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Introduction

Acute exacerbation of  chronic pulmonary obstructive pulmonary 
disease (AECOPD) is a condition that is characterized by pro-
gressive airway obstruction in the lungs [1]. AECOPD is a disease 
that is diagnosed with three symptoms of  coughing, phlegm, and 
shortness of  breath [2]. The World Health Organization (WHO) 
estimates in 2008 that 210 million people in the world are suffer-
ing from COPD and that the overall COPD mortality rate will 
increase by more than 30% over the next 10 years [3].

COPD is the fourth leading cause of  death in the world, affect-
ing 10% of  adults over 40 years of  age [4]. According to a study 
in Tehran, in people aged 18 years and older, the incidence of  
COPD was 9.2% in 2015 [5]. AECOPD is usually associated 

with reduced lung function. These patients experience symptoms 
such as cough with sputum, reduced exercise tolerance, wheez-
ing, shortness of  breath and prolonged exhalation [6]. Patients 
usually complain of  decreased activity levels due to shortness of  
breath or fatigue, or both of  them. These symptoms affect the 
daily activity of  patients [7]. Cough is also an important symp-
tom in these patients, as it causes discomfort and poor quality 
of  life [8]. Therefore, in order to control symptoms, improve the 
health status and reduce the incidence of  COPD, the necessity for 
care and treatment in these patients is highly necessary [9]. Tio-
tropium bromide is a long-acting inhaled drug that helps to dilate 
airways and is used to manage AECOPD. Based on the evidence 
from the trials, continuous therapy with tiotropium bromide has 
significantly reduced AECOPD and hospitalization risk due to 
exacerbation of  the disease [11, 12]. Another inhaled bronchodi-
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Abstract

Background: In order to managing patients with acute exacerbated COPD, long-acting anticholinergic drugs and long-acting 
beta-agonists are used alone. Therefore, the purpose of  this study was to investigate the effect of  salmeterol, tiotropium bro-
mide and its combination in patients with acute exacerbation of  chronic obstructive pulmonary disease.
Materials and Methods: This tripartite clinical trial study was performed on patients with acute exacerbated COPD referred 
to the Emergency Department of  Shahid Beheshti Hospital of  Kashan in 2019 (135 people). Patients were randomly divided 
into three groups. For each of  the three groups, salmeterol sprays, tiotropium bromide and combination were administered 
separately during the admission. FEV1 and FVC measures were evaluated before and after the intervention for all three 
groups via spirometry. Data were analyzed using chi-square test, ANOVA, paired t-test and covariance analysis.
Results: The results of  covariance analysis (age variables and pre-intervention as covet) indicated a significant difference 
between the three groups of  salmeterol (60/137), tiova (98/98) and combination 0f  both medications(167.64) in terms of  
FEV1 variable (P <0.001) and between the three groups of  salmeterol (146.41), tiova (12.51) and combination (29.22) in terms 
of  FVC variable (p <0.001).
Conclusion: The findings of  this study confirm the significant impact of  combination of  two long-acting bronchodilators 
with different pharmacological mechanisms in patients who need two drug classes for control of  their disease is effective for 
them.
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lator drug used in patients with COPD is salmeterol. Salmeterol is 
one of  the direct-acting sympathetic mimic drugs that stimulates 
beta-adrenoceptor activity and optionally selects beta-2 receptors 
(a beta 2 agonist) [13]. In addition to bronchodilator properties, 
it has anti-inflammatory activity [14] and decreased bio sorbent 
reactivity and mucosal clarity [15]. Several controlled trials have 
reported the efficacy and safety of  these drug agents (tiotropium 
bromide and salmeterol) as a single treatment in COPD [16-19].

Several clinical trials have been conducted on the combination 
of  anticholinergics and adrenergic agonist drugs as a long-term 
bronchodilator, and the potential benefits of  administering dai-
ly tiotropium bromide with adrenoceptor agonists twice daily 
have been reported to improve lung function and clinical posi-
tive outcomes [20-22]. In general, considering the single efficacy 
of  tiotropium bromide inhaler capsules and salmeterol spray in 
COPD, and regarding that most studies conducted evaluating the 
combination of  tiotropium bromide with Formoterol. Therefore, 
the aim of  this study was to investigate the effect of  salmeterol, 
tiotropium bromide and their combination in patients with acute 
exacerbated COPD.

Methods

Study Type and Participants

This study was a single-blind randomized clinical trial in 3 groups. 
This study was conducted from April to March 2013 on 135 pa-
tients with acute exacerbated COPD referred to the Emergency 
Department of  Shahid Beheshti Hospital in Kashan, Iran. In or-
der to estimate the sample size, according to the previous study 
[23], with 95% confidence and statistical power of  90%, the mini-
mum required sample size was calculated for 38 persons in each 
group, and with 20% drop, 45 persons were considered for each 
group.

Inclusion criteria include: Individuals willing to participate in 
the study, Adults over the age of  45 years with AECOPD due to 
the severity of  symptoms defined on the basis of  the GOLD cri-
teria (cough, sputum production, dyspnea, or history of  exposure 
to risk factors) present to the hospital, Patients reporting a history 
of  at least 10 cigarette pocket a day , patients with documented 
medical records that shows had an airway obstruction (FEV1/ 
FVC ratio less than 0.7 and FEV1 after treatment bronchodilator 
less than 0.65), and Patients diagnosed with COPD by spirometry.

Non-inclusion criteria include: patients with allergic rhinitis, 
atopy, positive skin test, patients with eosinophil count of  more 
than 400 mm3, patients with other pulmonary disorders or car-
diopulmonary disorders, patients with recent history of  myocar-
dial infarction, previous failure, or arrhythmia required medica-
tion, prostatic hypertrophy and glaucoma with closed angle [24]. 
Exclusion criteria included: patient's decision to withdraw, use of  
other bronchodilator drugs other than salmeterol spray or tiotro-
pium bromide (thiourea) capsule during the study, irregular use of  
salmeterol spray and tiotropium capsule in terms of  the amount 
and time of  use and death of  the patient.

Sampling

Patients entered the study if  they had the criteria for entering and 

providing comprehensive explanations by the researcher if  they 
were satisfied and completed a written informed consent form. 
After selecting patients in a continuous manner, using a rand-
omized computer table, through a triple and six-member blocking 
with a 1: 1: 1 assignment ratio, divided into three groups of  45 
(salmeterol spray receptor group, capsule recipient group Inhaled 
tiotropium bromide and the combination salmeterol and tiotro-
pium bromide spray group). Patients are voluntarily and free of  
charge and can be removed at any stage of  the study without any 
restrictions.

Study plan

For each of  the three groups, salmeterol sprays, tiotropium bro-
mide and combination were administered separately during the 
admission. Salmeterol spray, which was manufactured by Sina 
Drug, was given three times a day at a dose of  25 micrograms. 
Tiotropium Bromide Capsules Imported by Shafiabat Gostar 
Pharmaceuticals using oral Handihaler was given as an inhaler 
twice daily with a dose of  18 μg. The combined use of  salmeterol 
spray and tiotropium bromide capsules by simultaneous admin-
istration of  salmeterol spray with 25 micrograms twice daily and 
tiotropium bromide, 18 micrograms once daily. Spray and inhala-
tion capsules were used by the nurses who were selected as re-
search fellow. Patients during the study period were evaluated by a 
researcher and expert in the lung and were evaluated clinically as 
the patient was clinically free of  symptoms.

Ethical considerations: This study was conducted according to 
guidelines published in the Helsinki Statement. To conduct this 
study, the Ethics Committee of  Kashan University of  Medical 
Sciences was licensed (IR.KAUMS.MEDNT.REC.1397.32) and 
the study was registered on the website of  the Iranian Clinical 
Trials (IRCTID: IRCT20190123042466N1).

Data gathering tools

At the beginning of  the study, after completing the personal in-
formation questionnaire by self-report and with the help of  the 
researcher, FEV1 and  FVC by Spirometry (Elite DL, MedGraph-
icss, St Paul, MN, USA) Immediately before receiving Spray or 
Inhaler capsules and then 0, 30 minutes, 1, 2, 4, 6, 8, 10, 12, 14, 16, 
18, 20, 22 and 24 hours after medication AUCs FVE1 and AUCs 
FVC through the trapezoidal rule Calculated.

Considering the fact that this study was performed on patients 
with AECOPD and according to the hemodynamic condition of  
the patients, 5 patients from each group were excluded from the 
study because of  their unwillingness to continue co-operation 
and concurrent use of  other bronchodilator drugs, so the analysis 
Data analysis was performed on 120 patients.

Statistical analysis

The Kolmogorov-Smirnov test was used to verify normality and 
confirmed. Using descriptive and inferential statistics such as Chi-
square and one-way ANOVA (to compare the status of  demo-
graphic variables in the three study groups), paired t-test was used 
to evaluate the mean FEV1 AUCs and FVC AUCs 2 times before 
and after the intervention in three The covariance test was used 
to remove the confounding factors and Bonferron's post hoc test 
to compare two drugs. Data were analyzed by SPSS software (Ver-
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sion 16.0, Chicago, USA). In all cases, the significance level was 
considered to be 0.05.

Findings

In this study, 120 people entered the final analysis stage (Figure 
2). There was no significant difference between the two groups 
in terms of  demographic characteristics. However, there was a 
significant difference in age (P = 0.02) between the three groups 
(Table 1). The results of  covariance analysis (age, FVC, and 
FEV1 variables before intervention as covet) indicated a signifi-
cant difference between the three groups of  salmeterol (60.137), 
tiova (98/98) and combination (167.64) in terms of  FEV1 vari-
able AUCs, as well as between the three groups of  salmeterol 
(144/40), tiova (12/50) and combination (292,230) in terms of  
variables AUCs FVC (p < 0.001) (Figures 1 and 2).  Before and af-
ter intervention, the FEV1 AUCs and FVC AUCs were observed 
in each of  the three groups (p < 0.001) (Table 2). Following the 

significant difference between the three groups, a follow-up test 
was used to examine the pair of  meanings, the results of  which 
are presented in Table 3.

Discussion

The aim of  this study was to investigate the effect of  salmeterol, 
tiotropium bromide and their combination in patients with acute 
exacerbation of  chronic obstructive pulmonary disease. The find-
ings of  the study showed that the average of  the AUCs of  FEV1 
and AUCs of  FVC in the combined group of  both groups and 
in the salmeterol group was significantly higher than the tiotropi-
um bromide group. Together with this finding, Oba et al., (2018) 
found that the combination of  long-acting muscarinic antagonist 
(LAMA) and long-acting beta-agonist (LABA) with the highest 
therapeutic effect has been exacerbated by COPD reduction [25].

Noord et al., (2010) also in another study found that, 24 hours af-

Figure 1. The mean FVC changes before administration of  spray and capsule in each intervention group up to 24 hours 
after administration.

Figure 2. Mean changes of  FEV1 before administration of  spray and capsule in each intervention group up to 24 hours 
after administration.

Table 1. Dempgraphic characteristics between the three groups of  salmeterol, tiova and combination.

Groups Variable Salmeterol Tiova Combination p-value
Age (mean ± standard deviation) 65.97 ± 7.73 67.72 ± 6.73 70.72 ± 8.27 *0.020

Sex (N(%)
Male 39(97.5) 38(95) 38(95)

**0.812
Female 1(2.5) 2(5) 2(5)

Cigarette pack (mean ± standard deviation) 40 ± 13.18 37.50 ± 13.34 39.37 ± 18.04 *0.740

:*ANOVA, **:Chi-Square
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ter treatment, the combined effect of  Salmeterol-Tiova on average 
of  FEV1 and FVC was significantly higher than that of  the two 
drugs separately [26]. Pasco et al., (2009) found that, compared 
to placebo, Tiova with salmeterol and pulmonary rehabilitation 
were associated with improved pulmonary function (improved 
FEV1 and FVC) [27]. Aaron et al., (2007) also reported that the 
combination of  Tiova, Salmeterol and Fluticasone significantly 
improved pulmonary function and quality of  life, also reduced 
the number of  hospitalization days associated with exacerbated 
COPD compared to placebo and Tiova [28]. 

In confirmation of  this finding, Marco et al., (2006) found in 
their study that a significant improvement of  FEV1 and FVC was 
achieved after 0-12 hours after the combination of  Formetroline 
and Tiova compared to the separate doses of  the two drugs [23]. 

Villar et al. (2005) also found that the use of  the Fluticasone 
-salmeterol-Tiova combination significantly improved the lung 
function (FEV1) in patients with moderate to severe COPD 
compared with the combination of  Fluticasone -Tiova-placebo 
and the combination of  Fluticasone - Tiova-placebo [29]. Other 
study findings (2004), additionally revealed that using Formetrol 
(as a long-acting beta-agonist) in combination with Tiova initiated 
a fast and maximal bronchodilation effect compared to single use 
of  Tiova [30]. Harrison (2018), cited that prescription of  both 
inhaled beta-agonist and muscarinic antagonist therapy, caused 
improvement in lung function, so that the effect of  combination 
therapy is more effective than separate doses in reducing exacer-
bations [31].

Bronchodilation can be achieved by stimulating adrenergic beta-
agonist receptors or by inhibiting acetylcholine action in mus-
carinic receptors with anticholinergic agents [32]. Due to the fact 

that beta-agonists and anticholinergics have different mechanisms 
of  action that can involve different airway locations, and both 
drugs have long-term binding to the recipients, it provides the 
possibility of  sustained bronchodilation. It is expected to observe 
additional effects due to potential beta-agonists which directly af-
fect the cholinergic system.

Conclusion

The findings of  this study confirm the significant impact of  com-
bination of  two long-acting bronchodilators with different phar-
macological mechanisms in patients who need two drug classes 
for control of  their disease is effective for them.
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