was 0% in prone group and 22.7% 
in control group. The proportion of patients with mild or 
moderate illness progression to severe or critical disease 
in prone group was significantly lower than that in con-
trol group, and the difference was statistically significant 
(χ2 = 9.962, P < 0.01) (Table 2).

Effect of prone position on mortality between prone 
position group and control group
The mortality rate was 0% in prone position group 
and 1.7% in control group. There was no statistically 

Table 1 The progression and mortality of mild or moderate patients in control group

NR, not recorded

Literature Country Time of case occurrence Number of mild 
or moderate

Number of 
progression

Progression 
rate (%)

Number of 
deaths

Mortality 
(%)

Wang et al. [13] Tianjin, China January to March 2020 95 22 23.2 0 0

Higuchi et al. [14] Japan February to June 2020 37 0 0 0 0

Iijima et al. [15] Japan April to May 2020 55 6 10.9 NR NR

Cheng et al. [16] Hubei, China January to March 2020 456 205 45.0 46 10.1

Wang et al. [17] Hubei, China February to April 2020 1758 474 27.0 9 0.5

Long et al. [18] Hubei, China January to February 2020 253 48 19.0 5 2.0

Jiang et al. [19] Hubei, China January to April 2020 213 35 16.4 NR NR

Zhang et al. [20] Guangdong, China January to February 2020 12 1 8.3 0 0

Li et al. [21] Anhui, China January to February 2020 65 24 36.9 0 0

Liang et al. [22] Guangdong, China January to February 2020 204 28 13.7 0 0

Zhang et al. [23] Sichuan, China 2020 98 31 31.6 0 0

Lang et al. [24] Sichuan, China January to February 2020 17 5 29.4 0 0

Liu et al. [25] Hubei, China January to February 2020 62 10 16.1 6 9.7

Duan et al. [26] Chongqing, China January to February 2020 348 20 5.7 NR NR

Lv et al. [27] Beijing, China January to February 2020 64 13 20.3 0 0

Luo et al. [28] Jiangsu, China January to February 2020 597 36 6.0 0 0

Zhao et al. [29] Hubei, China February 2020 172 60 34.9 NR NR

Wang et al. [30] Shenzhen, China January to February 2020 323 70 21.7 3 0.9

Lu et al. [31] Shanghai, China January to February 2020 44 18 40.9 0 0

Table 2 Effect of prone position on progression from mild or 
moderate cases to severe or critical cases

Control group Prone 
position 
group

χ2 value P value

Mild or moderate 
cases

3767 34 9.962 0.002

Severe or critical 
cases

1106 0

Total 4873 34

Progression rate 22.7% 0%
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significant difference in mortality between the two 
groups. (χ2 = 1.154, P > 0.05) (Table 3).

Discussion
According to the severity of the disease, COVID-19 can 
be divided into four levels: (1) mild—the clinical symp-
toms are mild and there is no pneumonia on imaging; (2) 
moderate—fever, respiratory symptoms, imaging mani-
festations of pneumonia; (3) severe—adults meet any of 
the following criteria: a. shortness of breath; respiratory 
rates ≥ 30 times /min; b.  SpO2 ≤ 93% when inhaling air in 
resting state; c. arterial partial pressure of oxygen/ oxy-
gen concentration ≤ 300  mmHg; d. clinical symptoms 
are progressively worse, and lung imaging shows obvious 
progression (more than 50%) within 24–48  h; (4) criti-
cal—meeting one of the following criteria: a. respiratory 
failure, and the need for mechanical ventilation treat-
ment; b. slip into shock; c. ICU treatment is required for 
other organ failures [12]. In the course of clinical treat-
ment, it has been found that some patients with mild 
and moderate COVID-19 can evolve into severe or even 
critical COVID-19 in a short period of time [13–31]. The 
principles of treatment for patients with different sever-
ity vary greatly. In addition to anti-viral therapy, bed rest 
and strong nutritional support are the main treatment 
options for mild and moderate patients. In addition, such 
patients also need to pay attention to water and electro-
lyte balance, maintain internal environment stability, and 
closely monitor vital signs such as  SpO2. Effective oxygen 
therapy measures, including nasal cannula, mask oxygen 
inhalation, and HFNC, were administered when neces-
sary. For the treatment of severe and critically ill patients, 
in addition to the above treatment measures, mechani-
cal ventilation and other organ function support means 
are also needed. It can be seen that severe and critical 
patients are much more difficult to treat than mild and 
moderate patients [12].

Studies have shown that prone position ventilation can 
promote the homogeneity of gas distribution, improve 
the ratio of ventilatory blood flow and oxygenation func-
tion in ARDS patients. Besides, prone position venti-
lation can also promote sputum drainage, reduce the 
incidence of ventilator-associated pneumonia, improve 

heart function, reduce mediastinal and cardiac compres-
sion of the lungs and other physiological effects, thereby 
reducing mortality [3, 35, 36]. Prone position ventilation 
can improve oxygenation in critical COVID-19 patients, 
but whether it can reduce mortality is still controver-
sial [5, 6, 37]. Prone position is a position in which the 
patient is treated by remaining prone without endotra-
cheal intubation. Some studies have found that for severe 
patients, prone position combined with mask oxygen or 
HFNC or non-invasive positive pressure ventilation can 
reduce the probability of endotracheal intubation and 
ultimately reduce patient mortality [38–42]. Other stud-
ies have shown that prone position may be more effec-
tive when performed early than later [10, 43]. It has also 
been shown that the earlier patients are admitted to hos-
pital for intervention, the less likely mild and moderate 
cases will progress to severe and critical [44]. However, 
there are few studies concerning whether it is possible to 
reduce the percentage of conversion to severe and criti-
cal cases if prone position was performed on the day of 
admission in mild and moderate patients.

In our study, all mild and moderate patients were 
treated in prone position (prone position group) on the 
basis of conventional treatment. We calculated the per-
centage of conversion in this group, 3 of 34 patients 
progressed from mild to moderate, but no patients pro-
gressed to serve or critical cases, in other words, the con-
version rate in this group was 0%, and the mortality was 
0% either. Unfortunately, due to the study was non-inter-
ventional, we were unable to randomly assign a group of 
patients with mild or moderate disease to conventional 
treatment. Therefore, the deterioration rate of con-
trol group was obtained through literature review. The 
results of literature survey showed that the deterioration 
rate of control group to severe or critical cases was 0% 
to 45.0%, the average deterioration rate was 22.7%, and 
the mortality rate was 1.7% [13–31]. The results showed 
that the percentage of patients progressing to severe or 
critical cases was significantly lower in prone position 
group than in control group. The results suggested that 
the prone position may be helpful in reducing the per-
centage of patients with mild and moderate disease pro-
gressing to severe and critical disease. Our study found 
that the prone position did not reduce the mortality in 
patients with mild or moderate patients, and we specu-
late that this may be related to the small sample size of 
prone position group, which needs to be confirmed by 
subsequent studies with larger sample sizes. The results 
of our study showed that  SpO2 improved gradually after 
treatment in prone position, especially after the first day 
of admission. There were no changes in respiratory rate, 
heart rate, blood pressure (systolic and diastolic) before 

Table 3 Effect of prone position on mortality between prone 
position group and control group

Control group Prone 
position 
group

χ2 value P value

Cases 4085 34 1.154 0.283

Deaths 69 0

Mortality 1.7% 0%
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and after prone position. This is basically consistent with 
the research results of other scholars [41, 43].

In addition, during the entire hospital stay, 55.9% of 
patients presented with back and neck muscle soreness 
after prone position, which basically relieved or disap-
peared within 3 days. Abdominal distention occurred in 
8.9% of patients and was relieved by supine position or 
exercise. There were no indwelling of deep vein, catheter, 
endotracheal intubation, etc., so there were no complica-
tions such as catheter displacement [45]. Pressure ulcers, 
facial edema, optic nerve damage, pneumothorax and 
other complications were also not observed. Majority of 
patients only required the guidance of medical staff for 
the first time of prone position, the rest of the time were 
completed by themselves, further revealing the prone 
position clinical implementation is simple and easy. In 
some critically ill patients, prone positioning was often 
supplemented with sedation [46], however in our study, 
no patients required sedation. In conclusion, prone posi-
tion can improve patients’ oxygenation and reduce the 
progressing rate during the clinical treatment of mild and 
moderate patients. In addition, prone position in such 
patients is relatively safe, with almost no serious compli-
cations and little effort from medical staff, which is wor-
thy of further promotion.

Patients with COVID-19 are prone to abnormal coag-
ulation, especially in severe and critical patients who 
spend a long time in bed and are prone to venous throm-
bosis and even pulmonary embolism [47–49]. There were 
no cases of venous thrombosis or pulmonary embolism 
in our study. But we also have some questions that need 
to be answered by subsequent studies: (1) Do all mild and 
moderate patients need prone position? (2) How many 
hours per day is prone position required without increas-
ing the risk of blood clots? (3) How long should prone 
position treatment last?

Limitations
(1) This study was a single-center observational study 
with a small sample size, which needs to be further con-
firmed by a multi-center large sample size study. (2) The 
study did not set a control group at the same time. Data 
in the literature were captured and compared, so the 
baseline status of patients in control group may be incon-
sistent with that of the study population, resulting in sta-
tistical bias. (3) No blood gas analysis was performed, 
and therefore no improvement in oxygenation was com-
pared from the perspective of arterial partial pressure of 
oxygen. (4) Due to the epidemic situation, only the prone 
position for 5  min and 30  min were set, and no longer 
time points such as 120  min were set for observation. 
(5) All viruses in prone group were infected with the 
Delta subtype, while those in control group were mainly 

infected with α, β or γ subtypes. Different virus subtypes 
might affect the study results.

Conclusions
For patients with mild and moderate COVID-19, the 
combination of the prone position with the conven-
tional treatment can improve oxygenation, but it has 
little impact on the patients’ heart rate, blood pressure 
and respiratory rate. Also, no significant complications 
occurred. It can reduce the percentage of mild or moder-
ate patients progressing to severe or critical patients. The 
use of prone position is a simple, feasible, safe and effi-
cient treatment method in such patients. The conclusions 
need to be further confirmed by a multi-center larger 
sample size study.
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