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Comparison of Stump Closure Methods in Laparoscopic
Appendectomies Performed for Uncomplicated Acute
Appendicitis: A Retrospective Cohort Study

Komplike Olmayan Akut Apandisitte Uygulanan Laparoskopik Apendektomilerde Gidiik
Kapatma Yontemlerinin Karsilastiriimasi: Retrospektif Bir Kohort Galismas

® Elvan Onur Kirimker

Ankara University Faculty of Medicine, Department of General Surgery, Ankara, Turkey

Abstract

Objectives: Laparoscopic appendectomy offering shorter hospital stay and time to work, less postoperative pain and better cosmesis gained
worldwide acceptance and took its place as the standard treatment in the guidelines decades after the first report of laparoscopic appendectomy.
In the present study, relationship between stump closure methods and postoperative infectious complications were analyzed.

Materials and Methods: Laparoscopic appendectomy cases performed for non-complicated acute appendicitis at a university hospital in a ten-year
period were analyzed retrospectively. Three stump closure methods including stapler, polymer clip and intracorporeal knot were compared.
Results: Totally 391 cases were included in the final analysis. Stapler, polymeric clip and intracorporeal knot were used for closure of the stump
in 191 (48.8%), 52 (13.3%) and 148 (37.9%) patients, respectively. Appendix diameter was found larger in the stapler group and smaller in the
intracorporeal knot group. Other preoperative characteristics were similar among the groups. Nine (2.3%) surgical site infections including 2
intraabdominal abscesses were observed. Eight of 9 surgical site infections were observed in the stapler group with odds ratio of 8,699. Postoperative
leucocyte decrease was found to be less frequent and leucocyte decrease was quantitatively less or absent in cases with surgical site infections.
Conclusion: Polymeric clips and intracorporeal knots are the stump closure methods we recommend being preferred over stapler use in cases
of uncomplicated acute appendicitis. The course of the peroperative leukocyte count may be valuable in predicting postoperative surgical site
infections.
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Amac: Daha kisa hastanede kalis siiresi ve daha erken calismaya donls siiresi sunan laparoskopik apendektomi, daha az postoperatif agri ve daha iyi
kozmesis ile dlinya ¢apinda kabul gordii ve ilk laparoskopik apendektomi bildiriminden on yillar sonra kilavuzlarda standart tedavi olarak yerini aldi.
Bu calismada glidik kapatma yontemleri ile postoperatif enfeksiyon komplikasyonlari arasindaki iliski incelenmistir.

Gerec ve Yontem: Komplike olmayan akut apandisit nedeniyle 10 yillik bir siire icinde bir tiniversite hastanesinde gerceklestirilen laparoskopik
apendektomi olgulari retrospektif olarak incelendi. Stapler, polimer klips ve intrakorporeal diigiim dahil olmak lzere ii¢ glidiik kapatma yontemi
karsilastirildi.

Bulgular: Nihai analize toplam 391 olgu dahil edildi. Stapler, polimerik klips ve intrakorporeal digim sirasiyla 191 (%48,8), 52 (%13,3) ve 148 (%37,9)
hastada glidiik kapatilmasi icin kullanildi. Apendiks ¢api stapler grubunda daha biytik, intrakorporeal diigiim grubunda daha kii¢lik bulundu. Diger
preoperatif zellikler gruplar arasinda benzerdi. iki intraabdominal apse dahil olmak iizere 9 (%2,3) cerrahi alan enfeksiyonu gériildii. Dokuz cerrahi
alan enfeksiyonundan 8'i gdrece risk orani 8.699 bulunan stapler grubunda gozlendi. Cerrahi alan enfeksiyonu olan olgularda postoperatif 16kosit
azalmasi daha az siklikta, [6kosit azalmasi ise kantitatif olarak daha az bulundu veya hic olmad.
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Sonug: Polimerik klipsler ve intrakorporeal diiglimler, komplike olmayan akut apandisit olgularinda zimba kullanimina tercih edilmesini 6nerdigimiz
gldiik kapatma ydntemleridir. Peroperatif I6kosit sayisinin seyri, postoperatif cerrahi alan enfeksiyonlarini 6ngérmede degerli olabilir.

Anahtar Kelimeler: Apandisit, Apendektomi, Laparoskopik Cerrahi

Introduction

Multiple treatment options are available in the clinical
management of acute appendicitis such as open surgery,
laparoscopic surgery, single incision laparoscopic surgery,
natural orifice transluminal surgery, endoluminal surgery and
non-operative management (1). Laparoscopic appendectomy
gained worldwide acceptance and took its place as the standard
treatment in the gquidelines decades after first report of
laparoscopic appendectomy (2,3). Laparoscopy offers shorter
hospital stay and time to work, less postoperative pain and better
cosmesis (4). Several methods described for both dissection of
mesoappendix and closure of appendiceal stump. Each of them
was favored in terms of cost, complications and applicability
by surgeons. In the present study relationship between closure
methods and postoperative infectious complications were
analyzed. Since the surgical site infections (SSI) differ between
complicated and non-complicated cases, only laparoscopic
appendectomies for non-complicated acute appendicitis cases
were retrospectively evaluated.

Materials and Methods

This retrospective study was designed in accordance with
Helsinki Declaration and ethical approval was obtained from
Local Ethical Committee for Human Studies with the ethics
approval ID no. 111-710-20. As a local policy, patients were
informed about the procedure and the utilization of anonymized
patient data at the time of admission and while taking their
consents.

Patients that underwent laparoscopic appendectomy for
acute appendicitis between 2010 and 2020 were included into the
present study. Complicated appendicitis including perforation
or abscess formation those were discovered preoperatively or
intraoperatively were excluded. Diagnosis of appendicitis was
confirmed with pathology. Perioperative radiology reports of
ultrasonic examinations, computed tomography scans and
interventions were reviewed. Patient characteristics including
age, gender, comorbidities and perioperative laboratory values
including complete blood count and C-reactive protein (CRP)
levels were obtained from hospital computer database. Operation
reports from hospital computer database were inspected and
stump closure methods and operation durations were recorded.

Readmission of patients were recorded from hospital database.
SSI were retrospectively searched and classified according to SSI
classification of American College of Surgeons (5). Firstly, whole
study population divided into three main groups according to
the method used for appendiceal stump closure specifically
laparoscopic cutting linear stapler closure (stapler group),
simple intracorporeal ligation of root of appendix (knot group)
and closure with polymeric clip (clip group). These three groups
were compared in terms of patient and disease characteristics
and complications as well. Secondarily two groups with respect
to development of SSI were created to evaluate possible risk
factors.

Statistical Analysis

Chi-square test was used to determine relationship between
categorical variables whereas t-test was used to compare
means. Categorical variables were shown with frequencies and
percentages. Continuous variables were shown with mean +
standard deviation. Mann-Whitney U test was performed when
case number of one of compared groups was less than 30 and
continuous variables were shown as median + interquartile

range. Two-sided significance level was chosen as <0.05. SPSS
20.0 (IBM Corp, Armonk, US) was used for statistical analysis.

Totally 399 cases in total with diagnosis of radiologically
and clinically non-complicated and histologically proven acute
appendicitis were collected. After excluding 8 cases in which
two closure methods were used, 391 cases were included in the
final analysis. Basic characteristics, laboratory and radiologic
results and complications of the whole population of the study
were summarized (Table 1). Female gender was constituting
48.3% of the patients and mean age was found to be 34.3+13.8.
Preoperative blood CRP levels and leukocyte counts were found
to be higher than laboratory ranges as expected. Presence of at
least one systemic comorbidity was found to be more frequent
in female gender (31.7% vs. 17.3%, p=0.001) Stapler, polymeric
clip and intracorporeal knot were used for closure of the stump
in 191 (48.8%), 52 (13.3%) and 148 (37.9%) patients respectively.
Patients divided according to stump closure methods used. Each
group was compared with the rest of the study population in
terms of group characteristics and results. Appendix diameter
was found larger in stapler group than in non-stapler group
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(10.04+3.12 vs. 9.05+2.54, p=0.002). Appendix diameter was
found smaller in intracorporeal knot group than group of other
stump closure methods (8.95+2.65 vs. 9.86+2.94, p=0.006).

Table 1: Characteristics and outcomes of whole study cohort
Characteristics

Female 189 (48.3%)

Age 34.31+13.80 (15-78)
38.01+51.91 (0.10-348.2)
12.52+439 (3.05-29.62)
9.51+2.86 (4-24)

Preoperative CRP (mg/L)
Preoperative leukocyte (x10°/L)
Appendix diameter (mm)
Stump closure technique

191 (48.8%)
52 (13.3%)
148 (37.9%)

Stapler
Hemo clip
Intracorporeal knot

Patients having at least one
comorbidity

Postoperative day 1 CRP (mg/L)
Postoperative day 1 leukocyte (x10°/L)

95 (24.3%)

66.27+57.42 (0.1-297.3)
10,940 3789

54 (22.0%)

227 (65.0%)

2.36+1.49 (1-10)

Postoperatively CRP decreased
Postoperatively leukocyte decreased
Postoperative hospital stay

Readmission 32 (8.2%)
Superficial wound infection 7 (1.8%)
Deep wound infection 2 (0.5%)
Postoperative ileus 8 (2.0%)

CRP: C-reactive protein

Table 2: Stapler vs other stump closure methods

Stapler (n=191)

Comparison of polymeric clip with other stump closure methods
revealed no significant difference in terms of preoperative
characteristics and outcomes (Table 2-4).

Totally 9 (2.3%) SSI including 2 intrabdominal abscess
and 7 superficial incision site infections were detected. Deep
SSI was not observed. An analysis was performed to identify
risk factors for developing SSI. Cases with and without SSI
were compared. Female gender was found to be less frequent
in SSI group than non-SSI group (p=0.023). Preoperative CRP
level was found to be higher in SSI group than non-SSI group
(p=0.047). Utilization of stapler was found to increase the risk of
developing SSI 7.7 times (p=0.016). Change in leukocyte count
between preoperative count and postoperative first day count
was found to be significantly different between groups with
and without SSI. Moreover, rate of patients whose leukocyte
count was decreased immediately after operation is lower group
with SSI (22.2 vs. 66.2, p=0.010). Other parameters were similar
between groups with and without SSI (Table 5). No mortality
was seen in the study population during perioperative follow-

up.

Although acute appendicitis has historically been a serious
cause of death due to intra-abdominal sepsis, mortality
is now mostly a matter of debate limited to complicated
appendicitis cases, thanks to diagnostic methods and surgical
advances. Common appendectomy complications may include

Female 94 (49.29%)
Age 35.35+14.11
Preoperative CRP (mg/L) 37.14+50.41
Preoperative leukocyte (x10°/L) 12.98+4.27
Appendix diameter (mm) 10.04+3.12
Patients having at least one comorbidity 44 (23.0%)
Operation duration 39.68+10.05
Postoperative day 1 CRP (mg/L) 68.04+58.04
Postoperative day 1 leukocyte (x10°/L) 11.16+3.57

Postoperatively CRP decreased

Postoperatively leukocyte decreased

30 (20.8%)
115 (68.0%)

Postoperative hospital stay 2.39+1.42
Readmission 19 (9.9%)
Superficial wound infection 6 (3.19%)
Deep wound infection 2 (1.0%)
Wound infection 8 (4.2%)
Postoperative ileus 3 (1.6%)

CRP: C-reactive protein
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Clip or knot (n=200) p

95 (47.5%) 0.734
33.3+£13.46 0.146
39.15+53.97 0.744
12.14+4.49 0.062
9.05+2.54 0.002
51 (25.5%) 0.570
38.70+£10.35 0.356
63.71+56.68 0.551
11.48+3.88 0.272
24 (23.5%) 0.615
112 (62.2%) 0.254
2.34+1.55 0.769
13 (6.5%) 0.214
1 (0.5%) 0.054
0 (0.0%) 0.238
1 (0.5%) 0.015
5 (2.5%) 0.388
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wound infections, postoperative pain and postoperative ileus.
Laparoscopy appendectomy is today's standard approach.
In an article from 2011 in the United States, it was reported
that appendectomy was performed laparoscopically at a rate
of 67% even in complicated cases (6). The visible benefit of
laparoscopic appendectomy is that it provides better cosmesis

Table 3: Intracorporeal knot vs other stump closure methods

Knot (n=148)

Female 70 (47.3%)
Age 33.26+13.61
Preoperative CRP (mg/L) 36.06+54.81
Preoperative leukocyte (x10°/L) 11.93+4.56
Appendix diameter (mm) 8.95+2.65
Patients having at least one comorbidity 38 (25.7%)
Operation duration 38.10+10.16
Postoperative day 1 CRP (mg/L) 64.28+62.45
Postoperative day 1 leukocyte (x10°%/L) 10.43+4.00

Postoperatively CRP decreased

Postoperatively leukocyte decreased

Postoperative hospital stay 2.44+1.64
Readmission 12 (8.1%)
Superficial wound infection 1 (0.7%)
Deep wound infection 0 (0.0%)
Wound infection 1 (0.7%)
Postoperative ileus 3 (2.0%)
CRP: C-reactive protein
Table 4: Polymeric clip vs. other stump closure methods

Clip (n=52)
Female 25 (48.1%)
Age 33.5+13.14
Preoperative CRP (mg/L) 43.69+52.92
Preoperative leukocyte (x10°/L) 12.73+4.27
Appendix diameter (mm) 9.31+2.25
Patients having at least one comorbidity 13 (25.0%)
Operation duration 40.43+10.78
Postoperative day 1 CRP (mg/L) 63.08+50.06
Postoperative day 1 leukocyte (x10°/L) 11.48+3.88

14 (28.6%)
28 (57.1%)

Postoperatively CRP decreased

Postoperatively leukocyte decreased

Postoperative hospital stay 2.06+1.24
Readmission 1 (1.9%)
Superficial wound infection 0 (0.0%)
Deep wound infection 0 (0.0%)
Wound infection 0 (0.0%)
Postoperative ileus 2 (3.8%)

CRP: C-reactive protein

10 (18.9%)
84 (64.1%)

with small incisions. In addition, it has been reported to be
advantageous in terms of postoperative pain, quality of life,
and incision infections (7). In a meta-analysis comparing
laparoscopy and open surgery in perforated appendectomies,
although the mortality rate was lower in LA, intraabdominal
abscess rates were found to be similar. Notwithstanding the fact

Stapler or clip (n=243) p

119 (49.0%) 0.748
34.95+13.91 0.239
38.70+50.97 0.706
12.93+4.26 0.305
9.86+2.94 0.006
57 (23.5%) 0.620
39.83+10.18 0.116
66.83+56.11 0.769
11.23+3.64 0.054
44 (22.8%) 0.540
143 (65.6%) 0.780
2.32+1.39 0.417
20 (8.2%) 0.966
6 (2.5%) 0.261
2 (0.8%) 0.528
8 (3.3%) 0.162
5 (2.1%) 0.644

Stapler or knot (n=339) p

164 (48.4%) 0.968
34.44+13.92 0.649
36.80+51.72 0.390
12.51+4.42 0.742
9.55+2.96 0.593
82 (24.2%) 0.899
39.02+10.1 0.379
67.04+59.12 0.662
10.85+3.77 0.279
10 (18.9%) 0.248
84 (64.1%) 0.390
2.41+1.52 0.112
31 (9.1%) 0.101
7 (2.1%) 0.601
2 (0.6%) 0.579
9 (2.7%) 0.614
6 (1.8%) 0.289
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Table 5: Comparison of characteristics of patients with and without surgical site infection

Surgical site infection developed

No surgical site infection

(n=9) (n=382) p

Female 1 (11.19%) 188 (49.2%) 0.023
Age 21.549 31+20 0.245
Preoperative CRP (mg/L) 49.3+70.55 18.8+50.70 0.047
Preoperative leukocyte (x10°/L) 11.62+6.32 12.16+6.07 0.242
Appendix diameter (mm) 11.5+5.8 9.5+4.5 0.585
Patients having at least one comorbidity 0 (0.0%) 95 (24.9%) 0.079
Stump closure technique

Stapler 8 (88.9%) 183 (47.9%)

Clip 0 52 (13.6%) 0.016
Intracorporeal knot 1 (11.1%) 147 (38.5%)

Operation duration 47.5+16 40+15 0.080
Postoperative day 1 CRP (mg/L) 54.65+99.45 53+73.8 0.405
Postoperative day 1 leukocyte (x10°/L) 12.87+6.23 10.41+4.76 0.639
Postoperative leukocyte decrease -1.47+0.54 1.63+5.34 0.035
Postoperatively CRP decreased 2 (40%) 52 (21.6%) 0.303
Postoperatively leukocyte decreased 2 (22.2%) 225 (66.2%) 0.010

CRP: C-reactive protein

that operation time is longer in LA, the SSI rate was found to
be lower and the hospital stay was shorter (8). In laparoscopic
appendectomy, the appendix root can be closed with various
techniques. We can list these methods as follows: Metal clip,
polymeric clip, stapler, endoloop, intracorporeal ligation, purse
suture (9). Stapler, polymeric clip and intracorporeal ligation
are applied according to the preference of the surgeon in our
clinic. Stapler and polymeric clip application are fast methods
for surgeons at almost every level of skill and experience, but
the ease and duration of intracorporeal ligation of the appendix
root may vary depending on the experience and skill of the
surgeon. Stapler application usually requires the use of a 12 mm
or 15 mm diameter port outside the camera port. Endoloop can
be easily applied by inserting a commercially available knot loop
system into the appendix. Metal clip have a structure that is
more prone to dislocation than polymeric clips, and they may
not be applied to the root of the appendix with the produced
sizes. Among these methods, the cost increase due to stapled
medical device is the most prominent. In a systematic analysis,
average costs were reported as 153 euro for stapler, 20 euro for
polymeric clip and 70 euro for ready endoloop (10). Although
the intracorporeal knot method using 1 polyglactin sold for a
few euros is not expected to create more cost, cost calculations
are not within the scope of this study.

In separate comparisons, it was observed that the diameter
of the preoperative appendix was larger in the stapler group
compared to other stump closure methods. The reason for such
result may be that stapler application is found to be safer and
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more applicable in cases where the appendix is more inflamed,
and the appendix diameter is larger. In cases which appendix
is completely became an infected and partially necrotic tissue,
firing a stapler onto the caecum base would be the only safe
and proper method. It has been reported that the diameter of
the appendix base is associated with perforation and gangrene
in the histological examination results with more complicated
pathologies (11). Although the diameter of the appendix and
the number of leukocytes in the polymeric clip applied cases
were lower than the stapler group, it was not statistically
significant. Since polymeric clip application in appendectomies
started later in our clinic, the number of patients in this group
is less and hence the difference in the means did not reach the
significance level.

Comparing the patients with and without SSI, female
patients were observed less frequently among patients with
infection. Superficial wound infection was not observed in
female patients, however only one deep wound infection has
been reported in both sexes. There was no significant difference
in the preoperative characteristics of male and female patients,
other than the higher frequency of comorbidity in female
patients. In the group with wound infection, preoperative CRP
level was found to be higher than those without. This may
be an indicator of the severity of the disease at the time of
application. It has been reported that the preoperative CRP level
is a factor that increases the length of hospital stay (12).

It was identified that the stump was closed with stapler
in 88.9% of the cases with SSI when the stump closure
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methods of the two groups examined in terms of SSI and
that the stump closure with stapler carries an 8.7-fold risk in
terms of SSI compared to closure with other methods. Such
result demonstrates a 4.2% SSI rate in the stapler group. In a
systematic review published in 2009, no significant difference
was found between stapler and Endoloop in terms of hospital
stay, abscess development, and complication development
(13). In another article comparing stapler, polymeric clip and
invaginating suture, no significant difference was found
between the complications among the 3 methods (9). In another
study, endoscopic stapler and polymeric clip were compared for
246 cases, and as a result, no significant difference was found
in terms of complications and length of hospital stay (14). In
another study comparing endoscopic stapler and polymeric clip,
after propensity score matching, no difference was observed
between stapler and polymeric clip in terms of complication
frequency (15). In a 2017 systematic review, when endoscopic
stapler and tying methods were compared, it was reported that
endoscopic staples were advantageous in terms of superficial
wound infections and postoperative complications compared to
ligation, but the two methods were not superior to each other
in terms of deep wound infections and hospital stay (16). In our
study, larger appendix diameter in patients using staplers may
suggest that staples were used in clinically non-complicated but
more severe cases. However, no significant difference was found
between appendix diameters with respect to the patients who
developed postoperative SSI and those who did not.

Although not among the primary results of the study, the
number of perioperative leukocytes was found to be associated
with the development of SSI. Leukocyte count, which is one of
the preoperative inflammatory markers, is expected to decrease
with the removal of the focus of infection in the postoperative
period. However, this may not occur in every patient. The
patients included in the study were grouped according to
whether their leukocyte count decreased or not the day after
surgery. In addition, the amount of change in the leukocyte
count was also calculated. In 66.2% of the patients who did
not develop SSI postoperatively, the leukocyte count decreased
by an average of 1.63 10°/mm?® the next day whereas in 22.2%
of the patients who developed SSI, the leukocyte change was
1.47 10°lmm®. In the literature review, a report showing the
predictive value of leukocytosis for intraabdominal abscess was
found (17). Evaluation of these parameters in larger patient
populations may be useful for identifying individuals at risk
for wound infection after uncomplicated appendectomies and
for their close postoperative follow-up. On the other hand,
observation of postoperative leukocyte decrease may contribute
to the decision of discharge of patients.

It has been reported in several articles that staples are an
important cost factor although not included within the scope
of this study (18-22). In our country, the purchase prices vary

from hospital to hospital and in time, staples have become
significantly more expensive. The stapler can facilitate the
operation since it allows the user to staple and cut both the
mesoappendix and the appendix at the same time. In addition, a
stapler can be applied to the non-inflamed cecum wall in cases
where the appendix is thick and inflamed. In our case series, only
9 (2.3%) of the SSI count were found. Although the statistical
results were significant, it reduced the sharpness of the results.
In order to overcome this problem, propensity score matching
can be applied in larger series. The absence of wound SSI in
polymeric clip application and the low cost of this application
made this method attractive.

Considering their low cost and low SSI rates, polymeric
clips and intracorporeal knots are the stump closure methods
we recommend to be preferred over stapler use in cases
of uncomplicated acute appendicitis. The course of the
perioperative leukocyte count may be valuable in predicting
postoperative SSI.
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