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Abstract
BACKGROUND
In China, as the population grows older, the number of elderly people who have died from respiratory problems has increased. 

AIM
To investigate whether enhanced recovery after surgery (ERAS)-based respiratory function training may help older patients who had abdominal surgery suffer fewer pulmonary problems, shorter hospital stays, and improved lung function.

METHODS
The data of 231 elderly individuals having abdominal surgery was retrospectively analyzed. Based on whether ERAS-based respiratory function training was provided, patients were divided into ERAS group (n = 112) and control group (n = 119). Deep vein thrombosis (DVT), pulmonary embolism (PE), and respiratory tract infection (RTI) were the primary outcome variables. Secondary outcome variables included the Borg score Scale, FEV1/FVC and postoperative hospital stay.

RESULTS
The percentage of 18.75% of ERAS group participants and 34.45% of control group participants, respectively, had respiratory infections (P = 0.007). None of the individuals experienced PE or DVT. The ERAS group’s median postoperative hospital stay was 9.5 d (3-21 d) whereas the control groups was 11 d (4-18 d) (P = 0.028). The Borg score decreased on the 4th d following surgery in the ERAS group compared to the 2nd d prior (P = 0.003). The incidence of RTIs was greater in the control group than in the ERAS group among patients who spent more than 2 d in the hospital before surgery (P = 0.029).

CONCLUSION
ERAS-based respiratory function training may reduce the risk of pulmonary complications in older individuals undergoing abdominal surgery.
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Core Tip: One of the major factors contributing to morbidity and mortality during the perioperative period were postoperative pulmonary complications after abdominal surgery. Clinical judgment and improved outcomes required rapid identification of high-risk individuals and intervention. We compared the pulmonary complications between the two groups using the predefined observation indicators after retrospectively analyzing the postoperative data of 231 older patients divided into two groups based on various preoperative respiratory function training methods. As compared to traditional respiratory function training techniques, enhanced recovery after surgery-based respiratory function training may reduce the probability of pulmonary complications in older patients who have undergone abdominal surgery.

INTRODUCTION
The age of hospitalized patients is increasing as the rate of the aging population in our nation accelerates. Elderly people have sluggish physical reactions and a variety of basic illnesses, such as a high prevalence of chronic bronchitis, hypertension, coronary heart disease, diabetes, and cerebral infarction. According to statistics, pulmonary complications accounted for 89% of fatalities in adults over 65 who had more than one underlying condition[1]. When referring to pulmonary complications with post-operative clinical manifestations in elderly patients, such as atelectasis, pneumonia, bronchitis, respiratory insufficiency, and others, it was important to note that these complications could have a negative impact on the course of the disease[2]. The incidence of pulmonary complications following abdominal surgery in the elderly ranged from 15% to 75%, which was significantly higher than the incidence of cardiovascular complications[3]. These complications had a significant impact on postoperative recovery and were one of the major causes of perioperative death in elderly patients.
In addition to using traditional treatment approaches like anti-inflammatory medication and oxygen inhalation, elderly patients must also engage in pulmonary breathing exercises in order to decrease the incidence of postoperative pulmonary complications and improve their lung function during the perioperative period. Effective breathing exercises could assist to restore lung function as quickly as feasible and lower the risk of postoperative pulmonary infection[4]. The goal of respiratory function training is to increase the respiratory muscles’ ability to maintain tension and endurance throughout the exercise, decrease the amount of oxygen used for that exercise, and increase the efficiency as a result. Therefore, perioperative respiratory muscle training to enhance lung function can successfully enhance patients’ capacities for spontaneous breathing, expectoration, and cough, hence lowering the risk of problems and postoperative pulmonary infection[5]. This was a crucial topic that touched doctors, patients, and their families on a common level. It was also a strategy to facilitate the rapid recovery of surgical patients.
Enhanced recovery after surgery (ERAS) has abandoned many conventional perioperative therapies and the nursing model by adopting a variety of efficient methods to prevent surgical trauma produced by stress, related complications and helping postoperative patients to recover faster[6,7]. This study investigated the effect of ERAS-based respiratory function training on pulmonary complications in elderly patients undergoing abdominal surgery during the perioperative period in order to evaluate the practical application value of the training.

MATERIALS AND METHODS
Baseline characteristics
Two hundred and thirty-one elder patients over 65 who underwent abdominal surgery at Shanghai Fourth People’s Hospital between April 2019 and September 2021 were the subject of a retrospective data collection. Inclusion criteria: Patients who agreed to participate in the study, those who are able to talk well and are aware, those who have undergone abdominal surgery, and those who are older than 65. Exclusion criteria: Mental illness and cognitive decline, the presence of serious lung conditions before surgery, such as pulmonary infection and moderate to large pleural effusions, amalgamated thoracotomy, and the need for mechanical ventilation before surgery. The study received informed consent from the participants, and our hospital’s institutional ethics committee approved it (No. 2022108-001).
Age, sex, smoking, operation type, pulmonary function, arterial blood gas analysis, oxygen saturation, duration of surgery, and data from chest X-rays, computed tomography (CT) scans, and ultrasounds were collected as baseline information. Effective expectoration means that the patient could cough up phlegm easily; ineffective expectoration is sticky expectoration or an erroneous expectoration technique that makes it difficult for the patient to expectorate and requires the guidance and aid of medical staff. Hypoxemia was the lowest subnormal arterial blood oxygen pressure level. The following pulmonary complications could occur: Pleural effusion, atelectasis, pulmonary infection, and respiratory failure, depending on imaging results and a doctor’s clinical judgment. The anticipated endpoint events included postoperative patient deaths, postoperative discharges, and hospital stays longer than 30 d.
Main outcome measures included new or altered chest X-ray abnormalities indicative of infection as well as respiratory tract infection (RTI), which was defined as the occurrence of at least two of the following: (1) Patients receiving medications for respiratory infections; (2) white blood cells (WBC) > 12000/mL; (3) cough and expectoration; and (4) postoperative unexplained tympanic temperature > 38.0 °C (not for other infections). Any clinical or radiographic evidence of deep vein thrombosis (DVT) or pulmonary embolism (PE), such as spiral CT or ultrasound, was also included in the primary outcome measures. Secondary outcomes were subjective respiratory Borg scores from the 2nd d through the 4th d after surgery[8]. Length of postoperative hospital stay was also highlighted as a secondary outcome. We also looked at whether longer preoperative hospital stays in the case and control groups was associated with a greater incidence of respiratory infections.

Construction of a study investigator group
The group of 11 persons included a project leader who was in charge of developing a training program to enhance respiratory function and 10 team members who were responsible for carrying out the study.

Concept of ERAS-based respiratory function training
All patients in the case group had ERAS-based respiratory function training. The specific implementation strategy was described in Figure 1.
Before admission, patients should stop smoking for more than 2 wk before they arrive at the hospital, be protected from colds, and instructed to walk quickly on level ground for 30 min every morning and afternoon.
After admission, the responsible nurse would demonstrate and explain ERAS to patients, distribute ERAS brochures to help patients understand the concept, and explain the need for the steps involved in implementing ERAS. The nurse also evaluated the respiratory function associated with admission, made arrangements for patients to undergo testing for blood gas analysis, lung function, chest X-rays, or chest CTs. Together, doctors and nurses evaluated the patients designed surgical and respiratory training plans, and experienced nurses chose the most efficient respiratory training methods based on patient evaluation. The teach-back approach to health education was used to assess the patient’s competence to do breathing training correctly and independently.
Before surgery, the patient’s mastery of the respiratory function training approach was reconfirmed by the doctor and nurse.
After surgery, 1-2 L/min low-flow oxygen inhalation, dynamic oxygen saturation (SpO2) monitoring, and SpO2 94 percent maintenance were done; implemented a program for an early activity and took a semi-decubitus position (above 30 degrees) of rest; active activity steadily increases, moving from in bed to out of bed to bedside activities; program for preventative multimodal analgesia was put in place.
Before discharge, active maintenance of respiratory function training; the chest CT, arterial blood gas analysis, pulmonary function, etc were examined based on the patient’s condition; dynamic evaluation of pulmonary complications.

Respiratory function training methods
Respiratory function training includes lip constriction breathing, abdominal breathing, effective coughing with wound protection, balloon blowing exercises, card education, and other techniques[9-12]. The ERAS group received the ERAS-based concept of respiratory function training in addition to the conventional respiratory function training technique, whereas the control group received the abovementioned traditional respiratory function training approach.

Statistical analysis 
The statistical analysis of counting and measuring data was carried out using SPSS 23.0 statistical software (IBM, 2015, United States). Each variable’s normality was checked using the Kolmogorov-Smirnov and Shapiro-Wilk tests, and further tests were run as necessary. The age distribution of the two groups was compared using the unpaired Student’s t test. Mann-Whitney U test was used to compare the type of surgery. The ratio of male to female, smoking status, and usage of epidural analgesia were all compared between the two groups using the chi-square test. In order to compare key outcomes between the case and control groups, the Chi-square test was also applied. The primary result was compared between the ERAS group and the control group, both of which had spent more than 2 d in the hospital prior to surgery, using the Fischer precision test. Mann-Whitney U test was used to compare the length of postoperative hospital stay between the two groups (secondary outcome). On the 2nd and 4th d following surgery, the Wilcoxon rank-sum test was used to compare the Borg score. Statistics were considered significant for P values under 0.05.

RESULTS
Data on 231 older patients over 65 who underwent abdominal surgery at Shanghai Fourth People’s Hospital were collected from April 2019 to September 2021. There were no statistically or clinically significant differences between ERAS group and control group in terms of demographics, smoking status, American Society of Anesthesiologists (ASA) classification, types of operation, epidural analgesia, and other parameters (Table 1). 
In 231 patients, laparoscopic cholecystectomy and laparoscopic appendectomy accounted for approximately 43.3 percent of the cases; however, there was no obvious difference in surgery types between the ERAS group and the control group. The details of the procedure were displayed in Table 2.
The ERAS group’s patients all participated in the ERAS-based respiratory function training, and from the second to the 4th postoperative day, Borg scale scores and vital signs were collected. Each patient in the ERAS group received standardized respiratory function training based on ERAS, and there were no negative events during or after the training. After surgery, patients’ vital signs were steady during the 2nd to 4th d (Table 3).
The total incidence of RTI in this research was 26.84 percent. RTIs were present in 41 (34.45%) of the 119 patients in the control group and 21 (18.75%) of the 112 patients in the ERAS group. According to the findings, there was 15.7% difference between the two groups’ rates of RTIs. Respiratory function training was more successful in the ERAS group, and the frequency of RTIs was low. This difference was statistically significant (P = 0.007; Table 4) and had a 95% confidence interval of 0.239 to 0.805. DVT or PE were not present in any individuals in either group.
The average of Borg scores in the ERAS group showed a decline on the 4th postoperative day as compared to the 2nd postoperative day (P = 0.003, Wilcoxon rank-sum test); the average declined considerably by 1.36. The median postoperative hospital stay in the ERAS group was 9.5 d (with a range of 3-21 d), whereas it was 11 d in the control group (with a range of 4-18 d). Since the variables in the ERAS group and the control group did not follow a normal distribution, the Kolmogorov-Smirnov test was employed to compare the length of the postoperative hospital stay between the two groups. With a mean difference of 1.35 d between the two groups’ postoperative hospital stays, the ERAS group was in the hospital for shorter time than the control group. The 95 percent confidence interval for the postoperative hospital stay for both groups was 9.84-10.98. Therefore, ERAS-based respiratory function training significantly reduced the postoperative hospital stay for older patients after abdominal surgery (Mann-Whitney U test, P = 0.028).
The probability of RTI was higher in the control group (24/65, 36.9%) than in the ERAS group (11/59, 18.6%) for patients who had spent more than 2 d in the hospital before surgery (P = 0.029, Fischer’s test; Table 4). Therefore, the incidence of RTIs among patients in the two groups with preoperative hospitalization days longer than 2 d was 28.23 percent, with a range of 17.1 to 89.5 percent. Postoperative lung function tests revealed that the control group’s lungs functioned worse than those of the ERAS group (P = 0.022, Chi-square test). Epidural analgesic usage or smoking habits did not significantly differ between the two groups.

DISCUSSION
Significantly longer hospital stays and higher medical expenses were linked to an increase in pulmonary problems, postoperative morbidity, and death[13,14]. The literature has documented that pulmonary complications in individuals after abdominal surgery could raise hospital expenditures by US $31000 (US $2000 per person/year) for an 11-d stay. In all, the increase in the typical hospital stay that could be directly linked to postoperative complications was around 8 d[15]. In the ERAS group, we discovered that ERAS-based respiratory function training decreased the frequency of postoperative pulmonary problems in half. In comparison to the regular respiratory function training group, the ERAS group’s postoperative hospital stay was often shorter. The median reduction in postoperative hospital stays in the population might range from 9.84 d to 10.98 d (mean 10.41 d). Based on the concept of ERAS, patients with a longer preoperative hospital stay (case group and control group), i.e. more than 2 d, had a significantly reduced mean risk of respiratory infection if they completed respiratory function training. ERAS-based respiratory function training helped this population’s rates of respiratory infection reduce by 17.1% to 89.5% (28.2 percent on average).
According to the Borg dyspnea scale, postoperative respiratory function was also improved in the ERAS group. Patients in the ERAS group did not experience any negative side effects from respiratory exercise. Postoperative respiratory function decline was involved in the etiology of respiratory problems. These included the reduction in lung mechanics brought on by pain and the suppression of diaphragm function brought on by neuro-reflexes. Various humoral cascade systems, the metabolism of arachidonic acid, cytokines, and endothelial adhesion factors might also be involved. Additionally, standard postoperative treatment, which entailed spending hours each day laying on your back, might impair lung mechanics and oxygenation. There isn’t a single, standard method for enhancing postoperative lung function and avoiding pulmonary complications as of yet[16-18]. In order to enhance patients’ postoperative pulmonary function, we thus created a respiratory function training approach based on the concept of respiratory function training. 
Comparisons with patients undergoing abdominal surgery should be done with caution since perioperative training plans in individuals receiving thoracic surgery have been proven to enhance respiratory function. In patients undergoing lung cancer resection, preoperative intervention based on moderate-to-high-intensity aerobic exercise improved lung function and reduced postoperative morbidity, whereas postoperative intervention alone did not appear to reduce respiratory complications or length of hospital stay, according to a systematic review of perioperative physiotherapy in these patients[19]. A randomized controlled trial conducted on lung cancer patients in 2014 found that high strength and endurance and strength training (60 min each time, three times a week, for 20 wk) was well tolerated and significantly improved peak oxygen uptake, muscle strength, total muscle mass, functional health, and quality of life in the intervention group 5 wk to 7 wk after surgery[20]. ERAS-based respiratory function training used in this study lasted longer than the traditional respiratory function training, had clear benefits, and might have had a significant impact on lowering postoperative respiratory complications and postoperative hospital stays. 
The comprehensive study by Sullivan et al[21] found no proof that utilizing incentive spirometry might decrease pulmonary complications following upper abdominal surgery. Preoperative rehabilitation treatment and respiratory muscle training significantly decreased postoperative pulmonary problems and the length of hospital stay, according to another comprehensive evaluation of seven randomized controlled studies[22]. Due to improved lung function, ERAS-based respiratory function training could lower the incidence of postoperative respiratory illness. This was consistent with a recently published article that suggested aerobic exercise and induced spirometry might help reduce pulmonary complications following laparoscopic cholecystectomy[23]. The cause for the shorter hospital stay was unknown, although it most likely stems from a number of reasons. Long preoperative hospital stays were a well-known risk factor, and ERAS-based respiratory function training was expected to improve physiological function and shorten preoperative hospital stay.
The elderly’s increased pulmonary parenchyma fiber connective tissue causes their lung compliance, ventilation reserve, and air exchange intensity and volume to decline. Furthermore, having difficulty coughing and expectorating caused a reduction in lung and breathing capacity. Surgery, trauma, and other stresses could increase the risk that pulmonary infection, atelectasis, and other problems would develop in patients with chronic obstructive pulmonary disease who were surgical patients. The diaphragm rising during abdominal surgery, the stimulation of the intercostal nerves, and the traumatic stimulation brought on by the close proximity of the surgical site to the thoracic cavity all resulted in decreased lung compliance and decreased thoracic volume, which temporarily impaired respiratory function by causing hypoventilation and restricted ventilation dysfunction[24,25]. However, these problems of abdominal surgery were plainly solved by ERAS-based respiratory function training, which also greatly minimized the probability of postoperative pulmonary complications.
The research did have certain limitations. There was a chance of bias because there wasn’t a prospective, randomized research on patients. Since this study was retrospective, information about compliance was also difficult to get. To reduce this bias, the findings in Table 1 that there were no appreciable variations in the two groups’ demographic traits, surgical complexity, smoking status, use of epidural analgesia, and surgical techniques. Meanwhile, analgesics and antimicrobial prophylaxis were administered to all ERAS groups and control groups in accordance with the accepted protocol of medical best practices. To determine whether ERAS-based respiratory function training was superior to conventional respiratory function training in reducing postoperative pulmonary complications, additional large-scale randomized controlled, multi-center studies and physiological tests were required.

CONCLUSION
An efficient respiratory function training approach that could reduce postoperative pulmonary problems in elderly patients who had abdominal surgery was the ERAS-based respiratory function training.

ARTICLE HIGHLIGHTS
Research background
Five to ten percent of surgical patients and nine to forty percent of abdominal surgery patients experienced postoperative pulmonary problems. Following abdominal surgery, postoperative pulmonary complications have been associated with a higher morbidity and fatality rates.

Research motivation
To determine if enhanced recovery after surgery (ERAS)-based respiratory function training was effective at preventing pulmonary complications in elderly patients after abdominal surgery.

Research objectives
Using ERAS-based respiratory function training to decrease pulmonary diseases in elderly patients after abdominal surgery.

Research methods
Retrospective analysis was performed on the clinical information of 231 elderly individuals having abdominal surgery. According to whether patients utilized ERAS-based respiratory function training following surgery, patients were divided into ERAS group (n = 112) and control group (n = 119). The two groups’ postoperative pulmonary complications were analyzed.

Research results
The respiratory infection rate was only 18.75% following the use of ERAS-based respiratory function training which was significantly lower than that of traditional respiratory function training. The length of hospital stay was significantly shortened after using ERAS-based respiratory function training, and the rate of respiratory tract infection in patients who were hospitalized for more than 2 d before surgery was significantly decreased.

Research conclusions
An efficient preoperative respiratory function training approach that could minimize postoperative pulmonary complications in patients having abdominal surgery was ERAS-based respiratory function training.

Research perspectives
Elderly patients were more likely to experience postoperative pulmonary complications. Effective respiratory function training during the perioperative period could dramatically shorten hospital stays and mortality rates.
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Figure 1 Specific implementation strategy of enhanced recovery after surgery-based respiratory function training. ERAS: Enhanced recovery after surgery; SpO2: Oxygen saturation.
 
Table 1 Demographic and surgical characteristics of the 231 patients
	Variable
	ERAS group
	Control group
	P value

	Age in yr
	72.06 ± 4.72
	72.40 ± 4.89
	0.59

	Sex as male:female
	61:51
	55:64
	0.21

	Smoking as yes:no
	45:67
	53:66
	0.50

	ASA grade
	
	
	0.22

	I
	39 (34.82%)
	50 (42.02%)
	

	II
	40 (35.71%)
	30 (25.21%)
	

	III
	33 (29.47%)
	39 (32.77%)
	

	IV
	0 (0%)
	0 (0%)
	

	Classification of surgical complexity
	
	
	0.96

	1
	0 (0%)
	0 (0%)
	

	2
	11 (9.82%)
	13 (10.92%)
	

	3
	72 (64.29%)
	76 (63.87%)
	

	4
	29 (25.89%)
	30 (25.21%)
	

	5
	0 (0%)
	0 (0%)
	

	Epidural analgesia
	62
	52
	0.08


ASA: American Society of Anesthesiologists; ERAS: Enhanced recovery after surgery.

Table 2 Details of the 231 patients’ surgeries
	Surgery
	ERAS group
	Control group
	P value

	Hepatobiliary and pancreatic surgery: hepatectomy, bile duct exploration, pancreaticoduodenal surgery, etc
	28 (25.0%)
	26 (21.85%)
	0.72

	Cholecystectomy: laparoscopic or open
	31 (27.68%)
	27 (22.69%)
	

	Gastric and esophageal surgery
	9 (8.03%)
	12 (10.09%)
	

	Colorectal surgery
	11 (9.82%)
	10 (8.40%)
	

	Small intestine: small bowel resection
	2 (1.79%)
	1 (0.84%)
	

	Others: hernia repair, splenectomy, appendix, etc
	31 (27.68%)
	43 (36.13%)
	


ERAS: Enhanced recovery after surgery.

Table 3 Walking test parameters for 231 patients at 2 d, 3 d, and 4 d after surgery
	Parameter
	Baseline value
	ERAS group
	Control group

	[bookmark: _Hlk123409165]
	
	2 d
	3 d
	4 d
	2 d
	3 d
	4 d

	Borg score median
	2
	2
	2
	2
	3
	2
	2

	Heart rate median/ min
	86
	88.5
	81
	78
	84
	81
	79

	Respiratory frequency median/min
	18
	19
	16
	17
	18
	17
	17

	SaO2 median %
	95
	96
	97
	92
	96
	97
	92


ERAS: Enhanced recovery after surgery.

Table 4 Comparison of main outcomes between enhanced recovery after surgery group and control group
	Parameter
	ERAS group
	Control group
	P value

	Main outcome
	
	
	

	Respiratory tract infection
	21 (18.75%)
	41 (34.45%)
	[bookmark: OLE_LINK17]0.007

	New/changed X-ray findings
	48 (42.86%)
	64 (53.78%)
	0.114

	White blood cell more than 12
	39 (34.82%)
	56 (47.06%)
	0.063

	Temperature more than 38 degree centigrade
	37 (33.04%)
	54 (45.38%)
	0.060

	Positive sputum bacteria
	19 (16.96%)
	31 (26.05%)
	0.111

	Antibiotic therapy
	22 (19.64%)
	40 (33.61%)
	0.018

	Secondary results
	
	
	

	Preoperative hospitalization time more than 2 d
	59 (52.68%)
	65 (54.62%)
	

	Preoperative hospitalization time more than 2 d in patients with respiratory tract infection
	11 (9.82%)
	24 (20.17%)
	0.029

	The postoperative length of stay in d
	9.5 (3-21)
	11 (4-18)
	0.028

	FEV1/FVC more than 70%
	86 (76.79%)
	74 (62.18%)
	0.022


ERAS: Enhanced recovery after surgery; FEV1: Forced expiratory volume in 1s; FVC: Forced vital capacity.
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