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Abstract
BACKGROUND
In an effort to further reduce the morbidity and mortality profile of laparoscopic cholecystectomy, the outcomes of such procedure under regional anesthesia (RA) have been evaluated. In the context of cholecystectomy, combining a minimally invasive surgical procedure with a minimally invasive anesthetic technique can potentially be associated with less postoperative pain and earlier ambulation.

AIM
To evaluate comparative outcomes of RA and general anesthesia (GA) in patients undergoing laparoscopic cholecystectomy.

METHODS
A comprehensive systematic review of randomized controlled trials with subsequent meta-analysis and trial sequential analysis of outcomes were conducted in line with Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement standards.

RESULTS
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Thirteen randomized controlled trials enrolling 1111 patients were included. The study populations in the RA and GA groups were of comparable age (P = 0.41), gender (P = 0.98) and body mass index (P = 0.24). The conversion rate from RA to GA was 2.3%. RA was associated with significantly less postoperative pain at 4 h [mean difference (MD): - 2.22, P < 0.00001], 8 h (MD: -1.53, P = 0.0006), 12 h (MD: -2.08, P < 0.00001), and 24 h (MD: -0.90, P < 0.00001) compared to GA. Moreover, it was associated with significantly lower rate of nausea and vomiting [risk ratio (RR): 0.40, P < 0.0001]. However, RA significantly increased postoperative headaches (RR: 4.69, P = 0.03), and urinary retention (RR: 2.73, P = 0.03). The trial sequential analysis demonstrated that the meta-analysis was conclusive for most outcomes, with the exception of a risk of type 1 error for headache and urinary retention and a risk of type 2 error for total procedure time.

CONCLUSION
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Our findings indicate that RA may be an attractive anesthetic modality for day-case laparoscopic cholecystectomy considering its associated lower postoperative pain and nausea and vomiting compared to GA. However, its associated risk of urinary retention and headache and lack of knowledge on its impact on procedure-related outcomes do not justify using RA as the first line anesthetic choice for laparoscopic cholecystectomy.
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[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Core Tip: Despite the existence of solid level 1 evidence from multiple randomized controlled trials on comparative outcomes of general anesthesia and regional anesthesia (RA) in laparoscopic cholecystectomy and demonstration of feasibility of laparoscopic cholecystectomy under RA, lack of knowledge on the impact of RA on specific procedure related outcomes may discourage surgeons from selecting RA as the first choice of anesthesia for laparoscopic cholecystectomy. Considering our findings, we encourage use of RA in patients who are not fit for general anesthesia but do not hesitate to highlight that available evidence does not justify using RA as the first line anesthetic choice for laparoscopic cholecystectomy.


INTRODUCTION
[bookmark: OLE_LINK17]Gallstone disease is thought to occur in approximately 15% of the population of whom 20% are symptomatic[1]. Laparoscopic cholecystectomy is the gold standard treatment for symptomatic gallstone disease and one of the most commonly performed general surgical procedures[1]. This minimally invasive procedure results in a shorter length of hospital stay and quicker overall recovery compared with the traditional open approach[2].
Traditionally, laparoscopic cholecystectomy is carried out under general anesthesia (GA). Some argue the endotracheal intubation is required to prevent aspiration or respiratory complications secondary to the induction of pneumoperitoneum[3]. Furthermore, GA is associated with rapid onset of action and reduces the procedure related stress[4].
In an effort to further reduce the morbidity and mortality profile of laparoscopic cholecystectomy, the outcomes of such procedure under regional anesthesia (RA) have been evaluated[5]. RA, including spinal anesthesia (SA) and epidural anesthesia (EA), confers the advantages of avoidance of both paralytic agents and endotracheal intubation[6]. Although combining a minimally invasive surgical procedure with a minimally invasive anesthetic technique would appear attractive, it’s use is currently limited[7]. Nevertheless, it has been demonstrated that the use of neuraxial anesthetics decreases postoperative thromboembolic events, myocardial infarction as well as overall mortality[8]. Moreover, RA has been demonstrated to be associated with less postoperative pain and earlier ambulation in patients undergoing laparoscopic cholecystectomy[7]. 
The purpose of our study was to conduct a comprehensive review of the current literature and conduct a meta-analysis of randomized trials to evaluate comparative outcomes of RA and GA in patients undergoing laparoscopic cholecystectomy. Furthermore, we aimed to conduct a trial sequential analysis to assess the robustness of our meta-analysis findings. 

MATERIALS AND METHODS
[bookmark: OLE_LINK18][bookmark: OLE_LINK20]Design
We highlighted our eligibility criteria, methods, and evaluated outcomes in a review protocol. Our study was carried out in line with Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement standards[9].

Inclusion criteria 
(1) Randomized controlled trials (RCTs); (2) Including patients aged > 18 years old of any gender; (3) Including patients undergoing laparoscopic cholecystectomy under RA; and (4) Comparing laparoscopic cholecystectomy under GA.

Exclusion criteria
(1) Observational studies, case series, case reports, and letters; (2) Including patients undergoing open cholecystectomy; and (3) Including patients undergoing laparoscopic intraoperative cholangiogram with or without common bile duct exploration. 

Outcomes
Primary outcome measures were defined as the post-operative pain intensity assessed on a 10 mm visual analogue scale (VAS) at 4 h, 6 h, 12 h and 24 h. The pain intensity data described by other means than a 10 mm VAS were standardized to such a scale. Operative time, total operative and anesthetic time, urinary retention (defined as inability to urinate spontaneously during the early postoperative period requiring application of heat or urinary catheterization), nausea and vomiting, headache, and hypotension (defined as a reduction of > 30% in mean arterial pressure or systolic blood pressure < 90 mmHg) were the secondary outcome parameters.

Literature search strategy
Three authors independently searched the following electronic databases: MEDLINE, EMBASE, CINAHL, and the Cochrane Central Register of Controlled Trials (CENTRAL). The literature search was performed on 08 March 2019. Our search strategy was adapted according to thesaurus headings, search operators and limits in the aforementioned databases (Supplementary Table 1). Furthermore, we searched World Health Organization International Clinical Trials Registry (http://apps.who.int/trialsearch/), ClinicalTrials.gov (http://clinicaltrials.gov/), and ISRCTN Register (http://www.isrctn.com/) to identify ongoing and unpublished studies. Moreover, the reference lists of identified articles were screened for further potentially eligible trials.

Selection of studies
The yielded search results were evaluated by two reviewers. Following evaluation of their titles, abstracts and full-texts of identified articles, those studies that met the inclusion criteria of our study were selected for inclusion in data synthesis. Disagreements in selection of studies were resolved by discussion between the reviewers. However, if the discrepancies remained unresolved, a third reviewer was involved.

Data extraction and management
We created an electronic data extraction spreadsheet according to the Cochrane's recommendations for intervention reviews. The data extraction spreadsheet was pilot-tested in randomly selected articles and adjusted accordingly. The following information were extracted from the included studies by two independent authors: (1) Study-related data (first author, publication year, country of origin of the corresponding author, journal in which the study was published, study design, and study size); (2) Baseline demographic and clinical information of the study populations (age, gender, weight, height, body mass index, American Society of Anesthesiologists classification); (3) Type of anesthetic agent used in the RA group or any additional medications used, conversion from SA to GA; (4) Primary and secondary outcome data; and (5) Disagreements during data extraction and management were resolved following consultation with a third independent author.

Assessment of risk of bias
The methodological quality and risk of bias assessment were carried out by two authors using the Cochrane's tool[10]. The Cochrane’s tool classifies studies into low, unclear and high risk of bias following evaluating and determining the risk of selection bias, performance bias, detection bias, attrition bias, reporting bias, and other sources of bias. We resolved discrepancies in risk of bias assessment by discussion between the assessing authors. Nevertheless, if no agreement could be reached, a third reviewer was involved as an adjudicator.

Summary measures and synthesis
For urinary retention, nausea and vomiting, and headache we calculated the risk ratio (RR) as the summary measures. The RR is the risk of an adverse event in the RA group compared to the GA group. An RR of less than one would favor the SA group. For VAS score at 4 h, 6 h, 12 h and 24 h, operative time, and total operative and anesthetic time we calculated the mean difference (MD) between the two groups.
The number of individual patients was used as the unit of analysis for all outcome parameters. Information with regards to dropouts, withdrawals and any other missing data were recorded. We planned to contact authors of the included studies where information about our outcome of interest was not reported. Our final analysis respected the intention-to-treat concept. 
One independent review author entered the extracted data into Review Manager 5.3 software for data synthesis[10]. The entered data were subsequently checked by a second independent review author. Random-effects or fixed-effect modelling were used, as appropriate, for analysis. Only when significant between-study heterogeneity existed, random-effects models were applied. This has previously been defined by Higgins et al[10]. We reported the results of our analysis for each outcome parameter in a forest plot with 95% confidence intervals (CIs). 
Heterogeneity among the studies was assessed using the Cochran Q test (χ2). We quantified inconsistency by calculating I2 and interpreted it using the following guide: 0% to 25% might not be important; 25% to 75%: may represent moderate heterogeneity; 75% to 100% may represent substantial heterogeneity. Moreover, where more than 10 studies were available in analysis of an outcome parameter, funnel plots were planned to be constructed in order to assess their symmetry to visually evaluate publication bias.
We conducted sensitivity analyses to explore potential sources of heterogeneity and assess the robustness of our results. For each outcome parameter, we repeated the primary analysis using random-effects or fixed-effect models. Moreover, for each of our defined dichotomous variable, we calculated the pooled odds ratio or risk difference. Finally, we evaluated the effect of each study on the overall effect size and heterogeneity by repeating the analysis following excluding one study at a time.

Trial sequential analysis
Trial sequential analysis was performed for the outcomes reported by at least 5 trials using the trial sequential analysis software 0.9.5.5 Beta (Copenhagen Trial Unit, Copenhagen, Denmark). In order to control the risk of type 1 error, we planned to adjust the thresholds for the Z values using O’Brien-Fleming α-spending function; allowing the type I error risk to be restored to the desired maximum risk. Crossing the O’Brien-Fleming α-spending boundaries by a Z-curve would indicate statistical significance. Moreover, we penalised the Z values according to the strength of the available evidence and the number of repeated significance tests as defined by the law of the iterated logarithm. The risk of type 2 error was controlled using the β-spending function and futility boundaries. Crossing the futility boundaries by a Z-curve would indicate that the two interventions do not differ more than the anticipated intervention effect. Random or fixed effects modelling were applied as appropriate for the analyses. We handled the zero event trials by constant continuity correction which involved adding a continuity correction factor to the number of events and non-events in each intervention group. A two-sided CI with 95% confidence level was used to indicate statistical significance. We estimated the information size for the analyses based on achievement of 80% power and 10% relative risk reduction between the two groups.

RESULTS
[bookmark: OLE_LINK21][bookmark: OLE_LINK24]The literature search identified 1267 articles. After further evaluation of the identified articles, 13 RCTs[4,5,11-21] met our inclusion criteria (Figure 1). The included studies reported the outcomes of 1111 patients of whom 554 patients underwent laparoscopic cholecystectomy under RA and the remaining 557 patients had laparoscopic cholecystectomy under GA.
The date of publication and country of origin, journal, and study design of the included studies are presented in Table 1. Table 2 presents baseline demographic and clinical characteristics of the study populations. There was no significant difference in mean age (P = 0.41), gender (P = 0.98) and body mass index (P = 0.24) between two groups. There were 13 conversion from RA to GA. Table 3 demonstrates details of anesthetic agent used in the RA group in the included studies

Methodological appraisal
Figure 2 presents the risk of bias assessment of the included RCT. Eleven studies had low risk of selection bias and the remaining two had unclear risk of selection bias due to not providing information about the allocation concealment. All included studies had high risk of performance bias due to lack of blinding. Three studies had low risk of detection bias as they blinded the outcome assessor. However, 9 studies had high risk of such bias. All included studies had low risk of attrition and reporting bias.

Data synthesis
Outcomes are summarized in Figure 3. 

VAS score at 4 h: Seven studies (539 patients) reported the VAS score at 4 h postoperatively as one of their outcomes. The pooled analysis demonstrated that RA was associated with significantly less postoperative pain at 4 h following surgery (MD: -2.22, 95%CI: -3.10 to -1.34, P < 0.00001). The heterogeneity among the studies was significant (I2 = 94%, P < 0.00001).

VAS score at 8 h: Five studies reported the VAS score at 8 h as an outcome. The pooled analysis which included 430 patients demonstrated that RA was associated with significantly lower pain 8 h following laparoscopic cholecystectomy (MD: -1.53, 95%CI: -2.41 to -0.66), P = 0.0006). The between-studies heterogeneity was significant (I2 = 89%, P < 0.00001).

VAS score at 12 h: Five studies including 473 patients reported this outcome. The meta-analysis demonstrated RA was associated with significantly lower postoperative pain at 12 h following surgery when compared to GA (MD: -2.08, 95%CI: -2.58 to -1.58, P < 0.00001). Significant heterogeneity existed among the included studies (I2 = 84%, P < 0.0001).

VAS score at 24 h: Seven studies (583 patients) reported postoperative VAS score at 24 h in their study groups. The pooled analysis demonstrated that there was a significantly lower postoperative pain at 24 h in favor of RA (MD: -0.90, 95%CI: -1.28 to -0.53, P < 0.00001). The heterogeneity among the included studies was considerable (I2 = 87%, P < 0.00001).

Nausea and vomiting: Nine studies (811 patients) reported postoperative nausea and vomiting as an outcome in their intervention groups. The nausea and vomiting rates in the RA and GA groups were 6.2% and 15.7%, respectively. There was a significantly lower rate of nausea and vomiting in favor of RA compared to GA (RR: 0.40, 95%CI: 0.26-0.61, P < 0.0001). Low heterogeneity existed among the included studies (I2 = 0%, P = 0.49).

Headache: Four studies (631 patients) reported post-operative headache as one of their outcomes. The rate of headache in the RA group was 3.2% while it was only 0.3% in the GA group. The pooled analysis demonstrated that RA was associated with significantly higher rate of postoperative headaches compared to GA (RR: 4.69, 95%CI: 1.21-18.21, P = 0.03). The between-study heterogeneity was low (I2 = 0%, P = 0.98).

Urinary retention: Seven studies reported postoperative urinary retention as an outcome. The urinary retention rates in the RA and GA groups were 4.1% and 1.1%, respectively. The pooled analysis of 751 patients demonstrated that RA was associated with significantly higher postoperative urinary retention when compared to GA (RR: 2.73, 95%CI: 1.13-6.56), P = 0.03). There was low between-study heterogeneity (I2 = 0%, P = 0.54).

Operative time: Six studies reported the operative time as one of their outcomes. The pooled analysis included 681 patients and demonstrated that there was no significant difference in operative time between RA and GA (MD: -2.29, 95%CI: -7.00-2.41, P = 0.34). The heterogeneity among the included studies was significant (I2 = 90%, P < 0.00001). 

Total operative and anesthetic time: Six studies (491 patients) reported the total operative and anesthetic time as one of their outcomes. The meta-analysis demonstrated that there was no significant difference in total operative and anesthetic time between two groups (MD: -1.43, 95%CI: -5.39-2.53, P = 0.48). The heterogeneity between studies was high (I2 = 77%, P = 0.0005).
Considering the data provided by the included studies, it was not possible to conduct analysis on hypotension which was one of our secondary outcomes. 

Sensitivity analysis 
Using random-effects fixed-effect models did not affect the pooled effect size in analysis of any of the reported outcomes, except urinary retention where the increased rate of urinary retention in the RA group became insignificant. Nevertheless, considering heterogeneity of 0%, fixed-effect model was deemed more appropriate. The direction of pooled effect size remained unchanged when odds ratio, RR, or risk difference were calculated for dichotomous variables. 
As two of our included studies, Bessa et al[21] and Bessa et al[5] were conducted by the same group, in order to ensure that potential overlapping patients are not included, we repeated all analyses with exclusion of Bessa et al[5] which did not change the direction of pooled effect size in any of our outcomes 

Trial sequential analysis
Outcomes are summarised in Figure 4. 

VAS score at 4 h: The information size was calculated at 330 patients. The Z-curve crossed the conventional boundaries and alpha-spending boundaries in favor of RA before and after the information size was reached and the penalized Z value remained greater than 1.96; therefore, the meta-analysis was conclusive and the risk of type 1 error was minimal.

VAS score at 8 h: The information size was calculated at 324 patients. The Z-curve crossed the conventional boundaries and alpha-spending boundaries in favor of RA before and after the information size was reached and the penalized Z value remained greater than 1.96; therefore, the meta-analysis was conclusive and the risk of type 1 error was minimal.

VAS score at 12 h: The information size was calculated at 112 patients. The Z-curve crossed the conventional boundaries and alpha-spending boundaries in favor of RA before and after the information size was reached and the penalized Z value remained greater than 1.96; therefore, the meta-analysis was conclusive and the risk of type 1 error was minimal.

VAS score at 24 h: The information size was calculated at 277 patients. The Z-curve crossed the conventional boundaries and alpha-spending boundaries in favour of RA before and after the information size was reached and the penalized Z value remained greater than 1.96; therefore, the meta-analysis was conclusive and the risk of type 1 error was minimal.

Nausea and vomiting: The information size was calculated at 417 patients. The Z-curve crossed the conventional boundaries and alpha-spending boundaries in favor of RA before and after the information size was reached and the penalized Z value remained greater than 1.96; therefore, the meta-analysis was conclusive and the risk of type 1 error was minimal.

Headache: The information size was calculated at 1105 patients. The Z-curve crossed the conventional boundaries in favor of GA before the information size is reached. However, the Z-curve did not cross the α-spending boundaries and the futility boundaries before the information size is reached and the absolute number for penalized Z value remained smaller than 1.96; therefore, the meta-analysis was not conclusive and the results for this outcome were subject to type 1 error.

Urinary retention: The information size was calculated at 1218 patients. The Z-curve crossed the conventional boundaries in favor of GA before the information size is reached. However, the Z-curve did not cross the α-spending boundaries and the futility boundaries before the information size is reached and the absolute number for penalized Z value remained smaller than 1.96; therefore, the meta-analysis was not conclusive and the results for this outcome were subject to type 1 error.

Operative time: The information size was calculated at 631 patients. The Z-curve did not cross the conventional boundaries and the absolute number for penalized Z value remained smaller than 1.96 in both sides after the information size is reached; therefore, the meta-analysis was conclusive and the risk of type 2 error was minimal.

Total operative and anesthetic time: The information size was calculated at 1261 patients. The Z-curve did not cross the α-spending boundaries and the futility boundaries before the information size is reached and the absolute number for penalized Z value remained smaller than 1.96; therefore, the meta-analysis was not conclusive and the results for this outcome were subject to type 2 error.

DISCUSSION
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]We have conducted a comprehensive literature review and meta-analysis of the best available evidence to evaluate the comparative outcomes of RA and GA in laparoscopic cholecystectomy. We identified 13 RCTs[4,5,11-21] reporting on a total of 1111 patients who underwent laparoscopic cholecystectomy under RA (n = 557) and GA (n = 554). Our subsequent analysis of outcomes demonstrated that RA was associated with significantly lower postoperative pain within 24 h following the surgery, and lower nausea and vomiting compared to GA. However, it was associated with significantly higher rates of urinary retention and headache. Moreover, there was no significant difference in operative and total procedural (surgical and anesthetic) time between two groups. The heterogeneity between studies for post-operative nausea and vomiting, headaches, and urinary retention were all low, demonstrating the robustness of these results. The between-study heterogeneity in analysis of VAS score was high indicating that our findings on these outcomes may be less robust.
We also conducted a trial sequential analysis to assess for risk of Type 1 and Type 2 errors in our meta-analysis. Overall, we found that the meta-analysis is conclusive for most of the outcomes. The exceptions to this are headache and urinary retention, which have a risk of a type 1 error, and total procedure time, which has a risk of a type 2 error.
There have been two previous systematic reviews and meta-analyses analysing the outcomes between GA and RA for laparoscopic cholecystectomy[7,22]. Yu et al[22] in 2015 included 7 RCTs and Wang et al[7] in 2016 included 8 RCTs in their meta-analysis, whilst our meta-analysis included 13 RCTs. Yu et al[22] found that postoperative pain was significantly lower at 12 h in favor of RA but they did not find any difference in postoperative pain at 24 h between RA and GA. Consistent with our findings, Wang et al[7] found significantly lower postoperative pain in favor of RA in the first 24 h of postoperative period. Moreover, Yu et al[22] reported that there was no difference in operative time between RA and GA which is in agreement with our findings on operative time. Considering the potential impact of the type of anesthesia on overall procedure time, we analysed total operative and anesthetic time independently and demonstrated that there was no significant difference between two groups. This was not considered by previous meta-analyses. Both studies reported a significant reduction in postoperative nausea and vomiting associated with RA, but an increase in risk of postoperative urinary retention. These results are similar to our findings. Considering that dural puncture is believed to induce distension of intracranial vessels and an increase in brain blood flow playing a primary role in post-dural pain headache formation[23], unlike other meta-analyses, we evaluated the headache as an outcome and found that the use of RA was associated with significantly higher postoperative headache than GA. This has previously been demonstrated in other laparoscopic procedures carried out under RA[24]. 
The growing evidence in favour of use of RA in laparoscopic cholecystectomy with regards to postoperative pain convinced us to not only meta-analyse the outcomes but also to evaluate the robustness of the findings of the meta-analysis by a trial sequential analysis. This is the first meta-analysis of the best available evidence complemented by a trial sequential analysis which demonstrated that the findings of our meta-analysis with regard to the postoperative pain are robust. 
Postoperative pain is the most common complaint after surgery[22]. It has a unique pathophysiology and is believed to be due to peripheral and central sensitisation, as well as other humoral factors[22]. In day-case surgery, postoperative pain is problematic even when oral analgesia is optimised, as ongoing pain can lead to delayed discharges. In our analysis of the best available evidence, patients undergoing laparoscopic cholecystectomy under RA, have had significantly less postoperative pain when assessed at 4, 8, 12, and 24 h. Only 2.3% of patients had conversions from RA to GA showing that performing laparoscopic cholecystectomy under RA was well-tolerated. Furthermore, the type of anesthetic did not increase the anesthetic time or the surgical time. This further supports the argument that the use of RA for day-case laparoscopic cholecystectomy is feasible.
The second most common complaint after surgery is post-operative nausea and vomiting[25]. It is another cause of delayed discharges following day-case surgery. It has a complex pathophysiological mechanism and is influenced by multiple pre-operative, intraoperative, and postoperative factors, as well as general patient factors. Cholecystectomies in particular are known to have a high incidence of postoperative nausea and vomiting[25]. According to our meta-analysis, there is clear robust evidence that the use of RA for laparoscopic cholecystectomy has led to a significant reduction in postoperative nausea and vomiting. In turn, this should lead to a larger number of patients being successfully discharged on the day of surgery.
Postoperative urinary retention is a common finding after surgery with an incidence up to 70% in some procedures[26]. It is transient in most cases. Catheterisation is the primary treatment for this. Multiple risk factors for this including increasing age, longer surgery, use of postoperative analgesia, as well as the use of RA have been described[27]. The inherent pharmacology of anesthetic drugs can cause changes in the physiology of micturition. Spinal, general and regional nerve blocks can cause postoperative urinary retention by decreasing micturition control at the pontine micturition center and peripherally by blocking neural transmission in the spinal cord[28]. GA relaxes smooth muscle and reduces bladder contractility by interfering with autonomic regulation of the detrusor muscle[29]. This is physiologically apparent given the fact that bladder capacity substantially increases when a patient is subjected to GA[30]. SA and EA affect micturition via a different mechanism. They interfere with efferent and afferent nerves of micturition and disrupt the reflex arcs peripherally. The available evidence suggests that SA is associated with highest risk for postoperative urinary retention, followed by EA followed by GA[26]. The results of our meta-analysis are in agreement with this as it showed a significant increase in urinary retention in those patients undergoing laparoscopic cholecystectomy under RA. This finding may discourage some surgeons and patients from using RA. 
The use of RA in laparoscopic cholecystectomy should be seen as a “half-full glass”. It is feasible with promising potential to reduce the postoperative pain and nausea or vomiting. Nevertheless, the increased risk of urinary retention and headache associated with RA can potentially cancel-out its effectiveness in pain control in early postoperative period by prolonging the length of hospital stay or need for outpatient assessment. Moreover, the impact of RA compared with GA on surgical outcomes of laparoscopic cholecystectomy is yet to be determined. Unfortunately, the available RCTs have not provided appropriate data about the indication for procedure, procedure related difficulties, and procedure related complications. Performing a laparoscopic cholecystectomy for a gallbladder polyp would be less challenging than doing the procedure for a complex cholecystitis or gallstone pancreatitis. We encourage future randomized studies to evaluate the comparative procedure related outcomes of laparoscopic cholecystectomy under RA and GA.
It is important to consider the limitations of our meta-analysis when interpreting its results. Although we included only RCTs to ensure high quality data, we found that there remained significant between-study heterogeneity when assessing operative time, total procedure time, and post-operative VAS scores. Furthermore, although our trial sequential analysis demonstrated that our meta-analysis was conclusive for most outcomes, it demonstrated a risk of type 1 error for two outcomes: headache and urinary retention. It also demonstrated a risk of type 2 error for total procedure time. Some of the include studies reported their VAS score and procedure time as median and interquartile range. We have calculated their mean and standard deviation using the method described by Hozo et al[30]. This might have subjected our findings to some degree of bias. Moreover, some the included studies excluded patients who had failure of RA which is not consistent with intention to treat concept. This might have significantly affected the results in favor of RA and subsequently introduced bias to our findings. Finally, all the risk of performance and detection bias was high among the included studies due to lack of blinding. With regards to the performance bias, the blinding of participants and surgeons would have been impossible; however, blinding of outcome assessor would have been possible to reduce the risk of detection bias.

CONCLUSION
Our meta-analysis of the best available evidence (Level 1 evidence) demonstrated that RA may be a safe and feasible anesthetic modality for laparoscopic cholecystectomy considering its associated lower postoperative pain and nausea and vomiting compared to GA. This makes it a potentially attractive option to expedite discharge planning in day-case surgery. However, its associated risk of urinary retention and headache may not help facilitating such aim. Moreover, lack of knowledge on the impact of RA on specific procedure related outcomes may discourage surgeons from selecting RA as the first choice of anesthesia for laparoscopic cholecystectomy. Most importantly, intention-to-treat principle has been breached in some of the included studies by excluding failed RA attempts. Considering our findings and the limitations of the available evidence, we do not hesitate to highlight that available evidence does not justify using RA as the first line anesthetic choice for laparoscopic cholecystectomy although it may be an option in patients who are not fit for GA. Future research should focus on procedure related outcomes of RA and GA in laparoscopic cholecystectomy with respect to intention-to-treat concept.

ARTICLE HIGHLIGHTS
Research background
In an effort to further reduce the morbidity and mortality profile of laparoscopic cholecystectomy, the outcomes of such procedure under regional anesthesia (RA) have been evaluated. 

Research motivation
In the context of cholecystectomy, combining a minimally invasive surgical procedure with a minimally invasive anesthetic technique can potentially be associated with less postoperative pain and earlier ambulation.

Research objectives
The main objective of this meta-analysis was to evaluate comparative outcomes of RA and general anesthesia (GA) in patients undergoing laparoscopic cholecystectomy.

Research methods
A comprehensive systematic review of randomized controlled trials (RCTs) with subsequent meta-analysis and trial sequential analysis of outcomes were conducted in line with Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement standards. 

Research results
Thirteen RCTs enrolling 1111 patients were included. The study populations in the RA and GA groups were of comparable age (P = 0.41), gender (P = 0.98) and body mass index (P = 0.24). The conversion rate from RA to GA was 2.3%. RA was associated with significantly less postoperative pain at 4 h [mean difference (MD): -2.22, P < 0.00001], 8 h (MD: -1.53, P = 0.0006), 12 h (MD: -2.08, P < 0.00001), and 24 h (MD: -0.90, P < 0.00001) compared to GA. Moreover, it was associated with significantly lower rate of nausea and vomiting [risk ratio (RR): 0.40, P < 0.0001]. However, RA significantly increased postoperative headaches (RR: 4.69, P = 0.03), and urinary retention (RR: 2.73, P = 0.03). The trial sequential analysis demonstrated that the meta-analysis was conclusive for most outcomes, with the exception of a risk of type 1 error for headache and urinary retention and a risk of type 2 error for total procedure time. 

Research conclusions
Our findings indicate that RA may be an attractive anesthetic modality for day-case laparoscopic cholecystectomy considering its associated lower postoperative pain and nausea and vomiting compared to GA. However, it associated risk of urinary retention and headache and lack of knowledge on its impact on procedure-related outcomes do not justify using RA as the first line anaesthetic choice for laparoscopic cholecystectomy.

Research perspectives
The available RCTs have not provided appropriate data about the indication for procedure, procedure related difficulties, and procedure related complications. We encourage future randomised studies to evaluate the comparative procedure related outcomes of laparoscopic cholecystectomy under LA and GA.
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Figure Legends
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Figure 1 Study flow diagram.
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[bookmark: OLE_LINK5][bookmark: OLE_LINK31]Figure 2 Risk of bias summary and graph showing authors’ judgments about each risk of bias item. A: Risk of bias summary; B: Risk of bias graph.
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[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK32][bookmark: OLE_LINK6]Figure 3 Forest plots of comparison. A: Visual analogue scale (VAS) at 4 h; B: VAS at 8 h; C: VAS at 12 h; D: VAS at 24 h; E: Nausea and vomiting; F: Headache; G: Urinary retention; H: Operative time; I: Total operative and anesthetic. The solid squares denote the risk ratios or mean difference. The horizontal lines represent the 95% confidence intervals, and the diamond denotes the pooled effect size. M-H: Mantel Haenszel test; RA: Regional anesthesia; GA: General anesthesia; CI: Confidence interval; SD: Standard deviation.
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[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK11]Figure 4 Results of trial sequential analysis. A: Visual analogue scale (VAS) at 4 h; B: VAS at 8 h; C: VAS at 12 h; D: VAS at 24 h; E: Nausea and vomiting; F: Headache; G: Urinary retention; H: Operative time; I: Total operative and anesthetic time. The red inward-sloping dashed lines make up the trial sequential monitoring boundaries. To the right, the outward sloping red dashed lines make up the futility region. The solid blue line is the cumulative Z curve. The solid green line presents penalised Z value. 
Table 1 Summary characteristics of included studies
	Ref.
	Year
	Country
	Journal
	Design
	Total number of patients
	GA
	RA

	Majedi et al[15]
	2019
	Iran
	Advanced Biomedical Research
	RCT
	80
	40
	40

	Sharaf et al[19]
	2018
	Pakistan
	Anaesthesia, Pain and Intensive Care
	RCT
	120
	60
	60

	Donmez et al[11]
	2017
	Turkey
	Annals of Surgical Treatment and Research
	RCT
	49
	25
	24

	Kalaivani et al[14]
	2014
	India
	Journal of Clinical and Diagnostic Research
	RCT
	50
	25
	25

	Prasad et al[17]
	2014
	India
	Journal of Evolution of Medical and Dental Sciences
	RCT
	60
	30
	30

	Ellakany et al[12]
	2013
	Egypt
	Egyptian Journal of Anaesthesia
	RCT
	40
	20
	20

	Tiwari et al[20]
	2013
	India
	Journal of Minimal Access Surgery
	RCT
	235
	114
	110

	Bessa et al[5]
	2012
	Egypt
	Journal of Laparoendoscopic and Advanced Surgical Techniques
	RCT
	180
	90
	90

	Ross et al[18]
	2012
	United States 
	Surgical Endoscopy
	RCT
	20
	10
	10

	Mehta et al[16]
	2010
	India
	Anesthesia, Essays and Researches
	RCT
	60
	30
	30

	Imbelloni et al[13]
	2010
	Brazil
	Revista Brasileira de Anestesiologia
	RCT
	68
	33
	35

	Bessa et al[21]
	2010
	Egypt
	Journal of Laparoendoscopic and Advanced Surgical Techniques
	RCT
	60
	30
	30

	Tzovaras et al[4]
	2008
	Greece
	Archives of Surgery
	RCT
	100
	50
	50


RCT: Randomized controlled trial; GA: General anesthesia; RA: Regional anesthesia. 

Table 2 Demography and clinical characteristics of the patients 
	Ref.
	Age
	Male:female ratio
	BMI
	ASA I: II: III

	
	GA
	RA
	GA
	RA
	GA
	RA
	GA
	RA

	Majedi et al[15]
	50.1 ± 9.78
	52.06 ± 15.03
	14:26
	16:24
	NR
	NR
	NR
	NR

	Sharaf et al[19]
	44.07 ± 5.62
	42.57 ± 5.77
	0:60
	0:60
	25.41 ± 2.36
	26 ± 2.31
	14:46:0
	22:38:0

	Donmez et al[11]
	45 ± 13
	45 ± 14
	18:07
	18:6
	28.75 ± 4.5
	30.63 ± 3.6
	18:7:0
	16:6:2

	Kalaivani et al[14]
	47.84 ± 10.49
	45 ± 11.73
	08:17
	10:15
	NR
	NR
	NR
	NR

	Prasad et al[17]
	38.5 ± 9.83
	35.06 ± 7.5
	25:5
	17:13
	23.5 ± 1.98
	22.96 ± 2.98
	23:7:0
	22:8:0

	Ellakany et al[12]
	44.3 ± 13.2
	45.9 ± 13.6
	07:13
	8:12
	30 ± 3.9
	29.8 ± 4.1
	NR
	NR

	Tiwari et al[20]
	46.1 ± 12.9
	45.07 ±13.19
	16:98
	13:96
	NR
	NR
	NR
	NR

	Bessa et al[5]
	44 (19-50)
	40 (16-50)
	8:82
	11:79
	29.1 (23.4-33.1)
	28.7 (22.8-34)
	NR
	NR

	Ross et al[18]
	39.4 ± 11.7
	44.9 ± 12.5
	3:7
	2:8
	25.1 ± 4.6
	26.1 ± 5.5
	1:6:3
	3:5:2

	Mehta et al[16]
	38.3
	39.1
	10:20
	14:16
	NR
	NR
	NR
	NR

	Imbelloni et al[13]
	45.2 ± 12.1
	41.1 ± 12.4
	10:23
	9:26
	NR
	NR
	NR
	NR

	Bessa et al[21]
	40.9 ± 11
	41.4 ± 11.1
	6:24
	5:25
	30.8 ± 6.6
	31.3 ± 4.1
	NR
	NR

	Tzovaras et al[4]
	46 (26-65)
	44 (23-65)
	18:30
	20:29
	26 (19-30)
	25 (18-30)
	37:11:0
	40:9:0


GA: General anesthesia; RA: Regional anesthesia; NR: Not reported; ASA: American Society of Anesthesiologists; BMI: Body mass index.


Table 3 Anesthetic agents used in the regional anesthesia group in each study
	Ref.
	Anesthetic agent used 

	Majedi et al[15]
	18 mL of lidocaine 2% plus epinephrine (1:200000) plus 2 mL of sodium bicarbonate 8.4% and fentanyl 50 µg

	Sharaf et al[19]
	15 mg of hyperbaric bupivicaine and 25 µg fentanyl

	Donmez et al[11]
	hyperbaric bupivicaine 16mg and fentanyl 10 micrograms

	Kalaivani et al[14]
	15 mg of hyperbaric bupivicaine and 20 µg fentanyl

	Prasad et al[17]
	15 mg of heavy bupivicaine and 25 µg fentanyl

	Ellakany et al[12]
	5 mg plain bupivicaine and 25 µg fentanyl

	Tiwari et al[20]
	12.5 mg to 17.5 mg of hyperbaric bupivicaine

	Bessa et al[5]
	15 mg of hyperbaric bupivicaine and 20 mcg fentanyl

	Ross et al[18]
	20-25 mL of lidocaine 2%

	Mehta et al[16]
	0.3 mg/kg of hyperbaric bupivicaine 0.5%

	Imbelloni et al[13]
	15 mg of hyperbaric bupivicaine and 20 µg fentanyl

	Bessa et al[21]
	15 mg of hyperbaric bupivicaine and 20 µg fentanyl

	Tzovaras et al[4]
	15 mg of hyperbaric bupivicaine, 0.25 mg morphine and 20 µg fentanyl


 






























[image: 说明: C:\Users\18810513029\Desktop\logo.png]

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com



[image: 说明: C:\Users\18810513029\Desktop\二维码.png]







© 2021 Baishideng Publishing Group Inc. All rights reserved.
[bookmark: _GoBack]
image2.png
Bess 2010
Bess 2012
Donmez 2017
Ellakany 2013
Imbslioni 2010
Kalaivani 2014
Majed 2018
Mehta 2010
Prasad 2014
Ross 2012
Sharar 2018
Thwari 2013

Tzovaras 2008

ants and personnel performance bias)

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (d

ion bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

% 25% 50%

75% 100%

| [l Low isk of bias [[unclear isk of bias

[l High risk of bias

oojo/0/0/0/0|0/®®]®]®]®]rnonseuencegenenon serconbis

00 % 0000 0 0 e = @ ®uostnomreimenseicnbis)

00000 0]0]0]0]0]0]®] s ssssmert deciontias

oo/0/0/00e0e e e e ®rommenmuumm musautinix

00000600 6 e 6 6 @) smrmnmemss
0005900000500 rm:





image3.png
o o Mentoce et
SupuShyup Wen S0 T e S Tod W MR 50 Ve im0
TowsIE 1515 8 2510 5 1% XA 20 -
WBH0 1308 D AT A 0 AWRHLN M .

BNl U520 9 45 2 W W DMRAOH AN -
Byl 010D 10 N U5 ANRRAT 4 -

WaaiIn 3 09 F R LE B A% TR A

i 5 10 15320,

50318 =P <A P

Tt =01 L)

nooa ety Wt
A Sopustsus e 104 en S 00 i Naom B e umemn
R
WEN0 ISUE D 0% B S AR 00 -
BH0 U0 003 3O AU -
w0 o ReEm —
Samdn 10 B B G R =
e T B e
et g i F
s »  mwn aanw -
e T T 4P AP —_—
Teoe i - LF ) s s
L) L) M ey Moot
SuyorSbgop Mean SO Total M SO Tokdl et Random, 951 Yer R (1
Toas 0509 0 1510 9 N IR 10 b
) 1605 0 00 0 NN SR M0 *
it} 15140 3813 0 150 2NRNAR M -
T 3 11210 25105 10 Bk ASRAY M3 *
Dungll 1513 N 15 08 B 198 M2 B0 -
T w 0 W1 *
etogenely Ta 125 04F= 1036, =4 P <AN0Y) =% 3 7

Fansth FaonGh

0 @ Mt Mo
SupuShyon MmO Tad e D T Wit Nk 540t Niwtm 80
Towsi 112 8 110 8 W% ARHSAN 38 -
MR 10 D20 05 B U ABHSA -

B W0 D D18 0 AR ABHELE I -
T 0508 U0 1808 0 A ARHAN -
Eandi 100D 10N 1 AN A0ENAE -
WaaiE 0B W0 2 U 00108 -
DwaBT 0RO W 106 3 NN ABHB0 M -
a0 = B M ANHA A5 *+
ey TaP= LI P 501,65 <LLOD 7% 5+t
T 2= 4P QY -,




image4.png
E

wow s i F uooa e e
Sl Sopun_mts Tt vt T W WhFed 51 e Ry Sl Sibgon_ets ol s T Wt WAFeA910 tex Wi
Twsd 7 8§ 8 008 0Dk 0 — ) T8 0 % AN suEsEs M —
momme 15 33 48 mmsm  ———— Wm0 % 0 B et D0
fer TTw s owpni o0 finet Do 0 @ e o _—
R T e Tl 11 AN e 0 j——
i) G0 s s ampg o0 ———T gl 050 e D _
B 1K NS 0G0 —L o I R Y —
Fastios o5 ow s ompu —+
owmet TN s B s wimE B0 ) W ) -
o) e - e et et
s et =12, 83090708 s
T b W
L ———— T oeal et =2230=08) st Faosh
Telroeaiett S
) ko Rkt
Sl Sibgun et ol s T Wegh Wioed 50 Yex Wi 80 H
" o esteus e e
fie A e T Syosigug e 9 o len S Ted Mg NAsom 0w WRminic
B0 TR0 R I 0paE M :
oD e 1 sl SO 8 GES 8 (U AR 6
pesn T ooa e mpane m —_ BED T WD G456 N OR8] M0 -
s T30 es ompmugmn  —— W) KL B 05 N5 T % SOHIE0E 00 -1
Tty St sspe ) I — BSND UG R 86 UDER I
st 2% 0 X TR SmpXeng A i I Tl UMD S0 AN UL 0 .
ngdl 3 X 0 X 18 oEpams w1 i I WrGET B U7 NHE 8 5 ER I5RSA 0 -
T W ampnes - e m 300 2800
g o 59,07 505 IR P98 g
s Tt 00 [y,

Fanushh FanusGh




image5.png
u o Meatgm
SupuSbyig en 9 10 len SO Tl W b0 e

Wand) 0313 % 6F U5 B S0RE A0
RS W5 N5 0 G KL ) 3N ARRULNE
oD 0 106 1S 10 0 706 201
VI 1HE X WS D9 5 ON ERADN M
bl 85 U % BN 5N 0BT N0
WS RQNS WA 0 m% AAI

T w 0w snisns
g Tt 5 0= 185 LT
Tlhoed LT P





image6.png
i

i

.:_ ]

A

i

i

it}

il

it





image7.png




image8.png
9

JSaishideng®




image9.png




image1.png
Records sxcused
Records after uplicates removed (0= 1261 | 5.

Fulltoxt aices ssseseed for

o) Fulltaxs aricies
excudad with ressons

(n-15)

5 s were

bsarvations!

2 snudies wers reviws
st wars snge
sty

‘Studies ncuded in quanticative synhesis (
)





