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Background: There are multiple techniques used for laparoscopic appendectomy (LA): ligature loop (LL), 
surgical stapler (SS) (Endopath Ets-Flex-Endoscopic Articulating Linear Cutter 33 mm Standard Ref Atb 
35. Ethicon, Somerville, New Jersey, US), and hem-o-lok clips (HOL) (Weck Closure System. Triangle 
Park, NC, USA). The application of the LL usually demands dexterity and training, whilst using HOL may 
be more advantageous due to its simplicity in terms of application and its low cost in contrast with the SS. 
The objective of this study is to determine safety and efficacy of the different devices that can be used in the 
surgical procedure. 
Methods: From June 2016 to December 2019, 253 consecutive children aged to 1 to 18 years were 
retrospectively reviewed. They were divided into three groups depending on the device used to secure the 
appendix: (I) in the first group, the base of the appendix was secured by double LL, (II) in the second group the 
base of the appendix was secured with SS, and (III) in the third group the base of the appendix was secured with 
two non-absorbable HOL. The data collected includes age, gender, operative time, device used to ligate the base 
of the appendix, previous tests (blood analysis, imaging), antibiotic prophylaxis administered, length of hospital 
stay, intraoperative and postoperative complications, shoulder pain and histological study of the specimen.
Results: There were 253 patients that underwent laparoscopic appendectomy during the study time, with 
a mean age of 10.3±4.1 in the LL group, 9.4±2.7 in the SS group and 10.4±3.3 in the HOL group, P=0.165. 
Distribution by gender was 77.8% for males in the LL group, 65.2% in the SS group and 61.3% in the HOL 
group, P=0.559. The mean surgical time with IQR in brackets was 60.0 (10.0) minutes (min), in the first 
group in which the base of the appendix was secured with LL, in the second group in which the base of the 
appendix was secured with SS 60.0 (15.0) min and finally in the third in which the base of the appendix was 
secured with HOL 40.0 (30.0) min, P<0.001. HOL clips have a significantly lower cost than their analogues. 
Specifically, 5 HOL clips have a cost of EUR 26.75, while three LL have a cost of EUR 53.70 and a single SS 
has a cost of EUR 276.58. Postoperative complications were found in 14.3% of the LL group, 9.8% in the 
SS group and 4.6% in the HOL group, P=0.137. Efficacy and safety in controlling the base of appendix were 
the same in all groups.
Conclusions: The HOL are safe and reduce surgical costs during laparoscopic appendectomy in children.
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Introduction

Acute appendicitis is one of the most common causes of 
acute abdomen in childhood, requiring surgical treatment 
in the vast majority of cases (1). Traditionally its surgical 
treatment has consisted of an open appendectomy, however 
after the advent of laparoscopic techniques, especially in 
the last decades, laparoscopic appendectomy has become 
the standard surgical treatment in children and adolescents, 
especially in uncomplicated appendicitis. Its advantages 
over the open technique are well known, achieving a 
rapid recovery, less postoperative pain and greater patient 
comfort, although some cases experience pain in the right 
shoulder due to phrenic irritation (2).

Traditionally, the laparoscopic approach has involved 
three ports with intracorporeal dissection and ligation of 
the appendix and mesoappendix. In the last few years, an 
extracorporeal approach through an umbilical port or two 
ports (umbilical and suprapubic) has also been proposed 
to facilitate the externalization of the appendix. Single 
port techniques with an operative scope or the single site 
appendectomy have also been described by surgeons in 
order to perform this common procedure (3,4).

In the intracorporeal approach, various devices have 
been used to ligate and secure the base of the appendix 
during this time. Three of these devices have been used in 
the treatment of the patients included in this study: ligature 
loop (LL) (PDS II Violet Monofilament Polidioxanone 
Suture 0 (53 cm) Ethicon Somerville, New Jersey, USA, 
surgical stapler (SS) (Endopath Ets-Flex-Endoscopic 
Articulating Linear Cutter 33 mm Standard Ref Atb 35. 
Ethicon, Somerville, New Jersey, USA) and hem-o-lok clips 
(HOL) (Weck Closure System. Triangle Park, NC, USA).

The purpose of this study is to compare different devices 
used to control the base of the appendix and their reliability. 
Specifically, the safety and efficacy of the HOL.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tgh-20-213).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the institutional ethics committee of the 
University Hospital, Fundación Jiménez Díaz (UHUFJD) 
(No. EO126-20_FJD) and individual consent for this 
retrospective analysis was waived.

From June 2016 to December 2019, 253 consecutive 
children aged to 1 to 18 years underwent a laparoscopic 
appendectomy. On all occasions the procedure was 
performed by the same group of 3 surgeons. Sixty three 
percent were male (n=159). All the patients who underwent 
the aforementioned surgery presented with a clinical picture 
of acute appendicitis. Patients underwent laboratory work 
up and imaging. Preoperative antibiotics were administered 
to 88.6% of patients, using intravenous antibiotics at 
prophylactic doses according to the standard protocol 
of institution established for this purpose (amoxicillin/
clavulanate 100 mg/kg/day in uncomplicated appendicitis 
or amoxicillin/clavulanate 100/mg/kg/day + gentamicin  
5 mg/kg/day in complicated appendicitis, which was defined 
by the presence of perforation of the appendix, local 
phlegmon or abscess or diffuse peritonitis).

The patients were divided into three groups, according 
to the device used to ligate the base of the appendix. This 
was done based on surgeon preference and not randomized. 
The first group received double LL, while the SS was used 
in the second, and the base was secured by a two large non-
absorbable clips (HOL) in the third group (Figure 1).

Patients were not included in the study if they had 
a laparoscopic appendectomy with another device such 
as metal clips. Likewise, they were not included if the 
procedure was performed by a surgeons that did not belong 
to the ones that performed the study.

The patient was placed in a supine position combined 
with the Trendelenburg position and left lateral position. 
The surgeon and assistant stood to the left side of the 
patient, and the monitor was on the patient’s right side. The 
bladder was decompressed to avoid injury during insertion 
of suprapubic ports. Three laparoscopic trocars were placed: 
one 12 mm trocar at the umbilicus, one 5 mm trocar at the 
midline just cephalic to the pubic bone, and one 5 mm at 
the left iliac fossa (Figure 2). The umbilical port was used to 
remove the specimen.

The data collected includes information regarding age, 
gender, operative time, device used to ligate the base of 
the appendix, work up (blood analysis, imaging), antibiotic 
prophylaxis, length of hospital stay, intraoperative and 
postoperative complications, and histological interpretation 
of the appendectomy specimen (Tables 1,2). 

Quantitative variables were summarized by mean and 
standard deviation, or by median and interquartile range, 
and qualitative variables were summarized by absolute 
and relative frequencies. Variables described by mean and 
standard deviation were compared by one-way analysis of 
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variance, while those described by median and interquartile 
range were compared by Kruskal-Wallis test.  For 
comparisons of qualitative variables the Chi-square test or 
the Fisher’s exact test, were performed. In all comparisons 
the significance level was set at 0.05. Statistical analysis 
was performed using R version 3.6.3 (R Foundation for 

Statistical Computing, Vienna, Austria) (Tables 1,2).

Results

Overall, 253 consecutive laparoscopic appendectomies were 
performed using the surgical technique described, of which 
two required change of surgical technique: (I) one case due 
to an unknown intestinal malrotation in an obese patient, 
and (II) another for complexity of dissection due to the 
presence of a subhepatic localized peritonitis (Table 2).

The LL group consisted of 9 patients (3.5%), while the 
SS group had 46 (18.1%), and the HOL group had 199 
patients (78.3%). Mean patient age was 9.2 years (range, 
1 to 18 years) and the ratio males to females was 159:95 
respectively. The mean age was 10.3±4.1 in the LL group, 
9.4±2.7 in the SS group and 10.4±3.3 in the HOL group, 
P=0.165. The gender distribution of male patients was 
77.8% in the LL group, 65.2% in the SS group and 61.3% 
in the HOL group, P=0.559 (Table 1).

Patients underwent laboratory work up which revealed 
leukocytosis, elevated CRP or other inflammatory markers 
(such as procalcitonin) in 74.7% of cases, 55.6% in the 
LL group, 82.2% in the SS group and 85.3% in the HOL 
group, P=0.199. Imaging studies revealed alterations in 

Figure 1 Laparoscopic appendiceal base devices used. (A) Loop ligatures (LL); (B) surgical stapler (SS); (C) hem-o-lok clips (HOL).

Hem-o-lok, endoloop and surgical stapler

A B C

Figure 2 Laparoscopic ports in acute appendicitis (umbilical, 
suprapubic and left iliac fossa).
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85.7% of the patients, 86.7% in the LL group, 88.4% in the 
SS group and 85.3% in the HOL group, P=0.018 (Table 1).

The mean surgical time was 60.0 (10.0) min in the first 
group in which the base of the appendix was secured with 
LL, 60.0 (15.0) min in the second group in which the base 
of the appendix was secured with SS and finally 40.0 (30.0) 
min in the third in which the base of the appendix was 
secured with HOL, P<0.001. Surgical time is described by 
median and interquartile range (between brackets) because 
the data are not normally distributed (Table 2). 

The price of the devices used in each case to control 
the base of the appendix were: five HOL amount to EUR 
26.75, compared with the three LL which amount to EUR 
53.70 and surgical staples which amount to EUR 276.58.

There were no intraoperative complications. Postoperative 
complications were intraabdominal abscesses in most 
cases and presented in 14.3% (n=1) of patients in the LL 
group, 9.8% (n=4) in the SS group and 4.6% (n=9) in 
the HOL group, P=0.137. Of the 9 patients with intra-
abdominal abscess in the HOL group 3 patients presented 
with intestinal obstruction (Table 2). All cases were initially 

treated with broad-spectrum antibiotics, according to the 
standard protocol established for this purpose (amoxicillin/
clavulanate 100/mg/kg/day + gentamicin 5 mg/kg/day). If 
not responding appropriately, they required conversion to 
a different antibiotic regimen (meropenem 60 mg/kg/day).  
Moreover, 3 patients required re-intervention in the HOL 
group due to (I) obstructive adhesions in one case, (II) 
intra-abdominal abscess refractory to antibiotic treatment 
in another case and (III) drainage of large wall abscess 
connected to an intraabdominal abscess in another case 
(Table 2). 

Right shoulder pain was referred by 9.6% of patients 
postoperatively. Right shoulder pain was reported by 22.2% 
of patients in the LL group, 18.6% in the SS group and 
7.2% in the HOL group, P=0.029 (Table 2). 

The mean length hospital stay was 2 days, with a range 
between 1 and 16 days. Average length was 5.0 (5.0) in the 
LL group, 5.0 (4.0) in the SS group and 1.0 (2.0) in the 
HOL group, P<0.001 (Table 2).

The histopathological results of the appendectomy 
specimens analyzed were normal (0.8%), phlegmonous 

Table 2 Surgical variables

Variable Loop ligature (1A) Surgical stapler (1B) Hem-o-lok (1C) P value

Postoperative complications 1 (14.3%) 4 (9.8%) 9 (4.6%) 0.137

Reintervention 0 (0.0%) 0 (0.0%) 3 (1.5%) 1.000

Shoulder pain 2 (22.2%) 8 (18.6%) 14 (7.2%) 0.029

Pathological anatomy

Phlegmonous 4 (44.4%) 18 (50.0%) 80 (41.2%) 0.625

Ulcero-phlegmonous 2 (22.2%) 1 (2.8%) 33 (17.0%) 0.038

Gangrenous 1 (11.1%) 9 (25.0%) 65 (33.5%) 0.298

Perforated 2 (22.2%) 8 (22.2%) 16 (8.2%) 0.025

Operative time (min) 60.0 (10.0) 60.0 (15.0) 40.0 (30.0) <0.001

Length of stay (day) 5.0 (5.0) 5.0 (4.0) 1.0 (2.0) <0.001

Table 1 Demographic and preoperative test variables

Variable Loop ligature (1A) Surgical stapler (1B) Hem-o-lok (1C) P value

Age, year 10.3±4.1 9.4±2.7 10.4±3.3 0.165

Gender (male) 7 (77.8%) 30 (65.2%) 122 (61.3%) 0.559

Blood analysis (abnormal) 4 (44.4%) 37 (82.2%) 146 (73.4%) 0.199

Imaging tests 6 (75.0%) 43 (95.6%) 194 (98.0%) 0.018
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(42%), P=0.625, phlegmonous-ulcer (14.8%), P=0.038, 
gangrenous (31.7%), P=0.298 and perforated (10.7%), 
P=0.025 (Table 2).

Discussion

Appendectomy is one of the most common procedures 
performed by pediatric surgeons worldwide. In this study 
we looked at different methods of controlling the base of 
the appendix during laparoscopic appendectomy (Figure 1)

Our results are similar to other published literature on 
laparoscopic appendectomy in childhood with respect to 
the following variables: age, gender, preoperative tests, 
antibiotic prophylaxis, postoperative complications and 
histopathological analysis (Tables 1,2) (1,3-5). 

The use of HOL, a non-absorbable polymer structure for 
ligation of vessels, ureters and bile ducts, has been widely 
documented. Many studies have been conducted in order 
to evaluate the efficiency of polymer clips in minimally 
invasive surgery. Some studies have shown that it is possible 
to apply a double HOL to secure the base of the appendix 
during a laparoscopic appendectomy (5-8), and many others 
have compared its effectiveness with LL and/or a stapler 
device in adults (9,10).

It is important to note, that the application of LL usually 
requires certain dexterity and training, meanwhile the 
application of HOL is available for every surgeon without 
the need for prior use. Likewise, every HOL is applied at 
a 90° angle to the base of the appendix, which has proven 
to be of great importance and usefulness in the surgery 
described (8). The SS, as with LL, requires some training 
prior to its use as well as sufficient space in the abdominal 
cavity which is not always possible in children.

In contrast to metallic clips, the axial and transverse force 
required to dislodge these polymer clips, has been proven to 
be higher (11-13).

The clip is a nonabsorbable inert polymer, nonconductive 
and radiolucent, and its tip is designed to retain the clip in 
applier jaws, with an integrated teeth interface to prevent 
slippage (Figure 1).

Their use shows a slight downward trend in operative 
time, although this is not statistically proven in view of the 
study’s sample size. The mean operative time of laparoscopic 
appendectomy was less than in the HOL group, although 
it must be taken into consideration that this was the largest 
group, and as a result the lower surgical time cannot be 
attributed exclusively to the device used (Table 1) (1,3,4).

Length of stay was significantly lower in the HOL 

group (P<0.001), even though this was the group with 
larger number of complications. Regardless, we cannot 
conclude that the use of HOL shortens the length of stay 
due to the fact that this is the largest group and is bias by 
its large number of subjects. Even more, patients on the LL 
and SS group presented with higher rates of complicated 
appendicitis making the length of stay less related to device 
used. At most it indicates a trend.

Analysis of the price of the device used to control the 
base of the appendix has shown that the cost of a 5 HOL 
case is half that of 3 LL and one tenth of the cost of SS. 
This, together with its greater ease of use and reliability, 
leads us to recommend the use of HOL in laparoscopic 
appendicitis procedures in children.

We have not found any references relating to children 
showing the incidence of right shoulder pain after 
laparoscopic appendectomy. However, there are many 
references about this in adults, even after undergoing 
different surgical procedures. This is true even when using 
techniques to minimize its occurrence (2).

The incidence of right shoulder pain in this study has 
been 9.6%, without the use of any preventive techniques 
(Table 2). 

Our data shows that the use of Hem-o-lock clips is safe, 
effective and its use reduces surgical costs when compared 
with other more common techniques. 

We understand that there are several limitations in the 
study. These include the retrospective nature of the design 
and selection bias as seen by the difference in number of 
patients in each group, favoring the HOL. However, it 
can be used to establish the rationale for a randomized 
controlled trial on a potentially safe, efficacy and cost-
reducing surgical technique.
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