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ABSTRACT  
Background and Objectives: To investigate the effect of accelerated rehabilitation combined 

with enteral nutrition on surgically treated lung cancer patients. Methods and Study Design: 

In total, 150 lung cancer patients treated in our hospital from January 2017 to January 2018 

were retrospectively analysed. Sixty-six patients were randomly divided into a control group 

with conventional nutrition (Con group) and an accelerated rehabilitation combined with 

enteral nutrition group (EN group). Postoperative drainage; total hospitalization time; total 

hospitalization expenses; and albumin, haemoglobin and total lymphocyte counts (TLC) 

before and after treatment were compared. Results: The serum albumin, prealbumin and 

haemoglobin in both groups were decreased after operation and were significantly higher in 

the EN group (p<0.05) than in the Con group. The TLC decreased in both groups after 

operation and were significantly higher in the EN group than in the con group. The 

postoperative drainage volume, total hospitalization time and total hospitalization expenses 

were significantly lower in the EN group than in the Con group (p<0.05). Conclusions: The 

effect of accelerated rehabilitation combined with enteral nutrition in lung cancer surgery 

patients is clear. Surgery leads to stress, which enhances catabolism and reduces the synthesis 

of carbohydrates, protein, and fat, increasing patients’ nutritional risk. Nutritional support 

combined with fast-track minimally invasive thoracic surgery for at-risk lung cancer patients 

who undergo preoperative nutritional screening and assessment can reduce postoperative 

complications and hospitalization time and improve nutritional indicators, immunity, 

respiratory function recovery and clinical outcomes, leading to socioeconomic benefits. 

 

Key Words: enteral nutrition, rapid rehabilitation surgery, lung cancer, nutritional risk, 

social and economic benefits 

 

INTRODUCTION 

In recent years, the incidence and mortality of lung cancer have been increasing. According to 

the "Current Situation and Trends of Cancer in China" published by the National Cancer 

Centre in 2017, the incidence of lung cancer in China ranks first among males, whereas the 

incidence ranks second among women; however, the mortality due to lung cancer ranks first 

among all cancers in both men and women in China.1 At present, the main treatment for lung 

cancer is surgery, and with the development of minimally invasive endoscopic treatment 

technology, thoracoscopic lobectomy is increasingly being used in the surgical treatment of 

early lung cancer and pulmonary nodules.2 However, thoracotomy remains the main treatment 
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choice for pulmonary malignant tumours.3 Our previous study found that thoracotomy 

generates a large amount of trauma and can cause various complications, including a high 

nutritional risk after the operation, with a poor prognosis.4-6 Accelerated rehabilitation and 

enteral nutrition is a new perioperative multidisciplinary treatment developed on the basis of 

medical evidence that not only reduces the stress and trauma experienced by the patient but 

also ensures the nutritional supply needed to maintain the state of hypermetabolism during 

trauma, thus achieving the goal of rapid recovery.7,8 In this study, we retrospectively analysed 

the effect of accelerated rehabilitation combined with enteral nutrition in the treatment of lung 

cancer patients in our hospital from January 2017 to January 2018 to provide a basis for better 

clinical nutrition in the future.  

 

MATERIALS AND METHODS 

This study was based on the project "Single-hole sleeve and open chest sleeve 

pneumonectomy for the treatment of central lung cancer", with ethical approval number 

“K18-119”. 

 

Data collection 

A total of 150 patients with lung cancer treated at Shanghai Pulmonary Hospital from January 

2017 to January 2018 were included. After the application of strict inclusion and exclusion 

criteria, the patients were randomly divided into two groups by the double-blind method: the 

control group (Con group) with conventional nutrition and the accelerated rehabilitation 

combined with enteral nutrition group (EN group). Each group comprised 33 cases, and there 

were no significant differences in baseline sex, age, tumour stage or operation mode between 

the two groups (p>0.05). There was comparability between the two groups, as shown in Table 

1. 

 

Inclusion criteria 

No patients underwent radiotherapy or chemotherapy before surgery. According to the 1998 

International Anti-Cancer Alliance and American Cancer Federation lung cancer pathological 

staging criteria, all patients had stage I to III surgically resectable lung cancer. 
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Exclusion criteria 

The exclusion criteria were as follows: age ≥65 years; severe metabolic and systemic diseases, 

such as diabetes, hypertension, or severe liver and kidney dysfunction; and preoperative 

Nutritional Risk Screening 2002 (NRS-2002) score >5 points. 

 

Nutritional support 

The Con group and EN group received accelerated rehabilitation measures, except for 

preoperative nutrition. References were made to the consensus of experts for the perioperative 

period of accelerated rehabilitation surgery according to the American Society for Parenteral 

and Enteral Nutrition (ASPEN) and European Society for Parenteral and Enteral Nutrition 

(ESPEN).4,5 In terms of the preoperative nutrition preparation, patients in the Con group 

were provided routine nutrition, including preoperative nutritional risk screening and 

assessment and preoperative nutrition education and dietary guidance, while patients in the 

EN group were provided additional enteral nutrition preparations combined with accelerated 

rehabilitation as in the control group. The main methods were (1) health education. After 

hospitalization, patients were given health education for diseases according to their 

educational level, and a risk assessment was made according to their physical condition, 

medical history and nutritional status to ensure that patients fully understood their own 

physical condition, thereby improving the success rate of surgery. (2) Preoperative 

preparation. The Con group was deprived of water six hours before surgery, while the EN 

group was given 1000 mL of 10% glucose solution (20:00) one night before the surgery and 

then 200 mL of 10% glucose solution 2 hours before surgery. (3) Postoperative nutritional 

intervention. The Con group sat up one day after the operation and were fed a semi-liquid diet, 

eventually transitioning to a normal diet three days after the operation. The patients were 

encouraged to eat and given dietary guidance. In the EN group, sitting up was encouraged, 

and 200 mL of 5% glucose solution was given in the evening the same day of the operation. 

One day after the operation, patients were instructed to eat normally and increase bed activity 

to assist with sputum expectoration. Those without cardiopulmonary insufficiency got out of 

bed. Three days after the operation, 400 mL of enteral nutrition was given orally based on a 

normal diet. 

 

Statistical analysis 

The total hospital stay, postoperative drainage, and total hospitalization expenses were 

compared between the two groups. The serum albumin, prealbumin, and haemoglobin and 
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total lymphocyte counts (TLCs) were measured before and after treatment. All results are 

expressed as the mean±SD. The statistical analysis was carried out using SPSS 21.0 (Chicago, 

USA). Two-way ANOVA, t-tests and Dunnett t-tests were used to determine whether 

differences were statistically significant among or between groups. A p value less than 0.05 

was considered statistically significant. 

 

RESULTS 

Comparison of the changes in nutrition-related indicators before and after operation in the 

two groups 

Compared to before surgical intervention (preoperative), we found that serum albumin, 

prealbumin and haemoglobin decreased significantly in both groups, and the difference was 

statistically significant (p<0.05), as shown in Figure 1. 

 

Comparison of the changes in nutrition-related indicators between the two groups after 

operation 

However, the serum albumin, prealbumin and haemoglobin in the EN group after surgical 

intervention (postoperative) were slightly better than those in the postoperative Con group, 

with statistically significant differences (p<0.05), as shown in Table 2. 

 

Comparison of postoperative drainage, total hospitalization stay and expenses between the 

two groups 

The postoperative drainage, total hospitalization stay and expenses in the EN group were 

lower than those in the Con group, and the differences were statistically significant (p<0.05), 

as shown in Figure 2. 

 

DISCUSSION 

In 2008, the incidences of malnutrition (insufficiency) and nutritional risk in first-class 

hospitals in the eastern, central and western cities of China were 12% and 35.2%, 

respectively.1,9 The incidences of malnutrition and nutritional risk in thoracic surgery patients 

were the highest in clinical departments.10 In thoracic surgery, the nutritional risk of patients 

after thoracotomy is mainly related to surgical stress. Changes in the body’s internal 

environment induced by surgical stress can lead to glucose, protein, and fat metabolism 

disorders, especially due to the reverse regulation of hormones, which causes these three 

major nutrients to be in a state of high catabolism and reduced synthesis.7 The core of the 
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concept of accelerated rehabilitation surgery combined with enteral nutrition is to reduce the 

surgical stress response by strengthening psychological counselling before and after surgery, 

improving anaesthesia, administering unconventional bowel preparation, paying attention to 

intraoperative heat preservation, reducing water and sodium retention, implementing early 

extubation and promoting early out-of-bed activities.11 Mechanical bowel preparation is not 

only a stressor but also leads to dehydration and electrolyte imbalance, especially in elderly 

patients. Studies have found that bowel preparation has no benefit to patients undergoing 

colon surgery and may increase the risk of postoperative anastomotic leakage.8 Therefore, in 

the concept of accelerated rehabilitation surgery, preoperative fasting is no longer required, 

and patients are encouraged to consume oral sugar-containing liquids before surgery.12 In this 

study, the patients in the EN group were allowed to ingest clear fluids 2 hours before the start 

of anaesthesia, drinking 800 mL of 12.5% carbohydrate liquid one day before surgery and 400 

mL 2 to 3 hours before surgery. The results showed that although the serum albumin, 

haemoglobin and prealbumin in the EN group with unconventional bowel preparation also 

decreased to some extent after surgery, the decrease was significantly lower than that in the 

Con group. Clinically, serum albumin, prealbumin and haemoglobin are commonly used as 

indicators for evaluating the nutritional status of humans with regard to protein. Prealbumin is 

a plasma transport protein located in front of albumin during plasma protein electrophoresis 

and has dual functions in transporting thyroxine and vitamin A. It is synthesized in the liver 

and has a short half-life (1.9 days). Its renewal rate is fast, with its in vivo conversion rate 

reaching up to 36.6% per day. It can be rapidly reduced in the case of reduced protein intake 

and protein-energy deficiency. It was found that serum prealbumin changes prior to body 

mass, subcutaneous fat and other anthropometric indicator changes, reflecting early and 

subclinical nutritional deficiencies in the body.13 In this study, the concentrations of albumin, 

prealbumin and haemoglobin in the EN group were higher than those in the Con group, 

indicating that accelerated rehabilitation combined with enteral nutrition could improve the 

nutritional status of postoperative patients. The reason may be that the combination of the two 

can quickly restore the patient’s physical strength and intestinal peristalsis, ensuring the 

absorption of food and promoting improvements in patient nutrition. TLC can be used to 

monitor the patient's immune function status, with elevated trends indicating that the patient's 

immune function has improved.14 In this study, the immune function of patients in the EN 

group was improved. In addition, the postoperative drainage, hospitalization time, and total 

hospitalization cost were significantly lower in the EN group than in the Con group. The 

difference was statistically significant, indicating that accelerated rehabilitation combined 
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with enteral nutrition can reduce the surgical stress state of postoperative patients, prevent and 

correct malnutrition in patients and enhance their tolerance to surgical trauma. In addition, it 

can shorten the length of hospital stay and the total cost of hospitalization and promote the 

early recovery of patients. This may be related to the fact that accelerated rehabilitation 

combined with enteral nutrition can enhance the immune function of patients. 

Nutritional support therapy refers to supplementation through the enteral or parenteral route 

in cases of insufficient or inadequate diet, providing patients with a comprehensive set and 

sufficient amount of nutrients needed by the body to prevent and correct malnutrition, thereby 

enhancing the patient's tolerance to surgical trauma and promoting the patient's early 

recovery.8,15-17 The concept of accelerating rehabilitation is to promote using a carbohydrate-

rich isotonic solution preoperatively, early out-of-bed activities for patients if the condition 

allowed after surgery and early starting up enteral nutrition. The underlying mechanism of 

this action are maintaining nitrogen balance, reducing insulin resistance and promoting 

intestinal peristalsis and maintaining the integrity of intestinal mucosal structure and function, 

which is beneficial to the recovery of gastrointestinal function thereby.  

Immunosuppression is common in tumor patients. The immune function of lung cancer 

patients will also be restrained due to the dysfunction of nutritional absorption and other 

issues. The stress response caused by surgery will further exacerbate the suppression of 

immune function in patients, which will be susceptible to the occurrence of infection and 

affect the patient's clinical outcomes. Early enteral nutrition can promote the recovery of 

gastrointestinal function of patients faster, maintain the immune function of the body 

meanwhile, and improve the nutritional status of the body quicker and more effectively, 

which can provide the basis for systematic anti-tumor treatment.14 It is a safer and more 

effective nutrition support method. 

In conclusion, the implementation of accelerating rehabilitation programs using a set of 

perioperative measures combined with enteral nutrition which are effective produces a 

synergistic action to reduce postoperative morbidity and length of hospital stay. The 

application of nutritional management is simple and should be audited to improve the 

adherence and effectiveness of the programs. Proper nutritional support should be based on a 

complete understanding of the metabolic changes that occur under various conditions the 

body is subjected to, the correct evaluation of the nutritional status, the selection of a 

reasonable nutritional support route, the provision of appropriate nutritional substrates, and 

the prevention of or reduction in complications as much as possible.18,19  

 



8 

AUTHOR DISCLOSURE 

The authors declare they have no conflicts of interest. This study received no external funding. 

 

REFERENCES 
1. Chen W. Cancer statistics: updated cancer burden in China. Chin J Cancer Res. 2015;27:1. doi: 

10.3978/j.issn.1000-9604.2015.02.07. 

2. Zhang H, Rueckert JC. Advocate the implementation of video-assisted thoracoscopic surgery 

lobectomy program for early stage lung cancer treatment: time to transfer from why to how. Ann 

Transl Med. 2019;7:S202. doi: 10.21037/atm.2019.07.15. 

3. Hirai K, Usuda J. Uniportal video-assisted thoracic surgery reduced the occurrence of post-

thoracotomy pain syndrome after lobectomy for lung cancer. J Thorac Dis. 2019;11:3896-902. doi: 

10.21037/jtd.2019.09.07. 

4. Pathirana AK, Lokunarangoda N, Ranathunga I, Santharaj WS, Ekanayake R, Jayawardena R. 

Prevalence of hospital malnutrition among cardiac patients: results from six nutrition screening tools. 

Springerplus. 2014;3:412. doi: 10.1186/2193-1801-3-412 

5. Guo X-W, Liu Y-C, Gao F, Ji S-J, Zhou J-Y, Ji L, Zhou S-B. Pretreatment NRS-2002 scores combined 

with hematologic inflammation markers are independent prognostic factors in patients with resectable 

thoracic esophageal squamous cell carcinoma. Cancer Manag Res. 2018;10:2409-18. doi: 

10.2147/CMAR.S167179. 

6. Guo W, Ou G, Li X, Huang J, Liu J, Wei H. Screening of the nutritional risk of patients with gastric 

carcinoma before operation by NRS 2002 and its relationship with postoperative results. J 

Gastroenterol Hepatol. 2010;25:800-3. doi: 10.1111/j.1440-1746.2009.06198.x. 

7. Wischmeyer PE, Carli F, Evans DC, Guilbert S, Kozar R, Pryor A et al. American society for enhanced 

recovery and perioperative quality initiative joint consensus statement on nutrition screening and 

therapy within a surgical enhanced recovery pathway. Anesth Analg. 2018;126:1883-95. doi: 

10.1213/ane.0000000000002743. 

8. Jie B, Jiang ZM, Nolan MT, Zhu SN, Yu K, Kondrup J. Impact of preoperative nutritional support on 

clinical outcome in abdominal surgical patients at nutritional risk. Nutrition. 2012;28:1022-7. doi: 

10.1016/j.nut.2012.01.017. 

9. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA 

Cancer J Clin. 2018;68:394-424. doi: 10.3322/caac.21492. 

10. Sun HJ, Guo XW, Ji SJ, Zhou SB, Gu L. Prognostic influence of preoperative Nutritional Risk 

Screening-2002 (NRS-2002) score for patients with thoracic esophageal squamous cell carcinoma 

receiving surgery. Zhonghua Zhong Liu Za Zhi. 2018;40:917-21. doi: 10.3760/cma.j.issn.0253-

3766.2018.12.009 



9 

11. Dou L, Wang X, Cao Y, Hu A, Li L. Relationship between postoperative recovery and nutrition risk 

screened by NRS 2002 and nutrition support status in patients with gastrointestinal cancer. Nutr Cancer. 

2019;11:1-8. doi: 10.1080/01635581.2019.1612927. 

12. Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F et al. ESPEN guidelines on 

nutrition in cancer patients. Clin Nutr. 2017;36:11-48. doi: 10.1016/j.clnu.2016.07.015. 

13. Pan H, Cai S, Ji J, Jiang Z, Liang H, Lin F, Liu X. The impact of nutritional status, nutritional risk, and 

nutritional treatment on clinical outcome of 2248 hospitalized cancer patients: a multi-center, 

prospective cohort study in Chinese teaching hospitals. Nutr Cancer. 2013;65:62-70. doi: 

10.1080/01635581.2013.741752. 

14. Cranganu A, Camporeale J. Nutrition aspects of lung cancer. Nutr Clin Pract. 2009;24:688-700. doi: 

10.1177/0884533609352249. 

15. Moreland SS. Nutrition screening and counseling in patients with lung cancer in an outpatient setting. J 

Adv Pract Oncol. 2012;3:191-3. doi: 10.6004/jadpro.2012.3.3.9. 

16. Sanchez CA, Papapietro VK. Perioperative nutrition in ERAS protocols. Rev Med Chil. 

2017;145:1447-53. doi: 10.4067/s0034-98872017001101447. 

17. Weimann A, Braga M, Carli F, Higashiguchi T, Hubner M, Klek S, et al. ESPEN guideline: clinical 

nutrition in surgery. Clin Nutr. 2017;36:623-50. doi: 10.1016/j.clnu.2017.02.013. 

18. Charoenkwan K, Matovinovic E. Early versus delayed oral fluids and food for reducing complications 

after major abdominal gynaecologic surgery. Cochrane Database Syst Rev. 2014:CD004508. doi: 

10.1002/14651858.CD004508.pub4. 

19. Bisch S, Nelson G, Altman A. Impact of nutrition on enhanced recovery after surgery (ERAS) in 

gynecologic oncology. Nutrients. 2019;11:E1088. doi: 10.3390/nu11051088. 

  



10 

 
Table 1. Comparison of preoperative general data between the two groups 
 
  Control (N:33) EN (N:33) t/2 p 
Sex (N)     
 Man 27 26   
 Woman 6 7 0 0.99 
Age     
 Mean 56.5 55.4   
 SD 6.54 8.56 0.60 0.54 
Staging (N)     
 I 10 8  

0.65 
 

0.72  II 13 12 
 III 10 13 
Operation methods (N)     
 One Lobe 12 10  

0.27 
 

0.87 Double Lobe 11 12 
Whole Lobe 10 11 

Serum albumin (g/L)     
 Mean 39.4 41.3   
 SD 3.54 3.27 1.92 0.06 
Serum prealbumin (g/L)     
 Mean 237 270   
 SD 72.6 45.5 1.88 0.06 
Hemoglobin (g/L)     
 Mean 133 136   
 SD 16.5 16.5 0.58 0.56 
TLC (109/L)     
 Mean 1.76 1.93   
 SD 0.50 0.54 1.01 0.31 
 
 
 
Table 2. Comparison of indicators after surgery between the two groups 
 
  Control (N:33) EN (N:33) t p 
Serum albumin (g/L) 32.3  37.1*   
 Mean     
 SD 2.22 1.79 9.30 <0.001 
Serum prealbumin (g/L)     
 Mean 163 204*   
 SD 70.6 52.7 2.60 0.01 
Hemoglobin (g/L)     
 Mean 111 121*   
 SD 17.4 13.5 2.50 0.01 
TLC (109/L)     

 Mean 1.20 1.49*   
 SD 0.52 0.46 2.37 0.02 
 
*Represents that the difference is statistical significance compared to the Con group, p<0.05.  
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Figure 1. Comparison of serum albumin, prealbumin, haemoglobin and TLC between preoperative and postoperative patients in the 
Con and EN groups. Values are represented as the mean±SD (n=33 per group). *** represents p<0.001 vs pre control, * represents 
p<0.05; ### represents p<0.001 vs post control, ## represents p<0.01, # represents p<0.05. 
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Figure 2. Comparison of the hospital stay (d), total hospitalization expenses (yuan) and postoperative drainage (mL) between the 
Con and EN groups. *** represents p<0.001, * represents p<0.05. 


