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Abstract
BACKGROUND
[bookmark: _Hlk111557376][bookmark: _Hlk111557176]Acute appendicitis (AA) is one of the main indications for urgent surgery. Laparoscopic appendectomy (LA) has shown advantages in terms of clinical results and cost-effectiveness, even if there is still controversy about different devices to utilize, especially with regards to the endoloop (EL) vs endostapler (ES) when it comes to stump closure.

AIM
To compare safety and cost-effectiveness of EL vs ES.

METHODS
From a prospectively maintained database, data of 996 consecutive patients treated by LA with a 3 years-follow up in the department of Emergency General Surgery - St Orsola University Hospital, Bologna (Italy) were retrieved. A meta-analysis was performed in terms of surgical complications, in comparison to the international literature published from 1995 to 2021.

RESULTS
The meta-analysis showed no evidence regarding wound infections, abdominal abscesses, and total post-operative complications, in terms of superiority of a surgical technique for the stump closure in LA.

CONCLUSION
Even when AA is complicated, the routine use of EL is safe in most patients.

Key Words: Acute appendicitis; Laparoscopic appendectomy; Endoloops; Stapler; Post-operative complications

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

[bookmark: _Hlk86002783]Citation: Zorzetti N, Lauro A, Bellini MI, Vaccari S, Dalla Via B, Cervellera M, Cirocchi R, Sorrenti S, D’Andrea V, Tonini V. Laparoscopic appendectomy, stump closure and endoloops: A meta-analysis. World J Gastrointest Surg 2022; 14(9): 1060-1071
URL: https://www.wjgnet.com/1948-9366/full/v14/i9/1060.htm  
DOI: https://dx.doi.org/10.4240/wjgs.v14.i9.1060

Core Tip: Stump closure in the acute appendectomy setting could be performed via endoloop (EL) or endostapler use. The present meta-analysis assesses the experience of 996 patients consecutively treated in the department of Emergency General Surgery - St Orsola University Hospital, Bologna (Italy) and the evidence published in literature, confirming there is no superiority of a surgical method on how to perform the stump closure, with regards to wound infections, abdominal abscess, and total post-operative complications. Even when acute appendicitis is complicated, the routine use of EL is safe in most patients.

INTRODUCTION
Acute appendicitis (AA) is one of the most frequent causes of acute abdominal pain and access to emergency care department. The lifetime chance of developing AA is lower in women, and the risk of being subject to surgery is higher in males[1], representing in fact one of the main indications for an urgent operation. Surgery is generally performed via a laparoscopic approach, and given the high volume of AA procedures worldwide, it represents a training operation as well[2].
Laparoscopic appendectomy (LA)[3,4] is demonstrated to be superior in terms of clinical results[5-9] and cost-effectiveness[10-14], even if there is still controversy[15-19] about the use of different devices during the operation[20-24]. Currently, it is still debated the use of endostapler (ES) vs endoloop (EL) in appendiceal stump closure[25-28]. The routine use of EL is safe in most patients affected by AA, also when it is complicated[29-32], representing a cost-effective device when taking into consideration the additional costs of potential post-operative complications, too[33-37]. We have previously shown money saving as well as the safety of the routine use of ELs[38]. The aim of this study is to meta-analyze the international literature, to compare the outcome of the patients laparoscopically treated in Bologna via EL to the data from the international literature.

MATERIALS AND METHODS
[bookmark: _Hlk111557106]Between November 2011 and January 2018, a total of 1045 LAs were performed in the department of Emergency General Surgery - St Orsola University Hospital, Bologna (Italy). Patients who undergone LA until January 2018 were identified retrospectively from a prospectively maintained database, so that a 3-year follow-up was achieved[39,40]. All grades of post-operative complications were collected and examined. Institutional review board for this study was not required, as this is a meta-analysis of already previous published data. At Bologna centre, patients were initially evaluated by a general surgeon, then underwent laboratory tests, and Alvarado or appendicitis inflammatory response (AIR) score (Table 1) were calculated in females and in males respectively[41,42].

Surgery
Surgical procedures were performed by attendants or supervised trainees. Written informed consent was signed by all the patients before the procedures. Antibiotic prophylaxis was always administered. A supraumbilical 12 mm-Hasson trocar with an open approach was adopted to induce pneumoperitoneum and initiate laparoscopy. Then, 2 other operative trocars were placed in the left flank (10 mm) and suprapubic position (5 mm), with identification of the appendix, cut and coagulation of the mesoappendix.

EL or ES use
The choice of EL vs ES to close the base of the appendiceal stump was made by the operating surgeon, after evaluating the inflammatory infiltration of the appendicular base[43]. If an EL was used, the appendicular stump was cut 3-5 mm away from cecum. The surgical specimen was then removed in an endobag through the 12 mm trocar.

Bologna cohort
Patients were divided in two groups (EL and ES) and in three categories (edematous, phlegmonous and gangrenous appendicitis) based on the severity of the histological examination. Cases requiring conversion to open appendectomy were excluded, while 996 LA (95.3%) were included in the meta-analysis.

Meta-analysis
A meta-analysis was performed in terms of surgical complications, comparing the clinical data of the EL group (821 patients) to the international literature retrieved by Pubmed (Figure 1), according to the PRISMA principles[44].

Inclusion and exclusion criteria
Manuscripts were excluded from the analysis if they dealt with pediatric patients (< 15 years of age) or were published before 1995.

Statistical analysis
Data were collected and analyzed with MedCalc software. Statistical expertise was available to the authors. MedCalc 13.0.6.0 (MedCalc Software bvba, Østend, Belgium) was used for the meta-analysis. MedCalc uses a Freeman-Tukey transformation (arcsine square root transformation) to calculate the weighted summary proportion under the fixed and random effects model. The program lists the proportions (expressed as a percentage), with their 95% confidence interval (CI), found in the individual studies included in the meta-analysis. The heterogeneity was evaluated by means of statistics Cohran’s Q and I2. The results of the different studies, with 95%CI, and the pooled proportions with 95%CI are shown in a forest plot. Bias was detected using a funnel plot. Publication bias results in asymmetry of the funnel plot. P < 0.05 was considered statistically significant.

RESULTS
Meta-analysis of clinical outcome in EL patients and comparative results
The sample of our study consisted of all our patients treated with EL for a total of eight hundred twenty-one patients (Table 2), corresponding to the 78.5% of all LAs. Post-operative complications in this group of interest were collected (Table 3) and reported according to the Clavien-Dindo classification[45,46] (Table 4). These data were then compared to those retrieved from the manuscripts finally considered in the analysis[9,19,26,29-31,47] (Table 5), in fact other four papers that were initially assessed and that were from the last 3 years[48-51], were not included, because of the lack of information and partial numbers and percentages of patients with wound infections, abdominal abscesses and total post-operative complications.
Examination of the seven papers involved in the meta-analysis[9,19,26,29-31,47] showed that only Beldi et al[26] were in favor of application of an ES for transection and closure of the appendiceal stump in patients with AA. In their report it lowered the risk of postoperative intra-abdominal surgical-site infection and the need for readmission to hospital. All the other 6 papers didn’t find a statistically significant difference for intra or postsurgical complications, length of stay (LOS), wound infections, and abdominal abscesses among different groups of patients. Sahm et al[29] and Van Rossem et al[30] clearly stated that infectious complication rate is not influenced by the type of appendicular stump closure, either if performed by EL or ES, and routine stump closure using an EL is an easy, safe, and cost-effective procedure. Finally, it is important to mention the retrospective cohort study conducted by Swank et al[31] that compares the two strategies for closure of the appendiceal stump. The routine use of the ES showed no clinical advantages over the use of ELs.
Statistical data and results showed that our experience followed the trend of the evidence in literature in terms of wound infections (Figure 2 and Table 6), abdominal abscesses (Figure 3 and Table 7) and total post-operative complications (Figure 4 and Table 8). The meta-analysis proved a wide heterogeneity among analyzed groups, as the funnel plots and the forest plots confirmed. Tables 6-8 report data related to the standard deviation of wound infection, abdominal abscesses, and post-operative complications, respectively. Figures 2A, 3A and 4A are Funnel Plots showing an asymmetrical distribution of the articles (dot) among both sides indicating that bias can be present. In Figures 2A and 4A, few papers are near the middle solid line, indicating the overall effect from the meta-analysis, possibly in relation to the limited size of the samples. Figures 2B, 3B and 4B Forrest Plots prove there is no statistically significant result in favor of ES or EL for the overall incidence of wound infections, abdominal abscess, or post-operative complications.

DISCUSSION
Appendectomy is one of the most performed emergency surgery procedures. The laparoscopic approach is recognized and recommended internationally, but a matter of debate during the operation is the choice of the different available devices to close the appendicular stump, in consideration of the possible consequent leak leading to infection and postoperative complications.
Already previously[38], we evidenced that the routine use of EL is safe in most patients affected by AA, including cases with signs of complications. Furthermore, it is a cost-effective device, even when possible additional costs secondary to the occurrence of adverse events in the post-operative course are included. Conversely, Lasek et al[48] assessed via a multicenter observational study the stump closure only in patients affected by complicated AA. Their results highlighted some clinical benefits of ES use, but EL was superior in terms of overall morbidity and LOS, with no statistically significant difference in major complication rates and postoperative intra-abdominal abscess formation.
In literature, two papers systematically analyzed the techniques for appendiceal stump closure during LA[49,50]. Ceresoli et al[49] meta-analysed randomized trials and cohort studies comparing ES with endoscopic loop ties for the closure of the appendicular stump in LA, including pediatric patients and complicated AA, such as gangrenous/necrotic appendix or the perforated ones. In their analysis, ES was associated with a similar intra-abdominal abscess rate, but a lower incidence of wound infection, while LOS, readmission and reoperation rates were similar. In a subgroup analysis ES significantly reduced the wound infection rate in pediatric patients, while no difference in the main outcomes was observed in patients with complicated AA.
Makaram et al[50] performed a systematic review evaluating all methods of stump closure (ELs, polymeric endoclips, metallic endoclips, endosuture and ES). In this study[50], no difference in complication rate, LOS or cost was found. According to their analysis, endoclips provide the most time-efficient method of closure, although not statistically significant; closure by endosuture, represents the cheapest method, but it is hindered by a high complication rate. Current evidence suggests endosuture should then be avoided. ESs appear very safe and effective for stump closure, however they seem to be associated with high postoperative complication rates; furthermore, the consequent cost limits their use to the most severe cases of appendicitis, while instead EL provides a valuable alternative for closure, with a risk of intraoperative complications of 4.61%.
Another recent retrospective cohort study[51], whose subject was to determine the safety and efficiency of the use of EL and ES in complicated and uncomplicated AA, concluded that the systematic use of EL could reduce costs in uncomplicated appendicitis, while in complicated cases both options (loop and stapler) are valid. Also a prospective randomized clinical trial[52] and a retrospective study[53] recently analyzed the technical aspects of appendix stump closure: Ihnát et al[52] reported similar postoperative morbidity and safety following the use of EL, ES or hem-o-lok and even White et al[53] demonstrated non univocal superiority of one technique over the others, too.
Another point indeed to be considered is LA availability together with the fact that the different devices rely upon the resources of the hospital and the country where surgery is performed, pending possible spending reviews carried out by the government. It has been demonstrated that LA is performed more frequently in high-income countries in comparison to low-income countries (67.7% vs 8.1%), with better postoperative outcomes[54]. The difference in the costs of the used surgical devices (above all stapler) represented a principal determinant for the overall economic impact of the surgical procedure in some recent reports[33,36,38,50,51], to highlight how important is the cost-effectiveness in the measured outcomes. The medium saving reported in the present paper is relevant, varying from around approximately 300 € to more than 500 € just for the device, which then must be multiplied for the many LA conducted worldwide; further cost-analysis including operative time and LOS could reach major savings.
Our study presents some limitations: The design is a retrospective analysis to investigate the safety of ELs, then the results are pooled with other reports; the comparison between studies is difficult due to heterogenous patient selection and outcomes measured. However, EL seems to have the potential for being a safe and cost-effective device.

CONCLUSION
In conclusion, there is no evidence clearly illustrating a superior surgical method for performing stump closure in LA. Given that comparison between studies is difficult due to heterogeneous patient selection and measured outcomes, our meta-analysis shows that the data of our sample, related to wound infections, post-operative abdominal abscesses, and total post-operative complications, mirror current literature trend. The routine use of EL is safe in most patients affected by AA, even when complicated, and these findings could have above all more relevance in lower resource environments that may not have easy access to ES. Prospective studies are needed to analyze a greater number of patients and taking into account an accurate grading system for AA severity such as Disease Severity Score[55], Alvarado Score[41], AIR Score[42] or imaging severity scoring, such as the CT-Determined Severity Score[56]. Their aim should be first to stratify preoperatively the grade of AA and secondly to observe differences in postoperative complications. Finally, studies aiming at an accurate cost analysis are required, ideally in the form of randomized controlled trials comparing EL to polymeric clips, as both techniques are safe and effective, with favorable outcomes[50,52].

ARTICLE HIGHLIGHTS
Research background
Laparoscopic appendectomy (LA) has shown advantages in terms of clinical results and cost-effectiveness, even if there is still controversy about which surgical device should be preferred to perform it.

Research motivation
To evaluate the safety cost-effectiveness of surgical devices in LA stump closure.

Research objectives
Incidence of wound infections, abdominal abscesses and total post-operative complications according to the Dindo-Clavien classification in LA stump closure with endoloop (EL) or endostapler.

Research methods
A meta-analysis was performed in terms of surgical complications, comparing the clinical data of the EL group (821 patients) to the international literature retrieved by Pubmed, according to the PRISMA principles.

Research results
There is no superiority of one or another technique in terms of surgical complications for LA stump closure.

Research conclusions
Routine use of EL is safe in most patients affected by acute appendectomy, even when complicated.

Research perspectives
Studies of EL performing accurate cost analysis are required, in addition to randomized controlled trials comparing this method to polymeric clips, as both techniques have been proved to have to be safe and effective with favorable outcomes.
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Figure Legends
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Figure 1 PRISMA diagram.
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Figure 2 Wound infection Funnel plot. A: Asymmetrical distribution among both sides indicates that bias can be present; B: The confidence interval (diamond) confirms there is no statistically significant result.
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Figure 3 Abdominal abscess Funnel plot. A: With asymmetrical distribution among both sides, indicating that bias can be present; B: The confidence interval (diamond) confirms there is no statistically significant result favoring endoloop or endostapler.
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Figure 4 Post-operative complications Funnel plot. A: Asymmetrical distribution among both sides indicates that bias can be present; B: The confidence interval (diamond) confirms there is not statistically significant difference between endoloop vs endostapler.

Table 1 Alvarado and appendicitis inflammatory response score
	
	Alvarado score
	AIR score

	Likely appendicitis
	7-10
	9-12

	Probably appendicitis
	5-6
	5-8

	Unlikely appendicitis
	0-4
	0-4


AIR: Appendicitis inflammatory response.

Table 2 Groups and categories of severity of Bologna patients
	
	EL (n = 821)
	ES (n = 175)
	P values

	Age (yr)
	35 (14-94) ± 18
	36 (14-91) ± 17
	0.50

	Male:Female
	425:396
	111:64
	< 0.05

	BMI
	23.85 (14-44) ± 4.4
	24 (17-42) ± 4.5
	0.68

	CV comorbidities
	7.6%
	24%
	< 0.05

	Other comorbidities
	13.9%
	31.4%
	< 0.05

	Edematous AA
	251
	5
	0.18

	Phlegmonous AA
	410
	59
	0.05

	Gangrenous AA
	160
	111
	0.05


EL: Endoloop; ES: Endostapler; BMI: Body mass index; CV: Cardiovascular; AA: Acute appendicitis.

Table 3 Post-operative complications in Bologna endoloop group
	
	EL (n = 821)

	Wound infections
	2 (0.3%)

	Abdominal abscesses
	12 (1.5%)

	Post-op complications IIIa/IIIb Clavien-Dindo
	17 (2%)

	Total post-op complications
	35 (4.3%)


EL: Endoloop.

Table 4 Post-operative complications in Bologna 996 laparoscopic appendectomy patients
	Clavien-Dindo
	Number of patients (% of total cohort)

	I
	3 (0.3)

	II
	24 (2.4)

	IIIa
	7 (0.7)

	IIIb
	16 (1.6)

	IVa
	0 (0)

	IVb
	0 (0)

	V
	0 (0)

	Total
	50 (5)



Table 5 Complete data to meta-analyse
	Ref.
	Number of patients (% of EL)
	Wound infection
	Abdominal abscesses
	Post-op complications

	Bologna experience
	821 (78.5)
	2 (0.3%)
	12 (1.5%)
	26 (3.2%)

	Ortega et al[9], 1995
	89
	4 (4.5%)
	4 (4.5%)
	14 (15.7%)

	Sadat-Safavi et al[19], 2016
	38 (50)
	1 (2.6%)
	0 (0%)
	0 (0%)

	Beldi et al[26], 2006
	2565 (39.5)
	12 (0.5%)
	41 (1.6%)
	37 (1.4%)

	Sahm et al[29], 2011
	1670 (97.3)
	34 (2%)
	27 (1.6%)
	48 (2.9%)

	Van Rossem et al[30], 2017
	1050 (76.7)
	16 (1.5%)
	48 (4.5%)
	20 (1.9%)

	Swank et al[31], 2014
	465 (44.9)
	7 (1.5%)
	20 (4.3%)
	14 (3.1%)

	Klima et al[47], 1998
	100
	3 (3%)
	4 (4%)
	4 (4%)


EL: Endoloop.

Table 6 Wound infection: Data standard deviation in the meta-analysis
	Ref.
	Standard deviation
	Proportion (%)
	95%CI

	Our experience
	821
	0.244
	0.0295-0.877

	Van Rossem et al[30], 2017
	1050
	1.524
	0.873-2.463

	Sadat-Safavi et al[19], 2016
	38
	2.632
	0.0666-13.810

	Swank et al[31], 2014
	465
	1.505
	0.607-3.077

	Sahm et al[29], 2011
	1670
	2.036
	1.414-2.833

	Beldi et al[26], 2006
	2565
	0.468
	0.242-0.816

	Klima et al[47], 1998
	100
	3.000
	0.623-8.518

	Ortega et al[9], 1995
	89
	4.494
	1.238-11.109

	Total (fixed effects)
	6798
	1.064
	0.834-1.337

	Total (random effects)
	6798
	1.496
	0.759-2.475


CI: Confidence interval.

Table 7 Abdominal abscess: Data standard deviation in the meta-analysis
	Ref.
	Standard deviation
	Proportion (%)
	95%CI

	Our experience
	821
	1.462
	0.757-2.539

	Van Rossem et al[30], 2017
	1050
	4.571
	3.390-6.016

	Sadat-Safavi et al[19], 2016
	38
	0.000
	0.000-9.251

	Swank et al[31], 2014
	465
	4.301
	2.647-6.565

	Sahm et al[29], 2011
	1670
	1.617
	1.068-2.344

	Beldi et al[26], 2006
	2565
	1.598
	1.149-2.162

	Klima et al[47], 1998
	100
	4.000
	1.100-9.926

	Ortega et al[9], 1995
	89
	4.494
	1.238-11.109

	Total (fixed effects)
	6798
	2.206
	1.870-2.583

	Total (random effects)
	6798
	2.699
	1.697-3.924


CI: Confidence interval.

Table 8 Post-operative complications: Data standard deviation in the meta-analysis
	Ref.
	Standard deviation
	Proportion (%)
	95%CI

	Our experience
	821
	3.167
	2.079-4.606

	Van Rossem et al[30], 2017
	1050
	1.905
	1.167-2.926

	Sadat-Safavi et al[19], 2016
	38
	0.000
	0.000-9.251

	Swank et al[31], 2014
	465
	3.011
	1.656-5.000

	Sahm et al[29], 2011
	1670
	2.874
	2.127-3.793

	Beldi et al[26], 2006
	2565
	1.442
	1.018-1.983

	Klima et al[47], 1998
	100
	4.000
	1.100-9.926

	Ortega et al[9], 1995
	89
	15.730
	8.875-24.982

	Total (fixed effects)
	6798
	2.304
	1.961-2.689

	Total (random effects)
	6798
	3.089
	1.979-4.437


CI: Confidence interval.










[image: ]

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: ]









© 2022 Baishideng Publishing Group Inc. All rights reserved.
image4.png
Standard error

0.0 F

2
0.1f ° °
0.2 ! Lo L [
-0.3 -0.2 -0.1 00 01 02 03 04
Proportion

Our experience

Van Rossem et a/3%, 2017
Sadat-Safavj eta/[19 2016
Swank et a/21], 2014
Sahm et 2/12%, 2011

Beldi et 228, '2006

Klima et af*7], 1998
Ortega et a*®,, 1995

Total (fixed effects)
Total (random effects)

-
-
|
o
—_——
-
1 1 L 1 1
0.0 0.1 0.2 0.3
Proportion

DOI: 10.4240/wjgs.v14.i9.1060 Copyright ©The Author(s) 2022.




image5.png
9

JSaishideng®




image6.png




image1.png
c
&
hd
IS
O
E
el

c

)
]
=

Identification of studies via databases and registers

Records identified

through database
searching (n = 69)

Records screened

Excluding pediatric
population or data about
animals (7 = 12)

(n =57)

l

Reports sought for retrieval

Records excluded because reporting other
techniques of stump closure (7 = 39)

(n =18)

l

Reports not included because of incomplete
information (7 = 11)

Reports assessed for eligibility
(n=7)

Studies included in review
(n=7)

DOI: 10.4240/wjgs.v14.i9.1060 Copyright ©The Author(s) 2022.




image2.png
Standard error

0.1

0.2k |

-0.4 -0.3

1 1 L
-0.2 -0.1 0
Proportion

1 | |
.0 01 02 03 0.

4

Our experience

Van Rossem et a/3%1 2017
Sadat-Safavi et a1, 2016
Swank et a3, 2014
Sahm et /%%, 2011

Beldi et a/%%], 2006

Klima et a*’}, 1998
Ortega et a/t®], 1995

Total (fixed effects)
Total (random effects)

=
-
-
|
—
S —
*
-

0.0

0.1
Proportion

0.2

DOI: 10.4240/wjgs.v14.i9.1060 Copyright ©The Author(s) 2022.




image3.png
Standard error

0.1r

0.2 4

o0

-0.3

-0.2 -0.1

Proportion

1 1 1
0.0 0.1

0.2 03 04

Our experience

Van Rossem et a/3%, 2017
Sadat-Safavi et a1, 2016
Swank et a/21], 2014
Sahm et 2/12%, 2011

Beldi et 228, '2006

Klima et af*7], 1998
Ortega et a*®,, 1995

Total (fixed effects)
Total (random effects)

-
-
—.—
=
]
——
—_—
*
R
1 1 L 1
0.0 0.1 0.2

Proportion

DOI: 10.4240/wjgs.v14.i9.1060 Copyright ©The Author(s) 2022.




