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  Abstract 
With the aggravation of population aging, the incidence of lung cancer is in-
creasing year by year. As the preferred treatment for lung cancer, radical re-
section of lung cancer is also developed from traditional thoracotomy to tho-
racoscopic surgery relying on the development of minimally invasive surgery. 
Pulmonary rehabilitation is a comprehensive rehabilitation treatment program 
that can promote pulmonary function rehabilitation of patients after radical 
resection of lung cancer. It mainly adopts measures such as sports training, 
drug rehabilitation, nutritional rehabilitation, pulmonary rehabilitation educa-
tion and psychosocial support to improve patients’ exercise tolerance, pulmo-
nary function and quality of life. In this paper, the recent clinical studies on 
pulmonary rehabilitation after radical resection of lung cancer by thoracos-
copic surgery were reviewed to explore the future development direction of 
pulmonary rehabilitation after radical resection of lung cancer. 
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The 2018 Global Cancer Annual Report shows that lung cancer is the cancer with the highest incidence and 

mortality in the world, accounting for 11.6% of new cancer cases and 18.4% of total cancer deaths, respectively [1]. 
More than 80% of the patients with lung cancer are aged 60 years or above, and the majority are males [2]. Lung 
cancer is the most common malignant tumor in China. The incidence of lung cancer is increasing year by year with 
the aggravation of population aging, which poses a serious threat to the physical and mental health of residents. In 
recent years, thoracoscopic minimally invasive surgery has been gradually accepted by the public for its advantages 
of less trauma, faster recovery, and better tolerance after chemotherapy. Both domestic and foreign guidelines rec-
ommend thoracoscopic radical resection of lung cancer as a treatment for early lung cancer [3-4]. Lung cancer rad-
ical prostatectomy is the best way to treatment of early lung cancer treatment, mainly including the lymph node 
lobectomy and, although surgery can prolong survival in patients with lung cancer, but in single ventilation and 
tracheal catheter anesthesia and postoperative lung volume reduction, postoperative wound pain, the influence of 
both the respiratory function in patients with impaired, sports endurance is low and the quality of life [5-6]. Lung 
cancer rehabilitation, as a new field, has been widely concerned by scholars at home and abroad. A number of stu-
dies have shown that early postoperative pulmonary rehabilitation can help patients rebuild lung function by im-
proving patients’ cardiopulmonary and peripheral muscle endurance [7-9]. At present, pulmonary rehabilitation 
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measures for lung cancer mainly refer to mature treatment programs of COPD pulmonary rehabilitation, and the 
application of pulmonary rehabilitation after lung cancer surgery is at the preliminary exploration stage. Therefore, 
this paper summarizes the research progress of pulmonary rehabilitation after thoracoscopic radical resection of 
lung cancer, in order to provide scientific basis for clinical nursing practice. 

1. Concept of pulmonary rehabilitation 
The term “pulmonary rehabilitation”, as early as 1974 by ATS (ATS) is proposed, and its concept after several 

modifications, founded in 2013 by ATS and European respiratory society (ERS) to establish a consensus, points out 
that pulmonary rehabilitation is based on the comprehensive evaluation of patients, for patients with tailor-made a 
set of comprehensive intervention treatment, including but not limited to sports training, education and behavior 
change, aimed at improving mental and physical health and patients with chronic respiratory system disease and 
insist for a long time to promote health behavior [10]. At present, pulmonary rehabilitation after radical resection of 
lung cancer mainly refers to COPD, including exercise training, drug rehabilitation, nutritional rehabilitation, pul-
monary rehabilitation education and psychosocial support. 

2. Significance of pulmonary rehabilitation after thoracoscopic radical resection of lung can-
cer 

Although thoracoscope surgery with small incision, less intraoperative visibility, ribs, pull, muscle damage and 
intercostals nerve damage small, short postoperative chest drainage time and less traffic and shorter postoperative 
hospital stay, and many other advantages [11], but art is still hard to avoid in the chest wall muscle damage, and 
lobectomy patients after lung volume is reduced, increased airway secretions, and obvious chest pain, lungs 
breathing exercise capacity is low, easily happened lung infection, atelectasis, ARDS, respiratory failure and other 
complications [12]. In addition, unilateral lung ventilation is often performed through bronchial tubes during radical 
lung cancer surgery. During the process of unilateral lung ventilation, the patients’ thoracotomy side lung com-
pletely shrinks, resulting in decreased blood shunt and ventilation blood flow ratio within the lung, and relative 
hyperventilation of the contralateral lung, which increases the risk of postoperative lung injury. Under hypoventila-
tion, cell ischemia and hypoxic destruction and injury may occur, leading to various pulmonary complications in 
patients [13-14]. Therefore, postoperative pulmonary rehabilitation is particularly important, the purpose of which 
is to enable patients to recover lung function and physical and mental state as soon as possible, maximize the im-
provement of patients’ activity ability, and improve the quality of life. 

3. Measures and timing of pulmonary rehabilitation after thoracoscopic radical resection of 
lung cancer 
3.1. Pulmonary rehabilitation measures for patients after thoracoscopic radical resection of lung can-
cer 
3.1.1 Sports training 

3.1.1.1 Upper limb exercise training 
Upper limb exercise training mainly improves the patient’s forearm movement ability, improves activity endur-

ance and reduces ventilation demand by enhancing the body’s adaptability to upper limb movement. Common 
training methods include arm movement, fist movement, two upper limbs circling, upper limb weight lifting such 
as dumbbell lifting, arm power bicycle. The common methods of grip strength training include towel twisting 
training and grabbing objects as hard as possible, which can increase the strength of patients’ forearm extension and 
flexor muscles [15]. Kong et al. [16] asked the patients after lung cancer surgery to use a gym bar to do exercises in 
all directions that were above the shoulder height, and held dumbbells (0.5-3kg) to do exercises that were higher 
than the shoulder height. After 12 weeks of exercise, the patients’ exercise ability was improved. Fan Zerong et al. 
required that the affected arm should carry a weight of 0.25kg (half bottle of mineral water) and the healthy arm 
should carry a weight of 0.5kg (1 bottle of mineral water) when the patient was lifting the arm, and the patient 
should coordinate breathing with arm lifting, lasting about 15min each time [17]. 

3.1.1.2 Lower limb exercise training 
Lower limb movement is a routine item of postoperative pulmonary rehabilitation. Patients with lung cancer 

radical surgery should be encouraged to bed early, by increasing the large muscle groups of activities to improve 
physical muscle function, improve the ability to walk, promote sports endurance, also can increase the alveolar 
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ventilation, tidal volume to improve cardiopulmonary function [18], common training methods are walking walking, 
jogging, climbing stairs, tablet and power cycling, etc. Chen Xiang et al. [19] suggested that on the first day after 
surgery, the rehabilitator and the nurse jointly guide the patient to ride a bicycle on the back with a foot pedal trainer, 
3 times a day, 10 to 20 minutes each time, to strengthen the exercise of lower limbs, and the patient should stop 
immediately if he feels chest tightness and shortness of breath. Vagvolgyi et al. [20] advocate that patients with lung 
cancer participate in individualized, continuous or intermittent cycle and/or treadmill training, 2 to 3 times a day, 
each time lasting 10 to 30 minutes, with a maximum intensity of 60% to 80%. 

3.1.1.3 Respiratory training 
Respiratory muscle weakness is the main factor for the difficulty in coughing up sputum and dyspnea in patients 

after radical resection of lung cancer. Respiratory training can improve patients' respiratory function and relieve 
dyspnea. Common training methods include lip contraction breathing, abdominal breathing, balloon blowing, 
breathing exercises, breathing apparatus training, chest expansion exercise training and diaphragm electrical stimu-
lation. Studies have shown that guiding patients to do abdominal breathing and labial contraction breathing after 
surgery is beneficial to increase the volume of air and alveolar ventilation, and can promote the recovery of lung 
function [21-22]. In Huang Yuxian’s study [23], patients exercised their respiratory function with the help of a 
breathing trainer, which significantly reduced the incidence of postoperative respiratory complications and im-
proved postoperative lung function. Chest dilation exercise training can prevent pulmonary dilatation insufficiency 
caused by defensive muscle contraction induced by postoperative pain [24]. Wang Hao [25] applied diaphragmatic 
electrical stimulation training, a new respiratory training method, to patients after radical resection of lung cancer, 
which can control the patient’s respiratory frequency and depth, and has achieved good benefits in improving the 
patient's lung function. In addition, Traditional Chinese medicine also plays an important role in lung rehabilitation. 
Respiration exercises with Traditional Chinese medicine characteristics mainly include meridian-Collaterals exer-
cise and health-preserving respiration exercises. The main points of the breath exercise of meridian and collaterals 
are pointing, rubbing the chest, beating the chest and beating the back, and expanding the chest. The common exer-
cises of the breath exercise of traditional Chinese medicine for health preservation include six-character formula, 
Guiyuangong, Loosing and nourishing the body in quietness, Baduan Jin, and the breath exercise of standing piles 
[26-27]. 

3.1.2 Drug rehabilitation 
After radical resection of lung cancer, patients often have pulmonary manifestations such as sputum retention, 

respiratory membrane edema, airway spasm and pneumonia, etc., which need to be assisted by the administration of 
expectorant, glucocorticoid, bronchus dilator and antibiotics, etc. (1) Expectorant: ambroxol hydrochloride is a 
commonly used drug, which can reduce the viscosity of sputum and help expectorant. (2) Glucocorticoid: Gluco-
corticoid is a widely used non-specific anti-inflammatory drug, which can effectively inhibit inflammatory response, 
reduce respiratory membrane edema, and improve respiratory symptoms [28]. (3) Bronchodilator: The commonly 
used drug is tiotropium bromide, which can relieve airway spasm in patients with lung cancer, reduce airway resis-
tance, improve the over-inflated lung state, reduce sputum production and lung retention, and thus reduce the inci-
dence of postoperative pulmonary complications [29]. (4) Anti-infection: pneumonia is the main cause of death of 
lung cancer patients after surgery, so should be prophylactic use of antibiotics in order to avoid the occurrence of 
postoperative pneumonia, control postoperative pulmonary infection, eliminate inflammation. 

3.1.3 Nutritional rehabilitation 
Nutritional rehabilitation is a part of pulmonary rehabilitation. Nutritional support can effectively ensure the me-

tabolic needs of cells in the body and improve immunity. After radical cure of lung cancer, patients can be given 
intravenous high nutrition, amino acids, fat milk and albumin are injected intravenously for nutritional support, and 
patients can be instructed to eat a light, digestible, high-calorie, high-protein diet after anesthesia. Studies have 
shown that [30] early postoperative enteral nutrition can effectively improve postoperative nutrition level and re-
duce the risk of pulmonary infection in patients with lung cancer. 

3.1.4 Pulmonary rehabilitation education 
Pulmonary rehabilitation education includes instruction on airway clearance techniques, splint cough, abdominal 

breathing, lip reduction breathing, upper and lower limb exercise, walking exercise, and stair exercise. In a rando-
mized controlled experiment conducted by Jeong et al. [31], pulmonary rehabilitation education was provided for 
patients in the experimental group and comprehensive management advice was provided for patients in the control 
group. After 4 weeks, respiratory muscle strength and dyspnoia of patients in the experimental group were signifi-
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cantly improved compared with those in the control group. Selzler et al. [32] proposed remote pulmonary rehabili-
tation education, which provides patients with information services related to disease management based on the 
network platform, reducing the cost of medical care and thereby reducing the economic burden of patients. 

3.1.5 Psychosocial support 
Patients after lung cancer surgery mostly have psychological disorders, such as fear of pain caused by surgical 

trauma and other adverse stimuli, anxiety and worry about prognosis, and there is a wrong understanding of the 
disease. Medical staff and family members should encourage patients to fight against the disease and provide com-
prehensive psychosocial support. Studies have shown that personalized and multidisciplinary rehabilitation plan 
formulated by medical staff, patients and family members in cooperation with each other can stabilize the mood of 
patients after lung cancer surgery and improve their compliance with rehabilitation exercise [33-34]. 

3.2. Pulmonary rehabilitation opportunity of patients after thoracoscopic radical resection of lung 
cancer 

At present, there are no uniform standards and norms for the time, frequency and intensity of pulmonary rehabil-
itation training for patients after radical resection of lung cancer. Relevant studies have shown that the duration of 
pulmonary rehabilitation training after lung cancer surgery is 1 week after surgery [35]. Other studies have pointed 
out that the duration of pulmonary rehabilitation training after surgery is 12-24 weeks after surgery [36-37]. Syste-
matic analysis shows that the duration of pulmonary rehabilitation training after lung cancer surgery is mostly 4-8 
weeks after surgery, but further study and confirmation are still needed [38]. Based on a comprehensive analysis of 
a number of interventional studies, it was found that the earlier pulmonary rehabilitation training started after lung 
cancer surgery, the more beneficial it was to enhance athletic ability, improve quality of life and reduce postopera-
tive pulmonary complications. Therefore, patients with lung cancer can be encouraged to do respiratory function 
training and guided to take slow deep breaths (once in the morning and once in the evening, 20-30 times each time) 
after anesthesia and wake up after surgery. 2-3d after surgery, patients were instructed to do abdominal breathing, 
effective cough and sputum, horizontal or comfortable semi-supine breathing exercises (once a day, 10-15min each 
time), and upper and lower limb exercises (three times a day, 10-15min each time) [22]. 4-7d after the removal of 
thoracic drainage tube, the intensity of breathing exercise can be gradually increased, and patients are encouraged 
to sit up and hang their lower limbs from the bedside → sit quietly in a chair → get out of bed and stand → walk 
around the bed → walk in the ward and perform standing breathing exercise [39]. 8-10d after the operation, the 
daily walking distance of the patient could be gradually extended, and the daily standing breathing exercise could 
be carried out continuously (10-15min each time) to increase the number and time of exercise, and stair climbing 
training could be carried out according to the patient’s recovery. Four weeks after the operation, with the patient’s 
condition improving day by day, high-intensity endurance and strength training can be gradually increased. 

4. Effect evaluation of pulmonary rehabilitation after thoracoscopic radical resection of lung 
cancer 
4.1. Objective effect evaluation 
4.1.1 restingpulmonary functiontest, PFT 

The commonly used indicators are: forced expiratory volume in one second (FEV1), forced vital capacity (FVC), 
and diffusion capacity for carbon monoxide of the lung (DLCO). Among them, FEV1 and DLCO are not only ob-
jective indicators for preoperative evaluation of patients’ respiratory tolerance to lung cancer surgery, but also in-
dependent indicators for prediction of postoperative complications [40]. 

4.1.2 Exercise test 
1) The cardiopulmonary exercise experiment (CPET) 
Commonly used indicators include VO2max, CO2 emissions, VE per minute, MVV, electrocardiography, blood 

pressure, peak Oxygen consumption (VO2peak). CPET can increase the load of the cardiopulmonary system and 
oxygen delivery system through a certain amount of exercise, which can not only help to guide the evaluation of 
postoperative cardiopulmonary rehabilitation training, but also simulate the load exerted on patients by surgery to a 
certain extent, and contribute to the preoperative evaluation of patients’ surgical tolerance [41]. 

2) Six-minute walk Distance (6MWD) 
6MWD determines the cardiopulmonary function of a patient according to the walking distance within a limited 

time, and the lower the level is, the worse the cardiopulmonary function is [15]. 
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At the end of 6min, the walking distance is recorded, < 300m is level 1, 300-374.9m is level 2, 375-450m is level 
3, and > 450m is level 4. 

3) Stair Climb test (SCT) 
SCT has been used in clinical practice for a long time as a cardiopulation exercise test. The number of stairs can 

reflect the patient’s maximum oxygen consumption (VO2max) to a certain extent, but there is no unified standard 
on the height of floors and steps. Kubori et al. [42-43] used the stair climbing test to evaluate the improvement of 
exercise ability of lung cancer patients after lobectomy. The staircase is composed of 36 stairs, with each stair con-
sisting of 20-31 steps, and the height of each stair is 0.18-0.19m. 

4) Shuttle walk test (SWT) 
Refers to the patient walking back and forth within a distance of 10m, with the pace following the established 

fixed rhythm and gradually increasing speed until the patient has difficulty in breathing or cannot continue walking 
[44]. During the SWT test, the patient’s walking distance, dyspnea index score, recovery time and reason for cessa-
tion of exercise were recorded, and blood oxygen saturation was measured every 30s. 

4.1.3 Evaluation of pulmonary secretions 
The common clinical evaluation methods include pulmonary auscultation, fiber electron microscopy and ultra-

sound examination. Lung auscultation can determine the concentration of secretions; the quality and quantity of the 
patient’s pulmonary secretions can be directly observed by fiberoptic microscopy, and alveolar lavage can also be 
performed by fiberoptic microscopy to remove long-term residual secretions in the lungs [45].The bedside evaluation 
of the patient may be performed by ultrasound examination. 

4.1.4 Incidence of postoperative pulmonary complications 
Pulmonary complications such as respiratory dysfunction, pulmonary infection, atelectasis and pulmonary em-

bolism are also indicators to evaluate the effectiveness of pulmonary rehabilitation after radical resection of lung 
cancer. 

4.2. Subjective effect evaluation 
4.2.1 Quality of life evaluation 

Quality of life is an important indicator to evaluate the effectiveness of postoperative pulmonary rehabilitation, 
and is also one of the ultimate indicators of clinical rehabilitation treatment, covering 5 aspects including physical 
health, mental health, social function, daily life activities and good sense of self. The quality of life scale 
(EORTC-QLQ-C30) and the Lung Cancer Specific Scale (EORTC-QLQ-LC13) of the European Organization for 
Research and Treatment of Cancer (EORTC) can be used to evaluate the quality of life [46]. 

4.2.2 Evaluation of dyspnea index 
The main factor affecting the postoperative life quality of patients with lung cancer is dyspnea, and postoperative 

pulmonary rehabilitation training can reduce the degree of dyspnea of patients. Evaluation tools include the most 
commonly used Brog score and the most sensitive BODE index score. 

(1) Brog score (10-point scale): The Brog score is often used to evaluate the degree of dyspnea. The score range 
is 0-10, 0 means no dyspnea, 10 means extreme dyspnea, the higher the score is, the more severe the dyspnea is; (2) 
the BODE index score (the body mass, airflow obstruction, dyspnea, and exercise capacity index): BODE index 
including lung function, dyspnea, athletic ability and body mass index (bmi) four aspects. Candemir et al. showed 
that BODE index could determine the curative effect of pulmonary rehabilitation [47]. 

5. Summary 
Lung cancer treated with thoracoscope technology is the primary method for early lung cancer patients the best 

operation, the postoperative pulmonary rehabilitation exercise training, medicine, nutrition, rehabilitation, pulmo-
nary rehabilitation education and social psychological support, etc., with lifting movement endurance, improve pa-
tients' respiratory function, reduce pulmonary complications, relieve anxiety, depression and other negative emo-
tions, shorten the length of hospital stay and reduce expenses related to health and other advantages. But lung pul-
monary rehabilitation as an emerging field, domestic clinical literature reported less, has the following problems 
need to be further discussed: (1) The lung cancer effect a radical cure postoperative pulmonary rehabilitation main-
ly refer to the COPD pulmonary rehabilitation training method, will be the same without pulmonary rehabilitation 
measures and effect evaluation screening and identification of patients with lung cancer radical surgery applications, 
lack of specificity, and its effectiveness still needs more clinical research to explore. (2) Most of the domestic and 
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foreign studies on lung cancer rehabilitation are single-center small sample trials. There are no unified standards on 
when to start lung rehabilitation, evacuation time, the best mode, time and frequency of rehabilitation exercise 
training for patients after lung cancer surgery. High-quality, multi-center randomized controlled studies are still 
needed for further practice and exploration. (3) The pulmonary rehabilitation after radical resection of lung cancer 
needs the coordination and promotion of thoracic surgery medical staff and rehabilitation physiotherapists, psycho-
logical counselors, nutritionists and other multidisciplinary, but the current pulmonary rehabilitation mainly focuses 
on the respiratory function and upper and lower limb function exercise, and the understanding and education of 
medical staff on pulmonary rehabilitation is insufficient, and the patient’s rehabilitation treatment compliance is 
poor. (4) Preoperative pulmonary rehabilitation can improve the pulmonary function of early patients, optimize the 
state of the body to increase the opportunity of surgery, if the preoperative and postoperative pulmonary rehabilita-
tion joint implementation may make patients with radical lung cancer surgery benefit more, improve the quality of 
life, but preoperative pulmonary rehabilitation related clinical studies are few, need to provide theoretical support 
further research. To sum up, pulmonary rehabilitation applied to thoracoscope lung cancer radical surgery can have 
a positive effect, by improving the cardiopulmonary function to improve the quality of survival, has great applica-
tion potential, but still need more high quality, multicenter clinical research and practice with unified specification 
applies to the lung cancer patients with postoperative pulmonary rehabilitation plan, to speed up the implementation 
of the pulmonary rehabilitation, application and promotion, effectively regulate recovery postoperatively in patients 
with lung cancer management, timely access to health. 
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