

[image: Rapid Recovery of Postoperative Pulmonary Function in Patients With Lung Cancer and Influencing Factors]
Rapid Recovery of Postoperative Pulmonary Function in Patients With Lung Cancer and Influencing Factors





REVIEW

published: 11 July 2022

doi: 10.3389/fonc.2022.927108

[image: image2]


Rapid Recovery of Postoperative Pulmonary Function in Patients With Lung Cancer and Influencing Factors


Yang Fuzhi, Tang Dongfang, Fu Wentao, Wang Jing, Wu Yingting, Mo Nianping, Gao Wen and Shen Xiaoyong *


Department of Thoracic Surgery, Huadong Hospital Affiliated to Fudan University, Shanghai, China




Edited by: 

John Varlotto, Marshall University, United States

Reviewed by: 

Andrea Zuin, University of Padua, Italy

Florian Eichhorn, University of Heidelberg, Germany

*Correspondence: 
Shen Xiaoyong
 hanson_shen@aliyun.com

Specialty section: 
 This article was submitted to Thoracic Oncology, a section of the journal Frontiers in Oncology


Received: 23 April 2022

Accepted: 13 June 2022

Published: 11 July 2022

Citation:
Fuzhi Y, Dongfang T, Wentao F, Jing W, Yingting W, Nianping M, Wen G and Xiaoyong S (2022) Rapid Recovery of Postoperative Pulmonary Function in Patients With Lung Cancer and Influencing Factors. Front. Oncol. 12:927108. doi: 10.3389/fonc.2022.927108



Among malignant tumors, lung cancer has the highest morbidity and mortality worldwide. Surgery is the first-line treatment for early-stage lung cancers, and has gradually advanced from conventional open-chest surgery to video-assisted thoracic surgery (VATS). Additionally, increasingly smaller surgical incisions and less surgical trauma have resulted in reduced pulmonary function damage. Previous studies have found that the level of pulmonary function loss and recovery is significantly correlated with postoperative complications and the quality of life. Thus, an accurate assessment of the preoperative pulmonary function and effective rehabilitation of postoperative pulmonary function are highly important for patients undergoing lung surgery. In addition, pulmonary function assessment after pulmonary rehabilitation serves as an objective indicator of the postoperative pulmonary rehabilitation status and is crucial to facilitating pulmonary function recovery. Furthermore, a complete preoperative assessment and effective rehabilitation are especially critical in elderly patients with pulmonary tumors, poor basic physiological functions, comorbid lung diseases, and other underlying diseases. In this review, we summarize the clinical significance of pulmonary function assessment in patients undergoing lung cancer surgery, postoperative changes in pulmonary function, effective pulmonary function rehabilitation, and the influencing factors of pulmonary function rehabilitation.
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Introduction

Among malignant tumors, lung cancer has the highest morbidity and mortality in China and throughout the world (1). Surgery is the first-line treatment for early-stage lung cancers, and the preoperative pulmonary function status and surgical methods are important factors affecting the prognosis and quality of life (2). With an inability to regenerate new tissues from residual pulmonary tissues, the surgical excision of functional tissues and reconstruction of residual thoracic structures results in reduced postoperative pulmonary function (3). In particular, wide ranging complications resulting from reduced respiratory function caused by pneumonectomy are major reasons for poor postoperative quality of life (4). Hence, an accurate assessment of preoperative pulmonary function is crucial in patients undergoing pneumonectomy (5). Here, we summarize the clinical significance of pulmonary function assessment in patients undergoing lung cancer surgery, postoperative changes in pulmonary function, effective pulmonary function rehabilitation, and the influencing factors of pulmonary function rehabilitation.



Clinical Significance of Pulmonary Function Measurement in Patients Undergoing Lung Cancer Surgery


Pre-Operative Pulmonary Function Assessment

Among pulmonary function indices, the forced expiratory volume in the 1st second (FEV1) and the diffusing capacity of the lung for carbon monoxide (DLCO) show the best correlations with postoperative morbidity and mortality rates (6). The predicted post-operative FEV1 (ppoFEV1) and forced vital capacity (ppoFVC) are highly correlated with the patient’s actual FEV1 and forced vital capacity (FVC) (r= 0.867, 0.832, respectively) (7). Hence, the preoperative measurement of pulmonary function and calculation of predicted postoperative values can be instrumental in effectively evaluating surgical feasibility and predicting postoperative pulmonary function recovery and pulmonary complications. There are several ways to predict postoperative lung function, including counting residual lung lobes, perfusion scintillation to calculate residual lung function, or imaging to calculate the area (8). The American College of Chest Physician’s evidence-based clinical practice guidelines (3rd edition) recommend the use of perfusion to calculate and predict lung function, using the following formulas:

Pneumonectomy: ppoFEV1 = preoperative FEV1 × (1 − fraction of total perfusion for the resected lung)

Lobectomy: ppoFEV1 = preoperative FEV1 × (1 − number of functional or unobstructed lung segments to be removed/total number of functional segments)

The same equations can be used to estimate the ppoDLCO. Both a ppoFEV1 and ppoDLCO >60% indicate a low risk for anatomic pneumonectomy (6).

A study by Zhang et al., comprising 805 patients undergoing pulmonary surgery, suggested that two indices, ppoFEV1% and ppoDLCO%, can be used to evaluate surgical feasibility and predict the risk of pulmonary complications, regardless of whether the surgery is open or minimally invasive (9). Furthermore, Khullar et al. indicated that DLCO might be a better predictor of the postoperative quality of life than age (10).

In summary, pre-operative pulmonary function assessment has significant value in predicting surgical feasibility, postoperative complications, and the quality of life. Thus, pulmonary function should be properly assessed preoperatively.



Postoperative Pulmonary Function Testing

Patients undergoing lung resection surgery usually experience pulmonary function decline to various degrees after surgery. Generally, pulmonary function gradually recovers within 6-12 months postoperatively, depending on the range of the surgical excision and the intensity of postoperative rehabilitation exercise. Pulmonary function testing during hospitalization is conducive to the early detection of pulmonary infections. Gregor et al. performed postoperative pulmonary function testing in patients with lung cancer and found that the FEV1 decline at 4 days postoperatively was more notable in patients with pneumonia than in patients without pneumonia (43.2% VS 32,2%) (11). Hence, regular postoperative pulmonary function testing, combined with other diagnostic assessments such as laboratory testing, radiology, and breathing frequency, could help detect pneumonia. Furthermore, for patients undergoing rehabilitation exercise, pulmonary function assessment can be helpful in objectively evaluating the efficacy of the rehabilitation exercise. In addition, some researchers have found that the decline in postoperative pulmonary function is negatively correlated with the postoperative quality of life (12). However, a study by Ozturk et al. found no significant correlations between pulmonary function test parameters (FEV1, FVC, and FEV1/FVC) and the quality of life (13). Therefore, other cardiopulmonary function indices, such as the six-minute walk test (6MWT), might serve as better indicators of the postoperative quality of life (14).




Postoperative Changes in Pulmonary Function in Patients With Lung Cancer

Lung surgery exerts notable short-term and long-term impacts on the postoperative pulmonary function of patients with lung cancer. There are various causes of pulmonary function impairment after pneumonectomy, including the resection of lung tissues and changes in the mechanical structure of the chest wall induced by surgical incisions (15). Conventional open-chest surgery results in a 10%–40% postoperative decrease in pulmonary function (16, 17). Postoperative pulmonary function assessment in a prospective study, comprising 238 patients undergoing muscle-sparing lateral thoracotomy lobectomy, found that the FEV1 and DLCO values at 3 months postoperatively were only 84% and 88.5% of preoperative values, respectively (16). Shiono et al. revealed a significant decrease in pulmonary function at two weeks postoperatively and a significant decrease in pulmonary function and oxygenation at 6 months postoperatively (2). The adoption of VATS within the division of thoracic surgery aids in sparing more chest wall muscle, reducing surgical trauma and pulmonary function loss. A retrospective study by Shibazaki et al., comprising 104 patients who underwent VATS lobectomy reported that the mean FEV1 at 3, 6, and 12 months postoperatively was 85.78%, 87.93%, and 89.22% of preoperative values, respectively (18). Nezu et al. reported a significant decrease in patients’ pulmonary function at 3 months after pneumonectomy, and improvement in pulmonary function at 6 months, but with a failure to return to preoperative levels (19). In a prospective study of patients undergoing unilateral VATS lobe resection, Yokoba et al. found that FVC and FEV1 values at 3-12 months postoperatively were lower than preoperative vales (20).

In brief, a long-term postoperative decline in pulmonary function is inevitable, regardless of whether the surgery is open-chest or VATS. Although pulmonary function gradually improves after surgery, the overall level is still lower than the preoperative level, which affects the postoperative quality of life to varying degrees.


Factors That Affect Postoperative Pulmonary Function Recovery

Pulmonary function recovery after lung cancer surgery is affected by various factors. The choice of surgical method and the range of lung tissue excision are major factors of pulmonary function decline (21). Smoking history and body mass index (BMI) are also important factors affecting postoperative FEV1 (18). Moreover, concomitant pulmonary diseases (4) and effective postoperative rehabilitation (22) can affect pulmonary function recovery.



General Pre-Operative Condition Factors

General pre-operative condition factors, including age (23), BMI (24), smoking history, concomitant lung diseases, and other underlying diseases, etc.: Pulmonary functions begin to decline at the age of 35 years, with a mean FEV1 decline of approximately 30 mL/year and a mean FVC decline of approximately 20 mL/year (25). Mori et al. found that younger age was related to greater postoperative pulmonary function recovery (26). Elderly patients usually have comparatively poor pulmonary function; thus, special attention should be paid to the preoperative assessment of pulmonary function and postoperative recovery (27).

Compared to normal weight and obesity, underweight status is associated with decreased pulmonary function (24). Good preoperative nutritional status can facilitate postoperative pulmonary function recovery and reduce complications (28). For patients with poor nutritional status, perioperative nutritional support should be strengthened to reduce postoperative complications and facilitate pulmonary function recovery. Central obesity is associated with pulmonary function decline in the Chinese elderly population, with better pulmonary function in patients with moderate obesity (29); proper diet control and postoperative rehabilitation exercise can facilitate the improvement in pulmonary function in such patients.

Long-term smoking is a risk factor for pulmonary complications after pneumonectomy, and smoking cessation can effectively lower the incidence of pulmonary complications (30, 31). However, the level of impact that smoking has on postoperative pulmonary function recovery currently remains unclear and needs to be confirmed by further observations and studies.

The process of pulmonary function recovery after lung cancer surgery is accompanied by various influencing factors, including pulmonary atelectasis, pleural effusion, and postoperative chest pain. After lung cancer surgery, early postoperative rehabilitation and improvement in pulmonary function should be facilitated by the aggressive administration of expectorants, proper use of analgesics, tapping on the back in a prone position (to encourage coughing, facilitate postoperative sputum excretion, and promote re-expansion of collapsed lung lobes), improvement in pulmonary ventilation and gas-exchange function, and aggressive treatment of complications, including pleural effusion and pulmonary infections.



Choice of Surgical Method

Surgical trauma is an important factor influencing postoperative pulmonary function recovery. Posterolateral incisions are most widely used in conventional open-chest surgery. The incisions are relatively long and the latissimus dorsi muscle needs to be incised. Additionally, intraoperative rib spreading usually damages the ribs and intercostal nerves, which causes persistent postoperative pain and affects pulmonary function recovery. Liu et al. showed greater FVC decline and FVC% decline at 6 months and 2 years postoperatively with pneumonectomy and chest wall resection than with chest wall-sparing pneumonectomy (21). Harada et al. and Macke et al. reported significant pulmonary function decline in patients who underwent chest wall resection, and better pulmonary function recovery in patients receiving VATS lobectomy than in patients who underwent open lobectomy (especially in the early postoperative period); thus, pulmonary function recovery needs to be facilitated in the early period (32, 33). Lung surgery with VATS spares more chest wall muscle, cause less surgical trauma and less respiratory muscle injury, than conventional open-chest surgery, and hence are more conducive to postoperative pulmonary function recovery.



The Range of Lung Tissue Excision

With the development of minimally invasive techniques, most lung cancer surgeries have been performed by VATS in recent years. The range of lung tissue excision varies depending on the size, amount, and location of the lesions, which are major factors affecting postoperative pulmonary function recovery. Mori et al. demonstrated that, in patients who underwent lung wedge resection, postoperative FVC decreased temporarily, but nearly recovered to the preoperative level after 12 months, whereas the postoperative FEV1 recovered gradually over the course of 12 months, but did not recover to the preoperative level (26). Furthermore, the number of resected lung segments is significantly and positively correlated with the FVC decline (32). FEV1 decline is greater in patients who underwent the resection of 3-5 segments than in patients who underwent the resection of fewer anatomical segments (1-2 segments), suggesting that the resection of less lung tissue results in less pulmonary function loss (33). Saito et al. and Keenan et al. found that decreases in FVC and FEV1 were notably smaller after the resection of pulmonary segments than after pulmonary lobectomy (34, 35). Since a smaller amount of lung tissue is resected, pulmonary functions are better preserved with pulmonary segmentectomy and lung wedge resection than with pulmonary lobectomy and the resection of multiple pulmonary segments. It is worth mentioning that sleeve lobectomy preserves more lung tissue and pulmonary function than pneumonectomy. In particular, for some patients with poor preoperative pulmonary function, sleeve resection could help preserve pulmonary function.

Therefore, when choosing the surgical method, surgeons should consider retaining normal lung tissues when possible, on the premise of complete tumor resection, in order to facilitate pulmonary function recovery in the early postoperative period and improve the quality of life.



Comorbid Chronic Obstructive Pulmonary Disease

Changes in pulmonary function are associated with the location, volume, and severity of emphysema (20). Lung volume reduction surgery (LVRS) is a surgical intervention for patients with emphysema to improve lung function. LVRS is a potential option for patients with upper lobe emphysema and low exercise tolerance. The National Emphysema Treatment Trial showed that, compared with thoracotomy lung volume reduction, LVRS leads to better improvements in 6MWT distance, predictive FEV1%, quality of life, and dyspnea. Upper lobe–dominant emphysema and inhomogeneous emphysema showed better recovery of lung function than lower lobe–dominant emphysema and homogeneous emphysema (36). Comorbid COPD is an independent favorable factor for the preservation of FEV1 in the late postoperative phase following lung cancer surgery (4). The postoperative pulmonary function and recovery time in patients who undergo VATS pulmonary lobectomy vary depending on the pulmonary lobectomy itself and the presence of COPD (37). Wei et al. reported that the decline in postoperative FEV1 among patients with lung cancer and comorbid COPD ranged 5%–18.3%, indicating that pulmonary lobectomy did not cause further pulmonary function impairment in patients with lung cancer and comorbid COPD (38). Baldi et al. reported that patients with lung cancer and comorbid COPD exhibited a smaller decrease in pulmonary function during the late postoperative phase after pulmonary lobectomy than in patients without comorbid COPD (39). This phenomenon might be associated with reduced lung volume after pneumonectomy, alleviation of pulmonary hyperinflation, and changes in the mechanical structure of the chest wall. Further studies are required to confirm the specific mechanisms.



Postoperative Pulmonary Function Compensation

Compensation for reduced pulmonary functions after pneumonectomy can help slow the pulmonary function decline caused by surgery. Physiological compensation after the resection of lung tissues is mainly achieved via two mechanisms: enhancement of the diffusing capacity of the residual lung and the generation of new pulmonary gas-exchange units (40). Fisher et al. demonstrated an increase in the mitotic activity of contralateral alveolar cells in rats after unilateral pneumonectomy, suggesting that functional compensation after pneumonectomy is primarily a compensation of the residual lung (41). This compensation is manifested, not by an overexpansion of the pre-existing alveolar septal tissues, but instead by an increase in functioning lung tissue (42). Ueda et al. showed that, despite the removal of more functional pulmonary parenchyma, postoperative pulmonary function after lower lobe resection was not worse than that after upper lobe resection because of greater postoperative compensation with lower lobe resection (5). Postoperative compensation after lower lobe resection is achieved by the expansion of both the contralateral lung and remaining ipsilateral lung. Hence, the postoperative decrease in total lung volume after lower lobe resection is smaller than that after upper lobe resection, even though more pulmonary parenchyma are excised in lower lobe resection (43).



Preoperative and Postoperative Therapy

For patients with locally advanced lung cancer, neoadjuvant therapies, (including radiotherapy, chemotherapy, targeted therapy, and immunotherapy) can cause some damage to normal lung tissues while treating primary lesions, resulting in pulmonary function decline after treatment. Nomori et al. demonstrated pulmonary function decline in patients who underwent induction radiotherapy and chemotherapy; the pulmonary function decline primarily occurred on the affected side (44), which was probably the result of damage to the surrounding normal lung tissues caused by the radiotherapy. Radiation exposure in radiotherapy can lead to radiation pneumonitis in the early phase of treatment and pulmonary fibrosis in the late phase, which causes progressive dyspnea with decreased lung compliance, and, hence, lower FEV1 and DLCO (45). Shin et al. revealed a notable decrease in DLCO following neoadjuvant chemotherapy (46). Zhu et al. suggested that preoperative neoadjuvant immunotherapy significantly increased FEV1 and FEV1% while treating the primary tumor, enabling pathological remission, but also caused a decline in DLCO% (47). This might be due to damage to normal lung tissues caused by neoadjuvant therapies, resulting in reduced pulmonary gas-exchange function, despite an improvement in ventilation function induced by tumor volume reduction. At present, there remains a lack of studies regarding the impact of postoperative adjuvant therapies on the pulmonary function of patients with advanced lung cancer; thus, this topic requires further studies and discussions. For patients with locally advanced lung cancer, complications of chemotherapy and radiotherapy, including pneumonia and pulmonary fibrosis, should be prevented and treated; furthermore, aggressive rehabilitation treatment is conducive to pulmonary function improvement (45).



Effective Rehabilitation Exercise

Poor exercise capacity (peak oxygen consumption <15 mL/kg/min) is the major determinant of postoperative morbidity and mortality after pneumonectomy (48). Effective pulmonary rehabilitation can improve cardiopulmonary function and exercise tolerance, and has positive clinical value in improving long-term survival (49–53). Cesario et al. showed notable improvement in FEV1 at 1 month postoperatively with in-hospital pulmonary rehabilitation than without pulmonary rehabilitation (2.32 Lt vs 1.79 Lt) (22). A randomized controlled trial by Zhou et al. demonstrated higher FEV1 at 28 days postoperatively in patients receiving pulmonary rehabilitation than in the control group (54). A study on patients receiving thoracoscopic lobectomy or segmental resection by Zou et al. found more notable improvement in pulmonary function at 3 months after hospital discharge in patients receiving pulmonary rehabilitation treatment (55). Furthermore, a retrospective analysis of patients who underwent VATS pneumonectomy by Choi et al. revealed better FEV1 preservation in the rehabilitation group than in the non-rehabilitation group (56). These results indicate that effective rehabilitation exercise can facilitate pulmonary function improvement.

However, unlike the above studies, a 20-week trial by Edvardsen et al. showed no difference in FEV1 between the rehabilitation group (who underwent high-intensity endurance and strength training) and the control group; only DLCO was higher in the rehabilitation group (57). Studies by Jonsson et al. and Cavalheri et al. suggested no difference in physical activity and pulmonary function at 8-12 weeks postoperatively between the rehabilitation and control groups (58, 59). This result might be associated with the low exercise intensity in the rehabilitation group. Furthermore, the intervention duration in these studies was short, at less than 3 months. There is currently no standardized procedure for pulmonary rehabilitation; different research institutions have adopted different postoperative rehabilitation programs, and hence might reach different conclusions. In addition, pulmonary function testing alone cannot fully reflect the cardiopulmonary function status. Pulmonary function testing combined with other exercise endurance assessments (such as the 6MWT and stair-climb test) might serve as a more accurate indicator of pulmonary rehabilitation efficacy. Previous studies have shown that pulmonary function recovers in about 6-12 months. In order to better improve the pulmonary function of patients, postoperative rehabilitation exercise should ideally last approximately 1 year. Furthermore, rehabilitation exercises should reach a certain intensity and be personalized to the patient’s individual tolerability. Patient compliance is an important factor affecting the execution of rehabilitation programs; thus, rehabilitation therapies should be individualized and tailored to the patient’s condition during the process of pulmonary rehabilitation, in order to achieve the best postoperative rehabilitation outcomes.

Clinical experience suggests that postoperative patients should perform proper breathing and aerobic exercises in the early postoperative phase, including deep breathing, pursed-lip breathing, jogging, swimming, stair climbing, etc. In addition, pulmonary function tests should be regularly performed; the exercise intensity can be gradually increased and maintained for 3-6 months, based on the pulmonary function recovery and improvement in respiratory symptoms. These measures can be instrumental in accelerating the postoperative pulmonary function recovery.




Conclusions

With continued progress in minimally invasive concepts and techniques, VATS exerts an increasingly smaller impact on postoperative pulmonary function. Thus, there exists some controversy regarding the pulmonary function changes in patients undergoing lung cancer surgery; it was previously believed that lung cancer surgery can cause an absolute decline in postoperative pulmonary function, affecting postoperative complications and the quality of life. However, in recent years, some researchers have suggested that postoperative pulmonary function in patients with lung cancer can basically recover within 6-12 months after surgery despite a transient decline, without affecting the postoperative quality of life. Such studies mainly focused on patients receiving lung segmental and lung wedge resections, who experience a mild decline in postoperative pulmonary function. After prolonged recovery and compensation for pulmonary function loss, their pulmonary function basically recovers to the preoperative level, with little impact on the postoperative quality of life. In terms of postoperative pulmonary rehabilitation, most studies suggest that cardiopulmonary function and the quality of life can be improved to a certain extent after lung cancer surgery via effective pulmonary rehabilitation exercise. However, some studies suggest that pulmonary rehabilitation does not induce a significant improvement in postoperative cardiopulmonary function. Current studies are mostly limited to the assessment of pulmonary function recovery in the early postoperative phase; there are few reports on the recovery of pulmonary functions after long-term pulmonary rehabilitation exercise.

Our research team is conducting a prospective study on long-term postoperative pulmonary rehabilitation based on telemedicine platforms in 500 patients, including a pulmonary rehabilitation remote monitoring group, in which patients are followed up and managed using wearable devices with remote monitoring functions and rehabilitation management systems; and a pulmonary rehabilitation conventional management group, in which patients are followed up and managed using common means of social communication, including phone calls, text messages, and WeChat. In this ongoing study, we are applying digital technologies and multidisciplinary individualized comprehensive interventions to improve respiratory function, relieve postoperative symptoms, improve daily activity endurance, and promote wound healing after thoracic surgery. Remote wearable devices are used for the collection of physiological parameters and data analysis. We also plan to integrate internet technologies into postoperative monitoring and rehabilitation after thoracic surgery, in order to alleviate or control the complications of minimally invasive lung cancer surgery, and eliminate surgery-induced dysfunctions and psychological issues. In addition, we educate patients on how to improve exercise and activity endurance, improve self-care ability, and reduce the risk of hospitalization. The study is currently mid-stage, and preliminary data have confirmed the feasibility of telemedicine-based post-thoracic surgery rehabilitation. We believe that the results of this study can provide evidence to verify the necessity of postoperative rehabilitation in patients with lung cancer, promote the application of telemedicine techniques in the field of post-tumor surgery rehabilitation, facilitate the introduction and promotion of post-lung cancer surgery telerehabilitation programs in China, and inspire standardized procedures for post-lung cancer surgery telerehabilitation.
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