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Original Article

Perioperative pulmonary rehabilitation training (PPRT) can 
reduce the cost of medical resources in patients undergoing 
thoracoscopic lung cancer resection: a retrospective study 
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Background: To evaluate the benefits of perioperative pulmonary rehabilitation training (PPRT) in 
patients undergoing thoracoscopic lung cancer resection.
Methods: The clinical data of 1,427 patients undergoing thoracoscopic lung cancer resection were 
collated. Of these patients, 779 received PPRT (the PPRT group), which included systematic education, 
improvement of posture, diaphragmatic respiration, bilateral lower thoracic expansion, surgical side 
thoracic local expansion, incentive spirometry training, effective cough training, aerobic walking, and other 
systematic pulmonary rehabilitation training. The other 648 patients did not receive PPRT (the non-PPRT 
group). Baseline characteristics including length of hospital stay, cost of hospitalization, and the incidence of 
postoperative pulmonary complications (PPCs) were assessed. 
Results: There was no significant difference between the PPRT group and the non- PPRT group in 
terms of age, gender distribution, tumor location, operation mode, postoperative pathological type, TNM 
stage, and other baseline characteristics (P>0.05). The complication index of the PPRT group was slightly 
higher than that of the non-PPRT group (P<0.05). Patients in the PPRT group had significantly fewer 
postoperative hospitalization days (PHD) {6.1 days [95% confidence interval (CI): 5.8 to 6.4] vs. 6.4 days 
(95% CI: 6.1 to 6.7), P=0.002}, fewer total hospitalization days (THD) [9.3 days (95% CI: 8.9 to 9.7) vs.  
10.8 days (95% CI: 10.3 to 11.3), P=0.000], lower non-surgical expenses (35,024±9,742 vs. 36,831±10,245 
RMB), and fewer cases of PPCs) (3.72% vs. 6.33%, P=0.016) compared to patients in the non-PPRT group. 
In the subgroup analysis, patients less than 60 years old in the PPRT group fared better in terms of the 
PHDs, total inpatient days, and non-surgical expenses compared to patients in the non-PPRT group (P<0.05). 
In patients aged 60 years and older, the THDs in the PPRT group was less than that in the non-PPRT group 
(P<0.05), but there were no significant differences in the PHDs and non-surgical expenses. 
Conclusions: PPRT can reduce the cost of medical resources in patients undergoing thoracoscopic lung 
cancer resection, especially by shortening the length of hospital stay, reducing the cost of hospitalization, and 
reducing PPCs. 
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Introduction

Lung cancer has one of the highest incidences and mortality 
rates of all malignancies in the world (1). Surgical anatomic 
resection of lung lesions plus systematic lymph node 
dissections are important methods for the treatment of 
lung cancer. In the past 30 years, advances in video-assisted 
thoracoscopic surgery (VATS) for lung cancer treatment has 
resulted in surgery that is minimally invasive, with reduced 
postoperative pain and other discomfort. This, in turn, has 
helped to improve postoperative recovery for the patient 
and reduced the cost of medical resources (2,3).

However, many patients have an underlying lung 
condition. Approximately two-thirds of men and half 
of women present with chronic obstructive pulmonary 
disease (COPD) at the time of lung cancer diagnosis (4). 
Consequently, some patients have poor cardiopulmonary 
endurance and cannot tolerate surgical anesthesia, resulting 
in prolonged waiting times for VATS. Conversely, patients 
who undergo VATS can still experience pain, increased 
airway secretions, and decreased respiratory efficiency 
(5-7). Patients with severe diseases may suffer from 
atelectasis, pulmonary infection, and other postoperative 
pulmonary complications (PPCs). In fact, the incidence of 
PPCs ranges from 2% to 40% (8,9), and the risk of PPCs 
increases significantly in elderly patients, and patients with 
a history of smoking, low cardiopulmonary function, and 
pulmonary disease. PPCs is one of the main contributors 
to reduced quality of life. It also prolongs the length of 
hospital stays and even affects postoperative survival after 
pneumonectomy. Accordingly, it is closely related to the 
mortality rate and medical expenses (10-13).

Therefore, improving preoperative lung function 
and preventing and controlling the occurrence of PPCs 
plays an important role in the surgical outcomes and 
postoperative rehabilitation of patients with VATS lung 
cancer resection. Perioperative pulmonary rehabilitation 
training (PPRT) is a comprehensive intervention measure 
to give individualized treatment under the condition of fully 
evaluating patients. Such treatment, which mainly includes 
exercise intervention, behavior intervention, and health 
education. Its purpose is to improve the physiological 
and psychological state of patients with chronic lung 
disease through a variety of personalized interventions, 
so as to promote the maintenance of healthy behaviors. 
As a non-drug-assisted treatment method, PPRT has 
been increasingly applied in clinical practice because it 
can improve lung function in patients to a certain extent, 

effectively reducing postoperative complications (14).  
There was a similar report includes a total of 208 
chronic obstructive pulmonary disease (COPD) patients 
participated in a PPRT program, and their report shows 
that improvements in exercise capacity and quality of life 
were seen following PPRT both before and after thoracic 
surgery (15).

PPRT speeds up hospitalization turnover, and thus 
reduces hospitalization costs. However, there is still a lack 
of large-sample clinical data to support its application. This 
study retrospectively analyzed the data of 1,427 patients in a 
single center to evaluate the benefits of PPRT in improving 
patient outcomes and finally reducing the cost of medical 
resources in patients undergoing thoracoscopic lung cancer 
resection.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-478).

Methods

Data source and study population

The clinical data of patients undergoing lung cancer 
resection in the Department of Thoracic Surgery of 
Taizhou Hospital, Zhejiang Province, between June 2018 
and February 2020 were collated. The center commenced 
routine perioperative lung rehabilitation training for 
patients undergoing thoracic surgery from April 2019 to 
February 2020 for a total of 10 months. Therefore, the 
clinical data of patients undergoing lung cancer resection in 
the center from June 2018 to March 2019 were used as the 
control group.

The inclusion criteria were as follows: (I) pathological 
diagnosis of lung cancer; (II) thoracoscopic surgery 
(including conversion to open surgery); and (III) complete 
clinical information available. The exclusion criteria were 
as follows: (I) open surgery; (II) pneumonectomy; (III) 
reoperation; (IV) serious postoperative complications; and 
(V) admission to the intensive care unit. According to the 
inclusion and exclusion criteria, a total of 1,427 cases were 
included in this retrospective study, with 779 patients who 
underwent perioperative pulmonary rehabilitation training 
(the PPRT group), and 648 patients who did not receive 
perioperative pulmonary rehabilitation training (the non-
PPRT group).

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
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Helsinki (as revised in 2013). This study was approved by 
the ethics committee of Enze Hospital of the Taizhou Enze 
Medical Center (group) in Zhejiang province, China. As 
this was a retrospective study, informed consent was not 
required.

PPRT program

The preoperative and postoperative training programs are 
listed below. The details for each specific operation are 
provided in Appendix 1.

PPRT involved the following:
(I)	 The systematic education and demonstration was 

provided by the cardiopulmonary rehabilitation 
physician division. The perioperative lung 
rehabilitation manual was issued and explained 
to ensure the patients were familiar with it, and a 
demonstration training session lasting more than 
30 minutes was provided at least once.

(II)	 Respiratory training included diaphragmatic 
breathing, thoracic dilated breathing, local dilated 
breathing of the lungs, and respiratory training 
device training. Each exercise was performed in 
sets of 15 repeats, 3 to 6 times a day. The sets could 
be performed consecutively, or with a rest period in 
between.

(III)	 Patients were expected to practice an effective way 
of coughing and expectoration repeatedly and be 
familiar with the process.

(IV)	 Exercise therapy included ankle pump exercises and 
limb flexibility training (chest expansion, shoulder 
joint activities, and axis bending exercises). Each 
action was performed in sets of 10 repeats, with 
5 sets performed every day.   Aerobic exercise 
included walking (400–500 meters in 10 minutes 
as the target speed and 20–30 minutes as the 
termination target) 3 to 6 times a day, and stair 
climbing training (between 15–30 minutes) once a 
day.

Postoperative pulmonary rehabilitation training involved 
the following:

(I)	 Respiratory training included diaphragmatic 
breathing, thoracic dilated breathing, local dilated 
breathing of the lungs, and respiratory device 
training. Each exercise was performed in sets of 
15 repeats, 3 to 6 times a day. The sets could be 
performed consecutively, or with a rest period in 
between. 

(II)	 Effective cough and expectoration, 8–10 times per 
set, 1 set every 2 hours except while sleeping. 

(III)	 Exercise  therapy including body pos i t ion 
management (mainly in a recumbent position), 
ankle pump exercises, and limb flexibility training 
(chest expansion, shoulder joint activities, and axis 
bending exercises). These exercises were performed 
in sets of 10 repeats, with 5 sets per day. Patients 
were also required to walk, beginning with 5– 
10 minutes of out-of-bed activity, 2 to 3 times a 
day, and gradually transitioning to walking for  
10 minutes, and then extending that time to 20– 
30 minutes.

Observation indicators

The baseline characteristics examined included age, gender 
distribution, comorbidity, tumor location, operation mode, 
pathological diagnosis, and tumor stage. The comorbidities 
were assessed by the Charlson comorbidities index (CCI). 
The higher the score, the more complications (16,17). The 
surgical methods included VATS lobectomy, local resection, 
and lobectomy plus local resection. Each case of primary 
lung cancer also underwent systematic lymphadenectomy at 
the same time.

The length of stay in hospital, non-surgical expenses, 
and PPCs were also analyzed. The length of stay in hospital 
included total hospitalization days (THD) and postoperative 
hospitalization days (PHD). Non-surgical expenses during 
hospitalization are defined as total hospitalization expenses 
minus surgical expenses. Details of PPCs were collated 
using the electronic medical records system. Pulmonary 
infection is a PPC and is defined according to the following 
criteria: (I) chest computed tomography (CT) or chest 
film showing pulmonary exudation and consolidation; 
(II) fever above 38 ℃; (III) white blood cell (WBC) count 
>10,000 or <3,000/mm3; and (IV) pathogenic bacteria or 
purulent secretion in the sputum or bronchoscopy. Other 
PPCs included atelectasis of the lung lobe or whole lung 
as confirmed by chest CT or chest film; postoperative 
pneumothorax as indicated by chest CT or chest film 
greater than 30%; and postoperative pleural effusion 
defined as pleural effusion greater than that indicated by the 
chest CT or chest X-ray.

Statistical analysis

Statistical analysis was performed using the SPSS 25.0 
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software. For continuous variables, descriptive statistics 
were used to calculate the number of observations (n), 
mean/median, minimum and maximum, and the 95% 
confidence interval (CI) of variables. A t-test or non-
parameter test (Wilcoxon) was used for comparison 
between the two groups. For discontinuous variables 
(classified variables), the number and frequency (percentage) 
of occurrence of each category was calculated by descriptive 
statistics, and the comparison between the two groups was 
conducted by Pearson chi square test or Fisher’s exact test. 
P<0.05 was considered statistically significant.

Results 

A comparison of baseline patient characteristics

There was no significant difference between the two 
groups in terms of age, gender distribution, tumor location, 
operation mode, pathological diagnosis, tumor stage, and 
other baseline characteristics (P>0.05). The rehabilitation 
group had more complications and a higher CCI index 
score compared to the non-rehabilitation group (P<0.05) 
(Table 1).

A comparison of hospitalization cost, time, and 
postoperative complications

THD, PHD, non-surgical expenses, and PPC in the 
rehabilitation group were significantly lower compared 
to that observed in the non-rehabilitation group (P<0.05;  
Table 2; Figure 1A,B).

Subgroup analysis

Taking 60 years of age as the boundary, the sub-group 
stratified analysis was carried out for the population in the 
two groups. First, there was no statistical difference in the 
age composition between the two groups (P>0.05; Table 3). 
Furthermore, in the group of patients younger than 60 years 
old, those in the rehabilitation group fared significantly 
better than those in the non-rehabilitation group in terms 
of PHD, THD, and non-surgical expenses (P<0.05, Table 4;  
Figure 1C,D). In the group of patients older than 60 years, 
the rehabilitation group had significantly fewer THD 
compared to patients in the non-rehabilitation group 
(P<0.05; Table 5; Figure 1C). The rehabilitation group also 
had slightly fewer PHD and lower non-surgical expenses 
compared to the non-rehabilitation group, but there was no 

statistical difference (P>0.05; Table 5, Figure 1D).
In the rehabilitation training group, the majority of 

patients were given guided rehabilitation training either 
once or twice (775/779, 99.5%). However, there were no 
statistical differences in the PHD, THD, PPC, nor the non-
surgical expenses between patient who received 1 session of 
guided training and those who received 2 sessions of guided 
training (P>0.05; Table 6).

Discussion

Common reasons for the prolongation of THDs and 
the increased cost of lung cancer resection include the 
postponement of the scheduled operation due to poor 
pulmonary function prior to the operation and the 
prolongation of hospitalization time caused by pulmonary 
complications after the operation. Thoracoscopic lung 
cancer resection, also known as VATS lung cancer resection, 
has been developed over the last 30 years. Although it is 
less invasive than traditional open surgery, postoperative 
pulmonary complications still exist. Some studies have 
shown that perioperative pulmonary rehabilitation 
may improve lung function and reduce the incidence 
of pulmonary complications in patients who have lung 
cancer resection (18-21). However, more randomized 
controlled studies with large sample sizes are still required 
so far to confirm the benefits of perioperative pulmonary 
rehabilitation. The objective and quantitative indicators in 
this current retrospective study revealed that perioperative 
lung rehabilitation training can be beneficial in terms of 
the rapid rehabilitation of patients with thoracoscopic 
lung cancer resection, thus reducing the cost of medical 
resources.

Pulmonary rehabilitation is a comprehensive intervention 
measure that provides individualized treatment by fully 
evaluating the patients. Such treatment includes exercise 
intervention, behavior intervention, and health education. 
Its purpose is to improve the physiological and psychological 
state of patients with chronic lung disease through a 
variety of personalized interventions, thereby promoting 
the maintenance of healthy behaviors (22). Pulmonary 
rehabilitation can improve the symptoms, quality of 
life, pulmonary function, and medical care utilization of 
patients with chronic respiratory diseases. Some reports 
have shown that perioperative pulmonary rehabilitation 
training, including preoperative and postoperative 
pulmonary rehabilitation training, can further improve a 
patient’s operation tolerance and pulmonary function, and 
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Table 1 A comparison of the baseline patient characteristics between the PPRT group and the non-PPRT group

Characteristic PPRT group (N=779) Non-PPRT group (N=648) P value

Age-yr, median [range] 58 [21–83] 59 [16–86] 0.240

Gender (M/F) 334/445 293/355 0.375

CCI 0.018

0 220 (28.2%) 203 (31.3%)

1 226 (29.0%) 216 (33.3%)

2 193 (24.8%) 151 (23.3%)

3 97 (12.5%) 56 (8.6%)

≥4 43 (5.5%) 22 (3.4%)

Tumor location 0.413

Right upper lobe 236 (30.3%) 205 (31.6%)

Right middle lobe 66 (8.5%) 51 (7.9%)

Right lower lobe 132 (16.9%) 134 (20.7%)

Left upper lobe 203 (26.1%) 149 (23.0%)

Left lower lobe 104 (13.4%) 83 (12.8%)

Multiple lobes 38 (4.9%) 26 (4.0%)

Surgical methods 0.134

VATS lobectomy 387 (49.7%) 336 (51.9%)

VATS lung segmental resection 327 (42.1%) 258 (39.8%)

VATS lobectomy + lung segmental resection 36 (4.6%) 19 (2.9%)

Conversion to open 29 (3.7%) 35 (5.4%)

Pathologic diagnosis 0.531

Adenocarcinoma 657 (84.3%) 525 (81.0%)

Squamous cell carcinoma 56 (7.2%) 61 (9.4%)

Small cell lung cancer 16 (2.0%) 14 (2.1%)

Lung metastases 21 (2.7%) 21 (3.3%)

Other 30 (3.9%) 27 (4.2%)

TNM classification 0.404

Phase I 354 (45.4%) 307 (47.3%)

Phase II 207 (26.6%) 153 (23.7%)

Phase III 187 (24.0%) 152 (23.4%)

Phase IV 10 (1.3%) 15 (2.3%)

Lung metastases 21 (2.7%) 21 (3.3%)

Except for age, all other variables are expressed as the number of cases (%). CCI, Charlson comorbidities index; PPRT group, 
rehabilitation group; non-PPRT group, non-rehabilitation group; VATS, video-assisted thoracoscopic surgery; M, male; F, female.
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Table 2 A comparison of hospitalization days, cost, and postoperative complications between the PPRT group and the non-PPRT group

Variable
Perioperative pulmonary rehabilitation training

P value
Yes (N=779) No (N=648)

THD (d) 9.3 (95% CI: 8.9–9.7) 10.8 (95% CI: 10.3–11.3) 0.000

PHD (d) 6.1 (95% CI: 5.8–6.4) 6.4 (95% CI: 6.1–6.7) 0.002

Non-surgical expenses (RMB) 35,024±9,742 36,831±10,245 0.001

PPC cases (%) 29 (3.72%) 41 (6.33%) 0.016

THD, total hospitalization days; PHD, postoperative hospitalization days; PPC, postoperative pulmonary complications; RMB, renminbi; 
CI, confidence interval.

Figure 1 A comparison of total hospitalization days (THD) and non-surgical expenses (RMB) between the rehabilitation group (PPRT group) 
and the non-rehabilitation group (non-PPRT group). (A) Patients in the PPRT group had significantly fewer THD compared to patients in 
the non-PPRT group (P<0.05). (B) Patients in the PPRT group had significantly lower non-surgical expenses compared with patients in the 
non-PPRT group (P<0.05). (C) A comparison of the THD by age stratification showed that patients in the PPRT group had significantly fewer 
THD compared to the non-PPRT group irrespective of whether they were younger or older than 60 years of age (P<0.05). (D) A comparison 
of non-surgical expenses by age stratification showed a statistically significant difference between the PPRT group and the non-PPRT group 
when the patients were <60 years old (P<0.05), but no significant difference was found in patients aged ≥60 years old (P>0.05).

Total hospitalization days

Total hospitalization days

Non-surgical expenses

Non-surgical expenses

P<0.05

P<0.05

P<0.05

P<0.05

P>0.05

P<0.05

PPRT 
Gro

up

<60
 Y

<60
 Y

PPRT 
Gro

up

Non
-P

PRT 
Gro

up

≥60
 Y

≥60
 Y

Age Age

Non
-P

PRT 
Gro

up

PPRT Group 

Non-PPRT Group

PPRT Group 

Non-PPRT Group

PPRT Group 

Non-PPRT Group

PPRT Group 

Non-PPRT Group

D
ay

s
D

ay
s

*1
0^

4 
Yu

an
*1

0^
4 

Yu
an

20 

15 

10 

5 

0

25

20 

15 

10 

5 

0

5.0 

4.5 

4.0 

3.5 

3.0

6.0

5.5

5.0 

4.5 

4.0 

3.5 

3.0

B

D

A

C



4424 Kong et al. PPRT can reduce medical costs of VATS lung cancer resection

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(4):4418-4427 | http://dx.doi.org/10.21037/apm-21-478

Table 6 A comparison of patients who received one session of guided pulmonary rehabilitation training versus patients who received two sessions 

Variable
Number of guided pulmonary rehabilitation sessions

P value
Once (N=382) Twice (N=393)

THD (d) 9.1 (95% CI: 8.5–9.6) 9.4 (95% CI: 8.8–10.1) 0.536

PHD (d) 6.0 (95% CI: 5.6–6.3) 6.3 (95% CI: 5.9–6.8) 0.878

Non-surgical expenses (RMB) 35,287±8,871 34,813±10,508 0.497

PPC, cases 14 (3.66%) 14 (3.56%) 0.939

THD, total hospitalization days; PHD, postoperative hospitalization days; PPC, postoperative pulmonary complications; RMB, renminbi; 
CI, confidence interval.

Table 3 A comparison of the age composition between the PPRT group and the non-PPRT group (P>0.05)

Age PPRT group (N=779) Non-PPRT group (N=648) χ2 P value

<60 y 396 (50.0%) 317 (48.9%) 0.52 0.471

≥60 y 383 (50.0%) 331 (51.1%)

PPRT group, rehabilitation group; non-PPRT group, non rehabilitation group.

Table 4 A comparison of patients aged <60 years in the PPRT group and the non-PPRT group

Variable
Perioperative pulmonary rehabilitation training

P value
Yes (N=396) No (N=317)

THD (d) 7.3 (95% CI: 6.9–7.8) 9.1 (95% CI: 8.4–9.7) 0.000

PHD (d) 5.2 (95% CI: 4.9–5.6) 5.6 (95% CI: 5.2–6.0) 0.010

Non-surgical expenses (RMB) 32,205±7,875 35,315±10,368 0.000

THD, total hospitalization days; PHD, postoperative hospitalization days; RMB, renminbi; CI, confidence interval.

Table 5 A comparison of patients aged ≥60 years in the PPRT group and the non-PPRT group

Variable
Perioperative pulmonary rehabilitation training

P value
Yes (N=383) No (N=331)

THD (d) 11.3 (95% CI: 10.6–12.0) 12.4 (95% CI: 11.6–13.2) 0.003

PHD (d) 7.1 (95% CI: 6.6–7.6) 7.2 (95% CI: 6.7–7.7) 0.150

Non-surgical expenses (RMB) 37,939±10,603 38,282±9,927 0.656

THD, total hospitalization days; PHD, postoperative hospitalization days; RMB, renminbi; CI, confidence interval.

shorten the patient’s hospitalization time (19-21). Studies 
have also shown that perioperative respiratory training can 
reduce the incidence of postoperative complications and 
improve pulmonary function and cough efficacy (21,23). 
However, some researchers believe preoperative pulmonary 
function training can only improve pulmonary function, 
but not significantly reduce the incidence of postoperative 

complications (24). As an operation that is becoming 
increasingly recommended, thoracoscopic lung cancer 
resection has a conspicuous presence in the realm of cancer 
treatment. Compared with traditional thoracotomy, the 
biggest advantage of thoracoscopic lung cancer resection is 
that the incision is small and the damage to the chest wall 
tissue is limited, which is conducive to rapid postoperative 
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recovery. However, the operation in the chest, including 
pneumonectomy, is actually similar to traditional open 
surgery, so the factors affecting postoperative recovery 
are similar. At present, there is still a paucity of research 
examining the benefits of pulmonary rehabilitation 
training in the perioperative period after resection. In 
this retrospective study, quantifiable indicators (such as 
length of stay and cost of hospitalization) were examined 
to determine the benefits of lung rehabilitation for patients 
with VATS lung cancer resection.

Our center is one of the earliest units to carry out 
thoracoscopic resection of lung cancer in China, with 
relatively mature surgical technology and processes. The 
patient population, including disease types, treated in 
our center are relatively constant, and is thus optimal for 
population matching. Beginning in April 2019, our center 
routinely carried out perioperative lung rehabilitation 
training for 10 months. This study compared the clinical 
baseline characteristics of patients who underwent lung 
cancer resection under thoracoscopy with or without 
perioperative lung rehabilitation training, and compared 
the differences in hospitalization cost, time, and PPCs. 
Considering that the cost  of  surgery and related 
consumables may bring bias to the comparison, non-surgical 
costs was selected as the observation index. Compared 
with the non-rehabilitation group, the rehabilitation group 
showed different degrees of benefits in terms of length of 
stay, cost of hospitalization, and PPCs. Considering that 
elderly patients with more basic lung diseases may benefit 
more from lung rehabilitation training, a comparative 
analysis was carried out based on the age of 60 years. The 
results showed that patients less than 60 years old benefited 
from lung rehabilitation training, while those aged  
60 years and older only showed a significant benefit in terms 
of total hospital days, with no significant benefit observed 
in postoperative hospital days and non-surgical cost. This 
may suggest that short-term perioperative pulmonary 
rehabilitation training has a limited positive impact on the 
elderly patient who may have relatively greater trauma 
and weaker body function. However, it may also suggest 
that there is room for improving pulmonary rehabilitation 
training. This study also found there that there was no 
statistical difference between patients who were given 
guidance training once compared to patients who were give 
guidance training twice, suggesting that even one session of 
systematic guidance and training had a positive effect.

In patients who require lung cancer resection by 
thoracoscopy, rehabilitation training may improve the 

patient’s lung function state, enhance their cardiopulmonary 
endurance, improve their effective expectoration efficiency, 
prevent thrombosis, and improve their psychological 
state, thereby promoting their rehabilitation, shortening 
hospitalization time, and reducing medical costs.

This study has some limitations. First, many other factors 
can contribute to the consumption of medical resources 
during thoracoscopic lung cancer resection. Since this is a 
retrospective study, it is not possible to completely exclude 
the bias caused by other confounding factors. Second, this 
study did not compare of some important indicators before 
and after lung rehabilitation, such as a lung function test, 
cardiopulmonary exercise test, and blood gas analysis, 
and these warrant further investigation by prospective 
randomized controlled clinical studies. Finally, this is a 
single-center study, and the reliability of the conclusions 
need to be verified by further multi-center trials.

This report demonstrated that perioperative pulmonary 
rehabilitation training can reduce the cost of medical 
resources in patients undergoing thoracoscopic lung 
cancer resection, especially by shortening the length of 
hospital stay, reducing the cost of hospitalization, and 
reducing PPCs. For relatively young patients (<60 years 
old), perioperative pulmonary rehabilitation training is also 
valuable. Guidance training provided by medical staff can 
improving the efficacy of pulmonary rehabilitation training 
in the perioperative period.
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Appendix 1 
Key techniques for perioperative pulmonary rehabilitation training (PPRT)
Diaphragmatic breathing: According to the patient's tolerance, he or she should assume a standing position, sitting 

position, or half-lying position, and relax the muscles of the whole body. The patient or therapist should place their hands on 
the chest and upper abdomen (the upper edge of the hand should be under the xiphoid process of the sternum) and encourage 
the patient to expand this area when he/she inhales deeply through the nose. When inhaling deeply, the thorax and upper 
abdomen (diaphragm position) will rise at the same time. It is important that the patient does not shrug when inhaling. Once 
the patient has inhaled to the maximum lung volume, he/she should hold their breath for 2–3 seconds. When exhaling, the 
chest and upper abdomen should contract inwards and downwards. The ratio of suction and exhalation is 1:3, or at least 1:2. 
In our study, 45 breaths were performed each time, in 3 sets of 15 repeats, with a 1–2-minute rest in between each set.

(1)	 Bilateral lower thorax expansion: According to the patient's tolerance, assume a standing position, sitting position, or 
half-lying position, and relax the muscles of the whole body. The patient or therapist should place their hands on the 
front and outer side of the 6th–10th quarter rib area, and the patient should be encouraged to expand this area when 
inhaling deeply through nose. It is important that the patient does not shrug when inhaling. Once the patient has 
reached the maximum lung volume, the patient should hold his/her breath for 2–3 seconds. When exhaling, the chest 
and upper abdomen should contract inwards and downwards. The ratio of suction and exhalation is 1:3, or at least 1:2. 
In our study, 45 breaths were performed each time in 3 sets of 15 repeats, with a 1–2-minute rest in between each set.

(2)	 Lung local expansion breathing: According to the patient's tolerance, he/she should assume a standing, sitting, or 
half-lying position, and relax the muscles of the whole body. The patient or therapist should place their hands on 
the surface projection of the surgical lung tissue, and the patient should be encouraged to expand this area while 
inhaling deeply through the nose. It is important that the patient does not shrug when inhaling. Once the patient 
has reached the maximum lung volume, the patient should hold his/her breath for 2–3 seconds. When exhaling, the 
surface projection of the surgical lung tissue and the upper abdomen should contract inwards and downwards. The 
ratio of inhalation to exhalation is 1:3, or at least 1:2. In our study, 45 breaths were performed each time, in 3 sets of 15 
repeats, with a 1–2-minute rest in between each set.

(3)	 Effective cough training: According to the patient's tolerance, he or she should assume a standing, sitting, or half-
lying position. However, if possible, the patient should assume a forward-sitting position when coughing. The patient 
should relax all muscles in the body. The patient or therapist should place their hands on the chest and upper abdomen 
(the upper edge of the hand should be under the xiphoid process of the sternum) and encourage the patient to expand 
this area when inhaling deeply. Once maximum lung capacity is reached, the patient should hold their breath for 2–3 
seconds, then suddenly contract the abdominal muscles inward, open the glottis, inhale deeply, and cough. When 
coughing after the operation, pay attention to protecting the mouth of the drainage tube with the hands to prevent 
pain and subcutaneous emphysema caused by excessive pressure. In this study, 3 sets of 10 repeats were performed over 
a 3–5-minute period. The patients were instructed to lie down every 3 hours, especially after a long session.

(4)	 Respiratory training device training: To use the incentive spirometer, the patient should assume a standing, sitting, or 
half-lying position depending on their tolerance. Patients should relax the muscles of the whole body. The mouthpiece 
should be placed in the mouth and the patient should inhale through the mouthpiece in a manner similar to the 
diaphragm breathing technique. According to the buoy visual inspection, low flow rate, and extended inspiratory time, 
the patient should aim to reach the age and gender target volume. Each session was divided into 3 sets of 10 repeats 
over a 2-3-minute period. 

(5)	 Stair climbing training: Some patients were accompanied by medical staff. Patients were asked to adjust their breathing 
rhythm during exercise, such as breathe by shrinking the lips, exhale when exerting, avoid closing up. If there is 
obvious dyspnea, the patient should take a short rest and continue to exercise as soon as they feel ready. This was 
performed once a day, for 15–30 minutes.

(6)	 Aerobic walking: Under the monitoring of the pulse oximeter, the patient walks at a subjective and slightly faster pace 
than usual. In the event of chest distress, shortness of breath, etc., patients should slow down, take a proper rest, or 
stop walking depending on the monitoring situation. Prior to the operation, the target is to walk 400–500 m for 10 
minutes each time, and the termination target is to walk 20–30 minutes each time. After the operation, the sessions 
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should start with 10 minutes of walking each time, and gradually transition to 20–30 minutes each time.
(7)	 Ankle pump movement: I. Ankle flexion and extension movement: The patient lies flat or sits on the bed, with the 

lower limbs extended, the thighs relaxed, and the toes slowly hooked inside so as to face themselves as much as 
possible. Patients are asked to hold this position for 5–10 seconds, and then the toes will be stretched straight and 
pressed down to the maximum. Again, patients hold this position for 5–10 seconds, and relax. Patients should practice 
this 5-8 times every day for about 10 minutes. This can be carried out when the patient is awake, lying in bed, or 
having an infusion. II. Rotation of the ankle joint: The patient lies on his back or sits on the bed, stretches his legs, 
relaxes his thighs, centers on the ankle joint, and circles his toes 360 degrees, trying to maintain the maximum range 
of motion. Patients should practice this 5–8 times every day for about 10 minutes. This can be carried out when the 
patient is awake, lying in bed, or having an infusion.
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