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Abstract

Purpose: To investigate the efficacy of indacaterol plus tiotropium bromide in chronic obstructive
pulmonary disease (COPD) complicated by bronchiectasis and the impact on IL-8 and C reactive
protein (CRP) levels.

Methods: Sixty enrolled patients with COPD and bronchiectasis who received treatment in Yantai
Qishan Hospital, Yuyan, China from June 2017 to December 2019 were randomly allocated to group A
(n = 30) and group B (n = 30). Group A received inhalation of indacaterol plus tiotropium bromide.
Group B received only tiotropium bromide inhalation therapy. Therapeutic effects and appropriate serum
indicators were compared.

Results: Maximal mid-expiratory flow (MMF), maximal voluntary ventilation (MVV), and forced
expiratory volume in one second (FEV1.0) levels of the patients were significantly elevated, and group A
showed a significantly higher values than group B (p < 0.05). The serum levels of IL-8, CRP, and serum
calcitonin (PCT) in both groups were lower than before treatment, but the decrease in group A was
significantly greater than that in group B (p < 0.05). The SaO2, PaO2, and PaO2/FiO2 levels in both
groups increased, but the increase in group A was higher than that in group B (p < 0.05). Group A
showed a significantly lower total incidence of complications than group B (p < 0.05).

Conclusion: Indacaterol plus tiotropium bromide produced significant effects in the treatment of COPD
with bronchiectasis, which ameliorate lung function and inflammation status in the body and therefore
have the potential of being utilized in clinical practice.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is primarily characterized by continuous airflow
limitation [1]. It is more prevalent in middle-aged
and elderly men, especially those with a history
of smoking. The clinical symptoms of COPD are

dyspnea, chest tightness, shortness of breath,
cough, sputum, and even death in severe cases
[2,3]. The clinical treatments for COPD patients
with bronchiectasis include oxygen therapy, lung
function training, drug inhalation therapy, and
phlegm and cough reduction, which can
ameliorate the respiratory and immune functions
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of the patients [4]. Tiotropium bromide, an
anticholinergic bronchodilator, is often utilized
clinically for the maintenance treatment of
patients with diverse lung diseases, which can
significantly improve dyspnea and high-level
inflammation. However, some severe patients
are not well-treated, and their inflammatory
status is not significantly improved [5,6]. Several
clinical studies have explored the use of
tiotropium bromide and indacaterol in patients
with COPD and bronchiectasis and have reached
controversial conclusions, and few studies have
observed the effect of the combination of the two.
Therefore, the investigation into the clinical
efficacy of indacaterol plus tiotropium in COPD
patients with bronchiectasis became this study’s
target.

METHODS
Clinical profile of patients

Sixty patients with COPD and bronchiectasis
who received treatment in Yantai Qishan
Hospital from June 2017 to December 2019 were
enrolled (36 men and 24 women, with the age of
48 - 69 years old (mean age 61.37 + 5.28
years)). The participants were randomly
allocated into either group A (n = 30) or group B
(n = 30). This study was approved by the ethics
committee of Yuyao People's Hospital (approval
no. 201401156B), and it met the criteria in the
Declaration of Helsinki [7]. All patients submitted
signed consent forms.

Inclusion criteria

Patients that have been clinically diagnosed with
COPD and bronchiectasis [8], patients aged = 18
years, patients with complete clinical data, and
patients with no allergies to the drugs used for
this treatment were all included in the study.

Exclusion criteria

Any case meeting the following criteria was
excluded: (1) congenital immunodeficiency or
severe infectious diseases, (2) mental diseases
or poor mental condition, and unable to
independently cooperate with the study, (3)
expected survival time < 3 months.

Treatments

Both groups of patients were given conventional
treatment measures such as breathing training,
oxygen therapy, and phlegm removal. Patients in
group B were treated with tiotropium bromide
(Boehringer Ingelheim Pharma GmbH & Co.KG,
Germany, H20140933) inhalation treatment, 1

capsule, once a day for 2 months. In addition to
the therapy of tiotropium bromide, group A also
received indacaterol (Novartis Europharm Ltd,
H20160302) inhalation therapy, for 2 months.

Evaluation of parameters/indices

All indices were measured, 1 day before
treatment, and 2 months after treatment.

Pulmonary function

Maximal mid-expiratory flow (MMF), maximal
voluntary  ventilation (MVV), and forced
expiratory volume in one second (FEV1.0) levels
were recorded using the CHEST-pulmonary
function instrument (Nanjing Aobang Medical
Technology Co., Ltd.).

Inflammation-related indicators

Fasting venous blood (6 mL) was collected from
each patient and left for 30 min at 4 °C. After the
whole blood had spontaneously coagulated, the
supernatant was centrifuged at 1000 - 2000g for
10 min at 4 °C to obtain the supernatant. The
serum calcitonin (PCT) level was determined by
an immunoluminescence assay (Shenzhen
Tisenc Medical Devices Co., Ltd.). C reactive
protein (CRP) level in serum was measured by
the dry chemical method (Beijing Spectrum
Analysis  Technology Co., Ltd.). Serum
interleukin-8 (IL-8) levels were determined using
the ELISA kit (Shanghai HengYuan Biological
Technology Co., Ltd.).

Oxygenation function

A 4 mL volume of arterial blood was collected
from each patient. The GEM3500 blood gas
analyzer (Nanjing Hanyu Medical Technology
Co., Ltd.) was used for determining arterial
oxygen saturation (SaOz), arterial partial
pressure of oxygen (PaOz), and oxygenation
index (PaO2/FiOz2) levels in strict accordance with
the instrument instructions.

within 2 after

Complications months

treatment

Complications principally included spontaneous
pneumothorax, respiratory failure, chronic
pulmonary heart disease, lung infection, gastric
ulcer, and sleep breathing disorders.

Statistical analysis
Statistical Package for the Social Sciences

(SPSS 25.0) software was used for statistical
analysis. The measurement data were expressed
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as mean = standard deviation (SD). Two
independent samples non-parametric test was
used for inter-group analysis. Count data were
expressed as percentages. Comparisons
between the two groups were performed using
the chi-square test. P < 0.05 was considered
statistically significant.

RESULTS
General patient information

Patients were followed up to determine their
survival. One and three cases were lost in
groups A and B, respectively. No statistically
significant differences were observed in gender,
age, BMI, lung function classification, and
underlying diseases between both groups (all p >
0.05, Table 1).

Lung function

Before treatment, the differences in MMF, MVV,
and FEV1.0 levels between the two groups of
patients were not significant (p > 0.05).
Combined treatment of indacaterol and
tiotropium bromide or single treatment of
tiotropium bromide elevated MMF, MVV, and
FEV1.0 levels, but the former had a greater
effect (p < 0.05, Figure 1).
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Figure 1: Comparison of lung function between the
two groups (a) maximum mid-expiratory volume
(MMF), (b) maximal voluntary ventilation (MVV), (c)
forced expiratory volume in one second (FEV1.0)
before treatment. **P < 0.001

Inflammation-related indicators

Before treatment, no significant difference was
shown in serum levels of IL-8, CRP, and PCT
levels between the two groups of patients (P >
0.05). However, tiotropium bromide treatment
could suppress serum IL-8 and CRP, and
additional treatment with indacaterol contributed
to a better efficacy (P < 0.05, Table 2).

Table 1: Comparison of general information of the two groups of patients (n = 30)

Group

Parameter A 5 X3IT P-value
M 17 19
Gender E 13 11 0.631 0.427
Age (years) 61.8315.42 60.75+5.14 0.583 0.517
BMI (kg/m?) 22.51+1.07 22.84+1.13 0.542 0.516
Lung function I~ o o
classification i~V 13 15 0.642 0.438
\Y 8 6
Basic yes 17 19
diseases no 13 11 0.591 0.536
Table 2: Comparison of inflammation index levels between the two groups (n = 30)
Parameter y Group 5 T P-value
CRP Before 1237.53+213.14 1235.74+216.46 0.637 0.425
After 506.73£141.482 814.36£172.162 6.473 0.001
IL-8 Before 334.65+42.49 332.41+43.07 0.583 0.524
After 156.42+20.542 251.26+30.362 7.283 0.001
PCT Before 683.45£117.39 685.14+119.26 0.549 0.521
After 247.73+35.182 414.39+72.542 6.845 0.001

ap < 0.05 compared with before treatment
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Related indicators of blood gas analysis

The differences in SaO2, PaO2, and PaO2/FiO2
levels between the two groups of patients before
treatment were not statistically significant (P >
0.05). Combined treatment of indacaterol and
tiotropium bromide caused an increase in the
three indicators, showing more excellent
outcomes than a single treatment of tiotropium
bromide (P < 0.05, Figure 2).
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Figure 2: Comparison of related indicators of blood
gas analysis between the two groups (a) Arterial
oxygen saturation (SaOz), (b) arterial oxygen partial
pressure (PaOz2), (c) oxygenation index (PaO2/FiO2),
*P <0.01

HR (95% CI) P Value

group B 4.638(2.196-7.289)  <0.001

groupA  —e—t—i 1.762(0.725-2.734)  0.003

Figure 3: Comparison of the incidence of
complications after nursing between the two groups.
Group A: HR (95 % CI) = 4.638 (2.196 - 7.289), p <
0.001. Group B: HR (95 % CI) = 1.762 (0.725- 2.734),
p =0.00

Incidence of complications

A lower overall incidence of post-treatment
complications was observed in patients receiving
combined treatment of indacaterol and tiotropium
bromide than those receiving a single treatment
of tiotropium bromide (P < 0.05) (Table 3, Figure
3).

DISCUSSION

According to relevant statistics, the incidence of
COPD in people over 40 years worldwide in 2019
is as high as 10 %, and COPD has become a
usual disease among middle-aged and elderly
people [9]. The clinical symptoms of patients with
COPD are principally manifested as poor lung
function, hyperactive inflammatory responses in
the body, etc., and may be combined with lung
infection [10]. Bronchiectasis, the prevalent
comorbidity in COPD patients in the middle and
late stages, exacerbates lung function and
bronchial function damage in patients to a certain
extent and enlarges the difficulty of treatment.
Indacaterol and tiotropium bromide are widely
utilized clinical drugs for COPD patients with
bronchiectasis. This study evaluated the efficacy
of indacaterol and tiotropium bromide and
provide a reference for clinically diagnosing and
treating COPD patients with bronchiectasis.

Tiotropium bromide, a long-acting anticholinergic
drug, accommodates good affinity for 5
muscarinic receptors of M1 - M5 type and is
capable of repressing contraction of the trachea
caused by the release of acetylcholine from the
parasympathetic nerve terminal through binding
to muscarinic receptors on bronchial smooth
muscles [11,12]. In the trachea, tiotropium
bromide binds to the muscarinic M1 and M3
receptors for a longer time and can inhibit
bronchial smooth muscle contraction and
continue to relax the bronchus. Ultimately, it can
significantly improve lung function and dyspnea,
and finally, promote the prognosis of COPD
patients with bronchiectasis [13,14].

Table 3: Comparison of the incidence of complications after treatment between the two groups (n = 30)

Parameter

Group

X2 P-value

Spontaneous pneumothorax
respiratory failure

Chronic pulmonary heart disease
Pulmonary infection

gastric ulcer

Sleep breathing disorders

Total number

Total incidence (%)

AP PRPPRPOOR|I>
=
oWN R PPN
.
'

13.33 33.33 7.352 0.001
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Studies have shown that inflammation is one of
the main triggers for COPD and bronchiectasis
development. C reactive protein is an acute
protein whose expression increases rapidly after
infection or tissue damage [15]. It is one of the
dominating non-specific inflammatory markers in
the human body. Pathological enhancement of
CRP expression has been observed in many
diseases such as tissue injury, inflammation, and
bacterial infection, and it can be used as a
biological indicator to evaluate its recovery effect.
As the predominant inflammatory cytokine in the
body, IL-8 is tightly connected to the emergence
and progression of multiple inflammatory or
infectious diseases, such as pneumonia, lung
infection, and COPD [16].

The PCT is a staple indicator for the diagnosis
and evaluation of bacterial inflammation and
fungal infections, which is abnormally elevated in
severe fungal, and parasitic infections, and multi-
organ failure diseases. A previous study
demonstrated that COPD patients with
bronchiectasis usually present more severe lung
inflammation and may be accompanied by
varying degrees of lung infection [17]. Combined
treatment was more effective to reduce serum IL-
8, CRP, and PCT levels than a single treatment,
indicating that patients’ lung inflammation and
infection status were alleviated. Tiotropium
bromide in combination with indacaterol
improved the respiratory function of COPD
patients with bronchiectasis and promoted
recovery from the inflammatory activity and
infection status.

The COPD patients with bronchiectasis usually
exhibit severe dyspnea symptoms, and it can
trigger severe hypoxia [18]. Normal human
arterial blood SaO2 concentration is 98 %. If it is
lower than 94 9%, it means that the body is
insufficiently supplied with oxygen. The level of
PaO2 principally depends on the oxygen partial
pressure of the inhaled gas and the functional
state of respiration in vitro. The oxygenation
index PaO2/FiO2 is the prime goal of clinical
respiratory therapy. Its normal value is usually
400 - 500 mmHg. If it is lower than 300 mmHg, it
indicates that the lung function of the body is
impaired [19]. The Sa02, PaO2, and PaO2/FiO2
were affected more by combined treatment than
a single treatment, suggesting that patients’ lung
function and hypoxia in vivo were significantly
improved. Group A possessed a lower incidence
of complications after treatment than group B.
Indacaterol plus tiotropium bromide can improve
pulmonary function and inflammatory status in
COPD patients with  bronchiectasis, and
effectively reduce the incidence of complications
after treatment.

CONCLUSION

Indacaterol plus tiotropium bromide have good
clinical efficacy in treating COPD with
bronchiectasis, which can significantly improve
lung function and inflammation in vivo and have
the potential for possible application in clinical
practice.
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