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Abstract
BACKGROUND
Enhanced recovery after surgery (ERAS) protocol is a comprehensive management modality that promotes patient recovery, especially in the patients undergoing digestive tumor surgeries. However, it is less commonly used in the appendectomy.

AIM
To study the application value of ERAS in laparoscopic surgery for acute appendicitis.

METHODS
A total of 120 patients who underwent laparoscopic appendectomy due to acute appendicitis were divided into experimental group and control group by random number table method, including 63 patients in the experimental group and 57 patients in the control group. Patients in the experimental group were managed with the ERAS protocol, and those in the control group were received the traditional treatment. The exhaust time, the hospitalization duration, the hospitalization expense and the pain score between the two groups were compared.

RESULTS
There was no significant difference in age, gender, body mass index and Sunshine Appendicitis Grading System score between the experimental group and the control group (P > 0.05). Compared to the control group, the patients in the experimental group had earlier exhaust time, shorter hospitalization time, less hospitalization cost and lower degree of pain sensation. The differences were statistically significant (P < 0.01).

CONCLUSION
ERAS could significantly accelerate the recovery of patients who underwent laparoscopic appendectomy for acute appendicitis, shorten the hospitalization time and reduce hospitalization costs. It is a safe and effective approach.

Key Words: Enhanced recovery after surgery; Appendicectomy; Laparoscopy; Acute appendicitis; Treatment
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Core Tip: This study focused on the application of enhanced recovery after surgery (ERAS) in patients undergoing laparoscopic appendectomy due to acute appendicitis. Patients often suffer from considerable postoperative pain and indigestion after laparoscopic appendectomy, and approximately 10% of patients experienced postoperative complications, resulting in prolonged hospital stay and increased hospitalization costs. The value of ERAS in elective surgery has been confirmed, but there is limited research on emergency surgery. This study found that ERAS could accelerate the recovery of patients who underwent laparoscopic appendectomy due to acute appendicitis.

INTRODUCTION
Enhanced recovery after surgery (ERAS) was a therapeutic concept. It optimizes clinical pathways through multidisciplinary collaboration such as surgery, anesthesia, and nursing, reducing the physiological and psychological stress reactions of surgical patients, and ultimately promoting patient recovery[1,2]. This concept was first proposed by a Danish doctor Kehlet in 2001, and was introduced to China by Academician Li Jie-Shou in 2006. ERAS protocols were initially developed for colorectal surgery and was widely applied in various fields of the medical process at present but with few applications and reports in appendix surgery[3,4].
Appendicitis was the most common acute abdomen in the world, with an incidence rate of approximately one in a thousand in adults[5]. Surgery remained the main treatment for acute appendicitis. Patients often experienced varying degrees of pain and indigestion after surgery, which could prolong hospital stay and increase the risk of postoperative complications. The role of ERAS in the field of elective surgery is evident, but there is currently limited research on its role in emergency surgery. This study aims to explore the feasibility and clinical effects of ERAS in laparoscopic appendectomy.

MATERIALS AND METHODS
Patient data
Inclusion criteria were as follows: (1) Aged 18-70 years; (2) American society of Anesthesiologists score I-II; (3) Non-gestational appendicitis; and (4) No history of abdominal surgery.
[bookmark: _Hlk159506094]This study is a prospective randomized controlled study. A total of 120 patients who met the inclusion criteria and were diagnosed with acute appendicitis before surgery between March 2018 and March 2020 were randomly divided into an experimental group and a control group using a random number table method. The experimental group consisted of 63 patients (34 males and 29 females) and the control group consisted of 57 patients (26 males and 31 females). The severity of acute appendicitis was evaluated on the Sunshine Appendicitis Grading System (SAGS) score published in 2017[6]. SAGS 1- SAGS 4 represented simple appendicitis, purulent appendicitis, purulent appendicitis with four quadrant contamination and perforated appendix respectively. Informed consent was obtained from all patients and their families, and the study was approved by the hospital's Ethics and Medical Committee.

Treatment methods
The experimental group adopted the ERAS protocol for perioperative management, while the control group adopted traditional methods for perioperative management. The specific methods used were shown in Table 1. All patients underwent laparoscopic appendectomy, with detailed postoperative records of patient exhaust time, pain scores, and other indicators. The differences in gastrointestinal function recovery time, hospitalization time, hospitalization costs, and pain scores between the two groups were compared and analyzed.

Observation indicators
Observation indicators included postoperative recovery time of gastrointestinal function, hospitalization stay, hospitalization expenses, and pain score (Table 2). The pain score was evaluated using the numerical rating scale, which was evaluated six hours after surgery by chief surgeon.

Statistical analysis
SPSS22.0 statistical software was used to analyze the data. Quantitative data of normal distribution were expressed as mean ± SD. The t-test of two independent samples was used for inter-group comparison, and the Chi-square test was used to analyze the differences in the clinicopathological features between the experimental and control groups. The difference was statistically significant with P < 0.05.

RESULTS
Comparison of clinicopathological features between the two groups
In the experimental group, the patients included 34 males and 29 females and ranged from 16-years-old to 69-years-old (38.5 ± 13.7 years). There were 11 patients whose body mass index (BMI) exceed 25 kg/m2 and 52 patients whose BMI did not exceed 25 kg/m2. There were 30 cases in SAGS score 2 group and 15 cases in SAGS score 3 group. In the control group, the patients included 26 males and 31 females and ranged from 15-years-old to 70-years-old (39.7 ± 14.6 years). There were 14 patients whose BMI exceed 25 kg/m2 and 43 patients whose BMI did not exceed 25 kg/m2. There were no statistically significant differences in age, gender, BMI and SAGS score between the experimental group and the control group (P > 0.05; Table 3).

Comparison of observed indexes between the two groups
Both groups of surgeries were successful and there was no conversion to open surgery. Compared with the control group, patients in experimental group had earlier postoperative exhaust time, shorter hospital stay, lower hospitalization costs, and lower pain scores. The differences between the two groups were statistically significant (P < 0.05; Table 2).

Complications and patient outcomes
One patient in the control group had wound infection and one patient in the experimental group had urinary retention. The other patients did not have complications such as lung infection, abdominal abscess, urinary tract infection, etc. All patients recovered well and were discharged.

DISCUSSION
With the transformation of medical models, solving psychological and social factors reflected a comprehensive care for improvement of health at a higher level. Therefore, reducing patients' pain and accelerating their recovery had become practical and urgent. The concept of ERAS was proposed by optimizing the perioperative management process, reducing stress reactions and postoperative complications, thereby shortening hospitalization duration and accelerating patient recovery. This concept was introduced into China in 2006 and gradually applied in surgical treatment in multiple disciplines such as gastrointestinal surgery, thoracic surgery, and urology, achieving positive clinical outcome[7-9].
In this study, administration of sufficient postoperative analgesia and the promotion of gastrointestinal function recovery were the focus of our attention. Research had shown that active and effective pain relief could alleviate patients' fear of pain, facilitate early off-bed activity, and accelerate the recovery of patient organ function[10]. The current mode of postoperative analgesia had shifted from single mode analgesia to multi-mode analgesia[11]. Compared to single mode analgesia dominated by opioids, multimodal analgesia was a type of analgesic mode that combined analgesic drugs or methods with different mechanisms of action. The aim of this model was to increase the analgesic effect and reduce adverse reactions through the complementarity of different drug mechanisms[12]. Regarding the pain after abdominal surgery, which mainly includes visceral pain, incision pain, and inflammatory pain, we used ropivacaine to locally infiltrate and anesthetize the incision at the end of the surgery to reduce the incision pain. At the same time, we administered non-steroidal anti-inflammatory drugs on the first day after surgery to alleviate the patient's postoperative inflammatory pain. Compared with the control group, patients in the experimental group had lower pain scores, and the difference was statistically significant. Ropivacaine was an amide-based local anesthetic agent with advantages such as good anesthetic effect and minimal toxic side effects, and was commonly used for wound infiltration anesthesia[13]. Non-steroidal anti-inflammatory drugs could selectively inhibit cyclooxygenase-2, reduce prostaglandin synthesis, and achieve the effect of inhibiting postoperative inflammatory pain. Currently, they had become the basic medication for multimodal analgesia.
Postoperative gastrointestinal dysfunction may occur to varying degrees, with clinical manifestations including postoperative nausea, vomiting, abdominal pain, and cessation of exhaust and bowel movements. The mechanism of its occurrence was still not fully understood. Current research suggested that it was caused by multiple factors, including surgical trauma stress, inflammatory factors, anesthetic drugs, and BMI[14,15]. Therefore, restoring gastrointestinal function required a multi-pronged approach. In the experimental group in our study, patients were fed liquid food 12 h after surgery, while taking oral Si Mo Tang (a traditional Chinese medicine, TCM), chewing gum to accelerate the recovery of gastrointestinal function. The results showed that the first exhaust time of this group of patients was 5.9 h earlier than that of the control group. Early postoperative eating was not only to provide energy and supplement nutrition, but more importantly, it could stimulate nerve reflexes and the release of neurotransmitters, increase intestinal peristalsis, and facilitate the recovery of gastrointestinal motility. Si Mo Tang was a Qi regulating agent in TCM, which had the effects of regulating Qi, reducing adverse reactions, reducing accumulation and relieving pain, and could promote the recovery of gastrointestinal function after abdominal surgery[16]. Chewing gum had the same effect as sham feeding, which could stimulate the vagus nerve and activate the cholinergic anti-inflammatory pathway, thereby facilitating the recovery of gastrointestinal function[17,18]. In summary, the combination of multiple treatment methods could accelerate the recovery of gastrointestinal function.
A limitation of this study was the use of a small number of patients in a single center, in the future, a multicenter study with a larger sample size is needed to further confirm our findings.

CONCLUSION
In summary, this study applied the concept of ERAS during the perioperative period of laparoscopic surgery for acute appendicitis. Compared with the control group, the experimental group showed a significant improvement in recovery, characterized by earlier exhaust time, shorter hospitalization time, lower hospitalization costs, and lower patient pain scores. Therefore, applying the concept of ERAS to laparoscopic appendectomy was safe, economical and effective, and was worth further promotion and implementation.

ARTICLE HIGHLIGHTS
Research background
Enhanced recovery after surgery (ERAS) protocol has shown to be beneficial to patients undergoing various abdominal surgeries, especially in the digestive tumor surgery. However, few studies have explored the application of ERAS in laparoscopic surgery for acute appendicitis.

Research motivation
To determine if ERAS is beneficial to patients undergoing laparoscopic surgery for acute appendicitis.

Research objectives
This study aimed to evaluate the value of ERAS in laparoscopic surgery for acute appendicitis.

Research methods
A prospective randomized controlled study was performed in Beijing Chao-Yang Hospital. A total of 120 patients who met the inclusion criteria and were diagnosed with acute appendicitis before surgery between March 2018 and March 2020 were randomly divided into an experimental group and a control group using a random number table method. The clinicopathological features of the two groups were analyzed. In addition, variables including gastrointestinal function recovery time, hospitalization duration, hospitalization costs, and pain scores were also analyzed.

Research results
One hundred and twenty patients were included. There were 63 patients in the experimental group and 57 patients in the control group. There was no significant difference in age, gender, body mass index and Sunshine Appendicitis Grading System score between the two groups (P > 0.05). The application of ERAS resulted in accelerated recovery of acute appendicitis patients, shorter hospitalization stay, less hospitalization costs, earlier postoperative exhaust time, and milder pain.

Research conclusions
The application of ERAS is associated with shorter hospitalization stay, less hospitalization costs, earlier postoperative exhaust time, and milder pain in the patients who underwent laparoscopic appendectomy due to acute appendicitis. It is safe, economical and effective.

Research perspectives
The findings in this study can encourage surgeons to pay more attention to postoperative management measures for patients with acute appendicitis, and to apply the concept of ERAS to their postoperative recovery, thereby reducing the burden on patients and saving medical resources.
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[bookmark: OLE_LINK8070][bookmark: OLE_LINK8071]Table 1 Two sets of perioperative management protocols
	
	Control group
	Experimental group

	Food and drink
	Eat liquid diet and drink water after exhaust
	Eat liquid diet 12 h after surgery

	Off-bed activity
	Voluntary
	Off-bed activity 6 h after surgery

	Pain relief for wounds
	No
	Wound infiltration anesthesia with ropivacaine

	Postoperative analgesia
	Use painkilling drug when the pain is obvious
	Intravenous NSAIDs were administered for analgesia on the first day after surgery

	Oral administration of Si Mo Tang
	No
	Oral administration of the drug 10 mL/dose on postoperative day 1-2, tid

	Chewing gum
	No
	Starting at 6 h after surgery, 20 min per session, tid


NSAIDs: Nonsteroidal anti-inflammatory drugs. 


Table 2 Comparison of observed indexes between two groups of patients (mean ± SD)
	
	Experimental group
	Control group
	P value

	Postoperative exhaust time (h)
	17.18 ± 5.87
	23.09 ± 6.18
	< 0.01

	Postoperative hospitalization time (d)
	3.44 ± 1.23
	4.63 ± 1.84
	< 0.01

	Hospitalization expenses (CNY)
	8538.54 ± 1435.27
	9493.41 ± 1814.11
	< 0.01

	Degree of pain sensation (NRS)
	2.92 ± 0.69
	4.80 ± 1.35
	< 0.01


CNY: Chinese yuan; NRS: Numerical rating scale.

Table 3 Analysis of clinicopathological features of 120 patients
	Clinicopathological features
	n
	Experimental group
	Control group
	P value

	Sex
	120
	63
	57
	

	Male
	60
	34
	26
	0.361

	Female
	60
	29
	31
	

	Age (yr)
	
	
	
	

	≤ 60
	107
	58
	49
	0.283

	> 60
	13
	5
	8
	

	BMI
	
	
	
	

	≤ 25 kg/m2
	95
	52
	43
	0.339

	> 25 kg/m2
	25
	11
	14
	

	SAGS score
	
	
	
	

	1
	27
	11
	16
	0.381

	2
	51
	30
	21
	

	3
	31
	15
	16
	

	4
	11
	7
	4
	


BMI: Body mass index; SAGS: Sunshine appendicitis grading system.
