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Abstract: Objective: To explore the effects of ipratropium bromide combined with non-invasive ventilation for patients with both chronic obstructive pulmonary disease (COPD) and respiratory failure. Methods: A total of 110
patients with both COPD and respiratory failure who were admitted to our hospital from April 2018 to August 2019
were enrolled in this study; of which 52 patients were treated with a noninvasive ventilator as Group A, and the rest
were treated with ipratropium bromide combined with noninvasive ventilation as Group B. The two groups were
compared for blood gas indexes, pulmonary function, and treatment efficacy, and adverse reactions. Results: After
treatment, Group B showed better blood gas indexes and pulmonary function than Group A (both P < 0.05), and
Group B also showed significantly lower levels of inflammatory factors than Group A (P < 0.05). In addition, the efficacy and life quality of Group B were better than those of Group A, and adverse reactions of Group B were less than
those of Group A (all P < 0.05). Conclusion: Ipratropium bromide combined with noninvasive ventilation is effective
in the treatment of patients with both COPD and respiratory failure.
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Introduction
Chronic obstructive pulmonary disease (COPD)
is a progressive lung disease caused by damage due to harmful chemicals [1]. These chemicals give rise to a series of inflammatory reactions, which not only destroys the lung structure,
but also increases mucus production in the
respiratory tract [2]. COPD is an incomplete
reversible syndrome with limited air flow [3],
which causes permanent damage to the respiratory tract and lungs, polypnea, and gradual
deterioration with cough, and even further
results in irreversible loss of the lung function,
life quality decline and even death in serious
cases [4]. Acute respiratory failure caused by
hypercapnia is a common complication of
COPD, which is associated with higher demand
for respiratory support and a greater risk of
death, and non-invasive ventilation is recommended as the gold standard for the treatment
for it [5].
Non-invasive ventilation may temporarily reverse or slow down disease progression by providing ventilation support and avoiding tracheal
intubation. Individuals can apply it to increase

airflow and gas exchange and reduce the work
of breathing under appropriate circumstances
to improve lung mechanics. For patients, it contributes to clearing airway mucus and improving breathing during sleep, and it may also
relieve fatigue of respiratory muscles [6]. Noninvasive ventilation has been widely applied in
nursing of acute respiratory failure due to different causes [7], but its tolerance may be
unfavorable. Ipratropium bromide is an anticholinergic drug [8], which can induce bronchiectasia by inhibiting cholinergic bronchodilation function [9]. One study has pointed out
that ipratropium bromide therapy can improve
the blood oxygen saturation and sleep quality
of patients with moderate to severe COPD [10].
This study explored the effects of ipratropium
bromide combined with non-invasive ventilation in patients with both COPD and respiratory
failure.
Materials and methods
General data
A total of 110 patients with COPD with respiratory failure admitted to our hospital from April
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2018 to August 2019 were enrolled, of which
52 patients were treated with a noninvasive
ventilator as Group A and the rest were treated
with ipratropium bromide combined with a noninvasive ventilator as Group B. Group A consisted of 32 males and 20 females, with an average age of (68.38 ± 5.29) years, and Group B
consisted of 36 males and 22 females, with
an average age of (69.32 ± 5.11) years. All
patients were diagnosed with both COPD and
respiratory failure by spirometry [11].
All enrolled patients and their family members
signed an informed consent form after understanding this study, and the study was approved
by the ethics committee of our hospital. The following patients were excluded: Patients with
communication obstacles or mental health disorders, patients with hepatic or renal insufficiency, patients who were allergic to drugs used
in this study, and those with other comorbid
lung diseases.
Methods
Before treatment, both groups were treated
with conventional anti-asthmatic, expectorant,
and anti-inflammatory treatments and oxygen
inhalation. Those infected with bacteria were
given antibiotics according to their drug sensitivity test.
Each patient in Group A was treated with a noninvasive ventilator (Unique Biotechnology Co.,
Ltd., Beijing, Shanghai) under the S/T mode
and the following parameter settings: Oxygen
flow rate: 3-5 L/min; respiratory frequency:
12-18 times/min; inspiratory pressure: 10-18
cm Hg and expiratory pressure: 4-8 cm Hg. The
patients were maintained with PaO2 > 60 mm
Hg and SaO2 > 90%, and they were treated at
2-3 times/d and 2-4 h/time under parameters
adjusted according to their tolerance during the
process.
Each patient in Group B was treated with 500
μg ipratropium bromide (registration number:
H20150159, Laboratoire Unither) in addition
to the treatment in Group A as follows: The
patient was given 500 μg ipratropium bromide
and 1 ml normal saline through aerosol inhalation for 3 days. Patients in the two groups all
insisted on receiving treatment, and the vital
signs of each patient in the two groups were
monitored throughout the treatment. The
course of treatment for both groups was one
week.
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Outcome measures
(1) The blood gas indexes of the two groups
before and after treatment were compared:
Arterial carbon dioxide partial pressure (PaCO2)
and arterial partial pressure of oxygen (PaO2).
(2) The pulmonary function indexes of the two
groups were evaluated before and 2 days after
treatment: Total lung volume (TLC), residual volume (RV), vital capacity (VR), and forced expiratory volume in 1 second (FEV1). (3) Venous
blood (5 ml) was sampled from each patient in
the two groups after surgery, let to stand for 20
min, and then centrifuged at 10×g and 4°C for
15 min with a centrifuge (BMH Instruments
Co., Ltd., Beijing, China) to separate the serum,
and the serum was quickly frozen with liquid
nitrogen and stored at -80°C for later analysis.
The levels of interleukin-6 (IL-6) and tumor
necrosis factor-α (TNF-α) in the serum were
determined using an enzyme-linked immunosorbent assay (ELISA) (Elisa Biotechnology Co.,
Ltd., Suzhou, China). (4) With a full score of 10
points, the Borg scale was adopted to evaluate
the dyspnea symptoms of patients [12]. A higher Borg scale score indicates more severe dyspnea. (5) The efficacy on the two groups was
evaluated according to the symptoms and characteristics of COPD complicated with respiratory failure [13]: Effective: The patients’ dyspnea symptoms and pulmonary function were
improved obviously; Relief, the patient’s dyspnea symptoms and pulmonary function were
improved; Ineffective: the patient’s clinical
symptoms were not improved at all. (6) The
MOS 36-Item Short-Form Health Survey (SF36) was adopted to score the life quality of
patients in four dimensions, body function, psychological function, social function, and material life, with a full score of 100 points for each
dimension. A higher score indicated better life
quality.
Statistical analyses
In this study, the data were statistically analyzed using SPSS 21.0 (SPSS, Inc., Chicago,
Illinois, United States). Quantitative data were
expressed as the mean ± standard deviation (x
± sd), compared between groups using the t
test, and compared within groups before and
after treatment using the paired t test. Enumeration data were expressed as [n (%)] and
compared between groups using the chisquare test. P < 0.05 indicates a significant
difference.
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Table 1. General data of patients of the two groups ( x ± sd) [n (%)]
Item
Sex
Male
Female
Height (cm)
Age (Y)
Weight (kg)
Education background
≥ senior high school
< senior high school
Diabetes mellitus history
Yes
No
Hypertension history
Yes
No
Smoking frequency in a week
≥5
<5
Drinking frequency in a week
≥3
<3
Frequency of staying up late in a week
≥5
<5
Exercise frequency in a week
≥3
<3
Antibiotic use frequency
≥2
<2
Severity of illness
Mild
Moderate
Severe

Group A (n=52)

Group B (n=58)

32 (61.54)
20 (38.46)
173.24 ± 6.54
68.38 ± 5.29
66.31 ± 6.29

36 (62.07)
22 (37.93)
174.11 ± 6.12
69.32 ± 5.11
67.23 ± 6.23

33 (63.46)
19 (36.54)

36 (62.06)
22 (37.93)

27 (51.92)
25 (48.08)

31 (53.45)
27 (46.55)

31 (59.62)
21 (40.38)

35 (60.34)
23 (39.65)

42 (80.77)
10 (19.23)

44 (75.86)
14 (24.13)

32 (61.54)
20 (38.46)

36 (62.07)
22 (37.93)

24 (46.15)
28 (53.85)

21 (36.21)
37 (63.79)

30 (57.69)
22 (42.31)

31 (53.45)
27 (46.55)

16 (30.77)
36 (69.23)

28 (48.28)
30 (51.72)

18 (34.62)
27 (51.92)
7 (13.46)

Results
There is no difference in general data between
the two groups
There was no significant difference in general
data, such as individual data about patient, living habits, and diseases between the two
groups (all P > 0.05) Table 1.
The blood gas indexes of patients treated
through combined therapy are better
The PaCO2 of Group A before and after treatment was (65.28 ± 5.28) mmHg and (52.19 ±
3321

t/χ2 value
0.003

P-value
0.954

0.720
0.947
0.769
0.022

0.472
0.345
0.443
0.880

0.025

0.872

0.006

0.937

0.387

0.533

0.003

0.954

1.122

0.289

0.199

0.654

3.501

0.061

2.774

0.249

26 (44.83)
21 (36.21)
11 (18.96)

4.43) mmHg, respectively, and the PaCO2 of
Group B before and after treatment was (66.12
± 5.37) mmHg and (42.47 ± 4.21) mmHg,
respectively. In addition, the PaO2 of Group A
before and after treatment was (52.48 ± 5.33)
mmHg and (63.35 ± 6.42) mmHg, respectively,
and the PaO2 of Group B before and after treatment was (53.14 ± 4.98) mmHg and (71.48 ±
5.92) mmHg, respectively. It can be seen that
before treatment, there was no difference in
related blood gas indexes between the two
groups (P > 0.05), while after treatment, related blood gas indexes of Group B were better
than those of Group A (P < 0.05) Figure 1.
Am J Transl Res 2022;14(5):3319-3326

Effects of ipratropium bromide on COPD patients with respiratory failure

Figure 1. Comparison of blood gas indexes between the two groups before and after treatment. A. Comparison of
PaCO2 between the two groups before and after treatment. Before treatment, there was no difference in PaCO2
between the two groups (P > 0.05), while after treatment, PaCO2 of both groups decreased (P < 0.05), and PaCO2 of
Group B was lower than that of Group A (P < 0.05). Note: * it indicates that in comparison with the same group before treatment, P < 0.05. # indicates that in comparison with Group A, P < 0.05. B. Comparison of PaO2 between the
two groups before and after treatment. Before treatment, there was no difference in PaO2 between the two groups
(P > 0.05), while after treatment, PaO2 of both groups increased (P < 0.05), and PaO2 of Group B was higher than
that of Group A (P < 0.05). Note: * indicates that in comparison with the same group before treatment, P < 0.05. #
indicates that in comparison with Group A, P < 0.05.

The pulmonary function of patients treated
through combined therapy is better

were lower than those in Group A (P < 0.05)
Figure 3.

The TLC of Group A before and after treatment
was (7.15 ± 0.89) L and (5.11 ± 0.23) L, respectively, and that of Group B before and after
treatment was (7.14 ± 0.88) L and (5.78 ± 0.56)
L, respectively. The RV of Group A before and
after treatment was (4.78 ± 0.62) L and (1.89 ±
0.34) L, respectively, and that of Group B before
and after treatment was (4.79 ± 0.64) L and
(1.25 ± 0.26) L, respectively. The VC of Group A
before and after treatment was (2.31 ± 0.43) L
and (1.27 ± 0.21) L, respectively, and that of
Group B was (2.32 ± 0.44) L and (1.78 ± 0.32)
L, respectively. The FEV1 of Group A before and
after treatment was (2.15 ± 0.79) L and (2.95 ±
0.54) L, respectively, and that of Group B before
and after treatment was (2.14 ± 0.78) L and
(3.68 ± 0.42) L, respectively. It can be seen
that related lung function indexes of Group B
were all better than those of Group A (all P <
0.05) Figure 2.

The amelioration of dyspnea symptoms in
patients treated with combination therapy is
better

The levels of inflammatory cytokines in patients treated through combined therapy are
lower
The postoperative IL-6 level in Group A and
Group B was (73.23 ± 8.24) ng/L and (56.79 ±
6.39) ng/L, respectively, and the postoperative
TNF-α level in Group A and Group B was (63.72
± 5.29) ng/L and (52.28 ± 4.54) ng/L, respectively, so the levels of IL-6 and TNF-α in Group B
3322

The Borg score of Group A before and after
treatment was (7.38 ± 1.22) points and (5.82 ±
1.13) points, respectively, and that of Group B
before and after treatment was (7.36 ± 1.21)
points and (4.28 ± 1.04) points, respectively. It
can be seen that before treatment, there was
no difference between the two groups in Borg
score (P > 0.05), while after treatment the Borg
score of Group B was lower than that of Group
A (P < 0.05) Figure 4.
The curative effect of patients treated through
combined therapy is better
The effective rate in Group B was higher than
that in Group A (P < 0.05) Table 2.
The incidence of adverse reactions in patients
treated through combined therapy is lower
The incidence of adverse reactions in Group B
was lower than that in Group A Table 3.
The life quality of patients treated through
combined therapy is higher
Related scores of life quality (body function, life
function, social function, and life quality) of
Am J Transl Res 2022;14(5):3319-3326
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Figure 2. Comparison of pulmonary function indexes between the two groups before and after treatment. A. Comparison of TLC between the two groups before and after treatment. Before treatment, there was no difference in TLC
between the two groups (P > 0.05), while after treatment, TLC of Group B was higher than that of Group A (P < 0.05).
Note: * indicates that in comparison with the same group before treatment, P < 0.05. # indicates that in comparison
with Group A, P < 0.05. B. Comparison of RV between the two groups before and after treatment. Before treatment,
there was no difference in RV between the two groups (P > 0.05), while after treatment, RV of Group B was lower
than that of Group A (P < 0.05). Note: * indicates that in comparison with the same group before treatment, P <
0.05. # indicates that in comparison with Group A, P < 0.05. C. Comparison of VC between the two groups before
and after treatment. Before treatment, there was no difference in VC between the two groups (P > 0.05), while after
treatment, VC of Group B was higher than that of Group A (P < 0.05). Note: * indicates that in comparison with the
same group before treatment, P < 0.05. # indicates that in comparison with Group A, P < 0.05. D. Comparison of
FEV1 between the two groups before and after treatment. Before treatment, there was no difference in FEV1 between the two groups (P > 0.05), while after treatment, FEV1 of Group B was higher than that of Group A (P < 0.05).
Note: * indicates that in comparison with the same group before treatment, P < 0.05. # indicates that in comparison
with Group A, P < 0.05.

Group B were all higher than those of Group A
(all P < 0.05) Table 4.
Discussion
COPD compromises life quality and increases
morbidity and mortality, which may be related
to disease deterioration. During the deterioration period, inflammation in the airway will
increase [15]. One study has revealed that
COPD is associated with chronic inflammation,
and causes irreversible airflow restriction [16].
Chronic inflammation affects people both
socially and behaviorally, with multiple variables that exert long-term effects on health,
and IL-6 is one of the most commonly used biomarkers to measure these effects [17]. IL-6
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plays a core role in the comprehensive immune
defense network against infection. It is able to
act through both classical and non-signaling
pathways, posing different effects on immune
ability [18]. In addition, IL-6 is also a key cytokine involved in malignant transformation and
progression [19]. One study has pointed out
that airway epithelial cells can strongly affect
the pathogenesis of COPD through mechanisms such as the production of inflammatory
mediators [20]. TNF-α not only has protective
effects on diminishing inflammation, tissue
regeneration and immune regulation, but it also
has the pathogenicity of promoting inflammation and organ damage [21]. In our study, the
inflammatory factor levels, pulmonary function,
and blood gas indexes of Group B were better
Am J Transl Res 2022;14(5):3319-3326
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Figure 3. Comparison of inflammatory cytokines between the two groups after surgery. The levels of IL-6
and TNF-α in Group B were lower than those in Group
A (P < 0.05). Note: * indicates that in comparison
with Group A, P < 0.05.

than those of group A, and we suspected that
the reason for better pulmonary function of
Group B may be due to the fact that ipratropium
bromide suppressed inflammatory factor levels, and thus relaxed the trachea and helped
reduce mucus secretion. In addition, the Borg
score of Group B was lower than that of group A
after treatment, indicating that patients treated
with ipratropium bromide experienced a more
mild dyspnea and enjoyed better efficacy. One
study has revealed that anticholinergic drugs
for COPD can alleviate dyspnea, lower COPD
deterioration, and improve exercise tolerance,
sleep quality and life quality [22]. Another other
study supports the effectiveness and safety of
inhaled ipratropium bromide in the long-term
treatment of COPD [23]. In addition, one study
has pointed out that adding ipratropium to the
standard treatment for COPD can shorten the
treatment time required in the emergency room
[24]. These studies all indicate that ipratropium
bromide is effective for COPD. Nebulization
treatment of drugs is a non-invasive method,
which can effectively treat respiratory diseases
[25]. We also observed fewer adverse reactions
in patients additionally treated with ipratropium
bromide, One similar study has also pointed out
that the adverse reactions of ipratropium bromide are rare and generally mild [26]. It may be
due to the fact that nebulized drugs can reach
the alveolar parts of the lung easily, improve
the gas exchange in the lung and the tissue
function with less invasiveness, and also brings
about less adverse reactions. What’s more, the
life quality of Group B was higher. One other
study has shown that patients receiving ipratro-
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Figure 4. Comparison of Borg score of the two groups
before and after treatment. Before treatment, there
was no difference in Borg score between the two
groups (P > 0.05), while after treatment, Borg score
of Group B was lower than that of Group A (P < 0.05).
Note: * indicates that in comparison with the same
group before treatment, P < 0.05. # indicates that in
comparison with Group A, P < 0.05.

pium bromide scored higher in the quality of life
questionnaire evaluating dyspnea, fatigue,
emotional function, and proficiency [27]. In
summary, ipratropium bromide combined with
a noninvasive ventilator can significantly ameliorate circulatory inflammation and improve
the pulmonary function and blood gas levels of
patients, and thus provide higher treatment
efficacy. Some studies also point out that the
beneficial effects of bronchodilators on patients
with COPD during ventilation with non-invasive
devices may be due to the following reasons:
After inhalation, the particle distribution of
drugs will be affected by the equipment design
and structural formation, which will reduce the
particle diameter of drugs entering respiratory
tract, reduce respiratory frequency, and
increase tidal volume, thus enhancing drug
delivery and improving drug bioavailability [28,
29].
However, there are still some deficiencies in
this study. We have not compared the therapeutic effects of ipratropium bromide with
other anticholinergic drugs, nor have we conducted trapezoidal dose comparison, and we
have also not evaluated the prognosis of
patients. We will continue to conduct research
from these points and update our results.
To sum up, ipratropium bromide is effective in
treating patients with COPD with respiratory
failure under non-invasive ventilation treatAm J Transl Res 2022;14(5):3319-3326
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Table 2. Comparison of efficacy between the two groups [n (%)]
Efficacy
Effective
Relieved
Patients without effective treatment
Effective rate

Group A (n=52)
14 (26.92)
26 (50.00)
12 (23.08)
40 (76.92)

Group B (n=58)
31 (43.45)
23 (39.65)
4 (6.90)
54 (93.10)

χ2 value
5.775

P-value
0.016

χ2 value
5.066

P-value
0.024

Table 3. Comparison of adverse reactions between the two groups [n (%)]
Evaluation of adverse reactions
Fever
Nausea
Vomiting
Diarrhea
Myasthenia of limbs
Dry mouth
The total incidence

Group A (n=52)
4 (7.69)
3 (5.77)
2 (3.84)
2 (3.84)
1 (1.92)
2 (3.84)
14 (26.92)

Group B (n=58)
1 (1.72)
1 (1.72)
0 (0.00)
0 (0.00)
0 (0.00)
2 (3.45)
6 (10.34)

_
Table 4. Comparison of life quality between the two groups ( x ± sd)
Group
Group A
Group B
t
P

n
52
58

Body function
75.29 ± 3.29
85.49 ± 4.62
13.200
< 0.001

Life function
83.95 ± 3.52
89.48 ± 2.49
9.587
< 0.001

ment, and if is beneficial to improving their pulmonary function.
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