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The most frequent abdominal pathology requiring emergent surgery is acute appendicitis. Laparoscopic appendec-
tomy has been performed for the treatment of acute appendicitis since 1983. Closure of the appendix stump is vital
to prevent severe postoperative complications. Different methods are described for closure such as stapler, endolo-
op, titanium clips, non-absorbable polymer clips (hem-o-lok clip), handmade loops, transsection by Ligasure or with
bipolar cautery. The ideal method should be safe, applicable and cheap. The most appropriate method remains to
be controversial. All methods are reported as safe, but some have higher costs, and some prolong the operation. In
this article, we reviewed clinical and experimental studies on different methods of stump closure, and we tried to
compare the benefit of these methods over others.
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INTRODUCTION

The most common acute abdominal pathology requiring emergency surgery is appendicitis. Open ap-
pendectomy is the standard approach for treatment. Semm first defined laparoscopic appendectomy
(LA) in 1983 as an alternative approach to open surgery (1). This method has been popularized and
recommended as first choice treatment in especially women, the elderly and obese patients (2). Along
with reported advantages such as less pain, earlier return to work, better cosmetic results, and shorter
hospitalization of LA as compared to open appendectomy, there are negative issues such as high cost,
long operation time and the high rate of intra-abdominal abscess (3-5).

One of the most important steps of the appendectomy procedure is closure of the appendix stump.
Closure of the appendix stump is important to avoid serious complications such as postoperative fistula,
peritonitis, and sepsis (6). This process is done by burying the appendix stump into the cecum or by su-
ture ligating the appendix base without inversion in open surgery. On the other hand in LA, suture tying
can be technically challenging or the surgeon may not be sure of its reliability. This situation has led sur-
geons to seek different alternatives for LA. The ideal method for appendix stump closure should be safe,
accessible, technically simple to use and cost effective. This is why various different methods have been
defined to close the appendix stump. However, in the literature, it is not clear which method is superior
to the others. Studies report that all applied methods are safe. In this article, clinical and experimental
studies on different methods to close the appendix stump were investigated and their superiority over
each other was evaluated.

Methods that are used to close the stump in LA include staplers, endo-loop, titanium clips, nonabsorb-
able polymer clips (Hem-o-lock clips), hand-made loops, extracorporeal sliding knot, intracorporeal liga-
tion, Ligasure use or division with bipolar cautery. Studies have reported that all of these methods are
safe and feasible.

Stapler Use

The first publications on the use of stapler in laparoscopic appendectomy were reported in 1990, and
this practice became popular thereafter. Staplers allow simultaneous sealing and division of both the
mesoappendix and the appendix base. Studies have shown that it is both easy to apply and safe (7, 8).
One of the major advantages is its being safe even when the appendix base is inflamed and its diameter
is too large (9). However, its advantage over other methods in terms of reliability has not been proven.
The most important disadvantage is that it is more expensive than other methods (9, 10).
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Endoloop

The Endoloop is a commercial product that is commonly used
in LA. It can be made of silk or polyglactin, and can be of vari-
ous thicknesses. Endoloop use has been proposed by several
authors due to its safety in closing the appendix stump and its
lower cost as compared to staplers (11, 12). While applying the
Endoloop, the loop snare that is placed to the appendix base is
tightened. Two Endoloops can be placed separately one over
another. It provides stump closure in a similar manner to liga-
tion in open appendectomy. Although the operation is pro-
longed as compared to use of stapler or clips, it is similar to
other methods in terms of reliability (13). Endoloop is cheaper
than stapler use, but still is costly than some other methods.
In order to reduce the cost, a loop similar to the commercially
sold Endoloop can be manually prepared. Handmade loops
are prepared during surgery and are applied analogous to En-
doloop. The cost of this method, which is easy to construct and
apply, is significantly lower and can be safely applied (2, 14).

Clips

Many studies have shown that different kinds of clips can
be used safely with low cost. The studies in the literature are
mainly on titanium or absorbable polymer (Hem-o-lock) clips.
The most important feature of clip application is its ease of
use. Thus, it enables reduction in operation time. It has been
shown to be as safe as other methods (15-18). Delibegovig et
al (19) evaluated the effects of Endoloop, stapler and polymer
clip applications on foreign body reaction and inflammation
in an experimental study on rats, and reported that polymer
clips were superior to other methods. The downside of clip use
is its not being safe in case of intense inflammation where the
diameter of appendix base is wide. Although it is reported that
clips may be used up to a 16 mm diameter, the reliability is
decreased in cases where the appendix base diameter is over
1cm (6, 20, 21).

Suture Knot

Suture closure of the appendix base in LA can be done in a
similar manner to open surgery. To do this, a knot can be pre-
pared within the abdomen or prepared extracorporeally and
pushed into the abdomen. Intracorporeal tie knot requires
more experience than other methods. Studies have shown
these methods to be as safe as other methods (17, 22, 23). Li-
gating the appendix base with sutures is a very cheap method
with a disadvantage of prolonging the operation time (17, 23).

Cauterization or Vessel Sealing Devices

There is less data on the use of vessel sealing devices and cau-
terization than on staplers, Endoloop, sutures and clips. In a
study of 60 patients, Khanna et al (24) reported that the ap-
pendix could safely be divided after bipolar coagulation for
approximately 90 seconds. Aslan et al. (25) stated that bipolar
cautery resulted in better epithelial healing than ligation in an
experimental study on rats, and they concluded that it was a
reliable method based on tests on burst pressure. However,
these results on the use of bipolar cautery are not supported
by other studies. Yang et al. (26) reported that the appendix
base could be coagulated with Ligasure in LA without using
clips or sutures in a similar manner with bipolar cautery. Two

subsequent experimental studies also supported this conclu-
sion. In their experimental study on rats, Elemen et al. (27)
showed that dividing the appendix stump with Ligasure alone
provided better recovery, less inflammation, less operation
time and similar bursting pressure properties as compared to
polymer clips. The authors stated that Ligasure use was supe-
rior to clips in their experimental model. In an experimental
study on rabbits, Sauza et al. (28) also reported that coagula-
tion and division with Ligasure alone resulted in 100% fibrosis
of the appendix stump, and that the appendix base can be
safely divided after coagulation with Ligasure alone. However,
similar to bipolar cautery, other clinical studies on Ligasure
were not performed.

CONCLUSION

Despite many studies, there is no universal agreement on any
method. There is no particular method that is recommended in
the literature. There are prospective randomized studies with
large sample sizes that compared different methods. Stapler
use can be considered when the appendix base is extremely
inflamed or necrotic. It should be noted that stapler and En-
doloop use are more expensive methods as compared to oth-
ers. Using cheaper alternatives such as ligation with sutures and
handmade loops will be more appropriate, due to the particular
conditions of our country. In our own practice, we use hand-
made loops because it is safe, cheap and practical. Although
Ligasure and bipolar cauterization are suggested as cheap and
easy to use methods, clinical studies on these subjects are very
limited. The safety of these methods that is observed in experi-
mental studies must be supported by clinical studies.

In conclusion, evaluation of the literature data showed that all
methods have a similar reliability. Therefore, methods that are
cheap and easy to apply should be considered as first choice.
Nevertheless, the final decision on the method to be used will
rely on the surgeon’s training and experience, the availability
of equipments within that facility, costs and the extent of ap-
pendix inflammation.

Peer-review: This manuscript was prepared by the invitation of the
Editorial Board and its scientific evaluation was carried out by the Edi-
torial Board.

Author Contributions: Concept - B.M.; Design - B.M.; Supervision -
B.M., M.T.O,; Funding - B.M,, T.B.; Materials - B.M.; Data Collection and/
or Processing - B.M,, COE., AA; Analysis and/or Interpretation - B.M.,
C.OE, TB, A.A, M.T.O; Literature Review - B.M., A.A.; Writer - B.M.; Cri-
tical Review - B.M., C.O.E, T.B,, A.A, MT.O.

Conflict of Interest: No conflict of interest was declared by the aut-
hors.

Financial Disclosure: The authors declared that this study has recei-
ved no financial support.

REFERENCES
1. Semm K. Endoscopic appendectomy. Endoscopy 1983; 15: 59-64.
[CrossRef]

2. Mayir B, Bilecik T, Ensari CO, Oruc MT. Laparoscopic appendectomy
with hand made loop. Videosurgery Miniinv 2014; 9: 152-156.
[CrossRef]



Guller U, Hervey S, Purves H, Muhlbaier LH, Peterson ED, Eubanks
S, et al. Laparoscopic versus open appendectomy: outcomes
comparison based on a large administrative database. Ann Surg
2004; 239: 43-52. [CrossRef]

Aziz O, Athanasiou T, Tekkis PP, Purkayastha S, Haddow J, Mali-
novskiV, et al. Laparoscopic versus open appendectomy in child-
ren: a meta-analysis. Ann Surg 2006; 243: 17-27. [CrossRef]
Rickert A, Bonninghoff R, Post S, Walz M, Runkel N, Kienle P. Ap-
pendix stump closure with titanium clips in laparoscopic appen-
dectomy. Langenbecks Arch Surg 2012; 397: 327-331. [CrossRef]
Gomes CA, Junior CS, de Peixoto RO, Netto JM, Gomes CC, Gomes
FC. Appendiceal stump closure by metal endoclip in the mana-
gement of complicated acute appendicitis. World J Emerg Surg
2013; 8: 35. [CrossRef]

Kazemier G, in't Hof KH, Saad S, Bonjer HJ, Sauerland S. Securing the
appendiceal stump in laparoscopic appendectomy: evidence for ro-
utine stapling? Surg Endosc 2006; 20: 1473-1476. [CrossRef]
Wagner M, Aronsky D, Tschudi J, Metzger A, Klaiber C. Laparosco-
pic stapler appendectomy. A prospective study of 267 consecuti-
ve cases. Surg Endosc 1996; 10: 895-899. [CrossRef]

Partecke LI, Kessler W, Patrzyk M, Heidecke CD, Bernstorff WV. Com-
parison among different closure methods of the appendicular stump
in laparoscopic appendectomy. Surg Technol Int 2011; 21: 85-91.
Rakic M, Jukic M, Pogorelic Z, Mrklic |, Klicek R, Druzijanic N, et
al. Analysis of endoloops and endostaples for closing the appen-
diceal stump during laparoscopic appendectomy. Surg Today
2014;44:1716-1722. [CrossRef]

Miyano G, Urao M, Lane GJ, Kato Y, Okazaki T, Yamataka A. A pros-
pective analysis of endoloops and endostaples for closing the
stump of the appendix in children. J Laparoendosc Adv Surg Tech
A 2011;21:177-179. [CrossRef]

Sahm M, Kube R, Schmidt S, Ritter C, Pross M, Lippert H. Current
analysis of endoloops in appendiceal stump closure. Surg Endosc
2011; 25: 124-129. [CrossRef]

Naiditch J, Lautz T, Chin A, Browne M, Rowell E. Endoloop as the
first line tool for appendiceal stump closure in children with ap-
pendicitis. Eur J Pediatr Surg 2015; 25: 155-159. [CrossRef]

Yildiz F, Terzi A, Coban S, Zeybek N, Uzunkoy A. The handmade
endoloop technique. A simple and cheap technique for laparos-
copic appendectomy. Saudi Med J 2009; 30: 224-227.
Jenwitheesuk K, Chotikawanich E, Saeseow OT, Thanapaisal C,
Punchai S, Paonariang K. Laparoscopic appendectomy: results of
a new technique for stump management. J Med Assoc Thai 2012;
95:57-10.

Colak E, Kement M, Ozlem N, Mutlu T, Yildirim K, Gurer A, et al. A
comparison of nonabsorbable polymeric clips and endoloop li-
gatures for the closure of the appendicular stump in laparoscopic
appendectomy: a prospective, randomized study. Surg Laparosc
Endosc Percutan Tech 2013; 23: 255-258. [CrossRef]

20.

21.

22.

23.

24,

25.

26.

27.

28.

Ulus Cerrahi Derg 2015; 31: 229-31

Ates M, Dirican A, Ince V, Ara C, Isik B, Yilmaz S. Comparison of
intracorporeal knot-tying suture (polyglactin) and titanium en-
doclips in laparoscopic appendiceal stump closure: a prospective
randomized study. Surg Laparosc Endosc Percutan Tech 2012; 22:
226-231. [CrossRef]

Rickert A, Bonninghoff R, Post S, Walz M, Runkel N, Kienle P. Ap-
pendix stump closure with titanium clips in laparoscopic appen-
dectomy. Langenbecks Arch Surg 2012; 397: 327-331. [CrossRef]
Delibegovic S, lljazovic E, Katica M, Koluh A. Tissue reaction to
absorbable endoloop, nonabsorbable titanium staples, and poly-
mer Hem-o-lok clip after laparoscopic appendectomy. JSLS 2011;
15:70-76. [CrossRef]

Partecke LI, Kessler W, Patrzyk M, Heidecke CD, Bernstorff WV.
Comparison among different closure methods of the appendicu-
lar stump in laparoscopic appendectomy. Surg Technol Int 2011;
21:85-91.

Hue CS, Kim JS, Kim KH, Nam SH, Kim KW. The usefulness and
safety of Hem o-lok clips for the closure of appendicular stump
during laparoscopic appendectomy. J Korean Surg Soc 2013; 84:
27-32. [CrossRef]

Arcovedo R, Barrera H, Reyes HS. Securing the appendiceal
stump with the Gea extracorporeal sliding knot during laparos-
copic appendectomy is safe and economical. Surg Endosc 2007;
21:1764-1767. [CrossRef]

Kiudelis M, Ignatavicius P, Zviniene K, Grizas S. Analysis of intra-
corporeal knotting with invaginating suture versus endoloops in
appendiceal stump closure. Wideochir Inne Tech Malo Inwazyjne
2013; 8:69-73. [CrossRef]

Khanna S, Khurana S, Vij S. No clip, no ligature laparoscopic ap-
pendectomy. Surg Laparosc Endosc Percutan Tech 2004; 14: 201-
203. [CrossRef]

Aslan A, Karaveli C, Elpek O. Laparoscopic appendectomy witho-
ut clip or ligature. An experimental study. Surg Endosc 2008; 22:
2084-2087. [CrossRef]

Yang HR, Wang YC, Chung PK, Jeng LB, Chen RJ. Laparoscopic ap-
pendectomy using the LigaSure Vessel Sealing System. J Laparo-
endosc Adv Surg Tech A 2005; 15: 353-356. [CrossRef]

Elemen L, Yazir Y, Tugay M, Akay A, Aydin S, Yanar K, et al. Liga-
Sure compared with ligatures and endoclips in experimental ap-
pendectomy: how safe is it? Pediatr Surg Int 2010; 26: 539-545.
[CrossRef]

Souza LC, Ortega MR, Achar E, Simionato Netto D, Ribeiro Junior
MA. Application of high frequency bipolar electrocoagulation
LigaSure™ in appendix vermiformis of rabbits with or without
acute inflammatory process. Acta Cir Bras 2012; 27: 322-329.
[CrossRef]

231



