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Abstract
BACKGROUND
Intra-abdominal infections (IAIs) is the most common type of surgical infection, with high associated morbidity and mortality rates. In recent years, due to the use of antibiotics, various drug-resistant bacteria have emerged, making the treatment of abdominal infections more challenging. Early surgical exploration can reduce the mortality of patients with abdominal infection and the occurrence of complications. However, available evidence regarding the optimal timing of IAI surgery is still weak. In study, we compared the effects of operation time on patients with abdominal cavity infection and tried to confirm the best timing of surgery.

AIM
To assess the efficacy of early vs delayed surgical exploration in the treatment of IAI, in terms of overall mortality.

METHODS
A systematic literature search was performed using PubMed, Embase, Cochrane Central Register of Controlled Trials, Ovid, and ScienceDirect. The systematic review was conducted using the Preferred Reporting Items for Systematic Reviews and Meta-analyses method. Based on the timing of the surgical operation, we divided the literature into two groups: Early surgery and delayed surgery. For the early and delayed surgery groups, the intervention was performed with and after 12 h of the initial surgical intervention, respectively. The main outcome measure was the mortality rate. The literature search was performed from May 5 to 20, 2021. We also searched the World Health Organization International Clinical Trials Registry Platform search portal and ClinicalTrials.gov on May 20, 2021, for ongoing trials. This study was registered with the International Prospective Register of Systematic Reviews.

RESULTS
We identified nine eligible trial comparisons. Early surgical exploration of patients with IAIs (performed within 12 h) has significantly reduced the mortality and complications of patients, improved the survival rate, and shortened the hospital stay.

CONCLUSION
Early surgical exploration within 12 h may be more effective for the treatment of IAIs relative to a delayed operation.
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Core Tip: The available evidence regarding the optimal timing of intra-abdominal infection surgery is still limited. In a systematic review and meta-analysis of the cohort study, we compared the effects of operation time on patients with abdominal cavity infection and aimed to confirm the best timing of surgery. 

INTRODUCTION
Intra-abdominal infections (IAIs) include any infection of the internal organs in the abdominal cavity (including the peritoneum) as well as infectious diseases caused by pathogens invading the host's abdominal cavity, retroperitoneal cavity, or internal organs of the abdominal cavity and causing obvious damage[1,2]. An IAI is usually a mixed infection of a variety of intestinal microbes. The pathogenic bacteria are mainly intestinal flora and primarily Escherichia coli[3,4]. An IAI is the most common type of surgical infection, with high associated morbidity and mortality rates. The mortality rate can be as high as 23%-38%[5-7]. The mortality rate associated with severe IAIs is even higher, representing the second most common cause of sepsis in critically ill patients[8].
In recent years, due to the use of antibiotics, various drug-resistant bacteria have emerged, making the treatment of abdominal infections more challenging. The cornerstone of IAI management is timely and adequate control of the source of anatomical infection[8,9]. Regarding the control of the source of infection, each guide mentions that treatment first requires surgical control of the source of infection. Guidelines recommend initiating source control as soon as possible in cases of well-defined IAIs[10]. In 2017, the Surgical Infection Society issued a guideline recommending that the source of infection be controlled within 24 h after an IAI diagnosis[11]. If the initial source of infection control is delayed 24 h after the diagnosis is clear, the case fatality rate will increase significantly[1,11,12]. Some authors agree that reopening should be performed within 48 h after the initial operation[13]. However, the exact time has not yet been clearly determined[10,14,15].
An operation can reverse the multiorgan failure of some patients with intra-abdominal sepsis after surgery and reduce their mortality rate[16]. Although the mechanism is not fully understood, early surgical exploration can reduce the mortality of patients with abdominal infection and the occurrence of complications[13,17]. However, available evidence regarding the optimal timing of IAI surgery is still weak. In abdominal infections, clinical studies on the timing of surgery tend to have small sample sizes and be of relatively low levels of quality. In a systematic review and meta-analysis of the cohort study, we compared the effects of operation time on patients with abdominal cavity infection and tried to confirm the best timing of surgery.

MATERIALS AND METHODS
Literature search
PRISMA statement guidelines were followed for conducting and reporting meta-analysis data[18-20]. The PICOS scheme was followed for reporting inclusion criteria. A systematic literature search was performed independently by two of the authors (Shurui Song and Yangyang Liu) using PubMed, Embase, Cochrane Central Register of Controlled Trials, via Ovid, Reference Citation Analysis (https://www.referencecitationanalysis.com/) database and ScienceDirect. The search was limited to studies on humans and to articles reported in the English language. No restriction was set for type of publication, date, or publication status. This study has been registered with the International Prospective Register of Systematic Reviews (no. CRD42021255402). PubMed, Embase, Cochrane Central Register of Controlled Trials, Ovid, and ScienceDirect were systematically searched. The complete search used for PubMed was as follows: (((((((((((((intraabdominal infections[MeSH Terms]) OR intraabdominal infection*[Title/Abstract]) OR intra-abdominal infection*[Title/Abstract]) OR intra-abdominal infection*[Title/Abstract]) OR appendicitis[Title/Abstract]) OR diverticulitis[Title/Abstract]) OR peritonitis[Title/Abstract]) OR typhlitis[Title/Abstract]) OR peritonitis tuberculous[Title/Abstract]) OR subphrenic abscess[Title/Abstract]) OR abdominal sepsis[Title/Abstract]) OR intraabdominal sepsis[Title/Abstract]) OR intra-abdominal sepsis[Title/Abstract]) AND (((((((((((((surgery[MeSH Terms]) OR operative therapy[Title/Abstract]) OR invasive procedure*[Title/Abstract]) OR operative procedure*[Title/Abstract]) OR operation*[Title/Abstract]) OR perioperative procedure*[Title/Abstract]) OR intraoperative procedure*[Title/Abstract]) OR perioperative procedure*[Title/Abstract]) OR preoperative procedure*[Title/Abstract]) OR Surgical Procedure*[Title/Abstract]) OR Operative Surgical Procedure* [Title/Abstract]) OR Surgical Procedure[Title/Abstract]) OR Operative Surgical[Title/Abstract] OR laparoscopy[Title/Abstract]) OR laparotomy [Title/Abstract]) AND ((((((((((((((((time) OR Operative Times) OR Time, Operative) OR Times, Operative) OR Time Length of Surgery) OR Surgery Time Length) OR Surgery Time Lengths) OR Length of Operative Time) OR Operative Time Length) OR Operative Time Lengths) OR Time Length, Operative) OR Time Lengths, Operative) OR Surgical Time) OR Surgical Times) OR Time, Surgical) OR Times, Surgical)) AND ((((((((((((time) OR Time-to-Treatments) OR Time to Treatment) OR Time to Treatments) OR Door-to-Treatment Time) OR Door to Treatment Time) OR Delayed Treatment) OR Delayed Treatments) OR Treatment, Delayed) OR Treatment Delay) OR Delay, Treatment) OR Treatment Delays)). The search was performed from May 5 to 20, 2021. No language restrictions were applied.

Study selection
The same two authors independently screened the titles and abstracts of the primary studies that were identified in the electronic search. Duplicate studies were excluded. The inclusion criteria were: (1) human subjects; (2) inclusion of mean values with standard deviation values of related indices of information ratios; and (3) a clear indication that the study subjects have symptoms of abdominal infections or diseases mentioned in the guidelines.
The exclusion criteria were: (1) case reports, reviews, comments, protocols, meeting abstracts, and meta-analyses; (2) studies of other interventions; and (3) studies where it was impossible to retrieve or calculate data of interest or without full-text versions available.
The Cohen kappa statistic was used to quantify the agreement between the investigators.

Data extraction
The same two authors extracted the following main data (Tables 1 and 2): (1) first author, year of publication and study type; (2) number and characteristics of patients of both early surgical exploration and delayed operation groups; and (3) treatment outcomes, including mortality rate, length of hospital stay, survival rate, and the occurrence of procedure-related complications. All relevant texts, tables and figures were reviewed for data extraction; whenever further information was required, the corresponding authors of the papers were contacted by e-mail. Discrepancies between the two reviewers were resolved by consensus discussion.

Risk of bias
The Newcastle-Ottawa Scale was used for retrospective studies to assess quality. Funnel plots were constructed to assess the risk of publication bias across series for all outcome measures.

Statistical analysis
Review Manager version 5.2 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) was used for primary data analyses. Data were presented using odds ratios (ORs) for categorical outcomes and mean differences (MDs) for continuous outcomes, with 95%CIs calculated for all estimates; in the random-effects model, P < 0.05 was considered to be statistically significant. Interstudy heterogeneity was evaluated using Cochran’s Q statistic and quantified using the I2 statistic; a value greater than 50%[21] indicated substantial heterogeneity, and statistical significance was indicated by P < 0.10. The source of heterogeneity was explored using sensitivity and subgroup analyses. Publication bias was assessed by a visual inspection of funnel plots.

RESULTS
Study selection
The literature search returned a total of 62646 records, of which 35 articles underwent full-text review and nine were finally included in our meta-analysis (Table 1)[22-30]. The details of the study selection process are presented as a literature search flow diagram (Figure 1). The nine studies included a total of 3373 patients who had acute diverticulitis, gastrointestinal perforation, appendicitis complicated by abdominal cavity infection manifestations, and/or bacterial inflammation in the abdominal cavity caused by other hollow organs. All nine selected studies were observational studies, with seven being retrospective cohort studies and two being prospective cohort studies; all nine included studies were full-text articles published in journals, meeting the inclusion criteria. Participants in the included studies were adults from seven countries (China, South Korea, India, the United States, Italy, Germany, and Japan). The six retrospective cohort studies reported follow-up periods ranging from 1 year to 9 years in length, and the three prospective cohort studies[26,28,30] had follow-up periods ranging from 1 year to 4 years in length. 

Quality assessment
Based on the Newcastle-Ottawa scale, all included observational studies were of high quality (Table 2) but did not indicate whether or not they had received funding.

Primary outcome measure
Figure 2A shows the difference in mortality rate between the early surgical exploration group and the control group. The risk of mortality rate in the early surgical exploration group was significantly lower than in the control group (OR: 0.29; 95%CI: 0.11-0.78; P = 0.01), with no evidence of significant heterogeneity (I2 = 27%; P = 0.25). According to Rausei et al[22], for patients having severe IAIs, the mortality rate increased linearly for each 6-hour delay in the timing of surgery. Notably, most patients in the 6-12 h delayed group had the highest prognostic scores.

Length of hospital stay
Figure 2B shows that patients in the early surgical exploration group had significantly shorter hospital stays (SMD: -1.85 d; 95%CI: -3.21 to -0.49 d; P = 0.008), with evidence of high heterogeneity (I2 = 98%, P < 0.00001). A systematic removal of individual studies can change the results or account for the findings (SMD: -0.48 d; 95%CI: -0.66 to -0.30 d; P < 0.00001), with no evidence of significant heterogeneity (I2 = 0%; P = 0.64) (Figure 2C). The reason for removal is because the time standard for inclusion in this study was from the onset of symptoms to the beginning of surgery.

Survival rate
Figure 2D shows the difference in the survival rate between the early surgical exploration within the 6 h group and the control group. The risk of survival rate in the early surgical exploration group was significantly higher than that in the control group (OR: 4.31; 95%CI: 2.27-8.18; P < 0.00001), with evidence of moderate heterogeneity (I2 = 45%; P = 0.12). Azuhata et al[26] found that for patients with gastrointestinal perforation combined with septic shock, the survival rate decreased with delay in the operation start time, and the survival rate of patients who waited for more than 6 h was 0%.

Occurrence of procedure-related complications
Figure 2E shows the differences in the occurrence of procedure-related complications between the early surgical exploration group and the control group. The risk of occurrence of procedure-related complications in the early surgical exploration group was significantly lower than that in the control group (OR: 0.33; 95%CI: 0.20-0.54; P < 0.0001), with no evidence of significant heterogeneity (I2 = 5%; P = 0.35).

Subgroup outcome
Figure 2F shows that patients in the surgery within 12 h group had significantly shorter hospital stays than those of patients in the surgery after 24 h group (SMD: -0.21 d; 95%CI: -0.43 to -0.01 d; P = 0.06), with no evidence of significant heterogeneity (I2 = 0%; P = 0.47). Patients in the surgery within 12 h group had significantly shorter hospital stays than those of patients in the surgery within 12-24 h group [SMD: -0.06 d (95%CI: -0.25 to -0.36 d; P = 0.71)], with evidence of medium heterogeneity (I2 = 50%; P = 0.16). Patients in the surgery within 12-24 h group had significantly shorter hospital stays than those of patients in the surgery after 24 h group [SMD: -0.38 d (95%CI: -0.58 to -0.19; P = 0.0001)], with no evidence of significant heterogeneity (I2 = 0%; P = 0.79). A systematic removal of individual studies did not change the results.

Publication bias
A sensitivity analysis of the included observational studies was performed by excluding the abstracts with no available published full-text versions and the studies with the highest risk of bias; however, this did not affect the findings. Publication bias was evaluated by funnel plot analysis (Figure 3). Figure 3A shows a funnel plot of hospital stay length; when a system of individual studies was removed, the funnel chart indicated that there was no asymmetry (Figure 3B). In addition, funnel plots of the survival rate (Figure 3C) and length of hospital stay by surgical timing subgroup (Figure 3D) are presented and similarly suggested no asymmetry. Publication bias was not assessed for other components as there were less than four trial comparisons available.

DISCUSSION
Abdominal infection is the most common surgical infection[14,15]. IAI is a common postoperative complication after surgery, causing pain and suffering to patients. In addition, this complication has been associated with negative economic impact including increased morbidity, extended postoperative hospital stay, readmission, sepsis, and death[31]. Concerning the role of the surgical technique (i.e. open vs laparoscopic approach) on IAI, studies have shown that the technique of surgery does not appear to affect the incidence of IAI[32]. In the current research, the optimal duration of postoperative IAI in the treatment of critically ill patients is unclear[33]. In addition, our data show that, compared with delayed surgery, early surgical exploration reduces mortality and may reduce both hospital stay length and adverse events. In fact, the timing of infection control is critical for patients with IAIs, but the definition of ‘early’ control in the literature varies.
In recent years, scholars have performed a series of studies on the timing of surgery and offered their own opinions. Our results suggest that early surgery within 6 h can improve the survival rate of patients, which is consistent with the results of previous studies[22,27]. According to Rausei’s observations[22], for every 6 h of delay in source control, the mortality rate will directly increase, and the rate of abdominal wound closure will also decrease. Azuhata's analysis[26] also supports that the target time for a good prognosis may be within 6 h after admission. When the start of surgery was delayed, the survival rate was decreased, and the survival rate for those treated after more than 6 h was 0%. However, this extreme result may be because their study only included a small group of patients and was an observational study conducted at a single institution.
Some studies have suggested that surgery performed within 12 h has a critical effect on reducing mortality and complications. The research by Lee et al[25] is biased toward performing surgery within 18 h, which will reduce the incidence of complications. Under certain conditions, surgery can be performed earlier, which will not adversely affect the outcome of the operation. A study by Saar et al[30] indicated that delaying surgery for 12 h will gradually increase the number of complications per comprehensive complication index and will also significantly lengthen the operation time and the hospital stay. Colson et al[34] also offered similar results. Patients who undergo surgery more than 12 h after the onset of their symptoms have a greater incidence of perforation. Interestingly, a study[35] found that early surgery within 6 h increased the abdominal closure rate but also the length of hospital stay. This may be due to insufficient preparations made for early surgery and longer inter-hospital observation and nursing times after surgery. In addition, for patients with abdominal cavity infections, the emergency may occur at night. At this time, a shortage of doctors and incomplete inspection may render preoperative preparations incomplete. Therefore, premature intervention can lead to a series of adverse effects not seen in concert with adequate preparation for surgery. “Most sepsis patients require surgical treatment and an emergency procedure, that is carried out when the patient's condition is severe and rapidly worsening. Furthermore, there is often multiorgan damage and a combination of chronic diseases. As a result, anesthesiologists should exercise caution when choosing anesthetics, and the optimization of anesthesia strategies is necessary. However, not all patients with IAIs develop sepsis, and not all patients with sepsis are also infected in the abdominal cavity”. “In summary, for patients with non-emergency conditions, as well as those with obvious contraindications to surgery, it is beneficial to delay surgery, complete the relevant investigations, or optimize the anaesthetic protocol”.
The results of our subgroup analysis showed that early surgical exploration (within 12 h) can shorten the hospital stay. When the operation is delayed, the abdominal cavity infection may be aggravated and thus become more difficult to control effectively. This may be mainly because early surgery can not only remove abdominal necrosis on time but can also further control the source of infection through surgical exploration. Moreover, compared with delayed treatment, the incidence of adverse events in early surgery is lower, which may also be related to this.
In short, most of the included studies were observational, with high-quality evidence and a moderate risk of bias. The conclusions of this study are limited by the heterogeneity between the included trials, our inability to know the study blinding status, the starting point of the operation time, and the difference in treatment standards. First, each country and hospital has a different standard for the definition of patients with abdominal cavity infection. So, the standards are not uniform.
In addition, different countries have varying indications for surgical intervention. Whether all patients need surgical intervention and whether surgical intervention is directly performed after diagnosis are controversial, which may lead to potential deviations between studies.
Furthermore, there is no uniform standard for calculating the start time of surgery. Some hospitals start the calculation based on the time of admission[23,26,27], while some hospitals start the calculation based on the time at which the patient shows symptoms[22,29]. Subjective factors such as time calculation will also affect the research results. In our research, for studies that did not indicate the starting point of time, we uniformly defined such as the time from the point of admission to the beginning of the operation.
Overall, due to a lack of research on the timing of abdominal infection surgery at home and abroad and the varying standards of observation methods between studies, we included fewer research projects, and the quality of the data obtained is not very high, which renders our results not universally applicable.
Our study results do support that, for patients with IAI, surgical intervention should be carried out within 12 h as much as possible, or even preferably within 6 h if possible. Although each doctor attempts to avoid delays in surgery, early surgery requires accurate judgment and precise surgical skills, which places greater demands on doctors. Moreover, it is necessary to improve preoperative preparations, closely monitor the vital signs of patients, and cooperate with each department involved in the procedure. Because studies spanned long periods and had differences in IAI and the data available from the included studies were limited, we did not analyze the time of surgical intervention for IAIs caused by various means. Attempting full preparation before surgery with a series of related inspections can help to carry out the procedure early.

CONCLUSION
Although further high-quality randomized controlled trials are still needed to determine the optimal surgical exploration time, our findings clearly show that in IAI patients, early surgical exploration within 12 h or even 6 h can reduce the mortality rate and adverse events, shorten the hospital stay, and improve the survival rate.

ARTICLE HIGHLIGHTS
Research background
Intra-abdominal infections (IAIs) is the most common type of surgical infection, with high associated morbidity and mortality rates. In recent years, due to the use of antibiotics, various drug-resistant bacteria have emerged, making the treatment of abdominal infections more challenging. Early surgical exploration can reduce the mortality of patients with abdominal infection and the occurrence of complications. However, available evidence regarding the optimal timing of IAI surgery is still weak.

Research motivation
We compared the effects of operation time on patients with abdominal cavity infection and tried to confirm the best timing of surgery.

Research objectives
This study aimed to assess the efficacy of early vs delayed surgical exploration in the treatment of IAI, in terms of overall mortality.

Research methods
A systematic literature search was performed using PubMed, Embase, Cochrane Central Register of Controlled Trials, Ovid, and ScienceDirect. The systematic review was conducted using the Preferred Reporting Items for Systematic Reviews and Meta-analyses method. Based on the timing of the surgical operation, we divided the literature into two groups: early surgery and delayed surgery. For the early and delayed surgery groups, the intervention was performed with and after 12 h of the initial surgical intervention, respectively. The main outcome measure was the mortality rate. The literature search was performed from May 5 to 20, 2021. We also searched the World Health Organization International Clinical Trials Registry Platform search portal and ClinicalTrials.gov on May 20, 2021, for ongoing trials. This study was registered with the International Prospective Register of Systematic Reviews.

Research results
We identified nine eligible trial comparisons. Early surgical exploration of patients with IAIs (performed within 12 h) has significantly reduced the mortality and complications of patients, improved the survival rate, and shortened the hospital stay.

Research conclusions
Early surgical exploration within 12 h may be more effective for the treatment of IAIs relative to a delayed operation.

Research perspectives
In this study, we developed a strict and reasonable study design, literature search strategy and screening and quality evaluation, selected appropriate statistical analysis methods, and analyzed the results’ scientificity and sensitivity.
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Figure 1 Literature search flow diagram. 
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Figure 2 Forest plot. A: Mortality rate; B: Length of hospital stay; C: Length of hospital stay with a systematic removal; D: Cure rate; E: Occurrence of procedure-related complications rate; F: Length of hospital stay of subgroup. Early surgical exploration: < 12 h. CI: Confidence interval; SD: Standard deviation.
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Figure 3 Funnel plot. A: Length of hospital stay; B: Length of hospital stay with a systematic removal; C: Cure rate; D: Length of hospital stay of subgroup. OR: Odds ratio.

Table 1 Characteristics of included studies
	Ref.
	Design
	Sample size, n
	Age in yr
	Sex, male/female
	Start of time calculation
	Primary end-point(s)
	Follow-up time

	Elramah et al[24]
	RC
	523
	61
	-
	Admission time
	Mortality rate; Cure rate
	9 yr

	Giraudo et al[23]
	RC
	746
	28.8
	343/380
	Admission time
	Complications rate; Mortality rate
	6 yr

	Lee et al[25]
	RC
	1076
	35.2 ± 17.1
	612/464
	Time of symptom onset
	Cure rate; Complications rate
	3 yr

	Maroju et al[28]
	PC
	114
	28.3
	86/28
	Time of symptom onset
	Length of hospital stay
	1 yr

	Kim et al[29]
	RC
	192
	33.6 ± 19.5
	99/93
	Time of symptom onset
	Complications rate; Length of hospital stay
	1 yr

	Saar et al[30]
	PC
	270
	35.4 ± 14.8
	136/130
	Time of symptom onset
	Cure rate
	1 yr

	Rause et al[22]
	RC
	197
	68
	51%/49%
	Admission time
	Mortality rate
	8 yr

	Azuhata et al[26]
	PC
	154
	66.5 ± 13.9
	88/66
	Admission time
	Survival rate
	4 yr

	Wen and Tang[27]
	RC
	101
	56.26 ± 15.7
	65/36
	Admission time
	Mortality rate; Length of hospital stay
	3.5 yr


PC: Prospective cohort; RC: Randomized controlled.

Table 2 Results of quality assessment using the Newcastle-Ottawa Scale for case-control studies
	Ref.
	Selection
	Comparability
	Exposure
	Quality score

	
	Adequate definition of cases
	Representativeness of the cases
	Selection of controls
	Definition of controls
	Comparability of cases and controls on the basis of the design or analysis
	Ascertainment of exposure
	Same method of ascertainment for cases and controls
	Non-Response rate
	

	Elramah et al[24]
	1
	1
	-
	1
	1
	1
	1
	1
	7

	Giraudo et al[23]
	1
	1
	-
	1
	1
	1
	1
	1
	7

	Lee et al[25]
	1
	1
	-
	1
	1
	1
	1
	1
	7

	Maroju et al[28]
	1
	1
	-
	1
	1
	1
	1
	1
	7

	Kim et al[29]
	1
	1
	-
	1
	1
	1
	1
	1
	7

	Saar et al[30]
	1
	1
	-
	-
	2
	1
	1
	1
	7

	Rause et al[22]
	1
	1
	-
	-
	1
	1
	1
	1
	6

	Azuhata et al[26]
	1
	1
	-
	1
	2
	1
	1
	1
	8

	Wen and Tang[27]
	1
	1
	-
	1
	2
	1
	1
	1
	8


1Indicates that the inclusion study met the relevant criteria and represents a score of 1.
2Indicates that the inclusion study met the relevant criteria and represents a score of 2.
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