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Significance of the Study

• The usefulness of short-acting bronchodilator assist use for stable COPD remains uncertain. The pres-
ent study showed that the use of procaterol, a short acting β2-agonist, improved the pulmonary func-
tion measured by spirometry and respiratory mechanics in patients with stable COPD treated with 
long-acting bronchodilators. Thus, inhaled procaterol has the potential for assist use for COPD. Ad-
ditionally, FOT could be a useful non-invasive method for evaluating the respiratory system in COPD 
patients unable to perform spirometry.
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Abstract
Objectives: International guidelines recommend the use of 
long-acting bronchodilators for the treatment of chronic 
obstructive pulmonary disease (COPD), but the usefulness 
of short-acting bronchodilator assist use for stable COPD re-
mains uncertain. The purpose of the present study was to 
objectively demonstrate the effects of assist use of pro-
caterol, a short-acting β2-agonist, on the respiratory me-
chanics of stable COPD patients treated with a long-acting 

bronchodilator using forced oscillation technique (FOT) and 
conventional spirometry. We also confirmed the length of 
time for which procaterol assist could significantly improve 
the pulmonary function. Methods: We enrolled 28 outpa-
tients with mild to severe COPD (Global Initiative for Ob-
structive Lung Disease stages I–III), who had used the same 
long-acting bronchodilator for longer than 3 months and 
who were in stable condition. All measures were performed 
using both FOT and spirometry sequentially from 15 min to 
2 h after inhalation. Results: Compared to baseline, inhaled 
procaterol assist use modestly but significantly im-
proved spirometric and FOT measurements within 2 h after 
inhalation. These significant effects continued for at least 
2 h.  Significant correlations were found between parame-
ters  measured by spirometry and those measured by FOT. 
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Conclusions: Procaterol assist use modestly but significant-
ly improved pulmonary function determined by spirometry 
and respiratory mechanics in patients with stable COPD 
treated with long-acting bronchodilators. Thus, inhaled 
procaterol has the potential for assist use for COPD.

© 2018 The Author(s) 
Published by S. Karger AG, Basel

Introduction

International guidelines recommend the use of bron-
chodilators for the treatment of chronic obstructive pul-
monary disease (COPD) [1]. Among bronchodilators, 
short-acting β2-agonists (SABAs) are used as a rescue med-
ication for acute dyspnea. They are also used as an assist 
medication prior to expected exertional dyspnea, such as 
before pulmonary rehabilitation, in patients with COPD. 
In fact, SABA assist use contributes to improved activities 
of daily living (ADL) and quality of life of COPD patients 
with limited physical activity [2]. Clinical evaluations of 
the usefulness of SABA assist use for COPD include a ques-
tionnaire, the 6-minute walk test, and spirometry. Spirom-
etry is also essential for the diagnosis of COPD, but it can-
not be performed in patients sometimes with COPD who 
have significantly decreased pulmonary function and co-
morbidities such as severe cardiovascular diseases [3]. 
Thus, less invasive and objective methods are required. 
The forced oscillation technique (FOT) measures respira-
tory resistance and reactance. FOT can determine frequen-
cy-dependent respiratory resistance, which is characteris-
tic of COPD [4, 5]. FOT is also well correlated with clinical 
responses to therapeutic interventions in asthma [6]. FOT 
is conducted in the sitting position using a nose-clip and 
mouthpiece with respiration at resting levels. FOT mea-
surements are taken during resting respiration and require 
very little time (less than 1 min), and some reports have 
confirmed its reproducibility [6, 7]. FOT can also measure 
other respiratory parameters determined by spirometry 
[8]. In the present study, an FOT machine (MostGraph® 
Chest Co., Ltd., Tokyo, Japan) that can measure respira-
tory mechanics using FOT was used [9–11].

The purpose of the present study was to objectively 
demonstrate the effects of SABA assist use on the respira-
tory mechanics of stable COPD treated with long-acting 
bronchodilators using FOT and conventional spirome-
try. The length of time that SABA assist use could signif-
icantly improve pulmonary function was also confirmed 
by sequentially measuring results from 15 min to 2 h after 
inhalation.

Subjects and Methods

Between April 2012 and March 2014, a total of 168 patients with 
COPD, as defined by the Global Initiative for Obstructive Lung 
Disease [1], visited the Toho University Ohashi Medical Center. Of 
them, 28 were eligible and enrolled into the study based on the fol-
lowing inclusion criteria: they had airflow limitation classified as 
Global Initiative for Obstructive Lung Disease stage I–III (forced 
expiratory volume in 1 s [FEV1.0] 30–80% of the predicted value); 
they were using the same long-acting bronchodilator for longer 
than 3 months; they were in a stable condition of physical and men-
tal health defined by COPD Assessment Test < 10; and they had 
never used SABAs. All subjects had a history of smoking. Subjects 
were excluded from the study if they met the following exclusion 
criteria: 2 or more courses of oral corticosteroid or antibiotics in 
the previous 6 months; admission to hospital because of exacerba-
tion in the previous 6 months; presence of large bullae or pneumo-
thorax; severe chronic heart failure; heart rate > 100 bpm; or use of 
long-term oxygen therapy. Patients who had symptoms that were 
compatible with bronchial asthma or a history of asthma or atopic 
dermatitis or peripheral blood IgE > 170 IU/mL were also excluded.

Study Design
All measures were performed with patients on their usual daily 

medication. After confirming an SpO2 > 90% on room air, the ab-
sence of chest wheezing, and a heart rate < 100 bpm, both FOT and 
spirometry (SPIROSIFT SP-310®, Fukuda Denshi Co., Ltd., To-
kyo, Japan) were performed in the afternoon. Resistances at 5 Hz 
(R5) and 20 Hz (R20), R5–R20, reactance at 5 Hz (X5), and the 
resonant frequency (Fres) were measured by FOT using the respi-
ratory resistance measuring device Mostgraph-01 (MostGraph® 
Chest Co., Ltd., Tokyo, Japan; Fig. 1). Testing was conducted with 

Fig. 1. Forced oscillation technique (FOT) machine (MostGraph® 
Chest Co., Ltd., Tokyo, Japan).
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the patient in the sitting position using a nose-clip and mouthpiece 
with respiration at resting levels. Since the measurement must be 
conducted at resting levels of respiration, it was conducted before 
tests such as spirometry that require forced respiration. For each 
parameter, the difference between the inspiratory and expiratory 
phases and the rate of change were measured. R5 and R20 reflect 
total and central airway resistance. Previously, R5–R20 had been 
thought to reflect peripheral airway resistance [12]. Recently, the 
anatomical relationship could not be clearly established to con-
sider R5–R20 as an indicator of peripheral resistance, and R5–R20 
is currently thought to be a parameter of ventilation inequality [4]. 
X5 presumably reflects respiratory compliance, and Fres is the 
point at which reactance is zero. Representative FOT results are 
shown in Figure 2. With spirometry, data were obtained for forced 
vital capacity, FEV1.0, maximum expiratory flow rate at 50% (V50), 
and maximum expiratory flow rate at 25% (V25). Afterwards, sub-
jects inhaled 10 μg of procaterol hydrochloride (Meptin Air®, 
 Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan) twice via metered 
dose inhaler as part of routine clinical care. FOT and spirometry 
were repeated at 15 min, 1 and 2 h after inhalation. Heart rate, 
SpO2, and symptoms were also similarly determined.

This study received ethical approval from the Special Commit-
tee of Toho University Ohashi Medical Center (project registra-
tion number 14–80), and each patient provided written, informed 
consent to participate.

Statistical Analysis
Patients’ characteristics are presented as means ± SD. Numeri-

cal data are expressed as numbers (%). Other data are expressed as 
medians and interquartile range (25th–75th percentile). The dif-
ferences between physiological data were analyzed using the Wil-
coxon rank-sum test and the Kruskal-Wallis test, as appropriate. 
Correlations were analyzed using Spearman’s rank correlation 
test. All analyses were performed using SPSS Statistical software 
version 22.0 (Japan IBM, Tokyo, Japan). p values of < 0.05 were 
considered significant.

Results

The characteristics of the 28 patients are shown in Ta-
ble 1. Following procaterol assist use, one patient devel-
oped finger tremor, and another developed palpitations. 
Heart rate and SpO2 did not change significantly at any 

Resistance (cmH2O/L/S)

Oscillatory frequency
(4–36 Hz)

Time
(breathing cycle)

COPDNormal

Fig. 2. Results of normal subjects and chronic obstructive pulmonary disease (COPD) patients.

Table 1. Patients’ characteristics (n = 28)

Age, years 73.6±6.2
Male/female 22/6
Height, cm 161.4±9.2
BW, kg 56.9±6.0
SpO2, % 95.5±1.67
Heart rate, bpm 75.7±13.2
Smoking history (pack-years) 58.5±77.8
FEV1.0/FVC, % 53.9±9.7
%FEV1.0 74.2±24.9
COPD stage (I/II/III/IV) 13/13/2/0
Medication, n (%)

LAMA 14 (50.0)
LABA 1 (3.6)
ICS + LABA 5 (17.9)
LAMA + LABA 2 (7.1)
ICS + LABA + LAMA 6 (21.4)
SABA 0 (0)

Data are presented as mean ± SD or n (%).
FEV1.0, forced expiratory volume in 1 s; FVC, forced vital ca-

pacity; LAMA, long acting muscarinic agonist; LABA, long acting 
β2 agonist; ICS, inhaled corticosteroid; SABA, short-acting β2-
agonists.
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time point after procaterol assist use. Compared to those 
before inhalation, R5 and R20 as parameters of respira-
tory resistance and Fres as a parameter of respiratory re-
actance improved modestly but significantly at each time 
after inhalation (Table 2). There were no significant dif-
ferences between each time (15 min, 1 and 2 h) after in-
halation in all parameters. R5–R20 as a ventilation in-
equality decreased slightly, but not significantly, follow-
ing inhalation. Low-frequency reactance area (ALX) and 
reactance at 5 Hz (X5) as parameters of respiratory reac-
tance improved slightly, but not significantly, following 
inhalation. FEV1.0, V50, and V25 determined by spirom-
etry also improved modestly but significantly following 
inhalation in comparison with measurements before in-
halation (Table 2). In terms of the correlation between 
FOT and spirometry, rates of changes in FEV1.0 at 15 min 
and 1 h after procaterol use correlated significantly with 
those in R5 and R20 (Table 3).

Discussion

The major findings of the present study are as follows: 
(1) SABA assist use modestly but significantly improved 
pulmonary function, even for clinically stable COPD pa-
tients already treated with a long-acting bronchodilator; 
(2) FOT could identify the modest but significant im-
provement in pulmonary function following SABA assist 
use; and (3) a significant correlation occurred between 
FOT and spirometry, though these techniques could de-
termine different physiological parameters.

For long, COPD has been believed that it represents an 
irreversible airway obstructive disease. However, current 
international guidelines state that COPD demonstrates 
partially reversible airway obstruction [1]. Long-acting 
bronchodilators are considered a first-line therapy for 
stable COPD, and a long-acting β2-agonist (LABA) and a 
long-acting muscarinic antagonist (LAMA) are frequent-
ly prescribed for COPD at present [13]. SABAs are also 
used for COPD, especially as rescue medication once pa-
tients develop dyspnea. On the other hand, use of SABAs 
as an assist medication for COPD before developing dys-
pnea is less frequently prescribed. Although many au-
thors have reported that SABA assist use improves symp-
toms and exercise intolerance in patients with stable 

Table 3. Correlations between rate of change in FEV1.0 (ΔFEV1.0) 
and parameters measured by FOT 15 min, 1 and 2 h after inhala-
tion (n = 28)

ΔFEV1.0 15 min 1 h 2 h

r p value r p value r p value

ΔR5 –0.39 0.04* –0.38 0.048* –0.17 0.37
ΔR20 –0.48 0.009* –0.42 0.02* –0.28 0.14
ΔFres –0.25 0.13 –0.5 0.007* –0.20 0.30
ΔALX –0.34 0.08 –0.43 0.02* –0.16 0.42
ΔX5 –0.38 0.048* –0.37 0.05 –0.16 0.41

* Statistically significant difference.
Δ, rate of changes in R5, R20, Fres, ALX, X5 and FEV1.0 from 

before inhalation to 15 min, 1 and 2 h following inhalation.

Table 2. Parameters of FOT and spirometry at each time point (15 min, 1 and 2 h) after inhalation

Before After 15 min 1 h later 2 h later

R5, kPa/L/s
R20, kPa/L/s
R5‐R20, kPa/L/s
Fres, kPa/L/s
ALX, kPa/L/s
X5, kPa/L/s
FEV1.0, L/s
FVC, L/s
V50, L/s
V25, L/s

2.77 (2.04 to 3.13)
2.25 (1.90 to 3.02)
0.68 (0.16 to 0.89)

10.74 (8.66 to 12.82)
3.94 (2.17 to 7.18)

–0.91 (–1.23 to –0.54)
1.47 (1.21 to 2.02)
2.78 (2.28 to 3.10)
0.94 (0.52 to 1.50)
0.32 (0.26 to 0.44)

2.29 (1.85 to 3.07)*
2.08 (1.77 to 2.59)*
0.48 (0.10 to 0.79)

10.40 (7.13 to 12.95)*
3.70 (0.93 to 6.10)

–0.79 (–1.24 to –0.29)
1.66 (1.34 to 2.12)*
2.75 (2.38 to 3.23)
1.11 (0.68 to 1.47)*
0.39 (0.30 to 0.53)*

2.44 (1.88 to 3.12)*
2.11 (1.73 to 2.66)*
0.58 (0.11 to 0.90)

10.23 (7.90 to 12.32)*
3.18 (1.03 to 5.41)*

–0.69 (–1.08 to –0.31)*
1.60 (1.30 to 2.12)*
2.77 (2.42 to 3.23)
1.05 (0.62 to 1.46)*
0.35 (0.27 to 0.51)*

2.63 (1.88 to 3.01)*
2.08 (1.88 to 2.58)*
0.59 (0.05 to 0.87)

10.33 (8.28 to 12.20)*
3.78 (1.50 to 6.59)*

–0.84 (–1.28 to –0.54)
1.69 (1.27 to 2.17)*
2.79 (2.38 to 3.21)
1.07 (0.59 to 1.62)*
0.39 (0.28 to 0.54)*

Data are expressed as median (interquartile range 25th–75th percentile).
* p < 0.05, significant difference with before inhalation.
R5, resistance at 5 Hz; R20, resistance at 20 Hz; R5–R20, resistance at 5–20 Hz; Fres, frequency of resonance; ALX, low- frequency 

reactance area; X5, reactance at 5 Hz; V50, maximum expiratory flow rate at 50%; V25, maximum expiratory flow rate at 25%.
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COPD, it is yet to be determined whether SABA assist use 
could improve pulmonary function [2, 11, 14, 15]. The 
present study demonstrated that SABA assist use mod-
estly improves pulmonary function in stable COPD. This 
improvement is likely due to a few factors. First, all 
 subjects in the present study had never used SABAs, and 
half of the subjects used only LAMA monotherapy. Ad-
ditionally, the LABAs used in the present study were sal-
meterol and transdermal tulobuterol, both of which are 
β2-partial agonists, and β2-full-agonists are likely to cause 
β2-adrenoceptor tachyphylaxis [16].

Previous reports have demonstrated that COPD pa-
tients showed a higher R5–R20 and that bronchodilator 
therapy significantly decreased it [17]. R5–R20 slightly, 
but not significantly, decreased after SABA inhalation in 
the present study. Additionally, R5 values in the present 
study were lower than previously reported values [17, 18]. 
Thus, before SABA inhalation, R5–R20 had already im-
proved because all subjects had used one or more long-
acting bronchodilators before SABA assist use.

In agreement with another report showing a signifi-
cant correlation between FOT and spirometry [10], the 
present study also found significant correlations between 
them at 15 min and 1 h after procaterol use. Although sev-
eral authors reported the usefulness of FOT parameters in 
evaluating COPD [10, 19], it is not widely used for this 
purpose. This is probably due to its high cost, low repeat-
ability [20], and high variances caused by the upper airway 

structure [21]. Thus, FOT cannot be substituted for spi-
rometry in COPD, but spirometry under forced ventila-
tion conditions and FOT under normal breathing condi-
tions may evaluate different physiological parameters.

The present results also suggest that FOT could be a 
useful clinical examination for patients whose ability to 
exhale strongly is impaired, for example, elderly persons, 
patients with unstable cardiac disease, and patients with 
dyspnea.

In agreement with a previous report [22], the present 
study also found significant improvements in pulmonary 
function following SABA assist use compared to baseline. 
The present study further found that the effects of SABA 
assist use continued for at least 2 h after inhalation.

Conclusion

We have demonstrated that SABA assist use modestly 
but significantly improves pulmonary function deter-
mined by spirometry and respiratory mechanics deter-
mined by FOT for patients with stable COPD already 
treated with a long-acting bronchodilator. Recently, the 
use of LAMAs, LABAs, and their combination has been 
shown to play a highly effective central role in the main-
tenance therapy of COPD [23, 24]. The present study also 
indicates the potential role of SABA assist use for stable 
COPD.
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