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Introduction

The novel coronavirus pneumonia (COVID-19), which 
appeared in late December 2019, has soon become a global 
pandemic owing to its strong contagiousness. As of April 
1, 2020, 823,626 cases were confirmed globally, including 
40,598 deaths, in more than 200 countries and regions (1).

The disease progresses rapidly, sometimes leading to 
severe or critical conditions at an early stage. There are 
26.1% to 32.0% of the patients may require ICU admission 
(2,3). Variable conditions, including acute respiratory 
distress syndrome (ARDS), septic shock, and even death, are 
commonly met in these cases (4). Recently, a retrospective 
study has shown that the 28-day mortality rate of critical 
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COVID-19 patients in ICU is as high as 61.5% (5). ARDS, 
a severe acute hypoxic respiratory failure and exudative 
alveolar edema caused by increased pulmonary capillary 
permeability and alveolar epithelial cell injury, occur after 
10.5 days on average (2). According to the Berlin ARDS 
definition, ARDS is categorized into mild, moderate, and 
severe degrees (6). A compositive rate of 14% was reported, 
including dyspnea, tachypnea with a respiratory rate greater 
than 30 breaths/min, oxygen saturation (SpO2) ≤93%, and 
reduced oxygenation index (partial pressure of arterial oxygen 
(PaO2)/fraction of inspired oxygen (FiO2) ratio <300 mmHg) 
or pulmonary infiltration >50% within 48 hours (7).

The main symptoms of COVID-19 were fever with or 
without respiratory and other systemic symptoms (2). The 
most common and severe complication of COVID-19 
is acute hypoxemic respiratory failure or ARDS, which 
requires oxygen and ventilation therapy (5), including a 
nasal catheter, oxygen inhalation, masked oxygen inhalation, 
high flow oxygen therapy (HFNO), noninvasive mechanical 
ventilation (NIV) or invasive mechanical ventilation (8). 
Experts have proposed that oxygen therapy and mechanical 
ventilation are the most basic and essential methods of 
respiratory support for patients with COVID-19 (4,9). 
However, a technical standard for oxygen therapy nursing, 
as well as how this would improve clinical outcomes and 
symptoms in patients COVID-19, is yet to be explored. 
There is still room for improvement, especially in nursing. 
Under these circumstances, this study was selected. The 
purpose of this study was to explore the clinical outcomes 
of COVID-19 patients treated with standardized oxygen 
therapy in a single center. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1272).

Methods

Study population

All the patients of confirmed COVID-19 were admitted 
to the 20th ward of the Eastern Branch, Renmin Hospital 
of Wuhan University from February 9, 2020, to March 
31, 2020, were enrolled. The inclusion criteria for patients 
were: (I) respiratory rate ≥30 per min, (II) pulse oxygen 
saturation at rest or without oxygen ≤93%, (III) PaO2/FiO2 

≤300 mmHg, (IV) pulmonary imaging shows that within 
24–48 hours, the lesion has obviously progressed >50%, (V) 
age >60 years and complicated with severe chronic disease 

including hypertension, diabetes, coronary heart disease, 
malignancy cancer, structural lung disease, pulmonary 
heart disease, and immunosuppressed people. The patient 
who meet any of the above was enrolled. The patients 
with mild symptoms and transferred from other hospitals 
were excluded. There were fifteen patients who with mild 
symptoms did not receive oxygen therapy and 13 patients 
who were transferred from other hospitals. The rest 30 
patients receiving standardized oxygen therapy in our unit 
were included in the study.

All the patients with severe symptoms also received 
same standardized treatment. The physicians used arbidol 
tablets and Chinese prescription LianhuaQingwen capsule 
for antiviral, moxifloxacin for anti-infective, glucocorticoid 
for anti-inflammatory, thymosin and gamma globulin for 
immunotherapy. 

All procedures performed in this study involving human 
participants were in accordance with the Declaration 
of Helsinki (as revised in 2013), and this project was 
approved by the ethical committee of the Eastern Branch, 
Renmin Hospital of Wuhan University (Decision No. 
WDRY2020-K048). All the participants gave informed 
consent before taking part.

Standardized oxygen therapy nursing strategy

The standardized oxygen therapy nursing strategy focuses 
on the patient’s oxygenation. We assess oxygenation in 
real-time and start oxygen therapy at an earlier stage. 
This strategy comprehensively focuses on the initiation, 
upgrading, phased evaluation, and downgrading of oxygen 
therapy. Respiratory support therapy is downgraded as soon 
as the patient’s condition is improved, to avoid side effects 
and to waste resources, and to promote early rehabilitation 
of the patient (See Figure 1).

Data collection and definition

Baseline characteristics, symptoms, and finger pulse oxygen 
saturation were collected during hospitalization. The 
primary clinical symptoms of patients with COVID-19 
included fever, nonproductive cough, dyspnea, myalgia, 
fatigue, and diarrhea (2). Oxygen saturation is the 
percentage of the oxygen amount (oxygen content) bound 
by hemoglobin in the maximum amount of oxygen amount 
(oxygen content) that can be bound by hemoglobin. Oxygen 
saturation measured through the distal skin of the digits or 
elsewhere is called noninvasive saturation, also known as 
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• Resting SpO2 without oxygen inhalation≤93%. 
• SpO2 after exercise <90%. 
• Oxygenation index between 200 and  

300 mmHg.
• Chief complaint symptoms aggravated

Nasal catheter/mask 
oxygen inhalation

High flow oxygen 
inhalation

Noninvasive positive 
pressure ventilation 

Lower flow or 
FiO2 ≤60%
SpO2>98% 

steadily

FiO2 ≤40%
SpO2 >98% 

steadily

Invasive ventilation

1. Observed the oxygen inhalation flow:
• Nasal catheter oxygen inhalation: ≤5 L/min.
• Mask oxygen inhalation: 5–10 L/min.

2. Evaluated the oxygen inhalation effect:
• SpO2 increased to 94%-98% after oxygen therapy.
• SpO2 ≥90% after exercise.
• No or improved respiratory distress at rest.
• If SpO2 <90% after exercise, the exercise intensity needed to be controlled.

3. Cleaned nasal catheter/mask twice a day.
4. Replaced the humidifier bottles daily and added humidifier water timely.
5. Patients treated with nasal catheter oxygen inhalation wore masks.
6. Standard for discontinuation:

• For low flow SpO2 maintained >98%, oxygen inhalation should be suspended;
• Chief complaint symptoms were improved

1. Connector selection: selected the appropriate connector based on face shape and connection mode.
2. Parameter setting:

• Oxygen inhalation flow: 5–10 L/min
• Expiratory Positive Airway Pressure (EPAP): 4–6 cmH2O
• EPAP should not exceed 10 cmH2O

3. Ensured effective ventilation to avoid air leakage.
4. Selected the active humidifier.
5. Turned off the machine before removing the mask or nasal mask to minimize the spread of aerosols in the air.
6. Encouraged patients to actively expectorate sputum
7. Good skin care to avoid pressure-induced injury
8. Avoided flatulence with the inspiratory pressure ≤25 cmH2O
9. Avoided aspiration: proper body position and diet time
10. Standard for discontinuation:

• SpO2 maintained between 94% and 98%;
• Improvement in respiratory distress and chief complaint symptoms

1. Patient’s position: semi-decubitus (or head elevation >20°), and the patients were told to breathe with mouth closed.
2. Selected the nasal catheter with a diameter less than 50% of the inner diameter of the nostril.
3. Flow setting: the low flow rate was no less than 15 L/min.
4. Close observation of the disease symptoms:

• Vital signs
• Airway secretion
• Temperature setting (35–37 ℃) and initial flow setting (45–55 L/min)

5. Turned off the machine before adding humidifier water to minimize aerosol transmission in the air.
6. Handled alarms and condensate water timely.
7. The nasal congestion position of the patient should be higher than the machine and tubing level; the patients 

could wear masks.
8. Equipment cleaning and disinfection:

• Disposed of the tubing as medical waste for single use.
• The instrument surface was disinfected by wiping with the solution containing available chlorine 1,000 mg/L.
• Air filter disks were replaced once every 3 months or 1,000 h.

9. Standard for discontinuation:
• SpO2 between 94% and 98%, and SpO2≥ 90% after exercise;
• Improvement in respiratory distress and chief complaint symptoms

1. Selected the appropriate tool to properly fix the tracheal catheter
2. Sputum aspiration care:

• Pure oxygen therapy for 2 min before sputum aspiration.
• Aspiration pressure of 0.04–0.06 Mpa.
• Selected closed sputum aspiration tube, washed closed drainage tube of the sputum aspiration tube after 

sputum aspiration, and closed the valve of the sputum aspirator.
• Aspiration time did not exceed 15 seconds.

3. Cuff pressure monitoring
• Monitored cuff pressure every 4 to 6 hours.
• Cuff pressure maintained at 25–30 cmH2O.

4. Selected the subglottic suction cannula.
5. Close monitoring of vital signs and human-machine cooperation, and observation and nursing of medication 

administration of sedation, muscle relaxants, etc.
6. Prevention of ventilator-associated lung injury

• Observed the symptoms of pneumothorax, subcutaneous emphysema, etc.
• Minimized airway pressure to limit the sudden increase in airway pressure.
• Set the upper airway pressure level properly.

7. Prevention of ventilator-associated pneumonia
• Hand hygiene.
• Kept the tubing closed.
• Replaced ventilator tubing regularly.
• Timely cleaned the condensate water, poured disinfectant with available chlorine 5,000 mg/L into the 

condensate water, and replaced the disinfectant every 4 hours.
• Oral care every 6–8 hours with 0.02% chlorhexidine mouthwash.
• Semi-recumbent position at 30–45°.

8. Avoided the influence of water accumulation on ventilation in the use of the filter. Replaced the filter regularly 
according to the product instruction, and closed the ventilator prior to the replacement to minimize aerosol 
transmission in the air. Make sure that the ventilator was turned on after replacement.

9. Standard for ventilator weaning:
• PEEP ≤5 mmH2O and FiO2 ≤40%, which should be assessed for early ventilator weaning.
• If cardiac, pulmonary and cerebral complications or other complications occurred, further evaluation was 

required for weaning.
• If the patient met with the requirement of weaning and could effectively expectorate sputum with a 

basically stable mental status, the extubation should be performed early.
• Assessed the patient’s oxygen saturation, respiratory rate, respiratory morphology and chief complaints 

after extubation

• Nasal catheter/mask oxygen therapy  
of 1 to 2 hours was ineffective.

• Hypoxemia and/or respiratory distress 
aggravated during treatment.

• Oxygenation index between 150 and  
200 mmHg.

• Chief complaint symptoms aggravated

• High flow oxygen inhalation or mask 
oxygen therapy for 1 to 2 h oxygenation 
failed to reach the therapeutic need, 
and the respiratory distress was not 
improved.

• Hypoxemia and/or respiratory distress 
aggravated during treatment.

• Oxygenation index between 150 and 
200 mmHg.

• Chief complaint symptoms aggravated

• High flow oxygen inhalation or 
noninvasive ventilation therapy for  
1 to 2 h oxygenation failed to reach the 
therapeutic need, and the respiratory 
distress was not improved.

• Chief complaint symptoms aggravated.
• Oxygenation index <150 mmHg.
• Chief complaint symptoms aggravated

Figure 1 Standardized oxygen therapy technology care program.
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pulse oxygen saturation. Patients’ data were collected from 
February 9, 2020, to March 31, 2020. The information on 
patients’ symptoms such as dyspnea, chest pain, fatigue, 
diarrhea and myalgia was obtained through oral inquiry of 
medical history. Pulse oxygen saturation data using Yuwell 
clip-type pulse oxygen meter YX301 for monitoring. All 
the data were collected by specific person when patients 
admitted and transferred out to ICU.

Statistic analysis

SPSS 23.0 software was used to analyze the data. General 

data were analyzed by gender, age, and past medical history. 
The symptoms of dyspnea, chest pain, fatigue, diarrhea, 
and myalgia were examined by the χ2 test, and the oxygen 
saturation in both groups was examined by paired sample 
t-tests.

Results

Analysis of patients’ general data 

As shown in Table 1, the general data of the cohort is shown 
as follows: 14 males and 16 females; mean age 62.3±13.92 
(years); hypertension (33.33%), diabetes (20.00%), 
cardiovascular disease (13.33%), chronic kidney disease 
(3.33%), and HBV infection (3.33%).

Clinical patient outcomes

In this study, the clinical outcomes of 30 patients receiving 
the standardized oxygen therapy nursing strategy were as 
follows: 27 patients (90.00%) were cured and discharged; 
3 patients (10.00%) who continued to stay in hospital were 
stabilized with symptoms relieved. The oxygen saturation 
without oxygen therapy is over 96%. However, nucleic acid 
results are still positive.

As shown in Table 2, the standardized oxygen therapy 
nursing strategy is associated with improved oxygenation 
of the patients. The fingertip oxygen saturation was 
94.80%±3.49% at ICU admission and 97.8%±1.27% when 
transferred out of ICU after standardized oxygen therapy. A 
significant statistical difference was observed (P<0.005).

As shown in Table 3, receiving the standardized oxygen 
therapy nursing strategy may relieve patient symptoms. 
The symptoms of dyspnea, fatigue, and muscle aches of the 
patients were improved when transferred out of the ICU, 
compared with their condition when admitted to the ICU, 
with a significant statistical difference (P<0.05). There is 
no statistical difference in the symptoms of chest pain and 
diarrhea.

Discussion

The effects of standardized oxygen therapy nursing 
strategy (upgrading and downgrading of oxygen therapy) 
on relieving patient symptoms

Common symptoms of COVID-19 include fever, dry 
cough, myalgia, fatigue, dyspnea, and anorexia. Many 
patients initially showed atypical symptoms, including 

Table 3 Patient symptom improvement

Variables
Admission  

to ICU
Transfer out  

of ICU
P value

Dyspnea 13 3 0.007

Chest pain 3 0 0.237

Fatigue 16 3 0.001

Diarrhea 5 1 0.195

Myalgia 9 0 0.002

Table 1 Patients’ Demographics (n=30)

Variables Results (n=30)

Gender

Male 14

Female 16

Age (years) 62.3±13.92

Past medical history

Hypertension 10

Diabetes 6

Cardiovascular disease 4

Chronic kidney disease 1

HBV Infection 1

Table 2 Oxygen saturation value change

Variables Oxygen saturation (%)

Admission to ICU 94.80±3.49

Transfer out of ICU 97.8±1.27

P value 0.000
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diarrhea or nausea (10). Previous studies have found 
that older patients with a past medical history are more 
likely to progress into critical patients (10), which also 
corresponds to the symptoms of the critical patients we 
have reported. For the critical patients who are elderly 
or have a past medical history, standardized oxygen 
therapy technology will be one of the main therapeutic 
measures, for the reason that appropriate oxygen therapy 
can reduce inspiratory resistance as well as patients’ 
work and oxygen consumption of breathing (11). The 
main mechanism of hypoxemia in COVID-19 patients is 
that inflammation damages alveolar epithelial cells and 
the lung capillary endothelial cells, causing pulmonary 
interstitial and alveolar edema, affecting the diffusion of 
oxygen. Another is the decrease of pulmonary surfactant, 
the increase of alveolar surface tension, leading to alveolar 
collapse, the number of alveoli that effectively participate 
in gas exchange is reduced, and the ratio of ventilation/
blood flow is imbalanced (12). The standardized oxygen 
therapy nursing strategy reported in this study helps 
relieve the common symptoms. Our strategy emphasizes 
starting oxygen therapy at an earlier stage to implement 
various oxygen therapy technologies as early as possible, 
focusing on nursing and evaluation of treatment effects. 
Throughout treatment, the nurse’s concern about the 
patient’s primary symptoms was highlighted, and the nurse 
was emphasized on asking the patient about complaint 
symptoms while monitoring vital signs. The improvement 
of patient symptoms is also used as an indicator for the 
evaluation of patients’ lung rehabilitation exercise. Follow-
up of integrated nursing measures according to different 
oxygen therapy cannot only ensure the effectiveness 
of treatment but also emphasize nursing observation 
throughout the whole process.

The effects of standardized oxygen therapy nursing 
strategy (upgrading and downgrading of oxygen therapy) 
on the improvement of patient oxygen saturation

The results of this study show that COVID-19 patients 
should take oxygen saturation as an essential nursing 
observation index. It is particularly significant for the 
clinicians to select a proper initial oxygen therapy measure, 
especially when dealing with immunocompromised 
patients (13,14). Related studies also found that the 
choice of upgraded oxygen therapy is also correlated 
with mortality (13). A standardized oxygen therapy 
strategy program has a positive effect on improving 

oxygen saturation in patients with COVID-19. The 
current guidelines on the application of oxygen therapy 
techniques are mostly focused on the sign for initiation 
and termination of oxygen therapy. While bedside 
care has played a more critical role for patients with 
COVID-19, therefore, nurses must acquire the criteria of 
use oxygen therapy strategy (upgrading and downgrading 
of oxygen therapy), carefully observing the patient’s 
oxygen saturation. Simultaneously, the nurse should also 
pay attention to the implementation of standardized 
operations of various nursing techniques, which will play 
an essential decisive role in improving patient outcomes. 
The strategy of nursing in this study emphasizes the 
delicacy management of nursing measures, and our whole 
program focuses on nurse-led airway management and 
adequate drainage of airway secretions, which confirms 
the nursing strategy has a positive effect on improving the 
oxygen saturation of patients.

Quality management of standardized oxygen therapy 
nursing strategy

The standardized oxygen therapy nursing strategy is 
a nurse-led management strategy. According to Mai  
et al. (15), nurse-led nursing can supply more effective 
treatment and patient care. To ensure the effectiveness 
and correctness of the implementation of the entire 
nursing strategy during the process, the nurse practitioner 
must pay attention to continuous quality improvement. 
In this strategy, nurse practitioners must participate 
in quality management throughout the whole process, 
including the upgrading, downgrading, and termination 
indications, as well as the implementation of various 
detailed steps of nursing strategies. If defects are found 
during the quality supervision, the quality management 
team should be organized to analyze the causes of defects, 
improve the implementation, and conduct continuous 
quality supervision. The closed-loop management enables 
the strategy to implement and operate and ensure the 
effectiveness of clinical work. Not only does our quality 
management focus on the clinical outcomes, but it also 
concerns the prevention and control of the spread of 
COVID-19, especially the detailed management of aerosol 
infection. We implement this strategy to ensure zero 
infection for all our medical staff.

However, this study is a single-center retrospective 
observational study with a small sample size. Therefore, the 
results of the study need to be further confirmed by large-
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scale multi-center studies. 

Conclusions 

The standardized oxygen therapy nursing strategy 
for patients with COVID-19 emphasizes the nursing 
measurement, which focuses on the patient’s oxygenation. 
It is led by nurses and starts oxygen therapy at an earlier 
stage. This strategy not only improves the clinical outcomes 
of critical patients but also effectively reduces the infection 
risk of medical staff while emphasizing nursing quality 
management.
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