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Purpose: To explore the predictive value of skeletal muscle function measurement combined with stair climbing test for postoperative
cardiopulmonary complications in patients with chronic obstructive pulmonary disease (COPD) and non-small cell lung cancer
(NSCLCQ).

Patients and Methods: A prospective study was conducted from June 2022 to July 2023 at West China Hospital of Sichuan
University, including 335 COPD patients with lung cancer who underwent surgery. The patients were divided into two groups based on
the occurrence of postoperative cardiopulmonary complications: the complication group and the non-complication group. The
demographic data, including gender, age, smoking history, quadriceps strength, body mass index (BMI), respiratory muscle strength,
6-minute walk test (6MWD), stair climbing test, and preoperative pulmonary function tests, were compared between the two groups.
Logistic regression analysis was performed to evaluate the predictive power of each parameter for postoperative cardiopulmonary
complications.

Results: Among the enrolled patients, 103 (30.7%) developed postoperative cardiopulmonary complications. Significant differences
were observed between the two groups in terms of quadriceps strength, respiratory muscle strength, 6MWD, smoking history, stair
climbing test, DLCO%, FEV1%, heart rate, oxygen saturation, surgical duration, surgical approach, resection range, and blood loss
(P<0.05). Logistic regression analysis revealed that respiratory muscle strength, quadriceps strength, stair climbing test, FEV1%,
DLCO%, AHR, ASPO2, surgical approach were identified as risk factors for postoperative cardiopulmonary complications in patients
with COPD and lung cancer.

Conclusion: Skeletal muscle function measurement, stair climbing test, FEV1, surgical approach, and DLCO% can serve as
assessment tools for surgical risk in patients with COPD and lung cancer. They can predict the occurrence of postoperative
cardiopulmonary complications to a certain extent, providing valuable predictive value for these complications in patients with
COPD and NSCLC.
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Introduction
Lung cancer is a malignancy with high morbidity and mortality, and surgery is currently considered as the preferred
treatment. Chronic obstructive pulmonary disease (COPD) is an independent risk factor for lung cancer, with 40% to
60% of lung cancer patients presenting with COPD disease.'

These patients have poor lung function and a higher risk of postoperative cardiorespiratory complications, which also
leads to increased postoperative complications and mortality. Therefore, it is very important to predict the possible
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postoperative complications and to perform preoperative intervention. For lung cancer patients with COPD, preoperative
assessment was similar to patients undergoing conventional lung cancer surgery. However, conventional static lung
function tests are unable to assess exercise endurance and cardiac function reserve. Although the cardiopulmonary
exercise test (CPET) is considered the gold standard,” the clinical needs cannot be met due to objective conditions. Some
studies have found that skeletal muscle function can partly reflect the degree of severity of COPD. The stair climbing test
is often used as a supplementary test for patients with low lung function. It is unclear whether the combination of these
two methods can predict postoperative cardiopulmonary complications in patients with non-small cell lung cancer with
COPD. In this study, patients with NSCLC with COPD were selected to compare the skeletal muscle function and floor
climbing test results between the two groups of patients with postoperative complications and without complications.

The purpose of this study was to investigate the value of the skeletal muscle function combined with stair climbing
test as a prediction of postoperative cardiopulmonary complications in patients with non-small cell lung cancer with
COPD. The specific study results are presented as follows.

Materials and Methods

Ethical Considerations
This study has been approved by the ethics committee of West China (Airport) Hospital Sichuan University (batch
number: 2022-ks-06). Written informed consent was obtained from all patients.

Patients and Study Design

The clinical data of COPD patients with non-small cell lung cancer (NSCLC) treated in the Department of Thoracic
Surgery of West China Airport Hospital, Sichuan University, were prospectively included. Inclusion criteria included: (1)
age of 18 years; (2) diagnosis of COPD according to the GOLD diagnostic criteria;® (3) complete medical records; (4) all
patients underwent lung resection, and the pathological diagnosis was non-small cell lung cancer; (5) Patients with
surgical indications after preoperative evaluation of clinical stage IA—IIIA. Exclusion criteria include: (1) other serious
respiratory diseases, such as acute asthma, bronchiectasis, active tuberculosis, and pleural effusion; (2) contraindications;
(3) history of chest surgery; (4) cognitive impairment, severe osteoarthropathy, and recent myocardial infarction, who are
unable to complete skeletal muscle function tests and stair climbing tests. A total of 335 patients with COPD associated
with lung cancer were included in an age range of 31 to 87 years with a mean of (57.9 £+ 8.93) years. There were 238
male and 97 female cases.

This study records the age, gender, disease duration, height, weight, BMI, smoking history, and drinking history of the
335 COPD patients with NSCLC included in the study. We identified respondents with a history of cigarette smoking by
an affirmative response to the tobacco use question, “Have you smoked at least 100 cigarettes in your entire life?”
Patients who had smoked>100 cigarettes were considered those with a smoking history.

To assess the patient with quadriceps muscle strength, 6-minute walking distance (6 MWD), stair climbing test and
preoperative pulmonary function test (FEV 1% and DLCO%). Spirometry was performed using a MasterScreen PFT
(Weian Medical Device Company) spirometer. All participants underwent spirometry based on the American Thoracic
Society and European Respiratory Society (ATS/ERS) guidelines.* None of the patients used bronchodilators before
spirometry. The patients performed up to three forced expiratory maneuvers to obtain acceptable results. Well-trained
respiratory technicians continuously monitored the spirometry procedure and reviewed the flow—volume curves to ensure
adherence to the standards. The parameters taken during the test included FEV 1% and DLCO%.’

All determinations were performed by the same operator to reduce the error.

Quadriceps muscle strength: Quadriceps muscle strength was measured in all patients using a WDF-50 digital explicit
extension dynamometer (Wenzhou Weidu Electronics Co., Ltd.,, WDF-50 digital display push-pull meter, Wenzhou,
China). During the measurement, the subject sat in a high chair, the back close to the chair, the knee flexion 90°, the
measuring plate was placed on the front of the calf, requiring the subject to push the plate to generate the maximum knee
extension force and keep it for 5 seconds. Quadriceps muscle strength was measured three times, and the maximum value
was taken as the final quadriceps muscle strength.
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Respiratory muscle strength: Respiratory muscle strength was measured using a portable lung function detector
(Wuhan Kangbeinuo Medical Equipment Co., Ltd., Lung Function Testing Instrument, Wuhan, China). The subject
aspirated through the mouth to filled the air into the lungs to determine the strength of the respiratory muscles.

6 MWD test: According to the expert consensus of 6 min walking distance,’ the subjects walked back and forth for 6 minutes
to measure the walking distance. If the discomfort symptoms appear, immediately stop the test and treat it accordingly.

Stair-Climbing Test: The patient climbed five floors at a usual speed (at a cumulative height of 16.5 meters), guided
by the same doctor. Record whether the patient completed the stair climbing test, and determine the heart rate and
fingertip oxygen saturation of the patient before and after the test, and calculate the change of heart rate (A HR) and
fingertip oxygen saturation (A SpO 2).

Procedure-related information: recorded the method of lung resection (thoracotomy/minimally invasive surgery),
resection range (lobe/sublobe), operation time (3 hours />3 hours), and intraoperative blood loss (100mL/> 100mL).
Postoperative cardiopulmonary complications were recorded according to the STS / ESTS criteria (persistent lung air
leakage, pulmonary infection, arrhythmia, acute myocardial infarction, pulmonary embolism, heart failure, breast
augmentation, bronchopleural fistula, secondary endotracheal intubation, death, etc.).

Statistical Analyses

Statistical analysis was performed by SPSS23.0. Measurement data were normal distribution by Shapiro—Wilk test,
expressed by mean + standard deviation (x £+ s); independent sample #-test; count data were represented by cases (%),
compared by y* test; risk factors of COPD associated with lung cancer were analyzed by dichotomy logistic regression
method. Differences were considered statistically significant at P <0.05.

Results

Comparison of General Characteristics Between Groups

A total of 335 subjects were included in the study, with 103 cases (30.7%) experiencing postoperative cardiopulmonary
complications. Among them, Lobectomy was performed in 150 cases (44.8%), sublobar resection including segmen-
tectomy and wedge resection in 185 cases (55.2%); Thoracotomy included 76 cases (22.7%) converted to thoracotomy
and 259 cases (77.3%) underwent thoracoscopic surgery. A total of 132 cases of postoperative cardiopulmonary-related
complications were recorded, occurring in 103 patients, accounting for 30.7% of enrolled cases, including 54 (16.1%)
cases of persistent pulmonary air leakage, 48 (14.3%) lung infections, 33 (9.9%) cases of arrhythmia, 27 (8.1%) cases of
atelectasis, 0 cases of acute myocardial infarction, and 3 (0.9%) cases of pulmonary embolism, respiratory failure led to
re-tracheal intubation in 15 (4.5%) cases, 27 (8.1%) cases of atelectasis. One case died in the perioperative period, which
was a large postoperative cerebral infarction, and died after thrombectomy.

The results of univariate analysis showed that there were statistical differences between the two groups including
quadriceps muscle strength, respiratory muscle strength, 6 MWD, smoking history, stair climbing test, DLCO%, FEV
1%, heart rate, oxygen saturation, operation time, surgical method, resection range, bleeding loss, and the proportion of
postoperative cardiopulmonary complications (P <0.05). Detailed results are shown in Table 1.

Risk Factors for Complications After COPD Combined with Lung Cancer Surgery
For the indicators in Table 1 that met P <0.05 in univariate analysis, we further performed a multivariate logistic regression
analysis to assess the relationship with the occurrence of complications. The value of the variable is as follows: the unfinished
stair climbing test is 1; completed is 2; FEV 1% <60% is 1, >60% is 2; DLCO% <60% 1, >60% is 2; A HR >30 is 1, <30 is 2;
ASPO2>4% 1, less than 4% is 2; operation time >210min is 1, <210min is 2; thoracotomy is 1, thoracoscopy is 2; bleeding
>100mL is 1, <100mL is 2; lobectomy is 1, sublobectomy is 2; with smoking history is 1, without smoking history is 2.
Respiratory muscle strength, quadriceps muscle strength, and 6 MWD were included in the regression analysis with actual
values. The results showed that respiratory muscle strength, quadriceps strength, stair climbing test, FEV 1%, DLCO%, A HR, A
SPO 2, surgical methods were the risk factors for postoperative cardiopulmonary complications in patients with COPD and lung
cancer. See Table 2.
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Table | Baseline Characteristics of the Study Population

Complication Non Complication Xt P
Group (n=103) Group (n=232)
Age (years) +SD 58.77+9.16 57.52+8.82 1.179 0.239
BMI (kg/m?) £SD 20.59+2.48 20.16x2.12 1.602 0.110
Quadriceps strength (kg) +SD 10.06£2.96 17.7545.56 —12.229 <0.001
Respiratory muscle strength (cmH20O) +SD 19.83+8.65 27.02+10.06 —6.293 <0.001
6MWD (m) +SD 140.00+48.13 173.66+49.51 -5.791 <0.001
Sex [n (%)] 0.543 0.461
Male 76 (31.9) 162 (68.1)
Female 27 (27.8) 70 (72.2)
Smoking history 11.626 0.001
Yes 73 (38.2) 118 (61.8)
No 30 (20.8) 114 (79.2)
History of Drinking 3.509 0.061
Yes 66 (27.7) 172 (72.3)
No 37 (38.1) 60 (61.9)
Climbing test 51.655 <0.001
Complete 66 (55.0) 54 (45.0)
Incomplete 37 (17.2) 178 (82.8)
DLCO% 13.575 <0.001
<60% 60 (41.4) 85 (58.6)
260% 43 (22.6) 147 (77.4)
FEVI1% 47.406 <0.001
<60% 69 (52.3) 63 (47.7)
260% 34 (16.7) 169 (83.3)
AHR 19.634 <0.001
230 times /min 66 (42.9) 88 (57.1)
<30 times /min 37 (20.4) 144 (79.6)
ASpO2 75.739 <0.001
24% 81 (55.9) 64 (44.1)
<4% 22 (11.6) 168 (88.4)
Extent of resection 12.5541 <0.001
Lobes of lung 61 (40.7) 89 (59.3)
Sublobar lobe 42 (22.7) 143 (77.3)
(Continued)
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Table | (Continued).

Complication | Non Complication X2t P
Group (n=103) Group (n=232)
Operation 79.978 <0.001
Thoracoscopic 55 (72.4) 21 (27.6)
VATS 48 (18.5) 211 (81.5)
Operative time 33.706 <0.001
2210min 74 (46.0) 87 (54.0)
<210min 29 (16.7) 145 (83.3)
Blood loss 52.745 <0.001
2100mL 63 (56.8) 48 (43.2)
<100mL 40 (17.9) 184 (82.1)

Note: Data are presented as the number of patients (%), mean + SD.

Abbreviations: VATS, video-assisted thoracic surgery; SD, standard deviation; BMI, body mass index; FEV, forced expiratory volume in
one second; DLCO, carbon monoxide diffusing capacityAHR, Heart rate changes before and after the test; ASpO2, Changes of finger
pulse oxygen saturation before and after the test.

Table 2 Risk Factors for Postoperative Complications

OR 95% CI P

Respiratory muscle strength 1.077 1.032~1.123 0.001

Quadriceps strength 1.464 1.303~1.644 <0.001
Climbing test 6.334 2.550~15.738 <0.001
DLCO% 3.557 1.442~8.771 0.006
ASPO2 7.802 3.032~20.081 <0.001
Operation 5.873 2.212~15.609 <0.001
FEV1% 3.187 1.287~7.894 0.012

Abbreviations: FEVI, forced expiratory volume in one second; DLCO, carbon mon-
oxide diffusing capacity; ASpO2, Changes of finger pulse oxygen saturation before and
after the test.

Predictors of Postoperative Cardiopulmonary Complications

Figure 1 shows the ROC curves for the individual indicators. The results show that the area under the ROC curve (AUC)
of quadriceps muscle strength is 0.876 (95% CI: 0.840~0.913), and the AUC of ASPO2 is 0.722 (95% CI: 0.657~0.786),
and the sensitivity and specificity of this model are 72.4% and 21.4%, respectively. The AUC of the surgical method was
0.710 (95% CI: 0.652~0.767), and the sensitivity and specificity of the model were 90.9% and 46.6%, respectively. The
AUC of respiratory muscle strength is 0.710 (95% CI: 0.652~0.767), and the AUC of the floor climbing test is 0.704
(95% CI: 0.641~0.767). The sensitivity and specificity of this model are 76.7% and 35.9%, respectively. The AUC of
FEV 1% is 0.699 (95% CI: 0.637 to 0.761), and the sensitivity and specificity of this model are 72.8% and 33.0%,
respectively. The AUCof DLCO% is 0.608 (95% CI: 0.542~0.674). The sensitivity and specificity of the model are
63.4% and 41.7%, respectively. The results showed that the AUC values of skeletal muscle function and floor climbing
test were numerically greater than FEV 1% and DLCO%.
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Figure | The accuracy of the model for predicting the probability of postoperative complications was evaluated by use of the ROC curve.

Discussion

Assessment of cardiopulmonary function before lung resection surgery is very important for determining the surgical
indications, the scope of resection, and the cardiopulmonary complications that may occur during the perioperative period.
At present, there is expert consensus in China, mainly through lung function, including FEV 1, DLCO, prediction of forced
expiratory volume in the first second after surgery (PPO-FEV 1), prediction of postoperative lung carbon monoxide diffusion
(PPO-DLCO) and cardiopulmonary exercise test (CPET),” etc., among which CPET is the gold standard for the assessment of
surgical risk in NSCLC patients. Among surgical patients with COPD and non-small cell lung cancer, some studies reported
that the probability of non-small cell lung cancer patients with COPD was 40.54% was significantly higher than that of
NSCLC alone 22.35%, and the incidence of perioperative cardiopulmonary complications was higher.” However, the current
methods to evaluate cardiopulmonary complications after COPD with non-small cell lung cancer (NSCLC) are limited, and
further research and exploration of more detection methods are needed to assess the risk associated with developing
cardiopulmonary complications during the perioperative period. By analyzing the skeletal muscle function level of patients
with COPD combined with NSCLC, our study clarified that these two indicators have important predictive ability to predict
postoperative cardiopulmonary complications in patients with COPD combined with NSCLC.

Our results suggest that 132 cases of postoperative cardiopulmonary complications occurred. It occurred in 103 patients,
accounting for 30.7% of the enrolled cases. There were 54 (16.1%) persistent lung leaks, 48 (14.3%) lung infections,
respiratory failure led to re-tracheal intubation in 15 cases, 27 cases of atelectasis (8.1%). The complications in our study
subjects were higher than those reported by Dong® for pneumonia (1.8%), retention of CO 2 (2.4%), and atelectasis (3.5%),
which may be related to our enrolled patients were combined with COPD. Their study also believes that the climbing test
can be a means of assessing the complications of lung surgery. Some have also reported that pulmonary respiratory
complications may be related to the size of lobectomy, and COPD patients are an independent risk factor for pulmonary
surgery,” which may also explain the higher incidence of cardiopulmonary complications in our study.
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The results of this study showed that in the complication group, the indicators representing skeletal muscle function,
including quadriceps muscle strength, respiratory muscle strength, and 6 MWD were lower than those in the noncom-
plicated group. The results of multivariate analysis suggest that quadriceps muscle strength and respiratory muscle
strength could have a predictive value of postoperative cardiopulmonary complications in patients with COPD and
NSCLC (P <0.05). Han-Yu Deng et al'® showed that patients with sarcopenia after surgical resection of non-small cell
lung cancer had a significantly worse prognosis than those without sarcopenia, especially in early stage patients.
Sarcopenia is an independent risk factor for postoperative complications in patients with NSCLC. This can be seen by
the ROC curve results. Skeletal muscle function indicators including respiratory muscle strength and quadriceps muscle
strength, and floor climbing tests have more predictive power of postoperative cardiopulmonary complications in patients
with COPD and lung cancer than FEV 1% and DLCO% of lung function. The results showed that the AUC values of
skeletal muscle function and floor climbing test were numerically greater than FEV 1% and DLCO%. Previous studies
have shown that,'" chronic obstructive pulmonary disease (COPD) due to inflammation, hypercapnia, mitochondrial
dysfunction, oxidative and nitrosative stress, hypoxia, and multiple other metabolic changes, and possible factors
associated with genetic and epigenetic modification, lead to the imbalance between muscle cell anabolism and catabo-
lism, resulting in skeletal muscle dysfunction. Studies have reported that,'* weakened skeletal muscle function is a risk
factor for complications after lung cancer lung resection, and the incidence of postoperative complications (29.0%) is
higher than that of patients with normal skeletal muscle function (4.2%). Therefore, weakened skeletal muscle function is
related to the occurrence of postoperative cardiopulmonary complications in patients with COPD combined lung cancer.

The indicators such as lung function and CPET have long been used as the primary predictive indicators of
cardiopulmonary complications after lung resection. In recent years, many studies have found that the stair climbing
test has great significance in the preoperative evaluation of lung resection surgery and can replace CPET to some extent.
In the 2013 American Association of Chest Physicians guidelines for preoperative evaluation of lung resection surgery,'?
it is recommended to further improve the assessment of exercise capacity such as CPET for patients with low lung
function. Our study showed that preoperative FEV 1%, DLCO%, completing the stair climbing test and A SPO 2 had
predictive value for cardiopulmonary complications after COPD combined with NSCLC (P <0.05). A meta-analysis of
2038 lung cancer surgery patients by Boujibar et al'* also showed that climbing height, climbing time, and oxygen
saturation change in the stair climbing test can be used as the first-line cardiopulmonary function screening indicators and
are predictive of complications after lung resection. Dong et al® conducted 171 NSCLC patients to evaluate the risk of
surgical complications, and the results suggested that the change of blood oxygen saturation in the stair climbing test can
effectively predict postoperative complications, which is a simple and effective method. These results are similar to our
study results, but the height of climbing and the speed of climbing are not completely consistent, so there may be
differences in the results. For patients with COPD and NSCLC, acute attack of COPD may be occured in the process of
climbing test, so corresponding medical support should be provided in clinical test.

Conclusion

Skeletal muscle function measurement, stair climbing test, FEV 1, surgical method and DLCO% can be used as the
evaluation method of surgical risk in COPD patients with lung cancer, which can predict the occurrence of postoperative
cardiopulmonary complications to some extent, have predictive value for cardiopulmonary complications after COPD
with NSCLC. However, due to the short duration, small number of cases, and as a single-center study, the results still
have some deficiencies, which should be further verified by large sample size and multi-center studies in the later stage.

Data Sharing Statement

The data will be available upon reasonable request to the corresponding authors.

Ethics Approval and Informed Consent

Ethical approval was obtained from the human research ethics committee of West China (Airport) Hospital Sichuan
University (2022-ks-06). We confirmed this study complied with the Declaration of Helsinki. All participants had signed
the informed consent form.
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