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Abstract. 
Introduction. A meta-analysis was conducted in order to provide an up-to-date comparison of laparoscopic sleeve gastrectomy (LSG) and laparoscopic gastric plication (LGP) for morbid obesity. Materials and Methods. The PRISMA guidelines and the Cochrane Handbook for Systematic Reviews of Interventions were used for the conduction of this study. A systematic literature search was performed in the electronic databases (MEDLINE, CENTRAL, and Web of Science and Scopus). The fixed effects or random effects model was used according to the Cochran Q test. Results. Totally, 12 eligible studies were extracted. LSG displayed a statistically significant lower rate of overall complications (OR: 0.35; 95% CI: 0.17, 0.68; ) and a sustainable higher %EWL through all time endpoints (OR: 4.86, ; OR: 7.57, ; and OR: 13.74; ). There was no difference between the two techniques in terms of length of hospital stay (), operative duration (), reoperation rate (), and cost (). Conclusions. LSG was demonstrated to have a lower overall complications and a higher weight loss rate, when compared to LGP. Further RCTs of a higher methodological quality level, with a larger sample size, are required in order to validate these findings.



1. Introduction
1.1. Rationale
Obesity, defined as body mass index (BMI) ≥ 30 kg/m2, has become a worldwide epidemic, over the last decades, with an increasing incidence trend, not only in the Western world [1, 2] but also in the developing countries [3] as well. More specifically, the current overall obesity prevalence is 5% in children and 12% in adults [1], while according to recent estimations, in the next decades, almost 38% and 20% of the worldwide adult population will be classified as overweight and obese, respectively [2].
Besides the vast psychological [4, 5] and socioeconomic effects [4, 5] of this trending condition, obesity has been directly associated with various comorbidities, such as hypertension [6], type II diabetes [7], and sleep apnea [8] and increased risk for certain malignancies [8]. According to the literature, even a modest weight loss (5 to 10%) results in a respectable decrease in systolic pressure, elevation of apnea symptoms, metabolic normalization, and improvement in quality of life aspects, like mobility and sexual function [9].
As a consequence, tackling the emerging obesity issue has become a priority in the healthcare systems of many countries [1, 2]. Due to the fact that lifestyle intervention, dietary changes, and pharmacotherapy do not achieve an adequate long-term weight loss ratio, when compared to operative management [10, 11], the notion of bariatric surgery has emerged [12, 13]. Bariatric operations are classified, according to their gastrointestinal effect, in restrictive (e.g., adjustable gastric band, vertical banded gastroplasty, and sleeve gastrectomy), malabsorptive (e.g., jejunoileal bypass and biliopancreatic diversion with duodenal switch), or combined techniques (e.g., Roux-en-Y gastric bypass) [14]. Moreover, the advent of the minimal invasive era was also characterized by the introduction of the laparoscopic principles in bariatric surgery [15].
Laparoscopic sleeve gastrectomy (LSG) was designed as a part of a two-stage procedure for morbidly obese patients, but gradually evolved as a standalone operation [16]. As a result of the satisfactory results compared to the rest of the abovementioned procedures, the infiltration of laparoscopic sleeve gastrectomy among bariatric surgeons has increased over the past years [16, 17]. Staple line leak [18–20] and haemorrhage [21], though two major and difficult-to-treat postoperative complications, have been extensively investigated in current literature, mainly due to the related morbidity and mortality rates.
Subsequently, an alternative restrictive procedure, laparoscopic gastric plication (LGP), has been proposed by Tretbar et al. [22] in 1976 and introduced by Talebpour and Amoli [23] in 2006. LGP is characterized by reduction of the total gastric volume through a reversible plication of the greater curvature, without the need for a resection or costly stapling devices [24]. A recent meta-analysis by Ye et al. reported that LSG was superior to LGP in terms of weight loss, comorbidities improvement, and postoperative hospital stay [25]. However, further studies compared the two techniques, with conflicting results regarding postoperative efficacy and safety [26–29].
1.2. Objectives
As a result, a meta-analysis was performed in order to provide an up-to-date comparison between the two techniques, incorporating also the results of the recent trials, in terms of postoperative complications and reoperation rate, weight loss, cost, and comorbidities improvement.
2. Materials and Methods
2.1. Study Protocol
The present meta-analysis was conducted based on the principles described in the Cochrane Handbook for Systematic Reviews of Interventions and the PRISMA guidelines [30]. The present study was not registered in any database.
2.2. Primary Endpoint
As a primary endpoint of this study, was considered the pooled odds ratio (OR) for the overall postoperative complication rate between laparoscopic gastric plication and laparoscopic sleeve gastrectomy procedures in patients who were operated for morbid obesity.
2.3. Secondary Endpoints
The secondary endpoints included comparisons in terms of specific (anaemia, abdominal pain, nausea and vomiting, fistula and leak, haemorrhage surgical site infection, invagination, and stenosis) postoperative complications and certain bariatric surgery endpoints, such as % excess weight loss (%EWL), body mass index (BMI), and BMI loss (BMIL) at fixed time points (3, 6, 12, and 36 months postoperatively). Furthermore, pooled comparisons regarding the length of hospital stay (LOS), the operative duration, the reoperation rate, the operation cost, and the postoperative comorbidities (hypertension, diabetes, and sleep apnea) improvement rate were also performed.
2.4. Eligibility Criteria
Eligible studies were retrospective or prospective studies, with a morbid obese study population, whose outcomes of interest could be retrieved and were reported in English. More specifically, the included studies should embody in their design algorithm, a comparison between laparoscopic gastric plication and laparoscopic sleeve gastrectomy.
Exclusion criteria for this meta-analysis were as follows: (1) nonhuman studies and trials; (2) not written in English; (3) with no outcome of interest, (4) with no comparison group, or (5) with irretrievable outcome data; and (6) publications in the form of editorials, letters, conference abstracts, and expert opinions.
2.5. Literature Search
In order to identify and retrieve the eligible studies, a systematic literature search in electronic scholar databases (MEDLINE, Cochrane Central Register of Controlled Trials, and Scopus and Web of Science) was performed. The last search date was 24 March 2018. The following search Boolean algorithm was applied: plication or imbrication, and sleeve.
2.6. Study Selection and Data Collection
The first step of the systematic literature review included the identification and removal of duplicate entries. After that, the titles and abstracts of the studies were screened and sorted on the basis of the above-mentioned eligibility criteria. The final screening process was the full-text review of the remaining trials, in order to assess the consistency with the inclusion key points. The electronic database search, the study selection, the data extraction, and the methodological and quality evaluation of the included studies were all performed in duplicate and blindly by two independent researchers (P. K. and S. E.). In case of a discrepancy, through mutual revision and discussion, a consensus was reached. If the disagreement was not resolved, then the opinion of a third investigator (Z. D.) was considered.
The following data were retrieved from the eligible studies: first author’s name, study type, trial location and year, sample size, age and gender of the participants, follow -up duration, preoperative BMI and comorbidities rates, perioperative characteristics, and surgical technique parameters (e.g., previous abdominal surgery, number of trocars, bougie size, pneumoperitoneum level, and number and experience of surgeons), length of hospital stay, operative time, conversion and reoperation rates, operative costs, complications (e.g., anaemia, abdominal pain, nausea and vomiting, fistula and leak, haemorrhage, surgical site infection, invagination, stenosis, and mortality), postoperative %EWL, BMI, BMIL, and comorbidities improvement rate.
All the included studies were submitted to rigorous quality and methodological evaluation. The eligible RCTs underwent assessment on the basis of the Cochrane’s Risk of Bias Assessing tool [31]. Rating based on this tool was performed in terms of selection, performance, detection, attrition, and reporting methodology bias. Each endpoint was appointed a color grade, with green and yellow representing low and unclear risk level, while red was regarded as a high risk level. The Newcastle–Ottawa Scale (NOS) was introduced for the assessment of non-RCT studies [32]. The validity checkpoints of this tool, included the selection and comparability of the study groups and the confirmation of the exposure. Each trial was appointed a score ranging from 0 to 9. Cohen’s k statistic was calculated for both assessment tools.
2.7. Statistical Analysis
The Cochrane Collaboration RevMan version 5.3 and IBM SPSS version 23 were utilized for the performance of data analysis and statistical computations. Primary and secondary endpoints were displayed in the form of odds ratio and weighted mean difference (WMD), for dichotomous and continuous variables, respectively. All the results were reported with the corresponding 95% confidence interval (95% CI).
In case that the included trials did not provide the mean or the standard deviation of the continuous variables, they were calculated form the respective median and interquartile range (IR), as described by Hozo et al. [33]. More specifically, if the sample size was >25, then the mean was considered equivalent to the median. SD was estimated as IR/4 and IR/6 for sample sizes <70 and >70, respectively. For dichotomous variables, the statistical method applied, was the Mantel–Haenszel (MH) and for continuous variables, the inverse variance (IV). Both the fixed effects (FE) and the random effects (RE) models were estimated. The model that was finally used was based on the Cochran Q-test. In case of the presence of a statistically significant heterogeneity level (Q-test ), then the RE model was applied. Quantification of the heterogeneity levels was also performed through the calculation of . Statistical significance was considered at the level of .
2.8. Risk of Bias across Studies
The funnel plot of the primary endpoint was visually inspected, in order to determine the presence of publication bias. Based on the primary outcome, an Egger’s test was also performed.
3. Results
3.1. Study Selection
Electronic database screening through the application of the above-mentioned algorithm resulted in the extraction of 337 entries (Figure 1). More specifically, the records retrieved were 73, 22, 145, and 97 from MEDLINE, Cochrane Central Register of Controlled Trials, and Web of Science and Scopus, respectively. After the removal of 147 duplicates records, 190 titles and abstracts were screened. In this first phase, 172 studies (6 nonhuman, 13 reviews or meta-analyses, 20 with no comparison group, 57 conference abstracts, letters or editorials, and 76 irrelevant records) were excluded. In the second phase of the literature search, the remaining 18 trials were submitted to a full-text review in order to assess consistency with the predefined eligibility criteria. The full-text screening resulted in the identification and removal of 7 articles (1 with no comparison group, 1 not laparoscopic, 2 studies with inadequate data, and 3 irrelevant records). Furthermore, through hand searching of the current bibliography, 1 study was introduced. Consequently, 12 trials [26–29, 34–41] were included in the qualitative and quantitative synthesis of the present meta-analysis.


	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
	
	
	
	
	



Figure 1: Flow diagram.


3.2. Study Characteristics
The characteristics of the eligible studies are summarized in Table 1. As far as the study type was concerned, 4 trials [29, 36, 37, 40] had a RCT design, while 3 studies [27, 28, 34] reported a prospective and 5 studies [26, 35, 38, 39, 41], a retrospective layout, respectively. In total, 7 trials [26, 29, 34–36, 38, 39] were conducted in a single institution, and 5 studies [27, 28, 37, 40, 41] incorporated multiple surgical centres. The study completion year spanned from 2013 to 2017. The total sample size was 950 patients. Moreover, Table 1 displays the gender, age, and BMI allocation between the two study groups. Postoperative follow-up extended from 6 months up to 3 years.
Table 1: Study characteristics.
	

	ID	Author	Country	Type of study	Centre	Year	Group	Sample	Gender (M/F)	Age	BMI	Follow-up
	

	25066442	Abdelbaki et al. [38]	Egypt	Retrospective	Single centre	2015	LSG	78	21 (27%)/57 (73%)	31.77 (9.2)	48.27 (6.9)	12 months
	LGP	62	12 (19%)/50 (81%)	34.45 (10.7)	41.62 (7.1)
	

	0.4103/1110-1121.153370	Abouzeid and Taha [40]	Egypt	RCT	Multicentre	2015	LSG	25	7 (28%)/18 (72%)	34.8 (11.3)	46.8 (3.7)	24 months
	LGP	25	9 (36%)/16 (64%)	32.1 (8.8)	47.8 (3.8)
	

	28674838	Bužga et al. [27]	Czech Republic	Prospective	Multicentre	2017	LSG	84	23 (27.3%)/61 (72.6%)	42 (10.3)	43.7 (5.4)	18 months
	LGP	43	15 (34.8%)/28 (65.1%)	42.5 (8)	42.5 (5.5)
	

	10.1089/bari.2016.0022	Bužgová et al. [28]	Czech Republic	Prospective	Multicentre	2016	LSG	43	13 (30.2%)/30 (69.8%)	44.5 (10.5)	42.8 (5.4)	12 months
	LGP	25	10 (40%)/15 (60%)	43.5 (8.1)	42.2 (5.6)
	

	26482166	Chouillard et al. [41]	France	Retrospective	Multicentre	2015	LSG	40	4 (10%)/36 (90%)	35.4 (6.65)	41.2 (5.17)	18 months
	LGP	40	4 (10%)/36 (90%)	34.2 (8.15)	40.4 (4.01)
	

	14322218	Grubnik et al. [37]	Ukraine	RCT	Multicentre	2015	LSG	27	7 (25.9%)/20 (74.1%)	44.2 (6.8)	45.8 (7.2)	3 years
	LGP	25	5 (20%)/20 (80%)	40.5 (5.2)	41.6 (6.5)
	

	28792149	Park and Kim [26]	Korea	Retrospective	Single centre	2017	LSG	74	16 (21.6%)/58 (78.4%)	30.4 (7.9)	34.7 (53.6)	3 years
	LGP	75	8 (10.7%)/67 (89.3%)	32.6 (6.7)	33.7 (3.3)
	

	25428511	Sharma et al. [36]	India	RCT	Single centre	2014	LSG	15	9 (60%)/6 (40%)	39.9	44.0 (7.8)	3 years
	LGP	15	9 (60%)/6 (40%)	40.5	44.7 (6.1)
	

	23443480	Shen et al. [34]	China	Prospective	Single centre	2013	LSG	20	7 (35%)/13 (65%)	34.2 (6.3)	38.4 (6.3)	12 months
	LGP	19	5 (26.3%)/14 (73.7%)	33.9 (5.7)	37.3 (4.3)
	

	29043548	Talebpour et al. [29]	Iran	RCT	Single centre	2017	LSG	35	6 (17.1%)/29 (82.9%)	38.6 (10.27)	44.6(3.5)	24 months
	LGP	35	8 (22.9%)/27 (77.1%)	35.34 (10.08)	48.39(4.89)
	

	26985155	Toprak et al. [39]	Turkey	Retrospective	Single centre	2015	LSG	26	21 (80.8%)/5 (19.2%)	33.9 (10.4)	42.0 (3.1)	12 months
	LGP	29	23 (79.3%)/6 (20.7%)	35.5 (11.2)	41.4 (3.0)
	

	25663148	Verdi et al. [35]	Italy	Retrospective	Single centre	2015	LSG	45	6 (13.3%)/39 (86.7%)	40 (9.14)	41(5.07)	6 months
	LGP	45	6 (13.3%)/39 (86.7%)	37.8 (11.45)	40.65(4.99)
	



Furthermore, 4 studies [27, 28, 35, 39] did not provide any data regarding coexisting comorbidities (Table 2). More specifically, data extraction from the eligible studies resulted in the identification of 114, 74, and 33 obese patients presenting with hypertension, diabetes mellitus, and sleep apnea, respectively. In total, 32 patients had been submitted to abdominal operations prior to the studied obesity surgery. The majority of LSG and LGP procedures were performed with 5 trocars [27, 34, 35, 38–40] although techniques using 4 [36, 37, 41] or even 3 [41] trocars were reported. Although 2 studies [28, 41] did not provide information regarding the intraoperative use of a bougie, the recorded bougie size ranged from 32 Fr to 42 Fr. It must be noted, though, that in the study by Bužga et al. [27], no bougie was applied during the sleeve gastrectomy or the gastric plication. Similarly, the pneumoperitoneum gas pressure extended from 12 mmHg to 15 mmHg. The operations were performed either by a surgical team [29, 40] or a single surgeon [26, 35, 38, 39, 41]. Operative experience of the involved surgeons was validated in only two trials [35, 38].
Table 2: Comorbidities and surgical technique.
	

	Author	Group	Comorbidities	Previous operations	Technique
	Hypertension	Diabetes	Sleep apnea	Trocars	Boogie	Pneumoperitoneum	Volume reduction	Surgeons	Experience
	

	Abdelbaki et al. [38]	LSG	12	7	n/a	0	5	32 Fr	14-15 mmHg	Linear endostapler	1	Yes
	LGP	10	2	0	5	32 Fr	14-15 mmHg	2 rows of extamucosal stiches	1	Yes
	

	Abouzeid and Taha [40]	LSG	8	n/a	n/a	n/a	5	36 Fr	n/a	Linear endostapler	Surgical team	n/a
	LGP	4	5	36 Fr	2 rows of extamucosal stiches
	

	Bužga et al. [27]	LSG	n/a	n/a	n/a	n/a	n/a	No boogie	n/a	Linear endostapler	n/a	n/a
	LGP	5	No boogie	2 rows of extamucosal stiches
	

	Bužgová et al. [28]	LSG	n/a	n/a	n/a	n/a	n/a	n/a	n/a	n/a	n/a	n/a
	LGP
	

	Chouillard et al. [41]	LSG	8	7	3	8	3 or 4	40 Fr	n/a	Linear endostapler	1	n/a
	LGP	9	5	4	6	3 or 4	40 Fr	2 rows of extamucosal stiches	1
	

	Grubnik et al. [37]	LSG	7	3	4	0	4	32 Fr	12–14 mmHg	Linear endostapler	n/a	n/a
	LGP	5	2	4	0	4	32 Fr	12–14 mmHg	2 rows of extamucosal stiches
	

	Park and Kim [26]	LSG	15	11	12	n/a	n/a	36 or 40 Fr	n/a	Linear endostapler	1	n/a
	LGP	7	5	4	36 Fr	2 rows of extamucosal stiches	1
	

	Sharma et al. [36]	LSG	0	8	n/a	n/a	4	40 Fr	n/a	Linear endostapler	n/a	n/a
	LGP	6	3	4	40 Fr	2 rows of extamucosal stiches
	

	Shen et al. [34]	LSG	4	3	1	1	5	32 Fr	12–14 mmHg	Linear endostapler	n/a	n/a
	LGP	3	2	1	0	5	32 Fr	12–14 mmHg	2 rows of extamucosal stiches
	

	Talebpour et al. [29]	LSG	9	10	n/a	n/a	n/a	n/a	n/a	Linear endostapler	Surgical team	n/a
	LGP	7	6	2 rows of extamucosal stiches
	

	Toprak et al. [39]	LSG	n/a	n/a	5	42 Fr	12 mmHg	Linear endostapler	1	n/a
	LGP	5	42 Fr	12 mmHg	Extramucosal stiches	1
	

	Verdi et al. [35]	LSG	n/a	17	5	34 Fr	n/a	Linear endostapler	1	Yes
	LGP	0	5	34 Fr	2 rows of extamucosal stiches	1	Yes
	



3.3. Risk of Bias within Studies
Table 3 displays a summary of the methodology and quality evaluation of the non-RCT eligible studies, on the basis of the Newcastle–Ottawa Scale. The quality level of the included studies was estimated to be in adequate level, since the overall score ranged between 5 and 8 stars. Furthermore, Table 4 represents a brief report of the results of the Cochrane’s Risk of Bias Assessing tool for the included RCTs. Low risk of bias was identified in the fields of random sequence generation, incomplete outcome bias, and selective reporting. Concerning the interrater agreement between the two investigators, it was estimated to be in very good levels, in both tools (NOS Cohen’s k statistic: 86%,  and Cochrane’s Risk of Bias Assessing tool Cohen’s k statistic: 76.3%, ), thus confirming the absence of any major discrepancy during the evaluation process.
Table 3: Newcastle–Ottawa Scale.
	

	Study	Selection	Comparability	Exposure/Outcome	Total
	1	2	3	4	5	6	7	8
	

	Abdelbaki et al. [38]	 				 	 			5
	

	Bužga et al. [27]	 				 				6
	

	Bužgová et al. [28]	 				 				6
	

	Chouillard et al. [41]		 							8
	

	Park and Kim [26]			 	 	 				5
	

	Shen et al. [34]	 				 	 			5
	

	Toprak et al. [39]		 	 		 				5
	

	Verdi et al. [35]		 	 		 				5
	



Table 4: Cochrane’s Risk of Bias Assessing Tool.
	

	

	
	
	
		
		
		
		
		
	
	
		
			
			
			
			
			
			
			
			
			
		
		
			
				
					
					
					
					
					
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
					
					
					
					
					
					
					
					
				
			
			
				
				
				
				
				
				
				
				
				
				
			
			
				
				
				
				
				
				
				
				
				
				
				
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
		
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
			
			
			
			
			
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	



3.4. Primary Endpoint
As far as the primary endpoint is concerned, 9 studies provided data for the comparison between LSG and LGP in terms of overall complications (Figure 2). Meta-analysis of these data showed a statistically significant () lower rate of complications in favor of the LSG group (OR: 0.35; 95% CI: 0.17, 0.68). Heterogeneity between the studies was significant (Q-test , ), and as a result, a RE model was applied.


	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
	
	
	
	

Figure 2: Overall complications.


Due to the fact that high levels of heterogeneity were observed, further analysis was performed. Figure 11, displays a summary of the sensitivity analysis of the included trials. Meta-regression in terms of sample size (), follow-up (), and bougie size () did not yield statistically significant results. Moreover, subgroup analysis was performed, in order to investigate other possibly heterogeneity introducing factors. Heterogeneity was reduced (Q-test , ), without deviation from the overall result (OR: 0.26; 95% CI: 0.13, 0.49; ), in the analysis of the studies reporting the 5 trocar techniques. Similarly, the presence of a single (OR: 0.56; 95% CI: 0.33, 0.93; ) or an experienced (OR: 0.33; 95% CI: 0.14, 0.80; ) surgeon for the conduction of the LSG and LGP operations significantly influences the levels of heterogeneity (Q-test , ; and Q-test , , respectively). Further analysis, in terms of other factors, was not performed due to the inconsistency and scarcity of the provided data.
3.5. Secondary Endpoints
Figure 3 summarizes the data regarding the comparisons between the two groups, in terms of minor complications. Statistically significant lower rates of abdominal pain (OR: 0.23; 95% CI: 0.07, 0.76; ) and nausea and vomiting (OR: 0.34; 95% CI: 0.18, 0.64; ) in the LSG group were recorded. Since significant heterogeneity was not confirmed (Q-test  in all comparisons), a FE model was used.


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
	
	
		
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
	
	
	

Figure 3: Minor complications.


In Figure 4, the pooled results of the eligible studies concerning the major complications are depicted. Analysis of the extracted data showed no significant difference in the rates of anaemia (OR: 1.90; 95% CI: 0.61, 5.94; ), haemorrhage (OR: 1.14; 95% CI: 0.37, 3.48; ), invagination (OR: 0.29; 95% CI: 0.03, 2.85; ), fistula or leak (OR: 1.61; 95% CI: 0.54, 4.77; ), SSI (OR: 3.09; 95% CI: 0.12, 78.41; ), and stenosis (OR: 1.11; 95% CI: 0.38, 3.23; ). Heterogeneity between the studies was not significant (Q-test  in all comparisons), and as a result, a FE model was applied.


	
	
	
	
	
		
		
		
	
	
		
		
		
	
	
	
		
		
	
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
	
	
	
		
		
		
	
	
		
		
		
	
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
	
	
	
	
	
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
	
	
		
			
			
		
		
	
	
	
		
		
		
	
	
		
		
		
		
	

Figure 4: Major complications.


Figures 5–7 summarize the data regarding the comparisons between the two groups, in terms of %EWL. More specifically, statistically significant higher %EWL in the LSG group was identified at 3 (WMD: 4.86; 95% CI: 0.25, 9.46; ), 6 (WMD: 7.57; 95% CI: 5.21, 9.93; ), and 12 (WMD: 13.74; 95% CI: 10, 17.49; ) months, postoperatively. No significant result was identified at 36 months (WMD: 24.49; 95% CI: −0.84, 49.81; ). Heterogeneity between the studies was significant at 3, 12, and 36 months (Q-test , ; Q-test ,  and Q test , , respectively) and as a result, a RE model was applied. On the contrary, a FE model (Q test , ) was applied at 6 months.


	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
	
	
		
		
		
		
		
	

Figure 5: %EWL at 3 and 12 months.




	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
			
			
			
		
		
			
			
		
	
	
		
		
		
		
		
	
	
		
			
			
			
			
		
		
			
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
	
	
	
		
	
		
			
		
	
	
		
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
		
	
	
		
			
		
	
	
		
		
	
	
		
			
		
	
	
		
	
		
	
		
	
		
	
	
		
	

Figure 6: %EWL at 6 months.




	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
			
			
			
		
		
			
			
		
	
	
		
		
		
		
		
	
	
		
			
			
			
			
		
		
			
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
	
	
	
		
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
	
	
		
	
		
	
		
	
		
	
		

Figure 7: %EWL at 36 months.


Figures 3.1 and 3.2 (Supplementary Material) summarize the data regarding the comparisons between the two groups, in terms of BMI. More specifically, statistically significant higher BMI was identified in the LGP group at 6 (WMD: −0.88; 95% CI: −1.63, −0.13; ) and 12 (WMD: −1.19; 95% CI: −1.97, −0.41; ) months, but not at 3 (WMD: 1.04; 95% CI: −1.69, 3.78; ) months. Heterogeneity between the studies was not significant at 6 and 12 months (Q-test , ; Q-test , ), and as a result, a FE model was applied. On the contrary, a RE model (Q-test , ) was applied at 3 months.
Figure 4.1 (Supplementary Material) summarizes the data regarding the comparisons between the two groups, in terms of BMIL. More specifically, statistically significant higher BMIL in the LSG group was identified at 12 months (WMD: 2.19; 95% CI: 1.28, 3.10; ), but not at 6 (WMD: 1.18; 95% CI: −0.88, 3.23; ) months. Since heterogeneity was significant at 6 months (Q -test , ) and the overall number of the included studies was small, a RE model was applied.
Figure 5.1 (Supplementary Material) summarizes the data regarding the comparison between the two groups, in terms of LOS. More specifically, no statistically significant difference (WMD: 0.49; 95% CI: −0.19, 1.17; ) between the two groups, regarding LOS, was identified. Since heterogeneity was significant (Q-test , ), a RE model was applied.
Figure 6.1 (Supplementary Material) summarizes the data regarding the comparison between the two groups, in terms of operative time. More specifically, no statistically significant difference (WMD: 1.27; 95% CI: −9.00, 11.53; ) between the two groups, regarding operative time, was identified. Since heterogeneity was significant (Q test , ), a RE model was applied.
Figure 7.1 (Supplementary Material) summarizes the data regarding the comparison between the two groups, in terms of reoperation rate. More specifically, no statistically significant difference (OR: 0.59; 95% CI: 0.13, 2.78; ) between the two groups, regarding reoperation rate, was identified. Since heterogeneity was significant (Q-test , ), a RE model was applied.
Figure 8.1 (Supplementary Material) summarizes the data regarding the comparison between the two groups, in terms of cost. More specifically, no statistically significant difference (WMD: 2921.07; 95% CI: −107.07, 5949.21; ) between the two groups, regarding cost, was identified. Since heterogeneity was significant (Q-test , ), a RE model was applied.
Figure 9.1 (Supplementary Material) summarizes the data regarding the comparisons between the two groups, in terms of comorbidities improvement. More specifically, no statistically significant difference between the two groups, regarding improvement in hypertension (OR: 0.66; 95% CI: 0.25, 1.75; ), diabetes (OR: 1.05; 95% CI: 0.18, 6.1; ), and sleep apnea (OR: 0.35; 95% CI: 0.05, 2.63; ), was identified. Since heterogeneity was not significant (Q-test , ; Q-test , ; and Q-test , , respectively), a RE model was applied.
3.6. Risk of Bias across Studies
Figure 10 (Supplementary Material) displays the funnel plot of the primary outcome. Through visual inspection, a symmetrical distribution of the included studies was confirmed. Similarly, Egger’s test was not statistically significant, thus excluding the presence of publication bias ().
4. Discussion
4.1. Summary of Evidence
The bariatric surgery quality improvement program, through a recognized accreditation process and a platform-based clinically derived data registry, resulted in the reduction of operative costs and the decrease of the complication rates [42, 43]. As far as the overall complication rate was concerned, it decreased from 4.6% in 2006 to 3% in 2013 [42]. Despite the minor, early complications such as nausea, vomiting, and abdominal pain, severe adverse events (haemorrhage, leak, etc.) have a devastating impact on the postoperative course and may even require operative management. The incidence rate of these complications can reach up to 3%, with a correlated mortality rate equal to 0.2% [44, 45]. More specifically, regarding LSG, the overall postdischarge morbidity and serious morbidity rates were estimated at 2.48% and 0.89%, respectively [42]. Furthermore, the frequency of perioperative leak was 3.93%, and the respective rate of bleeding was 4.07% [46]. Staple line leak is described as one of the most feared post-LSG complications, due to the derived morbidity and the frequent requirement for specialized treatment, such as OTSC and stents [19, 47]. Gastric plication or gastric imbrication has been recently introduced and proposed as an alternative to LSG. LGP is characterized similar to LSG, but reversible, gastric tube formation and elimination of the greater curvature without the need for gastrectomy or staple lines [48]. Despite the absence of anastomotic lines and the subsequent risk for leaks, fistulas and haemorrhage, the double row stitching, and the large stomach folds imbricated in the gastric lumen result in increased rate of nausea and vomiting [49]. Summing up the results from all trials comparing LSG and LGP, we demonstrated that, in total, LSG demonstrates a significantly safer postoperative profile, when compared to LGP. More specifically, when categorized, LGP was associated with statistically significant higher rates of benign minor postoperative complications, such as abdominal pain, nausea, and vomiting. Regarding severe complications (i.e., haemorrhage, fistula, leak, SSI, etc.) that are in fact the main factors that affect postoperative outcome, the rates were comparable between the two techniques.
Postoperative complications are considered as a distinct factor that affects length of hospital stay. However, recent trials have questioned this statement concerning hospitalization after bariatric procedures [50]. According to a retrospective analysis of 2629 patients submitted to LSG by Jakob et al. [51], hospital stay beyond 24 hours is not obligatory, under the condition that there are no signs of bleeding and leak or symptoms of vomiting and nausea. The reasoning under these conclusions was that major complications occur within the first 24 hours or after the fifth postoperative day. Similarly, LGP has been proposed by Waldrep and Pacheco [52] as a safe and effective bariatric procedure that can be performed in an outpatient basis, since there is no need for gastric resection, anastomosis, or foreign bodies. The present systematic review revealed that the two techniques were comparable in terms of LOS and that mean LOS ranged from 1.9 to 7.46 days in the LSG group and from 1.2 to 6.06 days in the LGP group.
Weight loss is the commonest outcome, by which the efficacy of a bariatric procedure is estimated. Based on animal studies, gastric plication and sleeve gastrectomy displayed the same efficacy, concerning weight loss, reduced food intake fasting plasma glucose and intraperitoneal glucose tolerance test, and both procedures affected ghrelin and GLP-1 levels [53]. Although gastric plication has functional restrictive effects [54], sleeve gastrectomy affects residual gastric volume, gastrointestinal tract motility, and hormonal balance [55]. The competence of gastric plication in weight loss has been demonstrated in clinical settings [56, 57]. Comparative studies for LSG and LGP are not conclusive [26, 29, 35]. Meta-analysis of these trials confirmed the short-term and medium-term superiority of LSG in %EWL. However, there was no difference at long-term results (i.e., 3 years postoperatively). This analysis, however, suffered from great heterogeneity levels and included only a few studies. Mean BMI was higher in the LGP group at 6 and 12 months postoperatively, and LSG portrayed a higher medium-term BMIL. Long-term analysis of BMI and BMIL was impossible due to scarcity of data. Furthermore, in contrast to current literature reports [58], we did not identify any difference regarding reoperation rates.
Despite the fact that LSG and LGP do not involve an extensive rerouting of the gastrointestinal tract that is performed in other operations, such as RYGB, and since they incorporate the minimal invasive principles, they are both considered as technically demanding. According to a study from our institution [59], the learning curve, concerning laparoscopic sleeve gastrectomy in a newly established bariatric centre, stabilized at 68 procedures. Due to these facts and taking into consideration the different technical aspects between the two techniques (e.g., use of linear endostaplers versus application of extramucosal stitches), a difference in the operation duration would be justified. The pooled analysis in our study did not identify any discrepancy, though, in the time needed for LSG or LGP to be performed.
Besides these, the operative charges for bariatric surgery are another subject of extensive research, since the ideal operation should be characterized by optimum excess weight loss, minimization of complications rate, and reduced economic cost. Based on recent studies, the mean expenditures for the performance of LSG are not negligible [60]. Technical characteristics, such as the use of staplers also contribute to the overall increased cost [61, 62]. The introduction of LGP as an alternative restrictive procedure, where no staplers, but only stitches are used, aimed at achieving an equivalent bariatric result at nonabundant economic settings. Primary results reported the inferior cost of an LGP procedure, when compared to LSG [34, 41]. However, our pooled results did not confirm these findings, since no statistically significant difference was found. The increased heterogeneity, the minimum study sample, and the fact that, in one study, [34] the total operative cost was reported, while in the other trial [41], the mean operating room technical cost was displayed, confining the significance of the analysis.
Obesity is a renowned predisposing factor for various comorbidities. Characteristically, according to the recent study by Pantalone et al. [63], the prevalence of type II diabetes and prediabetes increased from 4.5% and 0.9% in the BMI < 25 group to 30.9% and 16.9% in the BMI > 40 group, respectively. In a meta-analysis by Guh et al. [64], the pooled IRR estimate for hypertension in obese males was 1.84 (95% CI: 1.51, 2.24) and in females 1.90 (95% CI: 1.77, 2.03). Moreover, the obstructive sleep apnea rates in obese patients are increased, ranging from 21% to 43% [60]. Various trials have compared the efficacy of LSG and LGP in terms of comorbidities improvement rates, without identifying any significant difference [26, 34, 38]. Similarly, our meta-analysis estimated that LSG and LGP are equivalent in terms of hypertension, diabetes, and sleep apnea improvement.
4.2. Limitations
Before taking into account the outcomes reported in our study, careful consideration of specific study limitations should be performed. Firstly, despite the fact that quality and methodological evaluation of the eligible studies generated satisfactory results, nonhomogeneity in the study type could possibly introduce a certain amount of bias. More specifically, the lack of randomization and blinding in the introduced prospective or retrospective studies, possibly contributes in the recorded heterogeneity levels. Furthermore, since the trial sample size in both comparison groups was small, the significance of the derived meta-analysis results was compromised. Moreover, as validated in the subgroup analysis, the inconsistency in the reported number and experience of the operating surgeons constitute an important bias introducing factor. Diversity was substantial in certain reported technical characteristics, such as the number of trocars used, the boogie size, the pneumoperitoneum pressure levels, and the volume reduction technique. Subanalysis, confirmed the influence of the number of trocars on the overall heterogeneity. Despite that, the existence of variations in the rest of the above-mentioned technical key points reduces the credibility of the meta-analysis outcomes, through introduction of bias. Similarly, although a correlation between follow-up duration and the primary endpoint was not established, certain amount of bias should be anticipated due to the inconsistency in the length of follow-up. Finally, the divergence in preoperative comorbidities, mean BMI levels, and the absence of systematic obesity classification further inhibits the effort for homogeneous and consistent pooled outcomes.
5. Conclusions
The present meta-analysis represents an attempt to provide an up-to-date and in-depth evaluation of laparoscopic gastric plication and laparoscopic sleeve gastrectomy in morbid obesity. Supremacy of laparoscopic sleeve gastrectomy in terms of overall complications rate, minor postoperative complications, and short- and medium-term weight loss was documented. However, no statistically significant difference between the two operative techniques regarding the major postoperative complications, the length of hospital stay, the operation duration, the reoperation rate, or the cost was found. Taking into consideration the above-mentioned results and several study limitations, we can safely claim that evidence exists for the superiority of LSG over LGP in terms of overall complications rate and postoperative weight loss. However further prospective randomized trials, with a higher methodological quality level, are needed in order to validate these results.
Conflicts of Interest
The authors declare that there are no conflicts of interest regarding the publication of this article.
Authors’ Contributions
Perivoliotis and Zacharoulis were involved in the conception and design of the study. Perivoliotis and Sioka were responsible for acquisition of data and also drafted the article. Critical revision was done by Zacharoulis and Katsogridaki. Final approval was given by Zacharoulis.
Supplementary Materials
Figure 3.1: BMI at 3 months; Figure 3.2: BMI at 6 and 12 months; Figure 4.1: BMIL; Figure 5.1: LOS; Figure 6.1: operation duration; Figure 7.1: reoperation; Figure 8.1: cost; Figure 9.1: comorbidities improvement; Figure 10: funnel plot; Figure 11: sensitivity analysis. (Supplementary Materials)
References
	R. F. Kushner and S. Kahan, “Introduction: the state of obesity in 2017,” Medical Clinics of North America, vol. 102, no. 1, pp. 1–11, 2018.
	A. Hruby and F. B. Hu, “The epidemiology of obesity: a big picture,” Pharmacoeconomics, vol. 33, no. 7, pp. 673–689, 2015.
	U. Shrivastava, A. Misra, V. Mohan, R. Unnikrishnan, and D. Bachani, “Obesity, diabetes and cardiovascular diseases in India: public health challenges,” Current Diabetes Reviews, vol. 13, no. 1, pp. 65–80, 2016.
	Y.-K. Wu and D. C. Berry, “Impact of weight stigma on physiological and psychological health outcomes for overweight and obese adults: a systematic review,” Journal of Advanced Nursing, vol. 74, no. 5, pp. 1030–1042, 2017.
	J. Schachter, J. Martel, C.-S. Lin et al., “Effects of obesity on depression: a role for inflammation and the gut microbiota,” Brain, Behavior, and Immunity, vol. 69, no. 1, pp. 1–8, 2018.
	S.-Z Jiang, W. Lu, X.-F. Zong, H.-Y. Ruan, and Y. Liu, “Obesity and hypertension,” Experimental and Therapeutic Medicine, vol. 12, no. 4, pp. 2395–2399, 2016.
	R. H. Eckel, S. E. Kahn, E. Ferrannini et al., “Obesity and type 2 diabetes: what can be unified and what needs to be individualized?” Journal of Clinical Endocrinology & Metabolism, vol. 96, no. 6, pp. 1654–1663, 2011.
	A. Romero-Corral, S. M. Caples, F. Lopez-Jimenez, and V. K. Somers, “Interactions between obesity and obstructive sleep apnea: implications for treatment,” Chest, vol. 137, no. 3, pp. 711–719, 2010.
	D. H. Ryan and S. R. Yockey, “Weight loss and improvement in comorbidity: differences at 5%, 10%, 15%, and over,” Current Obesity Reports, vol. 6, no. 2, pp. 187–194, 2017.
	V. L. Gloy, M. Briel, D. L. Bhatt et al., “Bariatric surgery versus non-surgical treatment for obesity: a systematic review and meta-analysis of randomised controlled trials,” BMJ, vol. 347, no. 1, p. f5934, 2013.
	J. M. Vesely and L. G. DeMattia, “Obesity: dietary and lifestyle management,” FP Essentials, vol. 425, pp. 11–15, 2014.
	G. R. Faria, “A brief history of bariatric surgery,” Porto Biomedical Journal, vol. 2, no. 3, pp. 90–92, 2017.
	M. Moshiri, S. Osman, T. J. Robinson, S. Khandelwal, P. Bhargava, and C. A. Rohrmann, “Evolution of bariatric surgery: a historical perspective,” American Journal of Roentgenology, vol. 201, no. 1, pp. W40–W48, 2013.
	I. Quercia, R. Dutia, D. P. Kotler, S. Belsley, and B. Laferrère, “Gastrointestinal changes after bariatric surgery,” Diabetes & Metabolism, vol. 40, no. 2, pp. 87–94, 2014.
	M. Sundbom, “Laparoscopic revolution in bariatric surgery,” World Journal of Gastroenterology, vol. 20, no. 41, pp. 15135–15143, 2014.
	A. Iannelli, A.-S. Schneck, P. Topart, M. Carles, X. Hébuterne, and J. Gugenheim, “Laparoscopic sleeve gastrectomy followed by duodenal switch in selected patients versus single-stage duodenal switch for superobesity: case–control study,” Surgery for Obesity and Related Diseases, vol. 9, no. 4, pp. 531–538, 2013.
	J. H. Kang and Q. A. Le, “Effectiveness of bariatric surgical procedures,” Medicine, vol. 96, no. 46, p. e8632, 2017.
	R. F. Alizadeh, S. Li, C. Inaba et al., “Risk factors for gastrointestinal leak after bariatric surgery: MBSAQIP analysis,” Journal of the American College of Surgeons, vol. 227, no. 1, pp. 135–141, 2018.
	G. Silecchia and A. Iossa, “Complications of staple line and anastomoses following laparoscopic bariatric surgery,” Annals of Gastroenterology, vol. 31, no. 1, pp. 56–64, 2017.
	D. Zacharoulis, K. Perivoliotis, E. Sioka et al., “The use of over-the-scope clip in the treatment of persistent staple line leak after re-sleeve gastrectomy: review of the literature,” Journal of Minimal Access Surgery, vol. 13, no. 3, pp. 228–230, 2017.
	M. R. Janik, M. Walędziak, J. Brągoszewski, A. Kwiatkowski, and K. Paśnik, “Prediction model for hemorrhagic complications after laparoscopic sleeve gastrectomy: development of SLEEVE BLEED calculator,” Obesity Surgery, vol. 27, no. 4, pp. 968–972, 2017.
	L. L. Tretbar, T. L. Taylor, and E. C. Sifers, “Weight reduction. Gastric plication for morbid obesity,” Journal of the Kansas Medical Society, vol. 77, no. 11, pp. 488–490, 1976.
	M. Talebpour and B. S. Amoli, “Laparoscopic total gastric vertical plication in morbid obesity,” Journal of Laparoendoscopic & Advanced Surgical Techniques, vol. 17, no. 6, pp. 793–798, 2007.
	M. Kourkoulos, E. Giorgakis, C. Kokkinos et al., “Laparoscopic gastric plication for the treatment of morbid obesity: a review,” Minimally Invasive Surgery, vol. 2012, Article ID 696348, 7 pages, 2012.
	Q. Ye, Y. Chen, X. Zhan, Y. Wang, and J. Zhu, “Comparison of laparoscopic sleeve gastrectomy and laparoscopic greater curvature plication regarding efficacy and safety: a meta-analysis,” Obesity Surgery, vol. 27, no. 5, pp. 1358–1364, 2017.
	Y. H. Park and S. M. Kim, “Short-term outcomes of laparoscopic greater curvature plication and laparoscopic sleeve gastrectomy in patients with a body mass index of 30 to 35 kg/m2,” Yonsei Medical Journal, vol. 58, no. 5, pp. 1025–1030, 2017.
	M. Bužga, Z. Švagera, H. Tomášková, K. Hauptman, and P. Holéczy, “Metabolic effects of sleeve gastrectomy and laparoscopic greater curvature plication: an 18-month prospective, observational, open-label study,” Obesity Surgery, vol. 27, no. 12, pp. 3258–3266, 2017.
	R. Bužgová, M. Bužga, P. Holéczy, and P. Zonča, “Evaluation of quality of life, clinical parameters, and psychological distress after bariatric surgery: comparison of the laparoscopic sleeve gastrectomy and laparoscopic greater curvature plication,” Bariatric Surgical Practice and Patient Care, vol. 11, no. 4, pp. 169–176, 2016.
	M. Talebpour, D. Sadid, A. Talebpour, A. Sharifi, and F. V. Davari, “Comparison of short-term effectiveness and postoperative complications: laparoscopic gastric plication vs laparoscopic sleeve gastrectomy,” Obesity Surgery, vol. 28, no. 4, pp. 996–1001, 2017.
	D. Moher, A. Liberati, J. Tetzlaff, D. G. Altman, and  PRISMA Group, “Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement,” PLoS Medicine, vol. 6, no. 7, Article ID e1000097, 2009.
	J. P. T. Higgins, D. G. Altman, P. C. Gøtzsche et al., “The cochrane collaboration’s tool for assessing risk of bias in randomised trials,” BMJ, vol. 343, no. 2, Article ID d5928, 2011.
	G. A Wells, B Shea, D O’connell et al., The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomized Studies in Meta-Analyses, Department of Epidemiology and Community Medicine, University of Ottawa, Ottawa, Canada, 2011, http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.2011.
	S. P. Hozo, B. Djulbegovic, and I. Hozo, “Estimating the mean and variance from the median, range, and the size of a sample,” BMC Medical Research Methodology, vol. 5, no. 1, p. 13, 2005.
	D. Shen, H. Ye, Y. Wang et al., “Comparison of short-term outcomes between laparoscopic greater curvature plication and laparoscopic sleeve gastrectomy,” Surgical Endoscopy, vol. 27, no. 8, pp. 2768–2774, 2013.
	D. Verdi, L. Prevedello, A. Albanese, A. Lobba, and M. Foletto, “Laparoscopic gastric plication (LGCP) vs sleeve gastrectomy (LSG): a single institution experience,” Obesity Surgery, vol. 25, no. 9, pp. 1653–1657, 2015.
	S. Sharma, M. Narwaria, D. R. Cottam, and S. Cottam, “Randomized double-blinded trial of laparoscopic gastric imbrication v laparoscopic sleeve gastrectomy at a single Indian institution,” Obesity Surgery, vol. 25, no. 5, pp. 800–804, 2015.
	V. V. Grubnik, O. B. Ospanov, K. A. Namaeva, O. V. Medvedev, and M. S. Kresyun, “Randomized controlled trial comparing laparoscopic greater curvature plication versus laparoscopic sleeve gastrectomy,” Surgical Endoscopy, vol. 30, no. 6, pp. 2186–2191, 2016.
	T. N. Abdelbaki, M. Sharaan, N. A. Abdel-Baki, and K. Katri, “Laparoscopic gastric greater curvature plication versus laparoscopic sleeve gastrectomy: early outcome in 140 patients,” Surgery for Obesity and Related Diseases, vol. 10, no. 6, pp. 1141–1146, 2014.
	S. S. Toprak, Y. Gültekin, and A. Okuş, “Comparison of laparoscopic sleeve gastrectomy and laparoscopic gastric plication: one year follow-up results,” Turkish Journal of Surgery, vol. 32, no. 1, pp. 18–22, 2016.
	M. Abouzeid and O. Taha, “Laparoscopic sleeve gastrectomy versus laparoscopic gastric greater curvature plication: a prospective randomized comparative study,” Egyptian Journal of Surgery, vol. 34, no. 1, p. 41, 2015.
	E. Chouillard, N. Schoucair, S. Alsabah et al., “Laparoscopic Gastric Plication (LGP) as an alternative to Laparoscopic Sleeve Gastrectomy (LSG) in patients with morbid obesity: a preliminary, short-term, case-control study,” Obesity Surgery, vol. 26, no. 6, pp. 1167–1172, 2016.
	S. Y. Chen, M. Stem, M. A. Schweitzer, T. H. Magnuson, and A. O. Lidor, “Assessment of postdischarge complications after bariatric surgery: a national surgical quality improvement program analysis,” Surgery, vol. 158, no. 3, pp. 777–786, 2015.
	J. Morton, “The first metabolic and bariatric surgery accreditation and quality improvement program quality initiative: decreasing readmissions through opportunities provided,” Surgery for Obesity and Related Diseases, vol. 10, no. 3, pp. 377-378, 2014.
	S. J. W. Monkhouse, J. D. T. Morgan, and S. A. Norton, “Complications of bariatric surgery: presentation and emergency management-a review,” Annals of The Royal College of Surgeons of England, vol. 91, no. 4, pp. 280–286, 2009.
	U. K. Coblijn, J. Karres, C. A. L. de Raaff et al., “Predicting postoperative complications after bariatric surgery: the Bariatric Surgery Index for Complications, BASIC,” Surgical Endoscopy, vol. 31, no. 11, pp. 4438–4445, 2017.
	S. K. Ghosh, S. Roy, E. Chekan, and E. J. Fegelman, “A narrative of intraoperative staple line leaks and bleeds during bariatric surgery,” Obesity Surgery, vol. 26, no. 7, pp. 1601–1606, 2016.
	S. Shoar, L. Poliakin, Z. Khorgami et al., “Efficacy and safety of the Over-the-Scope Clip (OTSC) system in the management of leak and fistula after laparoscopic sleeve gastrectomy: a systematic review,” Obesity Surgery, vol. 27, no. 9, pp. 2410–2418, 2017.
	Y. Ji, Y. Wang, J. Zhu, and D. Shen, “A systematic review of gastric plication for the treatment of obesity,” Surgery for Obesity and Related Diseases, vol. 10, no. 6, pp. 1226–1232, 2014.
	T. Rogula, “Feasibility and early outcomes of laparoscopic plicated sleeve gastrectomy: a case-control study,” Medical Studies, vol. 4, pp. 235–240, 2015.
	P. Major, M. Wysocki, G. Torbicz et al., “Risk factors for prolonged length of hospital stay and readmissions after laparoscopic sleeve gastrectomy and laparoscopic Roux-en-Y gastric bypass,” Obesity Surgery, vol. 28, no. 2, pp. 323–332, 2018.
	T. Jakob, P. Cal, L. Deluca, and E. Fernández, “Shorter than 24-h hospital stay for sleeve gastrectomy is safe and feasible,” Surgical Endoscopy, vol. 30, no. 12, pp. 5596–5600, 2016.
	D. J Waldrep and I Pacheco, “Laparoscopic greater curve plication as an outpatient weight loss procedure,” JSLS: Journal of the Society of Laparoendoscopic Surgeon, vol. 19, no. 3, Article ID e2015.00054, 2015.
	M. Ye, R. Huang, Z. Min, P. Zhang, T. Wang, and B. Yu, “Comparison of the effect by which gastric plication and sleeve gastrectomy procedures alter metabolic and physical parameters in an obese type 2 diabetes rodent model,” Surgery for Obesity and Related Diseases, vol. 13, no. 11, pp. 1819–1828, 2017.
	M. Talebpour, S. M. K. Motamedi, A. Talebpour, and H. Vahidi, “Twelve year experience of laparoscopic gastric plication in morbid obesity: development of the technique and patient outcomes,” Annals of Surgical Innovation and Research, vol. 6, no. 1, p. 7, 2012.
	E. Sioka, G. Tzovaras, K. Perivoliotis et al., “Impact of laparoscopic sleeve gastrectomy on gastrointestinal motility,” Gastroenterology Research and Practice, vol. 2018, Article ID 4135813, 17 pages, 2018.
	S. B. Kim and S. M. Kim, “Short-term analysis of food tolerance and quality of life after laparoscopic greater curvature plication,” Yonsei Medical Journal, vol. 57, no. 2, pp. 430–440, 2016.
	S. Sullivan, J. M. Swain, G. Woodman et al., “Randomized sham-controlled trial evaluating efficacy and safety of endoscopic gastric plication for primary obesity: the ESSENTIAL trial,” Obesity, vol. 25, no. 2, pp. 294–301, 2017.
	A. Albanese, L. Prevedello, D. Verdi, D. Nitti, R. Vettor, and M. Foletto, “Laparoscopic gastric plication: an emerging bariatric procedure with high surgical revision rate,” Bariatric Surgical Practice and Patient Care, vol. 10, no. 3, pp. 93–98, 2015.
	D. Zacharoulis, E. Sioka, D. Papamargaritis et al., “Influence of the learning curve on safety and efficiency of laparoscopic sleeve gastrectomy,” Obesity Surgery, vol. 22, no. 3, pp. 411–415, 2012.
	A. Alsumali, T. Eguale, S. Bairdain, and M. Samnaliev, “Cost-effectiveness analysis of bariatric surgery for morbid obesity,” Obesity Surgery, vol. 28, no. 8, pp. 2203–2214, 2018.
	J. Picot, J. Jones, J. Colquitt et al., “The clinical effectiveness and cost-effectiveness of bariatric (weight loss) surgery for obesity: a systematic review and economic evaluation,” Health Technology Assessment, vol. 13, no. 41, 2009.
	X. Shi, S. Karmali, A. M. Sharma, and D. W. Birch, “A review of laparoscopic sleeve gastrectomy for morbid obesity,” Obesity Surgery, vol. 20, no. 8, pp. 1171–1177, 2010.
	K. M. Pantalone, T. M. Hobbs, K. M. Chagin et al., “Prevalence and recognition of obesity and its associated comorbidities: cross-sectional analysis of electronic health record data from a large US integrated health system,” BMJ Open, vol. 7, no. 11, Article ID e017583, 2017.
	D. P. Guh, W. Zhang, N. Bansback, Z. Amarsi, C. L. Birmingham, and A. H. Anis, “The incidence of co-morbidities related to obesity and overweight: a systematic review and meta-analysis,” BMC Public Health, vol. 9, Article ID e017583, p. 88, 2009.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Materials and Methods

		  3. Results

		  4. Discussion

		  5. Conclusions

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




