
143

Videosurgery

Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Original paper

Address for correspondence

Assoc. Prof. Turgut Donmez, Bakırkoy Dr. Sadi Konuk Training and Research Hospital, Istanbul, Turkey, phone: +90 5347400967,  

e-mail: surgeont73@hotmail.com

Introduction

Acute appendicitis (AA) is the most common 
emergency surgical disease, with a reported rate of 
8% in all lifetime. Compared to open appendicitis 
(OA), laparoscopic appendectomy (LA) provides bet-
ter diagnostic accuracy, less analgesic use, shorter 
hospital stay, earlier return to daily activities and 
a lower rate of wound infection [1–4]. Controversial 
evidence exists regarding the laparoscopic approach 

in patients with complicated acute appendicitis due 
to the higher rate of surgical complications [3, 4]. 
Benefits of treating acute appendicitis complicated 
with LA include extensive examination of the perito-
neal cavity, debridement, irrigation and lavage under 
direct visualization, avoidance of large abdominal in-
cisions, and fewer pulmonary complications [5].

There are many studies on the closure of the 
appendix stump in uncomplicated and complicated 
appendicitis, and there is no consensus in the litera-
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A b s t r a c t

Introduction: The method of stump closure is controversial in complicated patients, especially with appendix base 
necrosis or perforation. 
Aim: To evaluate the efficacy and safety of partial cecum resection technique with an endostapler in patients with 
appendix base necrosis or perforation.
Material and methods: Thirty-six patients who underwent laparoscopic partial cecum resection due to appendix 
base necrosis or perforation between 2015 and 2020 were retrospectively analyzed. In acute complicated appendici-
tis with appendiceal base necrosis or perforation, it was performed by laparoscopic partial cecum resection using an 
endostapler within a safe surgical margin. Demographic characteristics, duration of operation, days of hospital stay, 
and intra- and post-operative complications were evaluated. 
Results: The mean age of the patients is 42.72 ±16.69, female/male ratio was 19/17 (52.8%/47.2%). No intraopera-
tive complications developed. Mean operative time and hospital stay were 104.75 ±34.96, 4.58 ±2.82 days, respec-
tively. Post-operative complications developed in 5 (13.7%) patients. One of them was wound infection (2.7%), 2 of 
them were ileus (5.5%) and 2 patients had an intraabdominal abscess (5.5%). Stapler line leak was not observed in 
any of the patients.
Conclusions: The use of an endostapler in laparoscopic appendectomy is a safe and effective technique in cases 
where appendix base necrosis, appendix perforation or severe inflammation affects the base of the cecum.
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ture on the advantages of the techniques over each 
other [6–9]. Although the methods of closure of the 
appendix stump with metal clips, hem-o-lock clips, 
endoloop, intracorporeal knot and endostapler in 
complicated appendicitis are reported in the litera-
ture [8, 10, 11], the technical issue of stump closure 
in patients with necrosis or perforation in the base 
of the appendix is  still controversial [11]. 

Aim

In our study, we aimed to evaluate the efficacy 
and reliability of partial cecum resection technique 
with endostapler in patients with appendiceal base 
necrosis or perforation.

Material and methods

Between January 2015 and October 2020 with 
the diagnosis of appendix base necrosis or perfo-
ration a  total of 36 patients who underwent lap-
aroscopic partial cecum resection were reviewed 
retrospectively. Appendix base necrosis was evalu-
ated according to the laparoscopic staging of acute 
appendicitis disease described by Gomes et al. [11] 
(Table I). Patients with complicated acute appendi-
citis aged 18–80 years with peri-operative Gomes 
Stage 3B were included in the study. Patients with 
uncomplicated appendicitis, incomplete clinical-de-
mographic data, incompatible with treatment and 
inability to follow up were excluded from the study. 
Informed consent forms were obtained from all 
patients. Local ethics committee approval was ob-
tained (no: 2019-02-10).  

Preoperative diagnosis was made by abdominal 
computed tomography (CT) in all patients. Demo-
graphic characteristics of the patients such as age, 
gender, body mass index (BMI), ASA scores, preop-
erative white blood cells (WBC) and C-reactive pro-
tein (CRP) values were recorded. The duration of 
operation, days of hospital stay and post-operative 
complications were evaluated. The operation time 
was evaluated as the time (min) from skin incision 
to skin closure. Intra-operative complications were 
evaluated as bleeding and iatrogenic injury. Wound 
infection was defined as edema, redness, or puru-
lent discharge from the incision within 30 days after 
the operation. Intraabdominal abscess (IAA) diagno-
sis was made by CT after clinical suspicion. Inabili-
ty to expel gas and stool 24–48 h post-operatively, 
abdominal distension, tenderness in abdominal ex-
amination findings, and the need for re-nasogas-
tric tube decompression were defined as ileus. The 
duration of the operation, the rate of conversion to 
open surgery, duration of hospital stay, intraopera-
tive complications, and stump leakage were used to 
evaluate the safety and efficacy of this technique. 
Operations were performed by surgeons who per-
formed 50 or more laparoscopic appendectomies 
per year.

Surgical technique

All patients received 1 g of ceftriaxone prophy-
laxis after general anesthesia. Orogastric and Fo-
ley urinary catheters were inserted in all patients. 
After a  1 cm skin incision under the umbilicus,  
12 mm Hg CO2 pneumoperitoneum was created 
with a Veress needle then a 10 mm trocar was in-
serted. With a 30-degree camera from the umbili-
cal trocar 15 mm from the left lower quadrant and  
5 mm from the suprapubic region were inserted un-
der direct vision after exploration. The patient was 
placed in a Trendelenburg and 15-degree left lateral 
position. In complicated acute appendicitis cases 
with necrosis and perforation in the proximal part 
of the appendix and the base of the cecum (Photo 
1 A), it was decided to perform partial cecum re-
section with an endostapler. The mesoappendix was 
divided by 10 mm bipolar tissue closure systems  
(LigaSure Valleylab, Boulder, CO). Partial cecum re-
section was performed from the superior part of the 
ileocecal junction with a  60 mm endo-GIA stapler 
(Medtronic, Medtronic Parkway, Minneapolis, MN) 

Table I. Gomes staging in laparoscopic appen-
dectomy

Stage Laparoscopic finding

0 Normal appendix

1 Hyperemic and edematous appendix

2 Appendix with fibrin exudate

3A Necrosis or perforation in a part of the appen-
dix

3B Necrosis or perforation in the base of the 
appendix

4A Abscess

4B Local peritonitis

5 Generalized peritonitis
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to include the root of the appendix with a safe sur-
gical margin (Photos 1 B, C). The resection materi-
al was taken out of the abdomen with a specimen 
bag (EndoCatch; USSC, Norwalk, CT, USA). The sta-
pler line in the cecum was checked after resection 
(Photo 1 D). In open appendectomies, after 1 g of 
ceftriaxone prophylaxis after general anesthesia, 
Orogastric and Foley urinary catheters were placed 
in all patients, and the abdomen was entered with 
a  sub-umbilical median incision. Appendectomy 
was performed as in the laparoscopic technique. All 
patients were started orally at the 4th hour post-op-
eratively.

Statistical analysis

Frequency and percentage for categorical vari-
ables, mean and standard deviation values for con-
tinuous variables were given. All analyses were done 
with SPSS 22.0 for Windows (IBM SPSS Statistics for 
Windows, Version 22.0. Armonk, NY: IBM Corp.).

Results

The mean age of the patients is 42.72 ±16.69 years 
(range: 18–83). Mean BMI was 26.23 ±4.09 kg/m2.  
The female/male ratio was 19/17 (52.8%/47.2%). 
Eight (22.2%) patients were ASA 1, 24 (66.7%) pa-

Photo 1. Intraoperative view. A  – Appendix and cecum appearance in complicated acute appendicitis 
(Gomes 3B). Necrosis in the base of the appendix (white arrow) and necrotic appendix body (black arrow). 
B – Application of endostaples for partial cecal resection. C – Cutting the cecum from the non-inflamed sec-
tion (white arrow) with endostapler. D – View of the stapler line (white arrow) in the cecum after resection
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tients were ASA 2, 3 (8.3%) patients were ASA 3 and 
1 (2.8%) patient was ASA 4. Demographic data are 
presented in Table II. 

Two (5.5%) patients were converted to open ap-
pendectomy because of difficulty in exploration; 
no intraoperative complications developed. While 
the mean operative time was 104.75 ±34.96  min, 
post-operative complications developed in 5 (13.7%) 
patients. One of them was wound infection (2.7%),  
2 of them were ileus (5.5%), and 2 (5.5%) patients 
had an intraabdominal abscess. While 1 (2.7%) pa-
tient with an intraabdominal abscess was treated 
with surgical drainage on the post-operative fourth 
day, other patients who developed complications 
were treated medically. Mean hospital stay was 4.58 
±2.82 days, while stapler line leak was not observed 
in any of the patients. Surgical results are shown in 
Table III.

Discussion

Gangrenous and/or perforated appendicitis caus-
ing intraabdominal abscesses or peritonitis is called 
complicated appendicitis [4, 8, 10, 11]. According to 
the classification defined by Gomes et al., Stage 3A 
(segmental necrosis/perforation), 3B (base necrosis/
perforation), 4A (abscess), 4B (local peritonitis) and 
5 (generalized peritonitis) appendicitis are classified 
as complicated [10]. 20–30% of acute appendicitis 
cases appear as perforated appendicitis [12, 13]. 

Laparoscopic appendectomy is safe and effective 
in the treatment of complicated appendicitis [1–4, 
14, 15]. Stump closure technique is directly related 
to post-operative complications in complicated ap-
pendicitis. It is obvious that the morbidity will de-
crease after a safe stump closure method. Therefore, 
there are many studies in the literature to determine 
the correct and effective technique. Metal clip, hem-
o-lock clips, endoloop, intracorporeal knot, extracor-
poreal knot, and endostapler methods have been 
widely applied and compared [8–10]. Although there 
are publications showing that titanium or polymer-
ic clips are effective and safe in the closure of the 
appendix stump, these studies have not been per-
formed in cases of complicated appendicitis [16, 17]. 

Matyja et al. [18] in a  retrospective study com-
paring stump closure techniques stated that the use 
of staplers would be more appropriate in specific 
cases such as base necrosis detected preoperative-
ly. In studies, it is argued that the use of a stapler 
or exposure to the base of the appendix is  the best 
therapeutic method in cases of severe inflammation 
or necrosis [7, 19]. Also in an another retrospective 
study comparing stump closure methods in compli-
cated appendicitis, intracorporeal suture and stapler 
techniques were used in the laparoscopic group; 
however, in the laparoscopic group, they stated that 
they used staplers in 3 cases with severe inflamma-
tion or necrosis at the base of the appendix [20]. 

Although there are a wide variety of stump clo-
sure techniques in complicated appendicitis, the two 
most common methods are endoloop and stapler 
[6, 21–25]. There are publications showing that the 
endoloop is not safe in appendix base perforations 
or when inflammation in the appendix affects the 
base of the cecum [26–29]. Poole argued that the 
use of staplers in advanced appendicitis reduced 
the incidence of post-operative stump leakage [30]. 
Comparing the laparoscopic and open technique in 

Table II. Demographic data

Parameter Value

Age 42.72 ±16.69 (range: 18–83)

Gender, n (%):

Female 19 (52.8)

Male 17 (47.2)

BMI [kg/m2] 26.23 ±4.09

ASA score, n (%):

1 8 (22.2)

2 24 (66.7)

3 3 (8.3)

4 1 (2.8)

WBC [× 103/mm3] 18.914 ±43.27

CRP [mg/l] 9.45 ±5.13

Table III. Surgical results

Variable N %

Conversion to open 2 5.5

Complication: 5 13.7

Wound infection 1 2.7

Ileus 2 5.5

Intraabdominal 
abscess

2 5.5

Stump leakage 0 0

Hospital stay [days] 4.58 ±2.82

Operation time [min] 104.75 ±34.96
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a prospective randomized controlled study involving 
81 patients with complicated appendicitis, Taguchi 
et al. used a stapler as a method for closing the ap-
pendix stump in the laparoscopy group [31]. They 
thought that they avoided ligation in fragile and ne-
crotic tissue in complicated appendicitis, and that 
the use of a stapler could decrease the rate of stump 
leakage. Gomes et al. in a prospective study of 186 
patients emphasized that the operation is very dif-
ficult in stage 3B appendix and if the stapler is not 
used routinely, intracorporeal suture may be required 
depending on the experience of the surgical team. 
It has also been reported that specific comparative 
studies are needed for different stages of appendi-
citis [32]. Ceresoli et al. concluded that if inflamma-
tion and infection may affect the appendix base and 
cecum, the importance of safe stump closure tech-
nique in complicated appendicitis has been empha-
sized, and it has been concluded that the method 
depends on the surgeon, the state of the appendix 
macroscopically and the stage of inflammation, the 
accessibility and cost of the method [33]. 

Stump leakage is one of the most important fac-
tors determining the success of the operation after 
appendectomy. Considering that all patients includ-
ed in our study had appendix base necrosis or per-
foration, no stump leakage was observed in any of 
our patients. Also, we did not experience any intra-
operative complications. In our study, due to difficul-
ty in exploration, 2 (5.5%) patients were switched to 
open technique. Our success rate with laparoscopic 
technique was determined as 94.4%. 

When the operation time is evaluated in com-
plicated appendicitis, different results are en-
countered. Comparing the most commonly used 
endoloop and stapler techniques, there are publica-
tions stating that the use of a stapler has a signifi-
cantly shorter operation time [8, 25, 26], whereas 
others found that the endoloop has a significantly 
shorter operation time [6, 7]. There are also publi-
cations showing that there is no significant differ-
ence in operative time between the two techniques 
[23]. Regardless of the stump closure technique, the 
mean operative times for different studies in the lit-
erature for laparoscopic treatment of complicated 
appendicitis were reported to be 73.1 ±25.6 [3], 69.4 
±26.4 [10], 116.7 ±45.7 [20], 120.6 ±17.7 [34] and 
84.6 ±34.5 [31] min. These differences in operation 
times can be explained by the different stages of 
diseases and the variability of the technique used. 

We believe that the use of staplers will shorten the 
operation time in complicated appendicitis. In our 
study, the mean operation time was found to be 
104.75 ±34.96 min, and it is thought to be a  rea-
sonable time for stage 3B appendicitis, which can 
be considered technically difficult.

Hospital stay in complicated appendicitis in the 
literature is reported by Katsuno et al. as 8.9 ±3.7 
[20], by Talha et al. as 6.2 ±1.6 [34], by Taguchi et al. 
as 11.4 ±8.57 [31] and by Dimitriou et al. as 5.2 ±1.5 
[35] days. In our study, the duration of hospital stay 
was 4.58 ±2.82 days and was found to be shorter 
when compared with the literature. We think that 
it would be correct to explain this by our low rate 
of post-operative complications and, consequently, 
that patients can return to their daily lives after be-
ing discharged in a short time. 

Post-appendectomy wound infections, intraab-
dominal abscesses (IAA), ileus and post-operative 
small bowel obstruction are among the complica-
tions that may be encountered. It is a fact that these 
complications can be prevented with the optimal 
stump closure method. Regardless of the technique 
of stump closure after laparoscopic treatment of 
complicated appendicitis, different rates of wound 
infection have been reported, such as 2.6% [10], 
6.4% [20], 8.3% [34], 0.8% [23], 19% [31] and 3.6% 
[35]. Although there are studies showing that the use 
of staplers significantly reduces the development 
of wound infection [20, 26, 35], there are publica-
tions claiming that the technique has no effect [23, 
25]. In addition, in a clinical study published by Kim  
et al., they emphasized that laparoscopic endostapler 
repair is a safe and effective method in iatrogenic co-
lon perforations occurring during colonoscopy [36]. 
In our study, our wound infection rates of 2.7% was 
found to be low compared to the literature. Perhaps 
the most important complication after laparoscopic 
appendectomy can be considered as IAA. We think 
that one of the most important reasons for this may 
be due to leakage after the unsafe stump closure 
technique. There are many studies indicating that 
the development of IAA is independent of the stump 
closure technique [6, 8, 20, 23, 25, 26, 35]. Taguchi  
et al. reported the rate of IAA after stapler use in 
complicated appendicitis as 19% [31]. In different 
studies, it was found to be 11.6% [22] and 11% [23] 
after laparoscopic treatment of complicated appen-
dicitis. In our study, 5.5% IAA was detected, and it is 
lower than values in the literature. We believe that 
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this decrease in our infective complications is due to 
the safe stump closure method with a stapler.

Although it has been reported that metal staplers 
may cause post-operative small bowel obstruction 
after laparoscopic appendectomy [26, 37, 38], no pa-
tients in our study had post-operative small bowel 
obstruction. In our series, in which we saw post-op-
erative ileus with a rate of 5.5%, it was found to be 
significantly lower than that in the literature [34]. 

The biggest obstacle to the use of a  stapler in 
complicated appendicitis is seen as cost [6, 7, 18, 23, 
34]. We believe that the total cost can be reduced 
by preventing post-operative complications that 
may occur after safe stump closure due to the use of 
a stapler and at the same time reducing the rate of 
re-hospitalization.

The limitations of our study are that it is sin-
gle-centered, the number of patients is small, and 
the operations were performed by experienced sur-
geons, which may affect the results. Multi-center 
studies with high patient numbers are needed in the 
future.

Conclusions

We think that the use of a stapler is a safe and 
effective technique in cases where appendix base 
necrosis, perforation or severe inflammation in the 
appendix also affects the base of the cecum (stage 
3B). We believe that after the safe stump closure 
technique, post-operative complications, duration of 
hospital stay and, consequently, the total cost will 
also decrease.
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