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Abstract 
Background: A dual bronchodilator, long-acting anticholine drugs (glyco-
pyrronium, LAMA) and the long running β-2 stimulant (indacaterol, LABA), 
are effective for the treatment of chronic obstructive pulmonary disease 
(COPD). To evaluate the effectiveness of the perioperative intervention of 
LAMA/LABA, a randomized prospective trial was performed for the lung 
cancer patients receiving a lobectomy with normal pulmonary function and 
COPD. Methods: Based on the results of the preoperative pulmonary function 
test, 25 patients were diagnosed with COPD [% forced expiratory volume in 1 
second (%FEV1) < 70%]. Thirty-seven patients were enrolled as non-obstructive 
patients (70% ≤ %FEV1), who were randomized into two groups, the 
LAMA/LABA (n = 19) and the Control group (n = 18). The LAMA/LABA 
and the COPD groups daily received inhaled LAMA (50 µg) and LABA (110 
µg) for 1 week before surgery and for least 4 weeks after surgery. The Control 
group had no treatment of the dual bronchodilator. The actual values were 
measured during the perioperative pulmonary function at three points of the 
preoperative baseline, the postoperative 1 week and the postoperative 4 
weeks; these changes and changed ratios were then calculated. The pa-
tient-reported outcomes of the quality of life (PRO-QOL) were evaluated by 
the Cancer Dyspnea Scale (CDS), the COPD assessment test, and the St. 
George’s Respiratory Questionnaire. Results: Regarding the value of FEV1 at 
the baseline, that in the LAMA/LABA group was 79.2% ± 6.4% and that in 
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the Control group was 80.9% ± 6.4%, but that in the COPD groups was 57.9% 
± 8.7%; there was a significant difference between the COPD and the Control 
group (p < 0.0001). At the postoperative 1 week point, the FEV1 value in the 
Control group was 1.3 ± 0.5 L and that in the LAMA/LABA group was 1.7 ± 
0.5 L. On the other hand, that in the COPD group was 1.7 ± 0.5 L, which was 
significantly higher compared to that in the Control group (p = 0.0251 and p = 
0.0369). The intervention of LAMA/LABA for the COPD and non-obstructive 
patients resulted in the less decreased degree of the pulmonary function in 
FEV1 compared to that in the Control group. Based on the PRO-QOL by the 
CDS, the intervention of LAMA/LABA significantly reduced the total dysp-
nea in the LAMA/LABA group compared to that in the Control group (p = 
0.0348). Conclusion: The perioperative intervention of LAMA/LABA should 
lead to maintaining the postoperative pulmonary function of the FEV1 during 
the lobectomy with COPD and non-obstructive patients and the improve-
ment of PRO-QOL. 
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1. Introduction 

Chronic obstructive pulmonary disease (COPD) continues to be a major cause 
of morbidity, mortality, and impaired quality of life. The prevalence of COPD 
was estimated to be 7.6% by a systematic review from 2006 of studies across 28 
countries [1]. According to WHO estimates, 65 million people have mod-
erate-to-very severe COPD, and it is predicted that COPD will become the third 
leading cause of death worldwide by 2030 [1] [2]. 

The impact on pulmonary function parameters is expressed by an increase in 
the functional residual capacity and a progressive decrease in the inspiratory re-
serve volume and inspiratory capacity [3]. Spirometry involves a forced expira-
tory manuver, which may not be the ideal test to detect subtle improvements in 
the airway caliber in COPD due to effort-dependent small airways closure. Fur-
thermore, forced expiratory volume in 1 second (FEV1) mainly measures the 
degree of obstruction in the large and intermediate airways [4] [5] while COPD 
is a disease mainly residing in the peripheral airways. 

In June 2013, the Japanese Society of Respiratory published the “Guidelines 
for COPD Diagnosis and Treatment, 5th Edition’’ [6], stating that the airflow 
obstruction of COPD was caused by the combined action of emphysema lesions 
and peripheral airway lesions in various ratios. The disease types are classified in 
two classes, which are 1) emphysema-type COPD in which emphysema lesions 
predominate, and 2) non-emphysema-type COPD in which peripheral airway 
lesions predominate. 

These various disease states are classified according to chronic bronchial in-

https://doi.org/10.4236/ss.2020.116018


T. Ayabe et al. 
 

 
DOI: 10.4236/ss.2020.116018 135 Surgical Science 
 

flammation, exacerbation frequency, reversibility of airflow obstruction, the 
presence or absence and severity of shortness of breath, weight loss, respiratory 
failure, and pulmonary hypertension. 

With the increase in lung cancer surgery in the elderly, the opportunity for 
surgery with COPD is increasing. The incidence of COPD in lung cancer pa-
tients is about 10% [7], and based on the COPD epidemiological survey in Japan 
(between January 2000 and January 2001), 8.5% of adults aged 40 and older 
(13.1% male, 4.4% female) have COPD [8]. In surgery, COPD is an independent 
risk factor for atelectasis, pneumonia, and respiratory complications, and the 
odds ratio of postoperative respiratory complications in patients with COPD is 
1.79 (Confidence Interval, 1.44 - 2.22) [9]. COPD is an important factor that de-
termines the postoperative complication rate and surgery-related mortality after 
pulmonary resection. It is recommended to take measures for postoperative res-
piratory complications such as respiratory physical therapy in the perioperative 
period for patients with COPD. 

Although lung cancer should be appropriately treated according to the guide-
lines, lung cancer patients with COPD have a reduced pulmonary function and 
increased postoperative morbidity [10] [11]. The perioperative management of a 
patient with COPD and lung cancer, especially with preoperative rehabilitation 
and bronchodilators, is important for the improvement of surgical outcomes. 
Bronchodilators are one of the therapeutic drugs for stable COPD [12]. 

Long-acting bronchodilators, such as long-acting muscarinic antagonists 
(LAMAs) and long-acting β2-agonists (LABAs), are the cornerstone of main-
tenance therapy for moderate-to-very severe COPD [12]. LAMAs can be com-
bined with LABAs, resulting in enhanced bronchodilators as well as long-acting 
bronchodilators with a 24-hour duration of action and a once-daily dosing re-
gimen are an merging area of clinical research and development [13] [14]. 

In 2008, the UPLIFT trial of long-acting anticholinergic drugs (tiotropium) in 
COPD patients was announced, and 6000 COPD patients in 35 countries 
worldwide were treated with tiotropium for 4 years to maintain improved respi-
ratory function and quality of life mortality, and acute exacerbation rates were 
significantly reduced [13]. 

Therapy with a LAMA or a LABA is recommended as the first-line mainten-
ance therapy for patients with moderate-to-very severe COPD [12]. These me-
dications were primarily introduced to provide symptomatic control. Based on 
their efficacy in recent clinical trials versus a placebo, they are now recom-
mended for preventing exacerbations in patients with moderate-to-severe COPD 
[15] [16] [17]. Current treatment guidelines [12], however, do not specify 
whether a LAMA or a LABA should be the preferred agent. 

In a meta-analysis performed by Chong et al. in 2012 [18], a LAMA (tiotro-
pium) reduced the number of patients experiencing one or more exacerbations 
when compared to the use of various LABA formulations. Since that review, 
larger trials comparing LAMAs with LABAs have been recently published [19] 
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[20]. 
A few studies have shown that combinations of a LAMA and a LABA 

produced a significant increase in pulmonary function [21] [22]. Globally, 
long-acting anticholinergics (glycopyrronium, LAMA) + long-acting β2-agonists 
(indacaterol, LABA) in patients with COPD have been treated, which were re-
ported from the SHINE clinical trial that improved respiratory function (FEV1) 
over time [21] and reports from the SPARK clinical trial that improved the qual-
ity of life (total SGRQ score) of COPD patients and suppressed COPD exacerba-
tion [23]. 

Concerning the clinical perioperative management of lung cancer surgery, 
there is no report about a randomized clinical trial that examined the effective-
ness of preserving and improving the respiratory function during the periopera-
tive period using a combination drug of anticholinergic drugs and β2-agonist. As 
the perioperative management of lung cancer surgical patients, we have preope-
ratively used a bronchodilator (tiotropium), which has shown to have an effect 
of improving respiratory function [24]. To administer dual bronchodilators to 
lung cancer patients undergoing a lobectomy to evaluate their respiratory func-
tion-improving effects, efficacy, and safety, we conducted prospective clinical 
studies to determine whether they can be applied to the perioperative manage-
ment of thoracic surgery. We will report the obtained results and the calculated 
changes in the perioperative pulmonary function in both groups of the normal 
pulmonary function and the COPD patients and we will evaluate the detailed 
results by patient-reported outcomes of the quality of life (PRO-QOL). 

2. Patients and Methods 
2.1. Study Design 

Figure 1 shows the CONSORT 2010 flowchart of patient registration. We 
enrolled 68 patients who would undergo a lobectomy for lung cancer. 

Based on the results of preoperative spirometry, 25 patients were diagnosed 
with COPD [% forced expiratory volume in 1 second (%FEV1) < 70%], of which 
7 patients were excluded by the previous bronchodilator treatment history and 
the very high risk with severely decreased pulmonary function for surgery. Fi-
nally, 18 patients were registered for the COPD group. The COPD groups re-
ceived inhaled LAMA (50 µg) and LABA (110 µg) (Ultibro® Breezhaler®, Novar-
tis Pharma K.K., Tokyo, Japan) (85 µg/43µg inhalation powder, hard capsules, 
indacaterol/glycopyrronium) for 1 week before surgery and for least 4 weeks af-
ter surgery. 

On the other hand, the other enrolled 43 patients showed the normal pulmo-
nary function (%FEV1 ≥ 70%), who were diagnosed as non-obstructive patients, 
that is classified as having a “normal pulmonary function”. Based on the exclu-
sion criteria, 6 patients were excluded due to severe complications and past chest 
surgery. Finally, 37 patients were registered for the “normal pulmonary function” 
group. Finally, a total of 55 patients were registered for the study protocol. 
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Figure 1. CONSORT 2010 flowchart of patient registration. 

 
Furthermore, the 37 non-obstructive patients were randomized into two 

groups, that is, the Control group (n = 18) and the LAMA/LABA group (n = 19). 
The LAMA/LABA group received inhaled LAMA (50 µg) and LABA (110 µg) for 
1 week before surgery and for least 4 weeks after surgery. As an observation 
group, the Control group had no treatment of the dual bronchodilator. In the 
Control group, 1 patient was excluded because of a defect in the implementation 
of the postoperative pulmonary function test. Finally, in the Control group, 17 
patients were evaluated. 

2.2. Protocol Steps 

Figure 2 shows the study design and the schedule of this study. In three 
groups (n = 54), the spirometry and the patient-reported outcomes of the 
quality of life (PRO-QOL) were performed at three points, when it is at the 
preoperative baseline, the postoperative week one (1-week: 1 W) after the op-
eration, and the postoperative week four (4-weeks: 4 Ws) after the operation. In 
the LAMA/LABA group (non-obstructive patients) and the COPD group (ob-
structive patients), in order to evaluate the changed degree due to the preopera-
tive intervention of the LAMA/LABA treatment, the preoperative baselines were 
twice measured before and after the inhalation of the LAMA/LABA treatment 
before surgery. 
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Figure 2. The treatment design and schedule of this study. 

2.3. Patients 

Patients were consulted about the surgical treatment and hospitalized at the 
University of Miyazaki Hospital. Those that participated in this clinical trial 
underwent open thoracic surgery or video-assisted thoracic surgery and re-
ceived a pulmonary lobectomy for lung cancer. The study was registered as 
UMIN000016184 (registration date, 2015/01/12) at the University Hospital 
Medical Information Network Clinical Trial Registry (http://www.umin.ac.jp/ctr/) 
and conducted with the approval of the ethics committee of the institute. This 
study was approved by the University of Miyazaki Hospital Clinical Research 
Ethics Board (No. 2014-147) in March 2015. The registration period was be-
tween April 2015 and March 2017. All patients provided informed consent be-
fore the treatment. 

2.4. Selection Criteria 

The subjected patients were to undergo open thoracic surgery or video-assisted 
thoracic surgery that was performed in our department. Patients diagnosed with 
lung cancer, or the patients whose diagnosis had not been obtained prior to sur-
gery, however, malignant diseases, such as lung cancer, is suspected to target pa-
tients who perform a lung resection (pulmonary lobectomy) for the purpose of 
biopsy (with intraoperative pathological diagnosis) and treatment (removal) for 
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a chest abnormal shadow and tumor-like mass. Bronchodilators have not been 
given for the patients. 

2.5. Exclusion Criteria 

The patients excluded were those deemed difficult to withstand the preoperative 
evaluation, did not undergo the lobectomy based on preoperative diagnosis, pa-
tients who have had a past history of open thoracic surgery or previous pulmo-
nary resection, patients who do not lead to a lobectomy due to the results of the 
intraoperative diagnosis, patients who have already been given bronchodilators, 
patients with obstructive angle glaucoma, dysuria due to enlarged prostate, uri-
nary retention, severe decrease in serum potassium levels, and atrial fibrillation. 

2.6. Discontinuation Criteria of Treatment 

The stop criteria of treatment was when the subject offers to decline the study or 
withdraws their consent, if the entire study is discontinued, for any other reason 
such as the researcher or the attending physician determines that it is appropri-
ate to discontinue the study, and when angle-closure glaucoma, dysuria/urinary 
retention due to prostatic hypertrophy, severe decrease in serum potassium lev-
el, and atrial fibrillation occur. 

2.7. Surgery 

Surgery was performed under general and epidural anesthesia with a double-lumen 
endobronchial tube. After establishing a single-lung ventilation, the patient was 
flexed in the lateral decubitus position. After a posterolateral skin incision, a 
thoracotomy was performed through the fifth intercostals space using the dor-
salpedis muscle-sparing technique. During anatomic resection, we used an en-
doscopic stapler (Ethicon, Tokyo, Japan, Covidien, Tokyo, Japan) to divide the 
lung parenchyma and incomplete fissures, and excise the bronchi. The pulmo-
nary arteries and veins were also divided with an endoscopic stapler if the di-
ameter of the vessels was greater than 5 mm. After anatomic resection and a me-
diastinal lymphadenectomy, we performed a water-seal test to ensure pneumos-
tasis. Suture-lines were not buttressed, but evident pulmonary fistulae were 
closed with sutures and sealed with fibrin glue. A 24-French chest tube was 
placed in the hemithorax, and the wounds were closed. Patients were allowed to 
drink water 6 hours after extubation, and to eat and walk with assistance by the 
next morning after surgery. Patients in the LAMA/LABA group and the COPD 
group continued to use inhaled LAMA/LABA throughout the preoperative and 
postoperative periods. Patients in the Control group had no treatment of the 
LAMA/LABA. All patients received preoperative epidural anesthesia for pain 
management, which usually remained in place for 3 days, then they were started 
on oral analgesia from the first postoperative day, and the chest drainage tubes 
were removed within the discharge volume of 200 ml per day. Postoperative 
spirometry was performed at the times of 1 week and 4 weeks after the surgery. 
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2.8. Assessments and Outcome Measures 

As the primary evaluation items, the actual measured parameters were obtained 
from the spirometry, which are performed at the point of the preoperative base-
line and the “postoperative 1 week” and the “postoperative 4 weeks”. The 
changes in the actual measured values and the changed ratios (the change, %) 
were calculated between the differences before and after the surgery of the three 
groups. 

As the secondary evaluation items, the patient-reported outcomes of the quality 
of life (PRO-QOL) regarding the symptom score (shortness of breath/dyspnea), 
that is, the Cancer Dyspnea Scale (CDS) [25] [26] [27] [28], the COPD assess-
ment test (CAT) [29], and the St George’s Respiratory Questionnaire (SGRQ) 
Score [30]. As the intraoperative factors, procedure, operation time, bleeding 
volume, blood transfusion, intrathoracic adhesion, intraoperative complications, 
use of staple interlobular division, complications, and use of polyglycolic acid 
sheet with fibrin glue for air leaks (case number) were investigated. As the post-
operative factors, postoperative complications, air leak, drain detention time, 
adhesion therapy, postoperative therapy, hospital death over the postoperative 
30-days, and survival were evaluated. 

2.9. Primary Evaluation Items of Pulmonary Function Test 

The pulmonary function test was performed using a hospital spirometer in 
which the vital capacity (VC), the predicted percentage of VC (%VC, % pre-
dicted), the forced vital capacity (FVC), the forced expiratory volume in one 
second (FEV1), and the percentage of FEV1 (%FEV1) were measured on the 
preoperative day before the administration of the bronchodilator. The parame-
ters of the pulmonary function tests were defined at the three points of the 
“preoperative baseline”, the “postoperative 1 week”, and the “postoperative 4 
weeks”. 

Regarding the change in the four parameters of the VC, %VC, FEV1, 
and %FEV1, the transitions were calculated at two points selected from the three 
periods of the “preoperative baseline”, the “postoperative 1 week, and the 
“postoperative 4 weeks”. For example, in the case of “⊿VC”, that is the change 
between the “preoperative baseline” and the “postoperative 1 week”, which was 
represented as the “⊿VC (‘postoperative 1 week’ − ‘preoperative baseline’)”. 
This calculation equation denotes the “⊿VC (‘postoperative 1 week’ − ‘base-
line’)” = “the value of VC at the postoperative 1 week” − “the value of VC at the 
preoperative baseline”; “⊿VC (‘postoperative 4 weeks’ − ‘baseline’)” = “the val-
ue of VC at the postoperative 4 weeks” − “the value of VC at the preoperative 
baseline”; “⊿VC (‘postoperative 4 weeks’ − ‘postoperative 1 week’)” = “the value 
of VC at the postoperative 4 weeks” − “the value of VC at the postoperative 1 
week”. 

As well as the parameters of the “⊿VC”, for the parameters of “⊿%VC”, 
“⊿FEV1”, and “⊿%FEV1”, the calculation equations are similarly represented as 
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listed below; “⊿%VC (‘postoperative 1 week’ − ‘baseline’)” = “the value of %VC 
at the postoperative 1 week” − “the value of %VC at the preoperative baseline”; 
“%⊿VC (‘postoperative 4 weeks’ − ‘baseline’)” = “the value of %VC at the 
postoperative 4 weeks” − “the value of %VC at the preoperative baseline”; 
“%⊿VC (‘postoperative 4 weeks’ − ‘postoperative 1 week’)” = “the value 
of %VC at the postoperative 4 weeks” − “the value of %VC at the postoperative 1 
week”. Regarding the two parameters of “⊿FEV1” and “⊿%FEV1”, they were 
also calculated between the two points from the three periods of the preoperative 
“baseline”, the “postoperative 1 week”, and the “postoperative 4 weeks”. 

For the changed ratios, these were represented as the calculated indicators, 
which were the changed percentage between the “postoperative 1 week” and the 
preoperative “baseline”, and also that between the “postoperative 4 weeks” and 
the preoperative “baseline”. For example, in the case of the changed ratio of VC, 
the following calculation equation was used: “the changed ratio of VC (%)” = 
100 × [(the VC value of the “postoperative 1 week”) − (the VC value of the 
preoperative “baseline”)] ÷ (the VC value of the preoperative “baseline”)]. Re-
garding the cases of the changed ratio of the %VC (%), FEV1 (%), and %FEV1 
(%), a similar calculation equation was used, that is, “the changed ratio of 
the %VC (%), FEV1 (%), and %FEV1 (%) = 100 × [(the values of the ‘postopera-
tive 1 week’ − the values of the ‘baseline’)/the values of the ‘baseline’] and 100 × 
[(the values of the ‘postoperative 4 weeks’ − the values of the ‘baseline’)/the val-
ues of the ‘baseline’]”. 

2.10. Secondary Evaluation Items of the Patient-Reported  
Outcomes of Quality of Life (PRO-QOL) 

The changes in the subjective symptoms of shortness of breath and dyspnea be-
fore and after surgery were evaluated using the Cancer Dyspnea Scale (CDS) 
[25] [26] [27] [28], the COPD Assessment Test (CAT) questionnaire [29], and 
the St. George’s Respiratory Questionnaire (SGRQ) total score [30]. 

2.10.1. Outcomes of Cancer Dyspnea Scale. 
The Cancer Dyspnea Scale (CDS) for Assessing Dyspnea is one of the most fre-
quent and refractory symptoms in cancer patients. The CDS was translated into 
English by the standard ‘‘forward-backward’’ translation method [25] [26] [27] 
by Tanaka et al. [28]; this translation produced the version of the CDS-E origi-
nally described and published in English in 2000. This instrument assesses the 
breathing difficulty a few days preceding its administration. It consists of 12 
questions, scored on a five-point Likert scales ranging from “not at all” to “very 
much”. The questions are grouped into three factors; i.e., sense of effort, sense of 
anxiety, and sense of discomfort. The original CDS used the time period of “a 
few days” without further definition. To operationalize this, the subjects were 
instructed to consider “a few days” as “within the past seven days”. The CDS is a 
brief, valid and feasible scale for assessing the multidimensional nature of dysp-
nea in cancer patients. 

https://doi.org/10.4236/ss.2020.116018


T. Ayabe et al. 
 

 
DOI: 10.4236/ss.2020.116018 142 Surgical Science 
 

2.10.2. Outcomes of the COPD Assessment Test (CAT) 
The COPD Assessment Test (CAT) [29], the type of questionnaire-description 
that is a patient-completed questionnaire globally assessing the impact of COPD 
(cough, sputum, dyspnea, chest tightness) on health status. The range of the 
CAT scores is from 0 - 40. Higher scores denote a more severe impact of COPD 
on a patient’s life. The difference between stable and exacerbation patients was 
five units. 

2.10.3. Outcomes of St. George’s Respiratory Questionnaire 
The St George’s Respiratory Questionnaire (SGRQ) Score is a standardized, 
self-administered questionnaire for measuring impaired health and the per-
ceived health-related-QOL in airway diseases [30]. A lower SGRQ score 
means better. It consists of 76 items, producing a “symptoms”, an “activity”, 
an “impact” and a “total score”. The “symptoms score” assesses the patients’ 
perception of their recent (4 weeks) respiratory problems; the “activity” score 
measures the patients’ current disturbance to perform daily physical activity; 
the “impact” score evaluates the whole range of disturbances the patients 
currently experience in their life due to respiratory problems and the “total” 
score sums and weighs all the former components. The scores can range 
from 0 (no impairment) to 100 (the worst impairment) for each component; 
higher scores denote greater distress, thus a worse health-related-QOL. The 
questionnaire was administered and scored according to the instruction 
manual. 

2.11. Statistical Analysis 

The means and standard deviations are used for the description of the con-
tinuous measures. Regarding the “pathology” in Table 1 and “use of the po-
lyglycolic acid sheet with fibrin glue for air leak” in Table 4, statistical dif-
ferences between the two groups were calculated using the Chi-square (χ2) 
test. For the preoperative baseline in the COPD group and the LAMA/LABA 
group, the actual measured values of the pulmonary function were statisti-
cally compared before and after the inhalation of the LAMA/LABA treat-
ment before surgery. For the actual measured values of the pulmonary func-
tion and the PRO-QOL, those values at the three points of the preoperative 
“baseline”, the “postoperative 1 week”, and the “postoperative 4 weeks” were 
statistically compared between the LAMA/LABA group and the Control group, 
and the COPD group and the Control group. For the parameters of the 
changed values of pulmonary function at the “postoperative 1 week” and the 
“postoperative 4 weeks” from the preoperative “baseline”, and for the changed 
ratio, these indicators were statistically compared between the LAMA/LABA 
group and the Control group, and the COPD group and the Control group. 
The data were compared, which were tested by the Student’s paired t-test 
among each group. A p-value less than 0.05 was considered to be statistically 
significant. 
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3. Results 

Table 1 shows the background of the 54 registered patients (the LAMA/LABA 
group: n = 19, the Control group: n = 17, the COPD group: n = 18). The number 
of males was 29 (29/54, 53.7%). The average age was 71.1 ± 10.4 in the 
LAMA/LABA group, 65.2 ± 11.2 in the Control group, and 71.0 ± 5.3 in the 
COPD group, and there were no significant differences between the two groups. 
As a preoperative complication, there were COPD (n = 10), interstitial pneumo-
nia (n = 3) and emphysema (n = 23) (data was not shown in Table 1). All pa-
tients were diagnosed with lung cancer, the pathology was diagnosed with ade-
nocarcinoma (n = 35), squamous cell carcinoma (n = 14), adenosquamous car-
cinoma (2), pleomorphic carcinoma (2), and small cell carcinoma (1). Regarding 
the “pathology”, there was no significant difference between the LAMA/LAGA  

 
Table 1. Background of patients. 

Preoperative factors 
LAMA/LABA 
group (n = 19) 

Control group 
(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA 
vs Control 

COPD vs 
Control 

Gender (male/female) 9/10 2/15 18/0 
  

Age (average) 71.1 ± 10.4 65.2 ± 11.2 71.0 ± 5.3 0.0671 0.0731 

Pathology 
   

0.1162 0.0026 

Adenocarcinoma 14 14 7 

Squamous cell carcinoma 4 
 

10 

Adenosquamous carcinoma 
 

2 
 

Pleomorphic carcinoma 1 1 
 

Small cell carcinoma 
  

1 

Left/right 9/10 10/7 7/11 
  

Upper/middle/middle-lower/lower lobes 11/2/0/6 9/0/0/8 7/2/1/8 
  

Clinical T-factor (T1/T2/T3) 12/7/0 10/6/1 7/9/2 
  

Clinical N-factor (N0/N1/N2) 15/4/0 15/1/1 13/4/1 
  

Clinical M-factor (M0/M1b) 18/1 16/1 18/0 
  

Clinical stage (IA/IB/IIA/IIB/IIIA/IIIB/IV) 11/2/4/1/0/0/1 10/3/1/1/1/0/1 5/6/3/3/1/0/0 
  

Pathological T-factor (T1/T2/T3) 12/7/0 10/7/0 9/7/2 
  

Pathological N-factor (N0/N1/N2) 15/2/2 12/1/4 16/2/0 
  

Pathological M-factor (M0/M1b) 18/1 17/0 18/0 
  

Pathological stage (IA/IB/IIA/IIB/IIIA/IIIB/IV) 9/4/2/1/2/0/1 9/3/1/0/4/0/0 7/7/2/2/0/0/0 
  

PaO2 (mmHg) 83.5 ± 12.9 71.0 ±11.4 84.3 ± 11.1 0.1781 0.0370 

PaCO2 (mmHg) 39.9 ± 3.6 41.1 ± 2.6 40.5 ± 3.1 0.1781 0.0370 

pH 7.4 ± 0.0 7.4 ± 0.0 7.4 ± 0.0 0.1781 0.0370 

Smoking history 7 7 17 
  

Brinkman index 1079 ± 613 549 ± 435 1284 ± 881 0.1781 0.0370 
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group and the Control group. In contrast, there was a significant difference be-
tween the Control group and the COPD group (p = 0.0026); the squamous cell 
carcinoma was more significantly observed in 10 cases in the COPD group 
compared to that in the Control group. 

The procedures were upper lobectomy (n = 27), middle lobectomy (n = 4), 
middle-lower lobectomy (n = 1), and lower lobectomy (n = 22). The clinical 
stage showed that IA:26; IB:11; IIA:8; IIB:5; IIIA:2; IIIB:0; IV:2. The pathological 
stage showed that IA:25; IB:14; IIA:5; IIB:3; IIIA:6; IIIB:0; IV:1. 

For the analysis of the arterial blood gas, regarding the PaO2, that in the 
COPD group was 84.3 ± 11.1 mmHg which was higher than that in the Control 
group of 71.0 ± 11.4 mmHg; there was a significant difference (p = 0.037). For 
the PaCO2, that in the COPD group was 40.5 ± 3.1 mmHg which was lower than 
that in the Control group of 41.1 ± 2.6 mmHg; there was a significant difference 
(p = 0.037). For the smoking history, there were 31 patients (57.4%, 31/54). The 
COPD group had a very high rate of smoking history (94.4%, 17/18). For the 
Brinkman index, the value in the COPD group was 1284 ± 881, which was a sig-
nificantly higher difference than that of the Control group (549 ± 435) (p = 
0.037). 

Table 2 shows the preoperative parameters for the preoperative baseline of 
the pulmonary function in three groups. Between the COPD group and the 
Control group, the value of %FEV1 in the COPD group (%FEV1 < 70%, obstruc-
tive pattern) was 57.9% ± 8.7% and that in the Control group was 80.9% ± 6.4%; 
there was a significant difference (p < 0.0001). The VC value was 3.5 ± 0.8 L in 
the COPD group, which was higher than the value of 2.5 ± 0.8 L in the Control 
group; there was significant difference (p = 0.0001). After the randomization of 
the normal pulmonary function patients (%FEV1 ≥ 70%, non-obstructive pat-
tern), the values of %FEV1 showed no significance between the LAMA/LABA 
group and the Control group (79.2% ± 6.4% vs 80.9% ± 6.4%, p = 0.9040). The 
background characteristics of the enrolled patients were well balanced (Table 1 
and Table 2). For the values of %VC and FEV1, there were no significant differ-
ences between the COPD groups and the Control group, and the LAMA/LABA 
group vs the Control group. 

3.1. Change in the Pulmonary Function before and after the  
Intervention of the Inhalation of LAMA/LABA Treatment 

Table 3(a) and Table 3(b) show the result of the effectiveness of the intervention 
of the LAMA/LABA treatment for the LAMA/LABA group (non-obstructive pa-
tients) and the COPD group (obstructive patients). In Table 3(a), for the values 
of VC, %VC, FEV1, and %VC, these parameters before and after the inhalation 
of LAMA/LABA before surgery, there were no significant differences in the 
LAMA/LABA group. In Table 3(b), in the COPD group, for the values of FEV1, 
the parameters after the inhalation was 2.2 ± 0.6 L, although higher than that 
before the inhalation (2.1 ± 0.6 L), however, there were no significant difference  
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Table 2. The variables for the preoperative baselines. 

Preoperative 
baseline 

LAMA/LABA 
group (n = 19) 

Control group 
(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA 
vs Control 

COPD vs 
Control 

VC (L) 2.7 ± 0.7 2.5 ± 0.8 3.5 ± 0.8 0.4066 0.0001 

%VC (%) 99.6 ± 20.2 100.5 ± 19.2 109.1 ± 21.5 0.9909 0.4238 

FEV1 (L) 2.2 ± 0.6 2.0 ± 0.6 2.1 ± 0.6 0.5492 0.8888 

%FEV1 (%) 79.2 ± 6.4 80.9 ± 6.4 57.9 ± 8.7 0.9040 <0.0001 

 
Table 3. (a) Change in the values of pulmonary function before and after the intervention 
of inhalation of LAMA/LABA treatment in the LAMA/LABA group; (b) Change in the 
values of pulmonary function before and after the intervention of inhalation of 
LAMA/LABA treatment in the COPD group. 

(a) 

LAMA/LABA 
group (n = 19) 

LAMA/LABA 
Before inhalation 

LAMA/LABA 
After inhalation 

p value 

LAMA/LABA vs Control 

VC (L) 2.7 ± 0.7 2.7 ± 0.7 0.9372 

%VC (%) 99.6 ± 20.2 101.2 ± 23.4 0.8270 

FEV1 (L) 2.2 ± 0.6 2.2 ± 0.6 0.9967 

%FEV1 (%) 79.2 ± 6.4 80.7 ± 5.8 0.4706 

(b) 

COPD group  
(n = 18) 

LAMA/LABA 
Before inhalation 

LAMA/LABA 
After inhalation 

p value 

COPD vs Control 

VC (L) 3.5 ± 0.8 3.7 ± 0.8 0.6118 

%VC (%) 109.1 ± 21.5 114.3 ± 20.2 0.4706 

FEV1 (L) 2.1 ± 0.6 2.2 ± 0.6 0.4191 

%FEV1 (%) 57.9 ± 8.7 62.7 ± 13.2 0.2109 

 
before and after the inhalation. At the baseline before surgery, there was no ef-
fective improvement in the pulmonary function by the inhalation of LAMA/LABA. 

3.2. The Intraoperative Factors 

Table 4 shows the breakdown and the variables in the intraoperative factors. In 
the right lobectomies, shown are the upper (n = 13), middle (n = 4), mid-
dle-lower (n = 1), and lower (n = 10). In the left lobectomies, shown are the up-
per (n = 14) and lower (n = 12). The performed approaches were an open tho-
racotomy (n = 51) and video-assisted thoracic surgery (n = 3). 

For the operation time and the bleeding volume, between the LAMA/LABA 
group and the Control group, there were no significant differences. In contrast, 
between the COPD group and the Control group, for the operation time and the 
bleeding time, those parameters in the COPD group were significantly longer  
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Table 4. The breakdown and the variables in the intraoperative factors. 

Intraoperative factors 
LAMA/LABA 
group (n = 19) 

Control group 
(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA vs 
Control 

COPD vs 
Control 

Right lobectomy Upper 4 4 5 
  

 
Middle 2 

 
2 

  

 
Middle-lower 

  
1 

  

 
Lower 3 4 3 

  
Left lobectomy Upper 7 5 2 

  

 
Lower 3 4 5 

  
Thoracotomy/VATS 17/2 16/1 18/0 

  
Operation time (min) 216 ± 46.5 207.4 ± 36.6 259.1 ± 79.3 0.6552 0.0102 

Bleeding volume (ml) 144 ± 148.6 90.6 ± 80.5 278.1 ± 237.3 0.3486 0.0019 

Blood transfusion 0 0 0 
  

Intrathoracic adhesion 0 0 0 
  

Intraoperative complication 0 0 0 
  

Use of staple for interlobular division (use number) 1.4 ± 1.0 1.8 ± 1.4 1.8 ± 1.3 0.2736 0.9813 

Use of polyglycolic acid sheet with fibrin glue for air 
leak (case number) 

3 2 3 0.7274 0.6787 

 
than those in the Control group (259.1 ± 79.3 versus 207.4 ± 36.6, p = 0.0102) 
and (278.1 ± 237.3 versus 90.6 ± 80.5, p = 0.0019). However, there was no blood 
transfusion, no intrathoracic adhesion, and no intraoperative complications 
among the three groups. 

Regarding the use of staples for the interlobular division, there were no signif-
icant differences between the LAMA/LABA group and the Control group and 
between the COPD group and the Control group. For the use of the polyglycolic 
acid sheet with fibrin glue for air leak, which was used in 8 cases (8/54, 14.8%), 
there was no significant difference between the LAMA/LABA group and the 
Control group and between the COPD group and the Control group. 

3.3. The Postoperative Factors 

Table 5 shows the breakdown and the variables of the postoperative factors. For 
the postoperative complications, they were observed in 11 cases with pneumonia 
(3), recurrent nerve paralysis (2), atelectasis (1), wound infection (2), subcuta-
neous bleeding (1), subcutaneous emphysema (1), and subcutaneous effusion 
(1). Air leaks were observed in 14 cases. For the drain detention period, there 
were no significant differences among the three groups. There was adhesion 
therapy in 1 case in the COPD group. For the postoperative treatment, there 
were 13 cases, that is, chemotherapy (8), tegafur/uracil (4), and stereotactic ra-
diosurgery plus gefitinib (1). There were no in-hospital deaths after postopera-
tive 30-days. 
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Table 5. The breakdown and the variables in the postoperative factors. 

Postoperative factors 
LAMA/LABA 

group  
(n = 19) 

Control  
group 

(n = 17) 

COPD  
group 

(n = 18) 

p value 

LAMA/LABA 
vs Control 

COPD vs 
Control 

Postoperative complications 
     

Pneumonia 
 

1 2 
  

Athelectasis 
  

1 
  

Recurrent nerve paralysis 1 
 

1 
  

Wound infection 
 

1 1 
  

Subcutaneous bleeding 1 
    

Subcutaneous emphysema 
 

1 
   

Subcutaneous effusion 1 
    

Air leak 7 3 4 
  

Drain detention time (day) 3.6 ± 1.1 4.6 ± 2.8 5.5 ± 2.8 0.2327 0.2611 

Adhesion therapy 0 0 1 
  

Postoperative therapy 
   

 

 
Chemotherapy 2 3 3 

 
Tegafur/Uracil (1) 1 1 2 

 
Stereotactic Radiosurgery + 

Gefitinib 
1 

   

In-hospital death after the 
postoperative 30-days 

0 0 0 
  

3.4. Actual Measured Parameters of Pulmonary Function 

Table 6 shows the results of the measured values of the pulmonary function at 
the point of “postoperative 1 week” and “postoperative 4 weeks”. The measured 
values of VC, %VC, FEV1, and %FEV1 at the point of “postoperative 1 week” and 
the “postoperative 4 weeks” were compared to the values based on the preopera-
tive “baseline” variables in Table 2, and which were compared between two 
groups of the LAMA/LABA group and the Control group, and those of the 
COPD group for the Control group. 

In Table 2, in the Control group, the preoperative VC value was 2.5 ± 0.8 L, 
the postoperative VC value decreased to 1.7 ± 0.5 L at “postoperative 1 week” 
and 1.9 ± 0.5 L at “postoperative 4 weeks”. The preoperative FEV1 value of the 
Control group was 2.0 ± 0.6 L, the postoperative FEV1 value decreased to be 1.3 
± 0.4 L at “postoperative 1 week” and 1.5 ± 0.4 L at “postoperative 4 weeks”. The 
preoperative %FEV1 value of the Control group was 80.9 ± 6.4%, the postopera-
tive %FEV1 value was not changed and almost the same of 79.7 ± 9.1% at “post-
operative 1 week” and 79.4 ± 8.9% at “postoperative 4 weeks”. 

In contrast, in the COPD group, the preoperative VC value was 3.5 ± 0.8 L, 
the postoperative VC value decreased to 2.6 ± 0.8 L at “postoperative 1 week”  
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Table 6. The measured values of the pulmonary function at the points of the “postopera-
tive 1 week” and the “postoperative 4 weeks”. 

Pulmonary function 
LAMA/LABA 

group 
(n = 19) 

Control 
group 

(n = 17) 

COPD 
group 

(n = 18) 

p value 

LAMA/LABA 
vs Control 

COPD vs 
Control 

Postoperative 1 week 
     

VC (L) 2.0 ± 0.5 1.7 ± 0.5 2.6 ± 0.8 0.1117 <0.0001 

%VC (%) 74.7 ± 15.2 67.7 ± 14.9 82.2 ± 21.9 0.2340 0.0204 

FEV1 (L) 1.7 ± 0.5 1.3 ± 0.4 1.7 ± 0.5 0.0251 0.0369 

%FEV1 (%) 82.3 ± 6.8 79.7 ± 9.1 64.2 ± 11.6 0.4045 <0.0001 

Postoperative 4 weeks 
     

VC (L) 2.1 ± 0.6 1.9 ± 0.5 2.7 ± 0.7 0.3034 0.0003 

%VC (%) 77.4 ± 16.6 76.2 ± 13.8 84.2 ± 21.7 0.8454 0.2067 

FEV1 (L) 1.8 ± 9.5 1.5 ± 0.4 1.8 ± 0.5 0.1674 0.1438 

%FEV1 (%) 83.5 ± 7.5 79.4 ± 8.9 66.2 ± 13.6 0.2742 0.0007 

 
and 2.7 ± 0.7 L at “postoperative 4 weeks”. The preoperative of FEV1 value of the 
COPD group was 2.1 ± 0.6 L, the postoperative FEV1 values decreased to 1.7 ± 
0.5 L at “postoperative 1 week” and 1.8 ± 0.5 L at “postoperative 4 weeks”. 
However, compared to those decreased FEV1 changes in the Control group, 
those in the COPD group were less in degree of decrease, which were compara-
bly maintained. The preoperative %FEV1 value of the COPD group was 57.9% ± 
8.7%, the postoperative %FEV1 values rather increased to 64.2% ± 11.6% at 
“postoperative 1 week” and 66.2% ± 13.6% at “postoperative 4 weeks”. Due to 
the inhalation of the LAMA/LABA treatment for the COPD group, the effec-
tiveness for the FEV1 and %FEV1 values was observed. 

For the comparison of the COPD group and the Control group, for the post-
operative FEV1 values, the “postoperative 1 week” FEV1 value in the Control 
group decreased to 1.3 ± 0.4 L, on the other hand, that in the COPD group was 
maintained at 1.7 ± 0.5 L; there was significant difference between the two 
groups (p = 0.0369). For the “postoperative 4 weeks” FEV1 value, that in the 
Control group decreased to 1.5 ± 0.4 L and that in the COPD group was main-
tained at 1.8 ± 0.5 L, however, there was no significant difference between the 
two groups (p = 0.1438). Based on these results, the postoperative FEV1 values in 
the COPD group were observed to be constant compared to those in the Control 
group. 

In the LAMA/LABA group, for the preoperative parameters of VC, %VC, 
FEV1, and % FEV1, there were no significant differences between the two 
LAMA/LABA and Control groups. The preoperative VC value of the LAMA/LABA 
group was 2.7 ± 0.7 L, the postoperative VC values decreased to 2.0 ± 0.5 L at 
“postoperative 1 week” and 2.1 ± 0.6 L at “postoperative 4 weeks”, and there 
were no significant differences between the LAMA/LABA group and the Control 

https://doi.org/10.4236/ss.2020.116018


T. Ayabe et al. 
 

 
DOI: 10.4236/ss.2020.116018 149 Surgical Science 
 

group. The preoperative FEV1 value of the LAMA/LABA group was 2.2 ± 0.6 L, 
the postoperative FEV1 values decreased to be 1.7 ± 0.5 L at “postoperative 1 
week” and 1.8 ± 9.5 L at “postoperative 4 weeks”. 

For the comparison of the “postoperative 1 week” FEV1 between the 
LAMA/LABA group and the Control group, the values of the “postoperative 1 
week” FEV1 decreased and were constant at 1.7 ± 0.5 L in the LAMA/LABA 
group, on the other hand, in the Control group, which significantly decreased to 
1.3 ± 0.4 L, that of the LAMA/LABA group at “postoperative 1 week” was signif-
icantly higher than that of the Control group (p = 0.0251). There were no signif-
icant differences in the values of VC, %VC, and %FEV1 between the LAMA/LABA 
group and the Control group. 

For the “postoperative 4 weeks” FEV1 value, that in the Control group de-
creased to 1.5 ± 0.4 L and that in the LAMA/LABA group decreased to 1.8 ± 9.5 
L. The value of the “postoperative 4 week” in the Control group decreased to 1.5 
± 0.4 L and that in the LAMA/LABA group was maintained at 1.8 ± 9.5 L, how-
ever, there was no significant difference between the two groups (p = 0.1674). 
Based on these results, the value of the postoperative FEV1 of the LAMA/LABA 
group was observed to be constant compared to that in the Control group. 

3.5. The Changes in the Measured Values and the Changed Ratios 
of The pulmonary Function 

Tables 7(a)-(e) show the results of the changed values of the measured parame-
ters (⊿VC, ⊿%VC, ⊿FEV1, and %⊿FEV1) and the changed ratios of the meas-
ured parameters (VC, %VC, FEV1, and %FEV1). 

In Table 7(a), for the changed values between the “postoperative 1 week” and 
the “baseline”, of which the calculated values represent ⊿VC (“postoperative 1 
week” − “baseline”) (L) and ⊿%VC (“postoperative 1 week” − “baseline”) (L), 
there were no significant differences between the LAMA/LABA group and the 
Control group, and between the COPD group and the Control group. On the 
other hand, for the values of the ⊿FEV1 (“postoperative 1 week” − “baseline”) (L) 
and the ⊿% FEV1 (“postoperative 1 week” − “baseline”) (%), the changed value 
of the ⊿FEV1 (“postoperative 1 week” − “baseline”) (L) in the LAMA/LABA 
group decreased to −0.5 ± 0.3 L (p = 0.0217), and that in the COPD group de-
creased to −0.4 ± 0.3 L (p = 0.0028), both which significantly decreased less 
compared to that of the Control group (−0.7 ± 0.3 L). For the changed value of 
the ⊿% FEV1 (%) in the Control group, it decreased to −1.2% ± 7.6%, and that 
in the COPD group rather increased to 7.1% ± 7.2%; thus there was a significant 
difference (p = 0.0013). 

In Table 7(b), for the changed values between the “postoperative 4 weeks” 
and the “baseline”, of which the calculated values represent ⊿VC (“postopera-
tive 4 weeks” − “baseline”) (L) and ⊿%VC (“postoperative 4 weeks” − “base-
line”) (L), there were no significant differences between the LAMA/LABA group 
and the Control group, and between the COPD group and the Control group. 
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On the other hand, for the values of the ⊿FEV1 (“postoperative 4 weeks” − 
“baseline”) (L) and the ⊿% FEV1 (“postoperative 4 weeks” − “baseline”) (%), 
the changed value of the ⊿FEV1 (“postoperative 4 weeks” − “baseline”) (L) in 
the LAMA/LABA group decreased to −0.5 ± 0.6 L (p = 0.0393), and that of the  

 
Table 7. (a) Changed values between “postoperative 1 week” and “baseline”; (b) Changed values between “postoperative 4 weeks” 
and “baseline”; (c) Changed values between “postoperative 4 weeks” − “postoperative 1 week”; (d) Changed ratios [(“postopera-
tive 1 week” − “baseline”)/“baseline”]; (e) Changed ratios [(“postoperative 4 weeks” − “baseline”)/“baseline”]. 

(a) 

Changed values between “postoperative 1 week” 
and “baseline” 

LAMA/LABA 
group (n = 19) 

Control group 
(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA vs 
Control 

COPD vs 
Control 

⊿VC (“postoperative 1 week” − “baseline”) (L) −0.7 ± 0.4 −0.8 ± 0.4 −0.9 ± 0.5 0.3637 0.4658 

⊿%VC (“postoperative 1 week” − “baseline”) (%) −24.9 ± 12.6 −32.8 ± 12.9 −27.9 ± 16.1 0.0947 0.3155 

⊿FEV1 (“postoperative 1 week” − “baseline”) (L) −0.5 ± 0.3 −0.7 ± 0.3 −0.4 ± 0.3 0.0217 0.0028 

⊿%FEV1 (“postoperative 1 week” − “baseline”) (%) 3.1 ± 6.0 −1.2 ± 7.6 7.1 ± 7.2 0.0706 0.0013 

 (b) 

Changed values between “postoperative 4 weeks” 
and “baseline” 

LAMA/LABA 
group (n = 19) 

Control group 
(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA 
vs Control 

COPD vs Control 

⊿VC (“postoperative 4 weeks” − “baseline”) (L) −0.7 ± 0.7 −0.7 ± 0.4 −0.8 ± 0.5 0.3880 0.3880 

⊿%VC (“postoperative 4 weeks” − “baseline”) (%) −26.2 ± 27.9 −27.2 ± 14.8 −24.9 ± 15.6 0.1511 0.6293 

⊿FEV1 (“postoperative 4 weeks” − “baseline”) (L) −0.5 ± 0.6 −0.6 ± −0.4 −0.3 ± 0.3 0.0393 0.0062 

⊿%FEV1 (“postoperative 4 weeks” − “baseline”) (%) −0.2 ± 20.2 −1.7 ± 10.6 8.3 ± 9.2 0.0514 0.0018 

(c) 

Changed values between “postoperative 4 weeks” − “postoperative 
1 week” 

LAMA/LABA 
group  

(n = 19) 

Control  
group 

(n = 17) 

COPD  
group 

(n = 18) 

p value 

LAMA/LABA 
vs Control 

Control vs 
COPD 

⊿VC (“postoperative 4 weeks” − “postoperative 1 week”) (L) 0 ± 0.6 0.2 ± 0.1 0.1 ± 0.2 0.4917 0.5668 

⊿%VC (“postoperative 4 weeks” − “postoperative 1 week”) (%) −1.3 ± 22.7 7.4 ± 5.3 3.8 ± 7.0 0.1261 0.1597 

⊿FEV1 (“postoperative 4 weeks” − “postoperative 1 week”) (L) 0 ± 0.4 0.2 ± 0.1 0.1 ± 0.2 0.0944 0.0736 

⊿%FEV1 (“postoperative 4 weeks” − “postoperative 1 week”) (%) −3.2 ± 19.3 0.4 ± 7.0 0 ± 6.5 0.6974 0.8697 

(d) 

Changed ratios [(“postoperative 1 week” − 
“baseline”)/”baseline] 

LAMA/LABA 
group (n = 19) 

Control group 
(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA vs 
Control 

Control vs 
COPD 

Changed ratio of VC (%) −0.3 ± 0.1 −0.3 ± 0.1 −0.2 ± 0.2 0.0746 0.0720 

Changed ratio of %VC (%) −0.2 ± 0.1 −0.3 ± 0.1 −0.2 ± 0.2 0.0469 0.0725 

Changed ratio of FEV1 (%) −0.2 ± 0.1 −0.4 ± 0.1 −0.2 ± 0.2 0.0025 0.0001 

Changed ratio of %FEV1 (%) 0 ± 0.1 −0.01 ± 0.1 0.1 ± 0.1 0.1049 0.0002 
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(e) 

Changed ratios [(“postoperative 4 weeks” − 
“baseline”)/”baseline”] 

LAMA/LABA 
group (n = 19) 

Control group 
(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA vs 
Control 

Control vs 
COPD 

Changed ratio of VC (%) −0.2 ± 0.2 −0.3 ± 0.1 −0.2 ± 0.1 0.2538 0.4800 

Changed ratio of %VC (%) −0.2 ± 0.2 −0.3 ± 0.1 −0.1 ± 0.2 0.2617 0.4791 

Changed ratio of FEV1 (%) −0.2 ± 0.2 −0.3 ± 0.1 0.1 ± 0.2 0.0301 0.0015 

Changed ratio of %FEV1 (%) 0 ± 0.3 −0.02 ± 0.1 0.1 ± 0.2 0.0972 0.0005 

 
COPD group decreased to −0.3 ± 0.3 L (p = 0.0062), both which significantly 
decreased less compared to that of the Control group (−0.6 ± −0.4 L). For the 
changed value of the ⊿%FEV1 (“postoperative 4 weeks” − “baseline”) (%) in the 
Control group, that decreased to −1.7% ± 10.6%, and that in the COPD group 
rather increased to 8.3% ± 9.2%; thus there was a significant difference (p = 
0.0018). 

In Table 7(c), for the changed degrees between the “postoperative 4 weeks” 
and the “postoperative 1 week”, the changed degrees of ⊿VC, ⊿%VC, ⊿FEV1, 
and ⊿% FEV1, which were small and there were no significant differences be-
tween the groups. 

In Table 7(d), for the changed ratios (“postoperative 1 week” − “base-
line”)/”baseline”, the changed ratio of %VC(%) in the LAMA/LABA group de-
creased to −0.2% ± 0.1%, that in the Control group decreased to −0.3% ± 0.1%, 
and there was a significant difference, that in the LAMA/LABA was constant 
and decreased less than that in the Control group (p = 0.0469). For the changed 
ratios (“postoperative 1 week” − “baseline”)/”baseline”, the changed ratio of 
FEV1 (%) in the LAMA/LABA group decreased to −0.2% ± 0.1% (p = 0.0025), 
and that in the COPD group decreased to −0.2% ± 0.2% (p = 0.0001), both 
which significantly decreased less compared to that of the Control group (−0.4% 
± 0.1%). For the changed ratio of % FEV1 (%) in the Control group, it decreased 
to be −0.01% ± 0.1%, and that in the COPD group rather increased to be 0.1% ± 
0.1%; thus there was a significant difference (p = 0.0002). 

In Table 7(e), for the changed ratios (“postoperative 4 weeks” − “base-
line”)/”baseline”, the changed ratio of FEV1 (%) in the LAMA/LABA group de-
creased to −0.2% ± 0.2% (p = 0.0301), and that in the COPD group decreased to 
0.1% ± 0.2% (p = 0.0015), both which significantly decreased less compared to 
that of the Control group (−0.3% ± 0.1%). The changed ratio of % FEV1 (%) in 
the Control group decreased to −0.02% ± 0.1%, and that in the COPD group ra-
ther increased to 0.1% ± 0.2%; thus there was a significant difference (p = 
0.0005). 

3.6. Patient-Reported Outcomes of Cancer Dyspnea Scale  
for Assessing Dyspnea 

Table 8 shows the results of the outcomes of the CDS at the point of “preoperative  
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Table 8. Patient-reported outcomes of Cancer Dyspnea Scale (CDS). 

Cancer Dyspnea Scale 
LAMA/LABA 

group  
(n = 19) 

Control 
group 

(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA 
vs Control 

COPD vs 
Control 

Preoperative baseline 
     

Sense of effort 0.6 ± 2.9 0.6 ± 1.7 1.5 ± 1.7 0.9879 0.2159 

Sense of anxiety 0.9 ± 3.0 0.5 ± 1.6 1.7 ± 2.3 0.6809 0.1840 

Sense of discomfort 0.2 ± 2.2 0.2 ± 0.6 0.2 ± 0.5 0.9435 0.9803 

Total dyspnea 1.7 ± 5.7 1.3 ± 3.3 3.4 ± 2.6 0.8004 0.1405 

Postoperative 1 week 
     

Sense of effort 3.0 ± 2.1 3.7 ± 3.4 5.1 ± 3.5 0.6817 0.2305 

Sense of anxiety 4.0 ± 2.9 4.1 ± 2.6 3.9 ± 3.0 0.9056 0.8516 

Sense of discomfort 0.4 ± 0.9 1.5 ± 4.1 1.7 ± 2.9 0.2970 0.8622 

Total dyspnea 7.4 ± 4.6 9.3 ± 7.4 10.7 ± 6.8 0.5451 0.5663 

Postoperative 4 weeks 
     

Sense of effort 2.7 ± 2.7 5.8 ± 2.5 3.3 ± 4.8 0.0731 0.1485 

Sense of anxiety 3.9 ± 3.4 5.3 ± 1.1 4.3 ± 5.3 0.4033 0.5467 

Sense of discomfort 0.7 ± 1.4 3.2 ± 2.9 1.8 ± 5.4 0.1159 0.3890 

Total dyspnea 7.4 ± 5.5 14.3 ± 5.2 9.5 ± 8.6 0.0348 0.1124 

 
baseline”, “postoperative 1 week” and “postoperative 4 weeks” among the three 
groups. The CDS is composed of three factors (sense of effort, sense of anxiety, 
and sense of discomfort) using a factor analysis. In the COPD group at the 
preoperative baseline, the parameters of the sense of effort, sense of anxiety, and 
total dyspnea were the highest compared to those in the LAMA/LABA and Con-
trol groups, thus there was no significant difference. Regarding the parameters 
of the total dyspnea compared to the status of dyspnea at the “preoperative base-
line”, which increased during the surgery period, as time passed, the degree of 
total dyspnea showed an increased status at the “postoperative 1 week” and the 
“postoperative 4 weeks”. 

For the calculated parameters of the “total dyspnea” at the “postoperative 4 
weeks”, that in the LAMA/LABA group increased to 7.4 ± 5.5 and that in the 
Control group increased to 14.3 ± 5.2. The increased parameters of the “total 
dyspnea” of the LAMA/LABA group at the “postoperative 4 weeks” were lower 
than those of the Control group, thus there was a significant difference (p = 
0.0348). On the other hand, the parameters of the “total dyspnea” in the COPD 
group increased to 9.5 ± 8.6, which was lower than those of the Control group, 
thus there was no significant difference (p = 0.1124). 

In the Control group, the parameter of the “total dyspnea” at the “preopera-
tive baseline” was the lowest among the three groups, however, this value gradu-
ally increased to 9.3 ± 7.4 at the “postoperative 1 week” and was 14.3 ± 5.2 at the 
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“postoperative 4 weeks”, the parameter at the “postoperative 4 weeks” in the Con-
trol group which became the highest among the three groups. In contrast, the pa-
rameters of “total dyspnea” at the “postoperative 4 weeks” in the LAMA/LABA 
group and the COPD group, which showed lower values compared to that of the 
Control group, and there was no increase during the “postoperative 1 week” and 
the “postoperative 4 weeks” in the LAMA/LABA group and in the COPD group. 
Based on the results of the lower parameters of “total dyspnea” at the point of 
“postoperative 4 week” in the LAMA/LABA group and in the COPD group, the 
intervention of the LAMA/LABA treatment for both the LAMA/LABA group 
and the COPD group, of which the total dyspnea symptom was observed to be 
maintained compared to that of the Control group. 

3.7. Patient-Reported Outcomes of COPD Assessment Test (CAT) 

Table 9 shows the results of the outcomes of the COPD assessment test (CAT) 
before and after surgery, which contained symptoms, activity, impacts, and total 
scores. For the comparison of the “total score” of the “preoperative baseline”, the 
value of the COPD group (9.0 ± 6.7) was the highest and that of the Control 
group (3.4 ± 3.2) was the lowest of the three groups. The value of the COPD 
group of the “preoperative baseline” was higher than that of the Control group 
(p = 0.0056). Compared to the measured values of the “total score” of the “preo-
perative baseline” with those values at the “postoperative 1 week” of the three 
groups, those three values of the “postoperative 1 week” increased to similar 
values, and there was no significant difference between the three groups. For the 
measured value of the “total score” of the “postoperative 4 weeks”, the value of 
the Control group was 16.6 ± 5.1 was the highest of the three groups, and higher 
than that of the COPD group (14.3 ± 9.0, p = 0.4992), although the value of the 
Control group of the “preoperative baseline” was 3.4 ± 3.2, the lowest of the 
three groups. Although the Control group had no treatment of the LAM/LABA, 
the degree of the increased parameters of the “total score” became the highest 
between the “preoperative baseline” and the “postoperative 4 week”. 

3.8. Patient-Reported Outcomes of St. George’s  
Respiratory Questionnaire 

Table 10 shows the results of the outcomes from the St. George’s Respiratory 
Questionnaire including 4 types of scores, that is, symptoms, activity, impacts, 
and total scores, which were performed at the “preoperative baseline”, the 
“postoperative 1 week” and the “postoperative 4 weeks”. For the “preoperative 
baseline”, the “postoperative 1 week” and the “postoperative 4 weeks”, the 
symptoms scores of the COPD group were 30.0 ± 17.6, 30.0 ± 17.6, 27.4 ± 14.4, 
significantly higher than those of the Control group (p = 0.0012, p = 0.0010, and 
p = 0.0026). In contrast, for the symptoms, activity, impact, total scores, at the 
three points of the “preoperative baseline”, the “postoperative 1 week” and the 
“postoperative 4 weeks”, there were no significant differences between the  
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Table 9. Patient-reported outcomes of COPD assessment test (CAT). 

Total score 
LAMA/LABA 

group 
(n = 19) 

Control 
group 

(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA 
vs Control 

COPD vs 
Control 

Preoperative baseline 5.9 ± 5.6 3.4 ± 3.2 9.0 ± 6.7 0.1824 0.0056 

Postoperative 1 week 12.6 ± 5.2 15.6 ± 6.7 15.0 ± 9.7 0.2444 0.8107 

Postoperative 4 weeks 11.8 ± 7.7 16.6 ± 5.1 14.3 ± 9.0 0.1655 0.4992 

 
Table 10. Patient-reported outcomes of St. George’s Respiratory Questionnaire (SGRQ). 

St. George’s Respiratory 
Questionnaire 

LAMA/LABA 
group 

(n = 19) 

Control 
group 

(n = 17) 

COPD group 
(n = 18) 

p value 

LAMA/LABA 
vs Control 

COPD vs 
Control 

Preoperative baseline 
     

Symptoms score 20.7 ± 16.1 10.9 ± 12.3 30.0 ± 17.6 0.0773 0.0012 

Activity score 27.0 ± 18.0 27.4 ± 33.1 36.2 ± 20.4 0.9703 0.3386 

Impacts score 17.0 ± 13.1 16.9 ± 21.7 18.9 ± 12.0 0.9960 0.7448 

Total score 22.2 ± 11.3 15.2 ± 19.4 26.3 ± 13.5 0.2490 0.0617 

Postoperative 1 week 
     

Symptoms score 20.7 ± 15.6 10.9 ± 12.3 30.0 ± 17.6 0.0713 0.0010 

Activity score 49.3 ± 25.0 58.9 ± 25.0 55.6 ± 26.1 0.3025 0.7481 

Impacts score 28.1 ± 19.3 28.7 ± 11.8 31.0 ± 16.2 0.9156 0.7268 

Total score 32.8 ± 16.3 35.2 ± 11.2 39.2 ± 17.7 0.6626 0.5420 

Postoperative 4 weeks 
     

Symptoms score 20.0 ± 16.0 10.9 ± 12.3 27.4 ± 14.4 0.1361 0.0026 

Activity score 49.9 ± 18.4 57.9 ± 13.6 51.9 ± 25.7 0.3544 0.5071 

Impacts score 27.9 ± 3.1 34.0 ± 12.5 31.3 ± 27.4 0.5316 0.7872 

Total score 33.8 ± 18.0 37.0 ± 8.0 37.2 ± 22.9 0.7050 0.9883 

 
LAMA/LABA group and the Control group. For the three groups, the measured 
values of “total score” of “postoperative 1 week” and “postoperative 4 weeks”, 
which were higher compared to the “total score” of the “preoperative baseline”. 
The increased results of the “total score” showed the exacerbation of the symp-
toms after the surgery in the three groups. 

4. Discussion 

COPD is a common preventable disease, characterized by a persistent airflow 
limitation that is usually progressive and associated with an enhanced chronic 
inflammatory response to noxious particles or gases [12]. According to the 
World Health Organization, COPD is the fourth leading cause of death world-
wide [1], and its burden is projected to increase in the coming decades due to the 
aging of the population worldwide and the continuous exposure to risk factors 
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[31]. COPD exacerbation is the major contributor to deterioration of the pul-
monary function, worsening of the quality of life, increases in health care costs, 
need for hospitalization, and risk of death [32] [33]. 

Cigarette smoking is the principal and most widespread cause of this disorder, 
although other etiologic agents have been involved [34] [35] [36]. It has been 
reported that about 11% of patients with COPD are non-smokers [37]. 

Abnormal spirometry, commonly defined by a reduction of the forced expi-
ratory volume in one second/forced vital capacity (FEV1/FVC) ratio below either 
0.70 [34] or the age-related lower limit of normal [35] [38] [39], the hallmark of 
the disease. The progression of COPD is signaled by a faster than normal annual 
decline in the FEV1 and FVC [40] [41], as well as by an abnormal increase in 
static lung volumes [42]. The deterioration in the pulmonary function is asso-
ciated with worsening of dyspnea, increased rate and severity of exacerbation 
[43] [44], a progressive inability to cope with the daily activity, and eventually 
premature death. 

In 2001, the first Global Initiative for Chronic Obstructive Pulmonary Disease 
[12] report provided broad recommendations for the management of COPD 
[45]. Bronchodilatory medication, including short-acting β2-agonists (salbuta-
mol), LAMAs (salmeterol and formoterol), short-acting muscarinic antagonists 
(ipratropium bromide), and salbutamol and ipratropium bromide combinations, 
were recognized as central to its pharmacological management [45]. These drugs 
were recommended for use on a regular or “as-needed” basis for symptom relief. 

In 2002, the first maintenance bronchodilator became available, tiotropium, a 
once-daily inhaled LAMA, delivered via a single-dose capsule inhaler device 
[46]. Indacaterol, the first once-daily LABA, offered rapid and sustained bron-
chodilation and significantly improved the pulmonary function compared to the 
first-generation twice-daily LABAs, formoterol and salmeterol, and tiotropium 
[47] [48] [49], with an acceptable safety profile with minimal cardiac effects [50] 
[51]. 

Studies have suggested that β2-agonists and muscarinic antagonists may act 
synergistically to elicit additive effects on the pulmonary function, and provide a 
rationale for combining the two agents for optimized bronchodilation [52] [53]. 
This led to studies of the free combinations of long-acting bronchodilators that 
indicated significant improvements in pulmonary function and patient-reported 
outcomes, and a comparable safety and tolerability profile versus monotherapy 
in patients with moderate-to-severe COPD [54] [55] [56] [57]. 

LAMAs and LABAs achieve bronchodilation through different mechanisms; 
muscarinic antagonists block acetylcholine-mediated bronchoconstriction by 
binding to M3 receptors in the airway smooth muscle [58], whereas β2 agonists 
induce smooth muscle relaxation by stimulating the β2-adrenergic receptors [53] 
[59]. These distinct mechanisms result in differences of the observed efficacy 
between the two classes of bronchodilators. Hence, some data suggest that LA-
BAs are more effective at improving the symptoms and Health-related Quality of 
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Life (HR-QoL) than LAMAs, while LAMAs are superior to LABAs in reducing 
exacerbations with the differential efficacy likely occurring through modes of ac-
tion beyond bronchodilation [20] [53] [60] [61] [62]. Such differences provide 
the opportunity of combining LABAs and LAMAs in an attempt to improve the 
treatment outcomes. 

Different combinations of a LAMA and a LABA in a single inhaler are gaining 
popularity for the treatment of COPD [63] [64] [65]. Due to their promising 
pharmacological efficiency [66] and safety [67], LABA/LAMA fixed-dose com-
bination therapies, also known as double bronchodilation [68], are increasingly 
considered as a viable therapeutic option for patients with COPD. 

Indacaterol/glycopyrronium (IND/GLY), an inhaled, once-daily dual bron-
chodilator containing the LABA indacaterol (110 µg as maleate salt) and the 
LAMA glycopyrronium (50 µg as bromide salt), is indicated for maintenance 
therapy for COPD [69] [70]. Development of IND/GLY was driven by the need 
to improve the standard of care for patients with this disease in terms of symp-
tom control and exacerbation frequency. IGNITE, an adaptive, comprehensive, 
and innovative Phase 3 development program, demonstrated the efficacy of 
IND/GLY in optimizing bronchodilation, reducing symptoms, and reducing ex-
acerbations in patients with COPD [71]. IGNITE challenged contemporary 
thinking about the pharmacological treatment and management of patients with 
this disease. 

In the meta-analysis of 23 randomized controlled trials involving 20,185 pa-
tients with stable moderate-to-very severe COPD [72], Rodrigo, G.J. et al. [72] 
compared the efficacy and safety of dual bronchodilation with four approved 
LABA/LAMA fixed-dose combinations (Indacaterol/Glycopyrronium, Umecli-
dinium/Vilanterol, Aclidinium/Formoterol and Tiotropium/Olodaterol) with 
treatment using LAMA or LABA/inhaled corticosteroid. They have shown that 
the LABA/LAMA combinations provided a superior efficacy and comparable 
safety profiles compared with either the LAMA or LABA/inhaled corticosteroid 
treatment. For the mild COPD patients, a short-acting bronchodilator is used 
when needed, such as during exercise or heavy exertion, to reduce symptoms. 
For the moderate COPD patients, improvement of QOL and exercise tolerance 
are important treatment goals in addition to symptom reduction, and 
long-acting bronchodilators should be regularly used when the effect low with a 
single agent, the combination of multiple agents are considered. For the severe 
COPD patients, the combination of multiple long-acting bronchodilators is used 
for treatment. 

COPD causes impaired pulmonary function as a symptom of occlusive dis-
order and is associated with a significantly high incidence of postoperative pul-
monary complications, such as pneumonia, acute bronchitis, and atelectasis 
[73]. As a preoperative management using inhalation therapy for pulmonary 
complications in lung cancer patients with COPD, the use of LAMA and LABA 
bronchodilators and smoking cessation can reduce the frequency of postopera-

https://doi.org/10.4236/ss.2020.116018


T. Ayabe et al. 
 

 
DOI: 10.4236/ss.2020.116018 157 Surgical Science 
 

tive pulmonary complications after surgical lung resection [73] and their inhala-
tion might be useful for not only perioperative care, but also for the long-term 
survival of COPD patients after surgery. 

Based on our randomized clinical trial for thoracic surgical patients with lung 
cancer and normal pulmonary function and COPD, the use of a dual broncho-
dilator (glycopyrronium and indacaterol, LAMA + LABA) contributes to the pe-
rioperative management of the lung cancer patients with a low pulmonary func-
tion with COPD, the intervention of which shows better postoperative respira-
tory function improvement and preserving PRO-QOL. For the examination 
whether the use of a LABA with LAMA could optimize the preoperative pulmo-
nary function and reduce the risk for postoperative pulmonary complications 
[74], preoperative LAMA/LABA therapy was associated with greater improve-
ments in the preoperative pulmonary function and less postoperative pneumonia 
than LAMA therapy. These results may lead to greater improvements in the FEV1 
and less postoperative pneumonia by encouraging preoperative LAMA/LABA 
therapy [74]. 

Measurements of the pulmonary function by spirometry, particularly the 
forced expiratory volume in one second (FEV1), is routinely used as an indicator 
of efficacy in the evaluation of the bronchodilator [75]. However, COPD is a 
complex disease with multiple symptoms, not all of which can be determined by 
spirometry [76]. As such, the exclusive use of FEV1 as the primary efficacy end-
point has increasingly become questioned, as it may underestimate the true clin-
ical benefit of the intervention [77] [78]. For healthcare professionals, evaluation 
of patient-reported outcomes (PRO) is of more relevance than isolated pulmo-
nary function data, as these represent the impact of treatment from the patient’s 
perspective [79]. The use of PRO, such as health status measurement as 
co-primary endpoints in COPD trials, is now recommended in the COPD guide-
lines [80]. 

For the health-related quality of life (HRQoL), the St George’s Respiratory 
Questionnaire (SGRQ) was developed, validated, and widely used in clinical tri-
als to assess the HRQoL [81] [82]. However, the SGRQ failed to penetrate rou-
tine clinical practice. Other PROs reported in a number of clinical studies as-
sessed “daily symptoms”, “nocturnal awaking”, ability to cope with daily activi-
ties, and use of rescue medications by means of “diary cards” self-administered 
by patients. However, the SGRQ remains the standard for subjective health sta-
tus assessment in clinical studies. 

The outcome measures were the Transition Dyspnea Index (TDI) and SGRQ 
scores, COPD exacerbation frequency and rescue medication use. The relation-
ships between changes in the trough forced expiratory volume in one second 
(△FEV1) and outcomes following treatment were assessed. They suggested that 
FEV1 improvements post-bronchodilation correlate with the PRO improve-
ments. These data suggested that FEV1 improvements post-bronchodilation 
correlate with the PRO improvements. Further improvements in patient out-
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comes may be expected by maximizing the pulmonary function improvements. 
Regarding the limitation of this study, this research was a randomized control 

trial study for surgical patients with normal pulmonary function, and a prospec-
tive study as a comparison of surgical patients with both COPD and normal 
pulmonary function. Our data were based on a single institute and a very limited 
low number of patients. There was significant effectiveness in preserving the 
postoperative pulmonary function as shown in the changed FEV1 value. Al-
though we evaluated the surgical patient’s quality of life in the perioperative 
term by three different types of PRO-QOLs, however, there were only significant 
differences in the total dyspnea by the CDS, which showed the effectiveness of 
improvement of the symptom, that is, the reduction of the total dyspnea in the 
LAMA/LABA group compared to the Control group. On the other hand, for the 
other indicators of PRO-QOL, there were no significant differences in the three 
groups. These finding should explain that the effects of surgical thoracotomy 
with postoperative chest pain became too significant to contradict the small 
changes in the symptom indicator of the PRO-QOL indicators. Actually, the 
open thoracotomy has a very high invasive injury compared to the minimally 
invasive video-assisted thoracic surgery, both of which influence much more the 
patients’ daily life in the hospital to moderate to severe degrees of the symptom 
in the postoperative term, such as wound pain due to the thoracotomy, post-
operative cough and sputum after the lobectomy. These postoperative symptoms 
become significant for preoperative daily life and are obscured by the overlap of 
the preoperative COPD symptoms with additional invasion of the lobectomy for 
lung cancer surgery. There was a low impact by the intervention of the 
LAMA/LABA therapy to improve the postoperative respiratory symptoms and 
complications. 

Regarding future prospects, to increase the registered number of cases, we 
would like to conduct multi-institutional joint research. In addition, we would 
like to investigate the effect of dual bronchodilators on the postoperative respi-
ratory function depending on the difference in the surgical procedures, such as 
in the upper and lower lobectomies. 

5. Conclusion 

The present study shows that the perioperative intervention of LAMA/LABA 
therapy for lung cancer surgery was associated with improvement of the post-
operative pulmonary function in both the patients with COPD and normal pul-
monary function. The results led to the improvement of the postoperative para-
meters of the FEV1, the preserving of the postoperative pulmonary function and 
the better PRO-QOL, which should contribute to improving the surgical out-
come such as reducing the postoperative respiratory complications. 
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