
Am J Transl Res 2021;13(4):2831-2839
www.ajtr.org /ISSN:1943-8141/AJTR0124978

Original Article
Sequential treatment of chronic obstructive pulmonary 
disease concurrent with respiratory failure  
by high-flow nasal cannula therapy

Shuo Xu1, Xin Liu2

1Department of Respiratory and Critical Care Medicine, Ganzhou People’s Hospital, Ganzhou 341000, Jiangxi, 
China; 2Department of Critical Care Medicine, The First Affiliated Hospital of Gannan Medical University, Ganzhou 
341000, Jiangxi, China

Received October 26, 2020; Accepted December 24, 2020; Epub April 15, 2021; Published April 30, 2021

Abstract: Objective: To analyze the efficacy of sequential treatment with high-flow nasal cannula (HFNC) in chronic 
obstructive pulmonary disease (COPD) concomitant with respiratory failure. Methods: A total of 100 COPD patients 
concomitant with respiratory failure requiring invasive mechanical ventilation from June 2019 to May 2020 in our 
hospital were enrolled and then divided into two groups according to the random number table, with 50 in each 
group. Pulmonary infection control window (PIC) was used as a switching point for sequential ventilation. The con-
trol group (CNG) received non-invasive positive pressure ventilation (NIPPV), while the study group (SG) underwent 
HFNC. The efficacy, complications and 48 h reintubation rate of the two groups were statistically analyzed. The re-
spiratory parameters, diaphragmatic parameters, diaphragmatic excursion during quiet breathing (DEq), diaphrag-
matic rapid shallow breathing index (D-RSBI), COPD score (CAT), 6-min walk test (6 MWT) score (Borg), General 
Comfort Questionnaire (GCQ), sputum viscosity, and serum factors  were observed before intubation and after 48 
hours of intubation. Results: The overall response rate (94.00%) in SG was higher than that in CNG (80.00%) (P < 
0.05); SG had lower RR, PaCO2 and D-RSBI at 48 hours after extubation and higher PaO2/FiO2 and DEd than CNG (P 
< 0.05); SG exhibited lower CAT and Borg at 48 hours after extubation and higher GCQ score than CNG (P < 0.05); 
SG had lower sputum viscosity at 48 hours after extubation than CNG (P < 0.05); SG showed lower ET-1, NLR and 
NT-proBNP levels at 48 hours after extubation than CNG (P < 0.05). Conclusion: HFNC sequential therapy is effec-
tive and safe in the treatment of COPD concomitantly with respiratory failure. It can improve respiratory function and 
diaphragmatic function, reduce dyspnea and fatigue, reduce sputum viscosity, regulate serum factors, and make 
patients enjoy higher comfort.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
is a type of chronic disease characterized by 
persistent airflow limitation and small airway 
damage, and it also has the features of high 
morbidity, high mortality and long duration of 
disease [1, 2]. The pathophysiological changes 
of this disease include respiratory mucosal 
congestion and edema, tracheal inflammation 
and small airway spasm. Pulmonary function 
tests suggest dual disorders of ventilation func-
tion and pulmonary ventilation function, and 
patients often experience symptoms such as 

respiratory fatigue, increased resistance and 
poor breathing [3, 4]. Affected by factors such 
as airway obstruction, respiratory tract infec-
tion, and respiratory muscle fatigue, COPD 
patients have gradually aggravated conditions, 
which can induce various types of respiratory 
syndromes, and some patients will concomi-
tantly experience respiratory failure and pulmo-
nary hypertension, of which respiratory failure 
is the main cause of death in COPD patients [5]. 
The principle of clinical treatment for COPD con-
current with respiratory failure is to reduce 
complications, delay disease progression and 
reduce clinical symptoms, while the key points 
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in treatment lie in ensuring the body’s oxygen 
supply, improving ventilation function, main-
taining acid-base and electrolyte balance, and 
reducing hypercapnia [6].

Invasive positive pressure ventilation (IPPV) is a 
common treatment regimen for COPD concur-
rent with respiratory failure, which can effec-
tively drain sputum and control infection, but it 
is easy to induce complications such as respira-
tory muscle fatigue and ventilator-associated 
pneumonia, affecting the therapeutic effect 
[7]. In recent years, with the increasing update 
of mechanical ventilation technology, invasive-
non-invasive sequential ventilation therapy has 
been widely used in clinical setting, but positive 
pressure ventilation (NIPPV) has poor tolerance 
and many contraindications, and it affects the 
removal of airway secretions, so its further 
application is limited. High-flow nasal cannula 
(HFNC), as a novel type of non-invasive ventila-
tion oxygen therapy, can accurately control the 
volume fraction of oxygen inhalation and play a 
role in promoting the excretion of nitrogen diox-
ide, thus antagonizing endogenous positive 
end-expiratory pressure and supporting airway 
opening, without affecting airway secretion and 
drainage, with a higher degree of comfort [8]. 
The Invasive-Noninvasive Sequential Mecha- 
nical Ventilation Multicenter Study Collaborative 
Group has proposed that sequential ventilation 
with the pulmonary infection control window 
(PIC) as a switching point can reduce the occur-
rence of complications and shorten the length 
of hospital stay and invasive ventilation dura-
tion [9]. In view of this, we used PIC as a switch-
ing point and NIPPV as a control to assess the 
feasibility and safety of HFNC in treating COPD 
concurrent with respiratory failure. 

Material and methods

Clinical data

A total of 100 COPD patients with respiratory 
failure requiring invasive mechanical ventila-
tion from June 2019 to May 2020 in Ganzhou 
People’s Hospital and the First Affiliated 
Hospital of Gannan Medical University were 
enrolled and then divided into two groups 
according to the random number table. There 
were 50 patients in the control group (CNG), 
with 30 males and 20 females, aged 52-78 
years, with a mean age of 68.39 ± 5.22 years; 
duration of COPD ranged from 5 to 15 years, 

with a mean duration of 7.65 ± 2.14 years; 
smoking history > 10 years in 29 cases. The 
study group (SG) consisted of 50 patients, 32 
males and 18 females, aged 51-80 years, with 
a mean age of 69.22 ± 6.13 years; duration of 
COPD of 3-15 years, with a mean duration of 
7.11 ± 2.09 years; and smoking history of > 10 
years in 25 cases. The above data of SG were 
well-balanced compared with those of CNG (P > 
0.05), with comparability.

Inclusion criteria

Inclusion criteria: Having met the diagnostic cri-
teria for COPD in the Guidelines for Primary 
Diagnosis and Treatment of Chronic Obstructive 
Pulmonary Disease (Practice Edition 2018) 
[10], and having been diagnosed with type II 
respiratory failure by blood gas analysis and 
other examinations; the circulatory and respira-
tory conditions were relatively stable; there was 
no mental disorder; this study was approved by 
The First Affiliated Hospital of Gannan Medical 
University and the patients voluntarily signed 
the informed consent form. Exclusion criteria: 
Contraindications to mechanical ventilation or 
severe nasofacial trauma; having received glu-
cocorticoid therapy in recent two weeks; con-
current with severe heart, liver, brain, kidney 
and other organ dysfunction; concurrent with 
active pulmonary tuberculosis, pneumothorax 
and other lung lesions; coagulopathy, systemic 
infectious diseases; thoracic deformity, pleural 
effusion, pleural disease; immunosuppression; 
severe respiratory failure [partial pressure of 
oxygen (PaO2) < 40 mmHg, partial pressure of 
carbon dioxide (PaCO2) > 65 mmHg].

Method

All patients were intubated on the machine, fol-
lowed by the adoption of the pressure support 
ventilation (PSV) + synchronized intermittent 
mandatory ventilation (SIMV) pattern, and the 
ventilator parameters were adjusted according 
to the patient’s blood gas analysis as well as 
ventilation status and tolerance. At the same 
time of mechanical ventilation, conventional 
treatment was implemented, including drain-
age of airway secretions, expectoration induc-
tion, empirical anti-infection, and relief of bron-
chospasm. Under the condition of using PIC as 
a switching point sequential ventilation therapy, 
HFNC was performed in the SG: after extuba-
tion, the patients were given oxygen inhalation 
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using Mindray EV300 nasal catheter oxygen 
therapy system, and the appropriate nasal plug 
model was selected according to the size of the 
patient’s nostrils, generally < 50% of the nostril 
diameter. Initial parameter settings: The oxygen 
concentration (FiO2) was 30-50%, the flow rate 
was 50 L/min, the temperature was 37°C, and 
the target value of saturation (SpO2) was main-
tained at 88-92%; if FiO2 ≤ 30%, the flow rate ≤ 
30 L/min, the arterial partial pressure of oxy-
gen (PaO2)/oxygen concentration (FiO2) ≥ 300 
was maintained for 12 h, and SpO2 was still 
within the target value, then it was changed to 
common nasal catheter oxygen inhalation. The 
patients in the CNG received NIPPV: assisted 
ventilation with Philips V60 was given after 
extubation, with the following initial parameter 
settings: FiO2 was 30-50%, expiratory pressure 
was 4-5 mmH2O, inspiratory pressure was 
10-12 mmH2O, inspiratory/expiratory ratio was 
1:1.5-2.0, and the target value of SpO2 was 
maintained at 88-92%; if the inspiratory pres-
sure ≤ 10 mmH2O, FiO2 ≤ 30%, PaO2/FiO2 ≥ 300 
was maintained for 12 h, and SpO2 was still 
within the target value, it was changed to com-
mon nasal catheter oxygen inhalation.

Evaluation parameters

(1) Efficacy. Marked efficacy: after treatment, 
blood gas analysis parameters returned to nor-
mal, and dyspnea, lung wet rales and other 
clinical symptoms disappeared; Response: 
after treatment, hypoxia symptoms were 
relieved, clinical symptoms were improved, lung 
wet rales were reduced; No response: blood 
gas test parameters and clinical symptoms 
were not improved, or the condition was aggra-
vated [11]. Overall response = marked response 
+ response.

(2) Respiratory parameters. Three milliliters of 
arterial blood was collected from patients 
before and 48 h after extubation. PaCO2, FiO2, 
and PaO2 were measured using the American 
GEM3500 automatic blood gas analyzer, and 
PaO2/FiO2 was calculated.

(3) Diaphragmatic parameters. Bedside ultra-
sonography was performed before and 48 h 
after extubation to measure diaphragmatic 
excursion during deep breathing (DEd), dia-
phragmatic excursion during quiet breathing 
(DEq), and RR. Diaphragmatic rapid shallow 
breathing index (D-RSBI) = RR/DEq.

(4) COPD score (CAT), 6-min walk test (6 MWT) 
score (Borg) and subjective comfort score 
(GCQ). There are a total of 8 items in the CAT 
scale, including energy, cough, exercise endur-
ance, mood, chest tightness, and daily exer-
cise, with a total of 40 points, using the 1-to-5 
rating scale, with a score of < 10 indicating mild 
disease, 10 < score ≤ 20 indicating moderate 
disease, 20 < score ≤ 30 indicating severe dis-
ease, and > 30 indicating very severe disease. 
At the end of the 6 MWT, the patients were 
assessed using the Borg dyspnea and fatigue 
score out of a scale from 0 to 10, with 10 indi-
cating the most intense respiratory distress 
and fatigue, and 0 indicating no respiratory dis-
tress and fatigue. The patient’s overall comfort 
was assessed according to the Comfort Status 
Scale (GCQ), which included 4 dimensions (29 
items): psycho-mental, physical, environmen-
tal, and sociocultural, using the Likert 1-6 rat-
ing scale. A higher score means a higher degree 
of comfort. The assessment time of the above 
parameters was before extubation and 48 h 
after extubation.

(5) Sputum viscosity. After sputum suctioning, 
no sputum was retained on the inner wall of 
glass joint, and the degree of sputum such as 
foamy or rice soup-like was grade I; after spu-
tum suctioning, a small amount of sputum was 
observed on the inner wall of glass joint, which 
was not easy to be washed away by water, and 
the appearance observation showed a viscosi-
ty of grade II; after sputum suctioning, a large 
amount of sputum was observed on the inner 
wall of glass joint, which was not easy to be 
washed away by water, and yellow phlegm, the 
viscosity was determined as grade III.

(6) Serum parameters. Peripheral blood lym-
phocyte count and neutrophils were measured 
by BC-5000 automatic hematology analyzer 
produced by Shenzhen Mindray Bio-Medical 
Electronics Co., Ltd., followed by the calculation 
of NLR values. Endothelin (ET) -1 and plas- 
ma N-terminal pro-brain natriuretic peptide 
(NT-proBNP) levels were measured by electro-
chemiluminescence sandwich immunoassay 
method.

(7) Complications and reintubation rate. A sta-
tistical analysis was performed on whether the 
patient had discomfort symptoms such as 
pneumothorax, facial trauma, and nasal injury, 
with the recording of the 48 h reintubation rate. 
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Reintubation criteria: ① Mental status chang-
es: Somnolence, unconsciousness; ② Refra- 
ctory hypoxemia, i.e.PaO2/FiO2 ≤ 100; ③ 
Gradually increased partial pressure of carbon 
dioxide (PaCO2), pH ≤ 7.2; ④ Hemodynamic 
instability or sudden cardiac arrest; ⑤ Severe 
dyspnea [respiratory rate (RR) > 35 beats/min] 
or apnea or paradoxical respiration. If one of 
the above conditions occurred or persisted, 
reintubation was performed.

Statistical analysis 

SPSS 23.0 statistical analysis software was 
used. GraphPad Prism 8.2 software was 
applied to draw the statistical charts. 
Measurement data were tested for normal dis-
tribution. Measurement data conforming to 
normal distribution were expressed as  mean ± 
standard deviation (

_
x  ± sd). Independent sam-

ple t-test was used for intergroup comparison. 
Paired sample t-test was used for intergroup 
comparison. Enumeration data were expressed 
as % using the χ2 test. Rank sum test was used 
for ranked data. P < 0.05 was considered sta-
tistically significant.

Results

Efficacy

The overall response rate (94.00%) in SG was 
higher than that (80.00%) in CNG (P < 0.05). It 
could be concluded that HFNC sequential treat-
ment had higher efficacy in COPD concurrent 
with respiratory failure and could promote the 
relief of clinical symptoms. See Table 1.

Respiratory parameters

The differences in RR, PaCO2 and PaO2/FiO2 
before extubation between the SG and the CNG 
had no statistical significance (P > 0.05). At 48 
h after extubation, RR and PaCO2 were 
decreased in both groups, while PaO2/FiO2 was 
increased in both groups (P < 0.05). The RR 
and PaCO2 at 48 h after extubation in the SG 

tion and blood gas analysis parameters in 
COPD patients concomitant with respiratory 
failure. See Figure 1.

Diaphragmatic parameters

There was no significant difference in DEd, DEq 
and D-RSBI before extubation between the SG 
and the CNG (P > 0.05); the D-RSBI at 48 h 
after extubation in the SG was lower than that 
in the CNG, and the DEd was higher than that in 
the CNG (P < 0.05), indicating that compared 
with NIPPV treatment, HFNC sequential treat-
ment could improve diaphragmatic function in 
COPD patients concomitant with respiratory 
failure. See Figure 2.

CAT, 6 MWT and GCQ scores

There was no significant difference in CAT, Borg, 
and GCQ score before extubation between the 
SG and the CNG (P > 0.05). At 48 h after extu-
bation, CAT and Borg were decreased, while 
GCQ score was increased in both groups (P < 
0.05). The CAT and Borg at 48 h after extuba-
tion in the SG were lower than those in the CNG, 
and GCQ score was higher than that in the CNG 
(P < 0.05), indicating that compared with NIPPV 
treatment, HFNC sequential treatment could 
improve the subjective comfort of COPD 
patients concomitant with respiratory failure 
and relieve the condition and fatigue. See 
Figure 3.

Sputum viscosity

There was no significant difference in sputum 
viscosity before extubation between the SG 
and the CNG (P > 0.05). At 48 h after extuba-
tion, the sputum viscosity was reduced in both 
groups (P < 0.05). The sputum viscosity at 48 h 
after extubation in the SG was lower than that 
in the CNG (P < 0.05), indicating that compared 
with NIPPV treatment, sequential treatment 
with HFNC could promote the reduction of spu-
tum viscosity in COPD patients concomitant 
with respiratory failure. See Table 2.

Table 1. Comparison of efficacy between the two groups [n (%)]

Group Number of 
subjects

Marked 
efficacy Response No  

response
Overall 

response
Control group 50 11 (22.00) 29 (58.00) 10 (20.00) 40 (80.00) 
Study group 50 20 (40.00) 27 (54.00) 3 (6.00) 47 (94.00)# 
Note: Compared with control group, #P < 0.05.

were lower than those in 
the CNG, and PaO2/FiO2 
was higher than that in the 
CNG (P < 0.05), indicating 
that compared with NIPPV 
treatment, HFNC sequen-
tial treatment could im- 
prove the respiratory func-
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Figure 1. Comparison of respiratory parameters between the two groups (
_
x  ± sd). Note: A: RR; B: PaCO2; C: PaO2/

FiO2. Compared with concurrent control group, ##P < 0.01, ###P < 0.001; compared with that before extubation, *P 
< 0.05, ***P < 0.001. 

Figure 2. Comparison of diaphragmatic parameters between the two groups. Note: A: DEd; B: DEq; C: D-RSBI. Com-
pared with concurrent control group, #P < 0.05, ###P < 0.001; compared with that before extubation, *P < 0.05, **P 
< 0.01. 

ET-1, NLR, and NT-proBNP

There was no significant difference in the levels 
of ET-1, NLR and NT-proBNP before extubation 
between the SG and the CNG (P > 0.05). At 48 
h after extubation, the levels of ET-1, NLR and 
NT-proBNP were all decreased in both groups 
(P < 0.05). The levels of ET-1, NLR and 
NT-proBNP 48 h after extubation in SG were 
lower than those in CNG (P < 0.05), indicating 
that compared with NIPPV treatment, sequen-

tial treatment with HFNC in COPD patients con-
comitant with respiratory failure could promote 
the reduction of ET-1, NLR and NT-proBNP lev-
els. See Figure 4.

Complications and reintubation rate within 48 
h

The overall incidence rate of complications and 
reintubation rate within 48 h in SG (10.00% 
and 2.00%, respectively) were slightly lower 
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than those in CNG (16.00% and 6.00%, respec-
tively), but the differences had no statistical 

significance (P > 0.05), indicating that com-
pared with NIPPV treatment, HFNC sequential 

Figure 3. Comparison of CAT, 6 MWT and GCQ scores between the two groups (points). Note: A: CAT; B: Borg; C: GCQ 
score. Compared with concurrent control group, ###P < 0.001; compared with that before extubation in this group, 
***P < 0.001. 

Table 2. Comparison of sputum viscosity between the two groups [n (%)]
Group Number of subjects Time Grade I Grade II Grade III 
Control group 50 Before extubation 0 15 (30.00) 35 (70.00) 

48 hours after extubation 9 (18.00) 22 (44.00) 19 (38.00)***

Study group 50 Before extubation 0 17 (34.00) 33 (66.00) 
48 hours after extubation 16 (32.00) 24 (48.00) 10 (20.00)***,###

Note: Compared with concurrent control group, ###P < 0.001; compared with that before extubation in this group, ***P < 0.001. 

Figure 4. Comparison of ET-1, NLR, and NT-proBNP levels between the two groups. Note: A: ET-1; B: NLR; C: NT-
proBNP. Compared with concurrent control group, ###P < 0.001; compared with that before extubation in this group, 
***P < 0.001. 
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treatment had a certain safety profile, and the 
reintubation rate within 48 h was low. See Table 
3.

Discussion

Airway trapping and airway remodeling caused 
by repeated internal exudation and chronic 
inflammation of small airways in COPD patients 
result in hyperinflation of lung tissue and limita-
tion of exhaled airflow; at the same time, exces-
sive residual gas at the end of expiration in 
alveoli can induce endogenous positive end-
expiratory pressure, increase respiratory mus-
cle work and expiratory load, and then cause 
respiratory failure [12, 13]. HFNC can deliver 
high-flow air-oxygen mixed gas at a certain oxy-
gen volume fraction to patients through tem-
perature-humidification via a nasal plug cathe-
ter without sealing, which can provide gas with 
a relative humidity of 100% at 37°C and a flow 
rate of up to 60 L/min, and the evidence of its 
superiority is gradually increasing [14, 15]. In 
this study, we intended to use PIC as a switch-
ing point to perform sequential ventilation ther-
apy by taking the advantages of accurate regu-
lation of FiO2 concentration with HFNC as well 
as warming and humidification, so as to provide 
a more scientific and safe mode of respiratory 
support for COPD patients concomitant with 
respiratory failure.

In this study, compared with the CNG, the SG 
had higher overall response rate, lower CAT, 
Borg score and sputum viscosity, ET-1, NLR, 
NT-proBNP levels, and there was no significant 
difference in the incidence rate of complica-
tions between the two groups, indicating that 
the sequential treatment of HFNC in COPD con-
current with respiratory failure could improve 
the efficacy, reduce dyspnea and fatigue, 
reduce sputum viscosity, regulate serum fac-
tors, reduce inflammatory factor levels, and 
inhibit disease progression, with a higher safe-
ty profile. Exudation and migration of neutro-
phils in the trachea of COPD patients can 

aggravate the inflammatory response, destroy 
the ciliary delivery system of columnar epitheli-
al cells, increase airway mucosal secretion, 
increase the difficulty of sputum excretion, and 
then aggravate the degree of respiratory failure 
[16]. The HFNC can deliver warmed and humidi-
fied gas, avoid the loss of water and heat in the 
respiratory mucosa, maintain the good func-
tion of the mucociliary transport system, reduce 
the degree of respiratory mucosal damage, and 
then help to maintain airway patency and 
improve respiratory function. The gas tempera-
ture and humidification effect can enhance the 
mucociliary clearance ability and mucociliary 
system function, promote sputum excretion 
and secretion drainage, weaken upper respira-
tory tract airway resistance, and then reduce 
respiratory function and body metabolism, and 
improve lung compliance and air conductivity 
[17, 18]. The pathological changes of COPD 
concurrent with respiratory failure can lead to 
fixed airway obstruction and airway stenosis, 
while mucosal cell fibrosis and increased endo-
tracheal mucus cause increased exhaled air-
flow resistance, increased lung residual vol-
ume, and reduced respiratory muscle efficiency 
in patients [19]. The formation of endogenous 
positive end-expiratory pressure can increase 
the expiratory load of COPD concurrent with 
respiratory failure and increase respiratory 
muscle work, leading to respiratory muscle 
fatigue. While HFNC can stimulate the respira-
tory center and the regulation of the imbalance 
of ventilation/perfusion ratio in the respiratory 
tract, contributing to gas exchange and improve-
ment of respiratory conditions. In addition, it 
can also rinse the nasopharyngeal anatomical 
dead space, reduce the volume of respiratory 
dead space and airway secretions, and reduce 
work of breathing; at the same time, HFNC can 
produce a low level (4-10 cmH2O) of positive 
end-expiratory pressure by providing a con-
stant flow rate of gas, which can correct hypox-
emia, and improve oxygen and capacity as well 
as oxygen ventilation function. In addition, high-
flow gas can meet the needs of patients for 

Table 3. Comparison of complications and reintubation rate within 48 hours between the two groups 
[n (%)]

Group Number of 
subjects Pneumothorax Facial trauma Nasal injury Total Reintubation rate 

within 48 hours
Control group 50 2 (4.00) 3 (6.00) 3 (6.00) 8 (16.00) 3 (6.00) 
Study group 50 0 2 (4.00) 3 (6.00) 5 (10.00) 1 (2.00) 
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inspiratory flow, reduce the respiratory anatom-
ical dead space, reduce inspiratory resistance, 
and then reduce respiratory muscle fatigue 
symptoms [20, 21].

Respiratory acidosis, hypercapnia and hypox-
emia are the main causes of organ dysfunction 
in COPD patients concomitant with respiratory 
failure. The increase of PaCO2 level can affect 
the circulatory system and respiratory system 
of patients, mainly manifested as increased 
cardiac load and cardiac output, increased 
respiratory rate and heart rate; however, when 
PaCO2 level increases to a certain extent, the 
above effects change from excitation to inhibi-
tion, and in severe cases, it can increase com-
plications such as pulmonary heart disease 
and pulmonary encephalopathy [22, 23]. In this 
study, the RR, PaCO2, and D-RSBI were lower 
and the PaO2/FiO2 and DEd were higher in the 
SG than those in the CNG at 48 h after extuba-
tion, indicating that sequential treatment with 
HFNC could promote the improvement of respi-
ratory function and diaphragmatic function, 
weaken the excitatory effect, correct hypercap-
nia and hypoxemia, and reduce the condition in 
COPD patients concomitant with respiratory 
failure. In this study, the GCQ score in the SG 
was higher than that in the CNG, which showed 
that HFNC sequential treatment could bring 
high comfort and could be tolerated by patients 
in COPD concurrent with respiratory failure. Yue 
et al. [24] also confirmed in a meta-analysis 
that compared with traditional oxygen therapy, 
the comfort level and patient acceptance of 
HFNC were similar to the results of this study. 
The underlying justification is that treating 
NIPPV with nasal mask is often affected by fac-
tors such as limited access to water and food, 
respiratory disorders caused by airflow, head-
band discomfort and tight mask, resulting in 
low patient tolerance and comfort. HFNC can 
provide humidifying and warming gas, reduce 
the discomfort caused by dry and cold gas to a 
certain extent, reduce the degree of mucosal 
dryness and airway sensitivity, and reduce 
complications such as facial trauma. Addi- 
tionally, patients can wear nasal plug for a long 
time, with high comfort. The study carried out 
by Deng et al. [25] found that the reintubation 
rate of 4.48% in the HFNC group was signifi-
cantly lower than that of 14.92% in the conven-
tional oxygen inhalation group, but there was 
no significant difference in the reintubation 

rate within 48 h between the two groups in this 
study, which might be related to the small sam-
ple size included in the study.

In summary, HFNC sequential therapy is effec-
tive and safe in the treatment of COPD concom-
itant with respiratory failure. It can improve 
respiratory function and diaphragmatic func-
tion, reduce dyspnea and fatigue, reduce spu-
tum viscosity, regulate serum factors, and 
make patients enjoy higher comfort. However, 
the sample size of this study was small, and the 
changes of the parameters were not dynami-
cally analyzed, so future studies are needed to 
further investigate and confirm them.
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