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laparoscopic appendectomy: a systematic review

and meta-analysis of comparative studies
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Introduction: Appendiceal stump closure (ASC) is a key step in performing laparoscopic appendicectomy. Currently, there is no gold
standard method to achieve this goal. The ideal method should be safe, easily available, and have a short learning curve. Out of all those
appendiceal stump closure methods, the use of hem-o-Lok demonstrates its feasibility in replacing the traditionally used endoloop. In
this systematic review and meta-analysis, the authors aim to review the currently available evidence addressing the topic of interest.
Method: The PubMed and Embase databases were searched with the paired search terms appendicitis, clip, and endoloop by two
authors separately. The quality of the randomized controlled trials was assessed with the Cochrane risk of bias tool, and the quality of
the observational studies was assessed with the Newcastle-Ottawa scale. Meta-analysis was conducted with Cochrane Review
Manager version 5.4.

Result: Eighteen studies were included for quantitative analysis. The appendiceal stump closure time was shortened by 2 min 7 s using
a hem-o-lok with 95% CI 1 min 48 s—2 min 26 s, p less than 0.00001. The pooled results of 6 randomized controlled trials demonstrated
a statistically significant reduction in operative time of 5.15 min from adopting the hem-o-lok approach (o =0.001, 95% CI —2.05 to
—8.24 min). Both endoloop and hem-o-lok demonstrated a comparable postoperative hospital stay and infective complication profile.
Conclusion: The application of Hem-o-Lok demonstrates a comparable to endoloop ligation in terms of operative time and a potential
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benefit on the complication. When considering financial and technical aspects, it serves as an alternative to endoloop.

Introduction

One of the most commonly encountered acute surgical conditions
is acute appendicitis. Worldwide incidences range from 7.5 to
22.71 per 10 000, and the lifetime risk is ~16.3%!"2l. While
conservative management with antibiotics is accepted by the
American College of Surgeons as a first-line treatment, appendi-
cectomy remains the mainstay of operative treatment in view of
the high recurrence rate of the disease with conservative
treatment'™*., In recent decades, laparoscopic appendectomy has
replaced traditional open appendectomy®®l. One of the key
steps in performing laparoscopic appendicectomy is secure clo-
sure of the appendiceal stump since insecure closure could lead to
stump leakage, which may result in intra-abdominal collections.

Department of Surgery, Pamela Youde Nethersole Eastern Hospital, Hospital
Authority, Hong Kong

Sponsorships or competing interests that may be relevant to content are disclosed at
the end of this article.

*Corresponding author. Address: Pamela Youde Nethersole Eastern Hospital, Hong
Kong, Hong Kong. Tel.: +852 259 56111, fax: +852 250 56930.
E-mail: samuelpoon91@gmail.com (S. H. T. Poon).

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. This is an
open access article distributed under the Creative Commons Attribution-ShareAlike
License 4.0, which allows others to remix, tweak, and build upon the work, even for
commercial purposes, as long as the author is credited and the new creations are
licensed under the identical terms.

Annals of Medicine & Surgery (2023) 85:5011-5021
Received 9 July 2023, Accepted 23 August 2023
Published online 6 September 2023
http://dx.doi.org/10.1097/MS9.0000000000001260

HIGHLIGHTS

e The use of Hem-o-lok improves the operative time for
laparoscopic appendicectomy.

e The application of Hem-o-lok provides a comparable and
sound complication profile as in the application of
endoloop.

e The use of Hem-o-lok can significantly reduce the opera-
tive cost for operation.

e The use of Hem-o-lok can significantly reduce the devel-
opment of postoperative intra-abdominal collection.

The appendiceal stump is traditionally closed with endoloop
ligatures, while stapling devices have become favored in recent
years. Alternative stump closing devices, including titanium clips
and hem-o-lok, have also been discussed. The usage of hem-o-lok
in closing appendiceal stumps was first described in 2006 and
2007 by Jenwitheesuk and Hassen et al.l”'%l, With the advan-
tages of being biologically inert and radiolucent, low cost, and
having a short learning curve in applications, hem-o-lok is in
favour as an alternative to the traditionally used endoloop. The
2020 update of the World Society of Emergency Surgery (WSES)
Jerusalem Guidelines recommends the use of endoloops/
suture ligation or polymeric clips for stump closure for both
adults and children with either uncomplicated or complicated
appendicitis!*!!. Nevertheless, whether the use of hem-o-lok is
superior to loop ligation remains controversial. Various studies,
including observational studies and randomized controlled trials,
have been performed in the past 15 years to investigate the
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feasibility of hem-o-lok in replacing endoloop in laparoscopic
appendicectomy. This study aims to comprehensively evaluate
the evidence on clinical application and analyze the operative
outcome with the use of hem-o-lok.

Method

Inclusion criteria

Studies that met the following criteria were included: (1)
uncomplicated acute appendicitis (excluding perforation and
intra-abdominal abscess); (2) full article published in English; and
(3) randomized controlled trials (RCTs) and observational com-
parative studies.

Exclusion criteria

Studies were excluded if they had the following: (1) studies that
focused solely on the paediatric population (subjects’ age < 18);
(2) noncomparative studies; (3) open converted cases involved;
(4) single port laparoscopic appendicectomy involved; and 5)
interval appendicectomy cases.

Data searches and quality assessments

Embase (1980-) and PubMed databases were searched by two
authors, with the search date set as the 5 August 2022. The MeSH
terms Appendicitis, Clip, and Endoloop were used for the lit-
erature search through the two search engines. The search process
was conducted independently, and the findings were entered into
a preset Excel document. The authors subsequently combined the
search results, and duplications were removed. The literature was
independently assessed by the authors and subsequently reviewed
together. Additional studies identified from the reference list of
included studies were also included. Consensus was achieved on
the inclusion of articles. Quality assessments were performed by
two authors. The primary outcome was the operative time
involved and measured. Length of hospital stay, total time taken
for the appendiceal stump closing process, and complications
associated with the two treatment modalities were measured as
secondary outcomes. This review was performed in line with
PRISMA and AMSTAR.

Statistical analysis

Review Manager (RevMan) [Computer program]. Version 5.4.
The Cochrane Collaboration, 2020, was used to evaluate the
study results and construct forest plots and funnel plots. The
risk ratio (RR) for developing complications in the Hem-o-Lok
group compared to the double loop ligation group was
employed to evaluate the outcomes of the two interventions.
The 95% CI) were used to evaluate the statistical significance
of the RR. An RR greater than one dictates a superior outcome
for the double loop ligation group and vice versa. The value of
RR was considered statistically significant at the P =0.05 level.
Heterogeneity was accounted for by the I? test. Significant
heterogeneity was defined as I? greater than 50%. The random
effect model of the Mantel-Haenzel method was used to ana-
lyze dichotomous data for an I? value greater than 50%2.
The analysis of continuous data employed the random effect
model of inverse variance due to the great heterogeneity
among studies™!. The fixed effect model was used for
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analyzing non-heterogeneous data. Publication bias was eval-
uated by visual evaluation of the funnel plots.

Result

Search results

The search result was demonstrated in the form of a Prisma flow
chart (Fig. 1). Two hundred ninety-one literature records were
identified from PubMed, and another 41 articles were found with
the Embase search engine. Three additional studies were identified
from the reference onlists of the included articles. Thirty-nine
duplicated records were removed. Two hundred thirty-four studies
out of the 296 studies were excluded after reviewing the titles and
abstracts. The remaining 62 papers were included for full article
reviews, with 21 studies identified for qualitative synthesis. Eighteen
of the 21 studies were included in the quantitative analysis.

291 published
records from
Pubmed

3 additional

published record
identified thraugh
reference lists of

41 published
AUISHE included studies

records from

Embase
296 records after duplication
removed
234 records
excluded arter
296 of records going through the
N
screened titles and abstracts
41 of full-text
articles excluded
as
Solely focused on
pediatrics
population(n=24),
62 of full-text Not fulfilling the
articles assessed inclusion
for eligibility criteria(n=17)

21 of studies
included in
qualitative
synthesis

18 of studies
included in
quantitative
synthesis
(meta-analysis)

Figure 1. PRISMA flow chart of study selection. PRISMA, Preferred Reporting
Items for Systematic Reviews and Meta-Analyses.
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lllustrates the features of included studies for meta-analysis.

References
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publication

Study
design

Result
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size

Remarks

Delibegovi¢ et al"¥
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Jenwitheesuk et af'®

Lucchi et al"")
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Sadat-Safavi et al2”

Soll et a/®"

2009
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2013

2016

2016

Prospective
cohort

RCT

Retrospective
cohort

Retrospective
cohort

RCT

Prospective
cohort

RCT
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cohort

Operative time (min)

471 +£6.7 (EL) 38.7+5.0 (HL)
Hospital stay (days)

22+0.4 (L) 2.2+0.4 HY
Intraoperative Complications

0 (EL 1 HY

No postoperative complication
Operative time (min)

46.00 +7.07(EL) 42.83 +£6.52 (HL)
Hospital stays (days)

2.07 +£0.45 (EL) 2.03 +0.41
Intraoperative Complications

0 (ED; 2 (HY)

No postoperative complication
Operative time (min) (Range)

38 (16-90)(HL) 66 (25—130) (EL)
Hospital stay (h) (Range)

76 (38—174) (EL) 60 (32—-108) (HL)
Intra-abdominal collection

0 (D1 HY

Wound infection

1ED 1 HY

Operative time (min) (Range)

40.5 (10-120) (EL)36.4 (15-110) (HL)
Hospital stay (mean) (SD not a/v)
1.20 (EL) 1.23 (HY)

Postop Complication

1 SB adhesion in HL group
Infective complications

2 (EL) 2 (HY)

Operative time (min)

754+ 23 (EL) 64.7 + 19.2 (HL)
Hospital stay (days)

25+ 25(ED) 21+0.7 (HY
Intrabdominal abscess

0 (D1 HY

Postoperative infective complications
1(ED 2 HY

Postop hospital stay

5.2 +1.6(EL) 5.3 +2.3 days (HL)
Complication

infective complication

2(ED) 1 (HY)

No intraoperative complication
Operative time (min)

23.31+3.5 (EL) 21.53 +£2.6 (HY
Hospital stay (days)

1.63 for both group
Complications

Intraoperative complications

Clip slippage

0(ED1HY

Infective Complications

1(EL 0 (HY)

None of them developed stump leakage

Operative time

67 (EL) 61.5 (HL)
Complication rate
Intraoperative complications
2 (EL) 4 (HL)
Intra-abdominal abscess
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EL 24
HL 28

EL 30
HL 30

EL 23
HL68

EL 158
HL 121

EL 27
HL 26

EL 66
HL 39

EL 38
HL 38

EL 378
HL 435

Cost of 3 hem-o-loks versus 3 endoloops are € 76.9 and € 88.5,
respectively

A single hem-o-lok was applied for the HL arm.
2 patients from the hem-o-lok group developed intraoperative bleeding and
managed laparscopically.

Insufficient data for published to include for meta-analysis of hospital stays
and operative time analysis

Insufficient data published to be included for meta-analysis of hospital stays
and operative time analysis

Cost reported for each Endoloop is 92 euros while cost for each hem-o-lok is
8euros

Conducted in Turkey
Charge of 3 Endoloop are 120USD and cost for 3 hem-o-lok clips were
30USD

Operativeve time is not available

Conducted in Korea

Costs of 3 hem-o-loks and 3 double endoloop were $14.6 USD and $68.2
USD respectively

Insufficient data published to be included in the meta-analysis of hospital
stay

The largest scale study identified

Hem-o-lok ligation resulted in a reduced rate of intra-abdominal surgical
abscesses as compared to the application of endoloops

Total cost for appendectomy using hem-o-lok clips costed 1993 € and with
endoloops costed 2192 €.
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(Continued)
Year of Study Sample
References publication design Result size Remarks
15 (EL) 5 (HL)
Infective complications
3L 2 (HY
Simsek et al?2 2017 Prospective  Operative time (min) EL 30 Provided measurements on the time taken for obliterating the appendiceal
cohort 50+10.6 (EL) 40 +12.6 (HL) HL 30 stump
Postop hospital stay (days) Ligation using a single HL or EL
2.23+1.39 (EL) and 1.98 +1.42 (HL)
No complication developed in both arms
0z et al®® 2017  Prospective  Operative time EL30  Total cost with the use of EL and HL were $1170.8 and $1094, respectively
cohort 53.8 £1.5(EL) 425+1.3 (HY HL 36  Per cost of HL was $30, while that of EL was $60
Postop hospital stay
2+0.2 (E) 2.1+0.2 (HY
Complication profile
No intraoperative complication
Postoperative infective complication
2 (ED 2 (HY
Delibegovic et al.”¥ 2018 RCT Operative time (min) EL30  Itcompares four groups of ACS methods, namely Endoloop, Stapler, Hem-o-
46.0+7.07 (EL) 42.83 +£6.52 (HL) HL 30 lok, and Titanium DS clip.
Hospital stay (days) One HL costs 7.5 €, PDS endoloop costs 36.99€, and Vicryl Endoloop costs
2.17+0.70 (EL) 2.23 +0.78 (HL) 38.10
No complication developed in both arm
Wilson et af?® 2018 Retrospective  Operative time (min) (range) EL 78  The use of polymeric clips costs £21 compared with £49 for endoloops per
cohort 68 (25-160) (EL) 59 (20-175) (HL HL 47 operation
Postop hospital stays (days) (range) Insufficient data published to be included for meta-analysis of hospital stay
2.3 (0-8) (EL) 2.4 (0-13) (HL and operative time
Postop complication
Infective complication
1 (EL) 1(HL)
Port site Hernia
1(ED 1(HY
lleus
2(EL) O(HL)
No intraoperative complication
Bhabhor et a/.?®! 2019  Prospective  Postop hospital stay EL 35  No date provided on the mean operative time
cohort 3.4+1.06 (EL) 3.1 +0.56 (HL) HL 35 It suggested that it is more feasible for surgeons to use polymer clips than
Complication endoloops to
3 (EL) 0 (HY) close appendicular stump from surgeon involved in the study
lhnét et al 2" 2021 RCT Operative time (min EL 60 It compared endoloop, hem-o-lok, and stapler technique and proposed hem-
45+12.0 (EL) 37.9 £ 12.5(HY) HL 60 0-lok as the technique of choice for ACS
Hospital stays (days) Direct costs for operation are 1705.4 + 500.9 for endoloops, 1624.9 + 768
3.6+1.8 (D 36+1.7 (HY for hem-o-lok and 2120 + 435 for stapler.
No intraoperative complication for both
groups
Postoperative complications
Superficial surgical site infection
4 (ED) 3 (HY
Deep surgical site infection
1(EDH 1 HY
Jan et al® 2021 RCT Operative time (min) EL 45  The random sequence generation is not well described
34.8+8.45 (EL) 25.2 +6.08 (HY HL 45  Insufficient data provided for pooled analysis of postoperative hospital stay.
Postoperative hospital stay (H)
30 (EL) 26 (HY
Infective complications
3ED 1T HY
Erdogan et al? 2021  Retrospective Operative time (Min) (Range) EL39 Insufficient data published to be included for meta-analysis of hospital stay
cohort 40 (27-63) (EL) 40 (17-85) (HL) HL 37 and operative time
Length of hospital stay (days) The endoloop used is hand-made endoloops rather than the standard
1 (range: 1-2) 1 (range: 1-7) commercially available endoloop
Infective complication rate
2 (HY 3 (EL)
Vinod et al®” 2022
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(Continued)
Year of Study Sample
References publication design Result size Remarks
Prospective  Operative time (Min) EL90  Costs for using hem-o-loks and Endoloops are Rs. 310 +Rs. 76 and Rs.
cohort 50.83 +10.5 (EL) 40.3 +12.3 (HY HL 90 630 + Rs. 118, respectively
Postop hospital stays (Days)
31+0.8 (L) 2.7+0.9 (H)
No complication developed
Mikail et al"! 2022 Retrospective  Operative time (min, mean + SD) EL 107  Costs for using hem-o-loks and endoloops are 58 and 395 Turkish Liras,
cohort 541+253 (EL) 55.5+22.6 HY) HL 102 respectively

Hospital stay (days, mean + SD)
2.82+2.69 (EL) 2.29 +1.86) (HL)
Intraoperative Complications

0 (EY 1 HY

Postoperative complication

17(EL) 7 (HL)

EL, Endoloop; HL, Hem-o-lok; Postop, postoperative; RCT, randomized controlled trial.

Study characteristics

Among the 18 studies included in the meta-analysis, 6 were
randomized controlled trials, including 459 patient records with
230 from the endoloop arm. These studies were conducted
between 2012 and 2021. Another 6 prospectively collected
cohort studies were included with a sample size of 533. Among
the 533 patient records, 275 patients were from the Endoloop
arm. The remaining 6 studies were retrospective cohort studies
with a sample size of 1593, including 783 patients from the
endoloop group. The features of the analyzed literature
are shown in Table 1. Quality assessments were performed with
the Cochrane risk of bias tool for randomized control trials, while

the Newcastle-Ottawa scale was employed to evaluate the quality
of the included observational studies. The results are shown in
Table 2 and Table 3.

Critical appraisal

None of the RCTs were double-blinded studies limited by the
nature of the surgery. All the studies provided a clear presentation
of the outcomes, as the data were retrieved from surgical records
and patient clinical data. The comparators are simple and can be
measured easily, which minimizes the chance of missing data and
the risk of loss in follow-up. However, the quality of RCTs is
limited by an unclear random sequence generation process for

Table showing cochrane risk of bias tool for assessing clinical trials.

(2107) o180382q112Q
(12020) "1 12 NV I
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. . . . . . (€107) 1P 12 Y2100

. . . e . . (1200) "1 12 yeuyy

. . . . . . (8107) 17 12 d1A032qI[0Q
0000 -

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Binding of participants and personnel (performance bias)
Binding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)
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some of them, namely, Delibegovic (2012), Sadat-Safavi and
colleagues (2016), and Jan and colleagues (2021). There is a
substantial difference noted in the operative time between dif-
ferent studies. However, the mean difference between the two
comparative arms is comparable, and it is reasonable to attribute
the difference to the use of the investigated methods, which makes
the comparison in operative time feasible. The quality of the
included observational studies is promising, with all of them
demonstrating a comparable patient demographic profile and a
small chance of missing patient records.

Analysis results
Appendiceal closure time

The focus of this meta-analysis is to investigate the time involved
in closing the appendiceal stump, which, in turn, shortens the
operative time. Simsek and colleagues and Delibegovic provided
ideas on the time taken to close the appendiceal stump. A total of
120 patient records were included for pooled analysis. These two
studies demonstrated a homogenous result that favored Hem-
o-lok in shortening the closure time with a mean difference of
2 min 7 s (95% CI 1 min 48 s-2 min 26 s). The result was
homogenously significant, with an I* value of 0% and P less than
0.00001. (Fig. 2A)

Total operative time

Analyses were conducted to evaluate the results of RCTs, and the
total results of the studies were included separately. The pooled
result of the six included RCTs demonstrated a statistically sig-
nificant reduction in operative time of 5.15 min from adopting the
hem-o-lok approach (P=0.001, 95% CI -2.05 to - 8.24 min).
Significant heterogenicity was noticed with an 12 of 80%; thus, a
random effect model was chosen for the analysis (Fig. 2B). A
funnel plot was evaluated and showed no significant publication
bias. The analysis of the total results included 11 studies with a
sample size of 1026 (Fig. 2C.) This demonstrates the superiority
of hem-o-lok over endoloop by shortening the operative time by
6.67 min (P <0.0001. 95% CI -3.34 to -10.01 min).
Heterogenicity was noticed with an I* of 94%.

Table showing Newcastle-Ottawa Scale assessment tool for
quality of cohort studies.

Newcastle-Ottawa Scale assessment

References Selection Comparability Outcome Study quality
Delibegovi¢ et a/' * Good
Jenwitheesuk et al'® b * wex Good
Lucchi et al.(2012)1"") * Good
Hue et a/!"® * * wex Fair
Soll et al?"! * Good
Simgek et al?? b * wox Good
0z et al [ * Good
Wilson et af?® b b wox Good
Bhabhor[ZG] Fokkk * jra— GOOd
Erdogan et a/* e b wox Good
Vinod et a/! * Good
Mikail et al®" e Good
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Infective complications

Infective complications included all complications related to
infection, including intra-abdominal collections and deep and
superficial surgical site infections. The analysis results of the six
RCTs demonstrated a comparable and homogenous result for
infective complications for the two study arms (Fig. 3A). Eleven
patients out of the 229 from the hem-o-lok arm developed
infective complications, contrary to 10 out of 230 from the
Endoloop arm. The calculated risk ratio was 1.1 with no statis-
tical significance (P=0.81 95% CI 0.49-2.49; >’=0%). The
analysis for both RCTs and observational studies included 17
studies with 1207 patients from the Hem-o-lok group and 1198
patients from the Endoloop group (Fig. 3B). A statistically sig-
nificant difference was noted in favour of Hem-o-lok (RR =0.66,
P=0.03 95% CI 0.45-0.95; > =0%)

Postoperative intra-abdominal collection and leakage

Further analysis of 6 studies, including 2 RCTs, found 31 patients
who developed postoperative intra-abdominal collection. Ten
out of that 31 patients were operated with the hem-o-lok
approach (Fig. 3C). Statistical analysis found a superior outcome
with the application of hem-o-lok clips. (RR: 0.45 (95% CI
0.22-0.92), P = 0.03, I*=0%) There were only three studies
which documented the result of stump leakage?®2**!!. None of
them was reported to constitute statistical analysis.

Hospital stay

Postoperative hospital stay was compared between the study
arms. Pooled analysis of 4 RCTs including a total of 293 patients
from 4 studies demonstrated a homogenous and comparable
profile (Fig. 4A). The mean difference in postoperative hospital
stay between the two groups was - 0.03 days, without any sta-
tistical significance (P=0.77,95% CI - 0.2 t0 0.15 > =0%). The
overall meta-analysis of 11 studies provided a sample size of 1035
patients, with 506 from the Hem-o-lok group (Fig. 4B). There
was no significant difference in postoperative hospital stay
between the two closure methods (mean difference= - 0.1 day
P=0.10,95% CI -0.24 to 0.0 day, I’ =51%).

Sensitivity test

Sensitivity tests were performed by alternatively removing an
individual study from the pooled analysis. In both analyses of
RCTs and all the studies, the superior outcome of hem-o-lok in
shortening the operative time remains statistically significant with
sensitivity tests regardless of which individual study is excluded.
The effect of the two-closure method on overall infective com-
plications remains comparable for the analysis of RCTs during
the sensitivity test. The result becomes insignificant for the overall
analysis when either the study by Soll and colleagues or the study
by Mikail and colleagues is removed. The analysis on post-
operative intra-abdominal collection becomes insignificant after
removing Soll and colleagues It remains significant by alter-
natively removing other studies. Future large-scale studies may
provide further insight into the complication profile of the two
appendiceal stump closure (ASC) methods. The difference in
postoperative hospital stay remained comparable in the
sensitivity test.
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A Hem-o-lok Loop Ligation Mean Difference Mean Difference

Studly or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

0. Simsek et al. 69 30 30 187 102 30 24.8% -118.00[156.05,-79.95) ———

S Delibegovic. 64.9 10.86 30 1951 BO1 30 75.2% -130.20[-152.05,-108.35) —-

Total (95% Cl) 60 60 100.0% -127.17 [-146.12,-108.22] >

Heterogeneity: Chi*= 0.30, df =1 (P = 0.58); = 0% ’ t t i
-200 -100 0 100 200

Test for overall effect: Z=13.15 (P < 0.00001)

Favours Hem-o-Lok Favours Loop Ligation

B Hem-o-lok Endoloop Mean Difference Mean Difference
___Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
E Colak et al. (2013) 64.7 19.2 26 754 23 27 56% -10.70(-22.09,0.69)
MMIR JAN et al. (2021) 252 6.08 45 348 845 45 18.2% -9.60[-12.64,-6.56] —
P Ihnat et al.(2021) 379 125 60 45 12 60 16.0% -710[-11.48,-2.72) e
Sadat-Safavi et al. (2016) 2153 286 38 2331 35 38 226% -1.78[3.17,-0.39) i
S Delibegovic (2012) 42.83 6.52 30 46 7.07 30 183%  -3.17[-6.61,0.27) — =
S Delibegovic et al. (2018) 42.83 6.52 30 46 7.07 30 183%  -3.17[6.61,0.27) =
Total (95% CI) 229 230 100.0% -5.15[-8.24,-2.05] <
Heterogeneity: Tau®= 10.54; Chi*= 25.55, df= 5 (P = 0.0001); F= 80% : f t t
Test for overall effect. Z= 3.26 (P = 0.001) -20 -10 0 10 20
Favours Hem-o-lok Favours Endoloop
C Hem-o-lok Endoloop Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
AVinod etal. (2022) 403 123 90 5083 15 90 9.4% -10.53[-14.54,-6.52)
E Colak et al. (2013) 64.7 19.2 26 754 23 27  48% -10.70[-22.09,0.69)
MMIR JAN et al. (2021) 252 6.08 45 348 845 45 10.0%  -8.60[-12.64,-6.56] _
O Simgek et al.(2017) 40 128 30 50 10.6 30 8.1% -10.00[-15.89,-4.11] - —
Ozetal (2017) 425 13 36 538 1.5 30 10.8% -11.30[-11.98,-10.62] &
P Ihnat et al.(2021) 379 125 60 45 12 60 92% -7.10[-11.48,-2.72)
Sadat-Safavi et al. (2016) 21.53 2686 38 2331 35 38 10.7% -1.78[3.17,-0.39] o
S Delibegovic (2012) 42.83 6.52 30 46 7.07 30 97% -3.17[-6.61,0.27] |
S Delibegovit et al.(2009) 387 § 28 471 6.7 24 99%  -8B.40[-11.66,-5.14) -
S Delibegovic et al. (2018) 42.83 6.52 30 46 7.07 30 9.7% -3.17 [-6.61,0.27) 1
U Mikail et al. (2022) 555 226 102 541 253 107 7.7% 1.40[-5.10, 7.90) - 1
Total (95% CI) 515 511 100.0% -6.67 [-10.01,-3.34] -
Heterogeneity: Tau® = 26.55; Chi*= 181.23, df= 10 (P < 0.00001); I*= 94% y t ; f
-20 -10 0 10 20

Test for overall effect: Z=3.93 (P < 0.0001)

Favours Hem-o-lok Favours Endoloop

Figure 2. Forest plots illustrate the analysis of operative time. (A) demonstrated the pooled analysis of time taken for appendiceal stump closure (ASC). (B) illustrating
the analysis of operative time with randomized controlled trials (RCTs) only. (C) illustrating the analysis of operative time for all the included studies.

Discussion

Appendicectomy represents one of the most commonly encoun-
tered surgical procedures. Since the introduction of the laparo-
scopic approach (LA), it has gained favour over the conventional
open approach in resecting the appendix owing to several
advantages, namely, fewer wound infections, shorter length of
hospital stays, and early return to normal activity!®”®,
Skeletonization of the appendix, controlling the appendiceal
artery, and ligating the appendiceal stump are the key steps of
laparoscopic appendicectomy. Endoloops and staplers are com-
monly adopted in closing the base of the appendix. In the early
days when LA was first introduced, endoloop ligatures were used
to provide a convenient way to obliterate the stump!®*33.
Nevertheless, the applications of endoloops face several limita-
tions, including the learning curve of usage, the chance of slippage
of the loop, extra manipulation of the appendix stump, and the
chance of cut-through. Since the introduction of laparoscopic
linear staplers, their usage in LA has been advocated in view of
their safety profile in closing the stump, especially for difficult
cases such as perforation at the appendiceal base***1, However,
the use of endoscopic staplers is limited by their cost and the

involvement of larger working ports. Some have also proposed
that metal clips from the stapler may lead to adhesion-related
small bowel obstruction. These hinder the applications of linear
staplers for ASC, and a gold standard has yet to be established.
The authors believe the best closure method should be safe,
economically friendly, easily available, and have a short learning
curve. Various alternative options, including metal clips and
sutureless energy devices such as Ligasure and Hem-o-lok, have
been proposed to close the appendiceal stump®!. When com-
pared with metal clips, Hem-o-lok provides the advantage of
radiolucency, which will not affect future radiological studies on
the abdomen. Since the introduction of Hem-o-lok closure by
Hassen and colleagues and Jenwitheesuk, several cohort studies
and clinical trials have been performed to examine the feasibility
of Hem-o-lok in replacing endoloop!®!?). Hem-o-loks are poly-
meric clips that are commonly used in closing the cystic duct
stump in cholecystectomy and controlling major vessels during
laparoscopic procedures. It is easily accessible and available
compared with the tailor-made DS appendicectomy metal clip.
When compared with traditional endoloop closure, hem-o-lok
also demonstrated several advantages, namely, ease of application,
objective measurement in successful closure, and lower cost of
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Figure 3. Forest plots demonstrate the analytical result of the complication profile. (A) illustrating the result focusing solely on randomized controlled trials (RCTs). (B)
illustrating the result of the overall analysis of all the included studies. (C) illustrating the result of postoperative intra-abdominal collection.

equipment. While the failure of hem-o-lok closure will immediately
lead to slippage, the tension required for successful ASC with an
endoloop is rarely measured intraoperatively. The slippage serves as

an objective means to check the successful closure. The hem-o-lok

comes in a package of six, with one package costing approximately
half of that of one endoloop in our locality. This turns into a 10-fold
difference in the total cost of applying three hem-o-loks versus three
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endoloops. This is consistent with the cost of surgical materials, as
reported by Lucchi et al.*”!. Bhabhor®®! further demonstrated the
ease of application for hem-o-lok versus endoloops .

Apart from the learning curve and the cost of surgical material, the
success rate in achieving appendiceal stump closure is another
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Figure 4. Forest plots illustrate the analysis of postoperative hospital stay between the Hem-o-lok group and Endoloop group. (A) illustrating the analysis of
randomized controlled trials (RCTs) only. (B) illustrating the analysis of all included studies.

major concern. A failure will lead to stump leakages and post-
operative intra-abdominal collection and associated morbidities.
However, the assessment of postoperative stump leakage is tech-
nically difficult. Major leakages requiring reoperations can be
detected in the subsequent surgeries. On the contrary, minor lea-
kages leading to abscess formations not requiring reoperation are
difficult to be differentiated from those formed secondary to inef-
fective decontamination of the surgical field. Only three studies
have included the incidence of leakage, without documenting the
method of measurement. Given that the techniques in decontami-
nation of surgical field were the same between two groups of
patients, the development of postoperative intra-abdominal col-
lections serves as a reasonable indirect method to monitor stump
leakage. In this analysis, we demonstrate a significant reduction in
postoperative collection with using Hem-o-lok.

Safety and applicability

Although previous studies have demonstrated the advantage of
applying hem-o-loks, its use is limited by the size of the appen-
diceal stump. Currently, the largest hem-o-lok on the market is
16 mm in inner diameter. If the stump of the appendix is dilated to
a size larger than 16 mm, the application is unlikely to be suc-
cessful. Furthermore, this study mainly focuses on the application
in uncomplicated cases in which its applicability in complicated
cases remains uncertain. Future trials may investigate the feasi-
bility of hem-o-lok to serve as a salvage procedure for those with
difficulty in applying endoloops and the safety profile for hem-o-
lok versus stapler in noncomplicated cases. While both endoloop
and hem-o-lok usage demonstrates safe intraoperative compli-
cation profiles with no cutting-through incidence documented,
concern regarding adhesion between surgical material used to
close the stump and surrounding tissue was raised!®’. Currently,

none of the included studies has reported the occurrence of any
clinically significant adhesive complication. In an animal study
conducted by Delibegovic’S and colleagues, Hem-o-lok demon-
strated a lower stimulation to surrounding tissue, which resulted
in less tissue adhesion, when compared with the application of
Endoloop. This result provides a postulated advantage in low-
ering the risk of adhesive bowel obstruction*®!, Nevertheless, the
long-term safety profile should still be further investigated with
follow-ups on the previously included patients’ outcomes.

Apart from the safety profile, ASC with hem-o-lok also faces the
pitfall of a larger working port needed. The XL size of Hem-o-lok
requires a 10 mm working port, contrary to the application of an
endoloop, which will only require a 5 mm working port. Thus, a larger
port wound may be required for using hem-o-lok. This will require
additional time for closing the fascial defect of the 10 mm port, while
the 5 mm port does not necessarily require closure of the fascia®”,

In this meta-analysis, we have demonstrated a consistently sig-
nificant difference in shortening the operative time and lower chance of
postoperative intra-abdominal collection by hem-o-lok with a com-
parable clinical profile. The price, ease of application, and promising
complication profile should be considered. Further high-quality studies
may provide insight into the superiority of Hem-o-Lok over endoloop
ligation for appendiceal stump closure. After taking into consideration
the operative cost, Hem-o-Lok is a reasonable option for ASC.

Limitation

This meta-analysis is limited by the non-standardized surgical
techniques and variation in surgeons’ experience in different
studies. Different types of endoloops and operative techniques
were employed. Some studies divided the appendix with vessel
sealing devices while some used endo-scissors which may affect
the incidence of stump leakage. These contribute to the
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heterogeneity between outcome measurements of the included
studies. Another concern is that majority of the studies are small
in sample size and the pooled result may be masked by a domi-
nant study. This meta-analysis has tried to overcome this by
performing a sensitivity test by alternatively removing the study.
Moreover, we demonstrate a reduction of operative time of
5.15 min in pooled analysis. Considered the usual operative time
for laparoscopic appendicectomy being roughly around
30-40 min, this contributes up to 17% reduction in overall
operative times. However, this may not lead to a clinical sig-
nificance in reality given the short absolute reduction of 5 min.

Conclusion

While both Hem-o-lok and Endoloop ligation provide a sound and
promising complication profile, the application of Hem-o-Lok
demonstrates a comparable if not superior to endoloop ligation in
terms of operative time and potential benefit on the complication
profile. When taking financial and technical aspects into con-
sideration, it serves as a reasonable alternative to endoloop.
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