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INTRODUCTION

 Lung cancer is the most common malignancy and 
its morbidity and mortality rank first across several 
countries.1 Surgical removal is the most effective 
treatment for patients with early and mid-stage lung 
cancer.1 Elderly patients present the highest risk of 
having lung cancer amongst all age groups and the 
proportion of elderly patients with lung cancer has 
increased with the intensifying population aging 
trend.2 In addition, variables such as a lung cancer 
that severely impairs the functional capacity, low 
levels of physical activity, smoking, high body mass 
index (obesity), and other comorbidities need to be 
considered for risk stratification before performing a 
thoracic surgery.3-5

 Preoperative rehabilitation should improve a patient’s 
functional condition. Pulmonary rehabilitation improves 
the metabolism, lung mechanics, cardiovascular 
function, and muscle-function.6 Non-pharmacological 

interventions like exercise and functional capacity 
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ABSTRACT
Objective: Preoperative rehabilitation should improve the functional condition of patients. Improvements in metabolism, 
lung mechanics, cardiovascular function, and muscle-function can be achieved by pulmonary rehabilitation. Hence, we 
focused on elderly patients with lung cancer undergoing surgery, and assessed the effectiveness of a rapid and precise 
pulmonary rehabilitation nursing program during the perioperative period.
Methods: This randomized controlled trial at the department of thoracic surgery; Shanghai pulmonary hospital, China 
during 2021 was conducted amongst 218 elderly patients with lung cancer treated by surgical operation into either 
a precision quantitative nursing model nursing group (experimental group) or a perioperative routine nursing group 
(control group). After individual planning of the pulmonary rehabilitation nursing outpatient clinic, nurses distributed 
breathing trainers, instructed the patients in breathing training, and supervised the patients after the operation. 
For our evaluation we considered pulmonary function tests, postoperative thoracic drainage tube indwelling times, 
postoperative hospital stays, postoperative complication rates, and postoperative quality of life results.
Results: The experimental group showed better pulmonary function, length of hospital stay, and quality of life outcomes 
than the control group, but the differences were not statistically significant. However, we found a significantly higher 
postoperative complications rate in the control group (11.9%) than in the experimental group (3.7%; p=0.02).
Conclusion: Strengthening pulmonary rehabilitation nursing interventions for elderly patients with lung cancer during 
the perioperative period can reduce their postoperative complications and promote their rapid recovery.
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improvements before, after or during the cancer 
treatment or surgery are being studied.7

 Exercise is one of the number of successful interventions 
improving the physical and psychological health of 
patients with different cancers (including lung cancer).8,9 

Pulmonary rehabilitation can improve the exercise 
capacity and health-related quality of life of patients, 
and it reduces the presence of major symptoms like 
fatigue, dyspnea, depression, and others.10 However, the 
evidence for the effectiveness of specific interventions for 
the patients with lung cancer remain scarce.11 Defining 
the optimal perioperative exercise interventions that are 
feasible, acceptable and that positively promote the well-
being of patients with lung cancer is important. Hence, 
we designed this trial to investigate the effectiveness of a 
precise and quantitative rapid pulmonary rehabilitation 
nursing program for elderly (older than 70 years) patients 
with lung cancer during the perioperative period.

METHODS

 This study was conducted as a double-blind, parallel 
arm, individual, randomized controlled trial (RCT), 
registration number: ChiCTR2100042916. After obtaining 
the approval from the hospital ethics committee (No. 
K20-453, Date: 2020-12-31) and the patients’ written 
informed consents, we enrolled 218 elderly patients with 
lung cancer aged ≥70 years in our trial of a quantitative 
rapid pulmonary rehabilitation nursing program for 
patients undergoing the thoracic surgeries during 2021 
(at the Outpatient Department of Thoracic Surgery; 
Shanghai Pulmonary Hospital, China). All the patients 
gave written informed consent. We allocated the patients 
to one of the following two groups:
1. Intervention arm – pulmonary rehabilitation nursing 
program.
Description of intervention: The intervention was 
delivered by the nurses employed in outpatient 
department of Thoracic surgery in Shanghai pulmonary 
hospital who are trained in pulmonary rehabilitation. 
The nurses gave out personalized breathing training 
and provided instructions about the exercises. Then, 
patients were made to perform the breathing exercises 
for approximately 30-minutes. The patients were also 
supervised by the nurses after the operation. The total 
duration of the intervention was three weeks. 
2. Control arm – standard care (no intervention)
Sample size calculation: We used OpenEpi (v 3.01 
updated on 2013, USA) to calculate the sample size on 
the basis of previous RCTs reporting a risk reduction 
in postoperative complications following pulmonary 
rehabilitation amongst patients with lung cancer (from 
7.5% to 21%; 95% confidence interval (CI), 80% power, 
and a 5% alpha error). We estimated the minimum 
sample size to be 218 participants (109 in each group).
Randomization details: A statistician unrelated to 
this study used a block randomization technique with 
varying block sizes to generate a random sequence 
for 218 participants using the Random Allocation 
software. The statistician concealed the generated 

sequence using the SNOSE technique (sequentially 
numbered opaque serial envelopes). We assigned each 
eligible participant a unique number between one and 
218 consecutively after the eligibility assessment; and, 
nurses in the department of pulmonary rehabilitation 
allocated each participant to either the intervention or 
control (standard care) arms. Blinding of the participants 
was not performed. However, blinding at the level of 
investigators and outcome assessors was done. Blinding 
at the investigator and outcome assessment level was 
possible as the intervention was delivered by the nurses 
who are not involved in the study. The same set of nurses 
were also trained in measuring the outcomes and they 
independently assessed the outcomes and entered the 
data in the anonymous format. The anonymized dataset 
was given to an independent statistician who has no 
knowledge about the allocation of intervention. 
 We obtained informed written consents and collected 
information regarding socio-demographic and baseline 
characteristics using a structured questionnaire. After 
admission and completion of an evaluation at the 
pulmonary rehabilitation nursing outpatient clinic, the 
pulmonary rehabilitation nurses gave out breathing 
trainers, instructed the patients in breathing training, and 
supervised the patients after the operation. The nurses 
collected data on variables such as the forced expiratory 
volume in one second (FEV1), the forced vital capacity 
(FVC), the FEV1/FVC% ratio, the maximum voluntary 
ventilation (MVV), the postoperative thoracic drainage 
volume, the postoperative hospital stay, the postoperative 
complication rate, and the postoperative quality of life 
during the baseline and end-line assessments.
 The EQ-5D (EuroQOL five dimensions) comprises five 
questions on the following dimensions: mobility, self-care, 
activities (usual), pain and discomfort, and psychological 
status. These questions have three possible responses (one, 
indicating normal findings; two, indicating moderate 
problems, and three, indicating severe problems). We 
derived a summary index on the basis of the responses to 
these five dimensions after calculating a maximum score. 
The participants with the maximum score of one had the 
best health status (in contrast, higher scores indicated 
severe or frequent problems).
Data Analysis: We entered the study data into a Microsoft 
Excel software sheet and performed the analysis using 
the SPSS version 20 software (IBM Corp, Armonk, 
NY, USA). Continuous variables were expressed as 
means and standard deviations (SDs) or medians and 
interquartile ranges (IQRs) based on the normality of 
their distribution. We also applied unpaired T-tests to 
assess the statistical significance of difference in baseline 
continuous parameters and also post-intervention mean 
values between the two interventions. We summarized 
categorical variables as proportions. We tested for 
differences in baseline categorical parameters to assess 
statistical significance using a Chi-square test. Categorical 
outcome variables (postoperative complications) were 
reported as proportions with 95% confidence intervals 
(CIs) in both the intervention and control groups. 
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Continuous parameters (FEV1, FVC, FEV1/FVC%, 
MVV) between the groups and over different time points 
were assessed using difference-in-difference analysis. In 
addition, we compared postoperative hospital stay and 
postoperative quality of life between the groups using an 
independent T-test; and, postoperative thoracic drainage 
volume using the Mann-Whitney test (the variable 
followed a non-normal distribution). The difference in 
postoperative complications was a categorical outcome 
and we assessed those using the Chi-square test. We 
considered all P values lower than 0.05 to be statistically 
significant.

RESULTS

 We screened 250 participants for eligibility criteria 
during the study period. Out of those, we enrolled 
218 participants satisfying the eligibility criteria, with 
109 participants in the intervention group and 109 
participants in the control group. All the participants in 
the intervention and control groups were assessed for all 
the necessary variables during the follow-up (response 
rate 100%). We found similar baseline characteristics 
between the patients in the intervention and control 
groups. Table-I
 Amongst the postoperative outcomes, first we 
assessed the quality of life of the study participants after 
completing the rehabilitation program. We found that 
the participants had improved their quality of life in all 
of the five dimensions under the EQ-5D (intervention 

arm mobility mean (SD), one (0) vs. control arm mobility 
mean (SD), 1.08 (0.28); p-value=0.002; intervention arm 
self-care mean (SD), 1.04 (0.19) vs. control arm self-care 
mean (SD), 1.18 (0.39); p-value <0.001; intervention arm 
activities mean (SD), 1.02 (0.13) vs. control arm activities 
mean (SD), 1.13 (0.34); p-value=0.002; intervention arm 
pain and discomfort mean (SD), one (0) vs. control arm 
pain and discomfort mean (SD), 1.11 (0.31); p-value<0.001; 
intervention arm anxiety mean (SD), 1.01 (0.13) vs. 
control arm anxiety mean (SD), 1.07 (0.26); p-value=0.05). 
Moreover, all the participants in the intervention group 
reported complete remission of their mobility and pain 
problems after the nursing pulmonary rehabilitation 
program. All the differences were statistically significant 
with a p-value lower than 0.05. The difference in the overall 
quality of life score was also found to be statistically 
significant between the intervention and control groups 
(intervention arm mean (SD), 0.85 (0.01) vs. control arm 
mean (SD), 0.84 (0.04); p-value=0.01). 
 The mean postoperative duration of hospital stay 
was shorter in the experimental group (7.18 days) than 
in the control group (7.61 days), but the difference was 
not statistically significant (p=0.33). We found similar 
mean tube indwelling times in both groups. More 
importantly, we found a significant difference in terms 
of the mean postoperative complications rate (3.7% in 
the experimental group vs. 11.9% in the control group) 
and this difference was statistically significant (p=0.02). 
Table-II

Rapid pulmonary rehabilitation nursing program for elderly 

Table-I: Baseline characteristics of participants in intervention & control arm (n=218).

Characteristics Intervention arm Control arm p-value

Age (Mean ± SD) 73.1±0.31 73.8±0.31 0.13
Gender
Male 54 (49.5) 68 (62.4)

0.06
Female 55 (50.5) 41 (37.6)
Smoking
Yes 34 (31.2) 34 (31.2)

1.00
No 75 (68.8) 75 (68.8)
Surgical Procedure
Lobectomy 67 (62.0) 69 (63.3)

0.71Segmentectomy 32 (29.6) 34 (31.2)
Wedge Resection 9 (8.4) 6 (5.5)
Pulmonary Function Test Parameters
Baseline FEV1 (Mean ± SD) 2.03 (0.04) 2.06 (0.04) 0.63
Baseline FEV1% (Mean ± SD) 95.2 (1.74) 93.2 (2.02) 0.44
Baseline FEV1/FVC (Mean ± SD) 104.7 (8.38) 95.5 (0.94) 0.27
Baseline MVV (Mean ± SD) 52.7 (1.88) 52.4 (1.92) 0.88
Baseline MVV% (Mean ± SD) 57.2 (1.85) 55.4 (2.00) 0.50

FEV-1, forced expiratory volume in one second; FVC, forced vital capacity; 
MVV, maximum voluntary ventilation.
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 We found all the pulmonary function variables to be 
similar between the intervention and control groups 
at baseline and post-intervention. The difference-in-

difference, that is, the changes in pulmonary function 
parameters between the groups and over the different 
time points were also similar (p-value > 0.05). Table-III

Bei Chen et al.

Table-III: Difference-in-difference analysis to compare pulmonary function
parameters between the intervention and control arms overtime (n=218)

Outcome variable Pulmonary function test t statistic p-value

FEV1

Baseline Mean difference -0.03 0.47 0.64
Post-intervention Mean difference 0.002 0.02 0.99
Difference-in-difference -0.03 0.34 0.73
FEV1%

Baseline Mean difference 2.04 0.79 0.42
Post-intervention Mean difference 2.49 0.42 0.67
Difference-in-difference -0.44 0.12 0.91
FEV1/FVC%
Baseline Mean difference 9.27 1.46 0.14
Post-intervention Mean difference 16.55 1.14 0.25
Difference-in-difference -7.28 0.77 0.44
MVV
Baseline Mean difference 0.38 0.14 0.89
Post-intervention Mean difference 0.32 0.05 0.96
Difference-in-difference 0.06 0.01 0.99
MVV%
Baseline Mean difference 1.81 0.69 0.49
Post-intervention Mean difference 5.69 0.94 0.35
Difference-in-difference -3.88 0.98 0.33

Table-II: Effect of pulmonary rehabilitation intervention on postoperative outcomes (quality of life, 
postoperative hospital stay and postoperative drainage volume and complications)

Characteristic Intervention arm (Mean ± SD) Control arm (Mean ± SD) p-value

Quality of Life (QOL)
EQ-5D-Mobility 1 (0) 1.08 (0.28) 0.002
EQ-5D-Self-care 1.04 (0.19) 1.18 (0.39) <0.001*
EQ-5D-Activity 1.02 (0.13) 1.13 (0.34) 0.002*
EQ-5D-Pain & discomfort 1 (0) 1.11 (0.31) <0.001*
EQ-5D-Anxiety 1.01 (0.13) 1.07 (0.26) 0.05*
Overall QOL 0.85 (0.01) 0.84 (0.04) 0.01*
Other Postoperative outcomes
Length of hospital stay 7.18 (2.32) 7.61 (3.49) 0.33
Thoracic drainage (Median [IQR])& 130 (50-200) 150 (0-250) 0.38
Postoperative complications (n, %)$ 4 (3.7) 13 (11.9) 0.02*

*p-value statistically significant, &Mann-Whitney test, $Chi-square test.
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DISCUSSION

 We tested a rapid and precise perioperative pulmonary 
rehabilitation nursing program performed before and/or 
after thoracic surgery in patients with lung cancer. Our 
program was comparatively shorter than the standard 
pulmonary rehabilitation program based on the standard 
ATS/ERS/BTS guidelines. We reduced the intervention 
duration preoperatively in line with the results of studies 
showing that a shorter duration was effective at improving 
the metabolism, lung mechanics, cardiovascular response, 
and muscle function of patients.12-14

 The tested preoperative and postoperative nursing 
pulmonary rehabilitation program significantly reduced 
the postoperative complications rate and improved the 
quality of life of patients across all the variables in the EQ-
5D. Other indicators also showed a better performance 
of the program in the experimental group, but we found 
similar mean values for FEV1, FVC, FEV1/FVC%, MVV, 
MVV%, length of hospital stay, and thoracic drainage 
volume. 
 Exercise tolerance has been a crucial component of 
the risk stratification before surgical resections amongst 
patients with lung cancer. Exercise interventions 
can improve the exercise capacity while reducing 
cardiopulmonary risks.12 Endurance training is essential 
during pulmonary rehabilitations. Supervised high-
intensity interval training can be more effective than 
continuous training in healthy individuals. However, 
both methods have advantages that depend on the self-
paced training program.13,14 Considering the functional 
capacity, the presence of significant co-morbidities, and 
the desaturation index of the patients during the exercises 
is important to design an optimal and personalized 

training program.13,14

 Exercise capacity improvements, without significant 
changes in the pulmonary function variables of our 
patients are an unexpected finding in our study. 
However, this finding has been reported in other studies 
conducted among patients with COPD and other 
restrictive disorders.15,16 

 The role of nurses in the perioperative management of 
patients with lung cancer is often overlooked, but should 
be made an integral part of the postoperative management 
of patients with lung cancer, especially under the current 
expansion of integral nursing care in hospitals. Nurses 
may play an important role empowering patients and 
improving the postoperative management through 
a wide variety of care measures that include giving 
advice, educating patients and providing direct care. Our 
study findings show that our comprehensive nursing 
interventions on the basis of pulmonary rehabilitation 
measures are effective at preventing various complications 
that can occur following thoracic surgery. However, 
the evidence on the nursing pulmonary rehabilitation 
program improving the pulmonary function in patients 
with lung cancer remains unclear. 
 Our results showed a significant improvement in the 
quality of life of patients on the five tested dimensions 

of the EQ-5D. This proves that our nursing pulmonary 
rehabilitation program has a wholesome effect on the 
patients’ postoperative outcomes positively affecting 
their physical, social and mental health. However, 
previous studies found no significant improvement 
in the quality of life postoperatively following a 
pulmonary rehabilitation program17-21intensity being of 
key importance. Nevertheless, in these patients extreme 
breathlessness and/or peripheral muscle fatigue may 
prevent patients from higher levels of intensity. In this 
review article the literature concerning the different ways 
to optimise exercise tolerance in patients with COPD, with 
the objective of enhancing the tolerance to higher exercise 
training intensity, is summarised. Continuous positive 
airway pressure and different modalities of noninvasive 
positive pressure ventilation (NPPV Some researchers 
have suggested that preoperative rehabilitation programs 
may not result in a significant change in the quality of life 
of patients due to a possible ceiling effect.17 Indeed, trials 
exploring the effectiveness of such a program amongst 
patients with lung cancer reported such findings.18-21 

We cannot make conclusions about the quality of life 
on the basis of our results given the differences in the 
tools, intervention designs, and/or extent of the surgical 
operations in the different relevant studies. We used the 
EQ-5D, which is a worldwide standard tool for measuring 
quality of life; and, the questionnaire has been validated 
for use and a valuation set for our country is available. 
Thus, given the conflicting results, comparing ours to 
those in future studies using similar measurement tools 
with good validity and reliability is essential.22,23

Strength of the study: We conducted a randomized 
controlled trial (the highest form of evidence to assess the 
effectiveness of an intervention). We comprehensively 
assessed a wide range of outcomes postoperatively. We 
did not have any patients lost to follow-up during the 
study. In addition, we used the standard EQ-5D tool to 
assess the quality of life of the patients postoperatively. 
The lack of a significant effect of the post-surgical 
pulmonary rehabilitation interventions on the recovery 
and preservation of pulmonary function in elderly 
patients, may reflect a non-significant association between 
the postoperative pulmonary rehabilitation training and 
the patient’s lung function preservation. However, given 
that elderly patients usually present underlying diseases 
and that the occurrence of complications usually leads to 
serious adverse events and even perioperative death, our 
results are important because they show that the patients 
in the pulmonary rehabilitation intervention group had a 
lower incidence of complications than those in the control 
group. Thus, our findings suggest that our pulmonary 
rehabilitation intervention successfully helped the 
overall rehabilitation of elderly patients and integrate the 
intervention in primary healthcare settings.24 We cannot 
show similar effects for the perioperative mortality or 
long-term survival between the two groups, but our 
intervention seemed to promote the physical recovery 
and quality of life of our elderly patients.

Rapid pulmonary rehabilitation nursing program for elderly 
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Limitations: Blinding of the participants could not be 
done due to the nature of the intervention; however, 
the investigator and outcome assessor were blinded to 
the intervention. We failed to evaluate the mental and 
emotional aspects of the quality of life of our patients and 
focused instead on physical aspects.

CONCLUSION

 Our results showed a significant improvement in the 
quality of life of patients on the five tested dimensions of 
the EQ-5D. However, we found a non-significant effect of 
the post-surgical pulmonary rehabilitation interventions 
on the recovery and preservation of pulmonary function in 
elderly patients. Nonetheless, strengthening pulmonary 
rehabilitation nursing interventions for elderly patients 
with lung cancer during the perioperative period, which 
can possibly reduce their postoperative complications 
and promote their rapid recovery.
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