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Extracorporeal Loop, Hem-o-Lok Clip,
and Endostapler for Appendiceal Stump
Closure in Laparoscopic Appendectomy
A Retrospective Cohort Study

Sangar Abdullah® |, Giiney Ozkaya' , Adnan Giindogdu' , Mahmut Zenciroglu'
Safiye Figen' , ismail Ege Subas!’

ABSTRACT

Purpose: No consensus exists on the optimal method of appendiceal stump closure during laparoscopic appendectomy.
This study aimed to compare the safety and clinical outcomes of three stump closure methods: loop, Hem-o-lok clip, and
endostapler.

Methods: Medical records of patients who underwent laparoscopic appendectomy for acute appendicitis between May
2023 and March 2025 at a single institution were retrospectively reviewed. Patients were grouped according to the stump
closure method. Demographic data, operative parameters, histopathological findings, 30-day complications (Clavien-
Dindo classification), and late complications were compared among the three groups.

Results: A total of 368 patients were analyzed: loop (n=201), Hem-o-lok clip (n=100), and endostapler (n=67). The
three groups were comparable in terms of demographics and comorbidities. The endostapler group had significantly
larger appendix diameter on computed tomography and more intraoperative abscess findings (p<0.001). The overall 30-
day complication rate was 4.1% (n=15), with no significant difference among the groups (p=0.173). Late complications
beyond 30 days occurred in three patients (0.8%): stump appendicitis in the clip group (n=1) and port-site hernia in the
endostapler group (n=2).

Conclusion: All three stump closure methods were safe and effective, with no significant difference in 30-day complication
rates. Rare late complications were observed and differed in nature between methods. The choice of closure method can
be guided by surgeon preference, intraoperative findings, and cost considerations.

Keywords: Appendectomy, Laparoscopy, Postoperative complications.

O0ZET

Amag: Laparoskopik apendektomide apendiks giidiigiiniin kapatiimasinda optimal yontem konusunda fikir birligi
bulunmamaktadir. Bu ¢alismada ii¢ giidiik kapatma ydnteminin: loop, hem-o-lok klip ve endostapler giivenlidi ve klinik
sonuclarinin karsilastinimasi amaglanmigtir.

Yontem: Mayis 2023 ile Mart 2025 tarihleri arasinda tek merkezde akut apandisit nedeniyle laparoskopik apendektomi
uygulanan hastalarin tibbi kayitlan retrospektif olarak incelendi. Hastalar giidiik kapatma yontemine gore gruplandirildi.
Demografik veriler, operatif parametreler, histopatolojik bulgular, 30 giinlik kemplikasyonlar (Clavien-Dindo siniflamas)
ve ge¢ komplikasyonlar ii¢ grup arasinda kargilastinldi.

Bulgular: Toplam 368 hasta analiz edildi: loop (n=201), Hem-o-lok klip (n=100) ve endostapler (n=67). Ug grup
demografik ozellikler ve komorbiditeler aisindan benzerdi. Endostapler grubunda bilgisayarli tomografide olciilen
apendiks capi ve intraoperatif apse orani anlamli olarak daha yiiksekti (p<0.001). Genel 30 giinliik komplikasyon oran
%4.1 (n=15) olup gruplar arasinda anlamli fark yoktu (p=0.173). Otuz giinii asan ge¢ komplikasyonlar ii¢ hastada (%0.8)
goriildi: klip grubunda giidiik apandisiti (n=1) ve endostapler grubunda port yeri fitigi (n=2).

Sonug: Uc giidiik kapatma yontemi de giivenli ve etkili olup 30 giinliik komplikasyon oranlarinda anlamli fark saptanmad.
Nadir ge¢ komplikasyonlar gozlendi ve yontemler arasinda nitelik agisindan farklilik gosterdi. Kapatma yontemi secimi
cerrah tercihi, intraoperatif bulgular ve maliyet faktdrlerine gore yonlendirilebilir.

Anahtar Kelimeler: Apendektomi, Laparoskopi, Postoperatif komplikasyonlar.
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Appendiceal Stump Closure in Laparoscopic Appendectomy

cute appendicitis is one of the most common
surgical emergencies worldwide, with a

lifetime incidence of approximately 7-8% (1,2).
Appendectomy remains the standard treatment, and since
the first laparoscopic appendectomy described by Semm
in 1983 (3), the laparoscopic approach has become the
preferred method due to its well-documented advantages
including reduced postoperative pain, shorter hospital
stay, fewer wound infections, and faster return to daily
activities (4). Current guidelines recommend laparoscopic
appendectomy as the first-choice surgical treatment for
acute appendicitis (1).

Closure of the appendiceal stump is a critical step during
laparoscopic appendectomy, as inadequate closure can
lead to serious postoperative complications including
stump leakage, intra-abdominal abscess, fistula formation,
and peritonitis (5,6). Various methods have been described
for stump closure, including endoloops, extracorporeal
loops, polymeric clips, titanium clips, intracorporeal
suturing, and endoscopic staplers (5,7,8). Among these,
loop ligation, non-absorbable polymeric clips (Hem-
o-lok), and endostaplers are the most commonly used
techniques in current practice (5,9,10).

Current WSES guidelines recommend endoloops or
polymeric clips for stump closure, reserving endostaplers
for complicated cases (1), yet no consensus exists on
which specific method offers the best outcomes (5,8,11).
Most published studies compare only two methods, and
few three-arm comparisons exist in the literature (9,12).
Furthermore, the majority of studies limit their follow-
up to 30 days and do not report late complications such
as stump appendicitis or port-site hernia (2,3,13). In
addition, the use of handmade extracorporeal loops as an
alternative to commercially available endoloops has been
infrequently evaluated in comparative studies (7). The
aim of this study was to compare the safety and clinical
outcomes of three appendiceal stump closure methods
— extracorporeal loop, Hem-o-lok clip, and endostapler
— in laparoscopic appendectomy at a single institution.

Material and Methods

This retrospective cohort study was conducted at
Sancaktepe Sehit Prof. Dr. ilhan Varank Training and

Research Hospital, Department of General Surgery,
Istanbul, Tirkiye. The medical records of all patients
who underwent laparoscopic appendectomy for acute
appendicitis between May 2023 and March 2025 were
reviewed. The study was approved retrospectively by the
Institutional Ethics Committee (Date: 14.05.2026, Decision
No: E-46059653-050.04-314875725), in
with institutional regulations and the principles of the

accordance

Declaration of Helsinki. Verbal informed consent was
obtained from all patients contacted by telephone.

Between May 2023 and March 2025, 442 patients
underwent laparoscopic appendectomy at our institution.
Patients aged 18 years and older who underwent
laparoscopic appendectomy for acute appendicitis were
included. Exclusion criteria were open appendectomy,
conversion to open surgery, interval appendectomy,
additional concurrent procedures, appendectomy for
reasons other than acute appendicitis (n=2), pregnancy
(n=2), incomplete operative records regarding the stump
closure method (n=30), and patients who could not be
reached for follow-up (n=40). A total of 368 patients who
completed a minimum one-year follow-up were included
in the final analysis. Patients were routinely seen at the
outpatient clinic on postoperative day 10 and at one
month for pathology report review. At one year, patients
were invited for an outpatient clinic visit; those who
attended were assessed clinically, while those who could
not attend were interviewed by telephone.

All patients received a single dose of intravenous cefazolin
as antibiotic prophylaxis prior to surgery. Procedures were
performed under general anesthesia with the patient in
the supine position. The operations were performed by
surgical residents under the supervision of nine senior
general surgeons, each with a minimum of seven years
of experience in general surgery. In technically difficult
cases, the senior surgeon performed the operation
directly. The choice of stump closure method was
determined by the supervising senior surgeon based on
intraoperative findings, and all senior surgeons employed
all three closure techniques. In daily practice, the
endostapler was preferred when the appendiceal base
was wide, edematous, inflamed, or friable and could not
be safely secured by loop or clip, whereas loop ligation
or polymeric clips were used when the appendiceal base
was relatively healthy. Abdominal access was obtained
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infraumbilically using either a Veress needle or the open
Hasson technique, and a pneumoperitoneum of 12-14
mmHg was maintained with carbon dioxide insufflation.
A three-trocar configuration was employed: one 10-mm
camera port at the umbilicus, a 10-mm working port in
the left iliac fossa, and a 5-mm port in the suprapubic
midline. Following exploration of the abdominal cavity,
the mesoappendix was dissected and sealed using
a bipolar vessel-sealing device (LigaSure, Medtronic,
Dublin, Ireland). Once the appendiceal base was fully
skeletonized, stump closure was performed using one of
three methods: an extracorporeally prepared loop with
two 2/0 polyglactin sutures tied as a Roeder knot and
delivered via a knot pusher, double application of non-
absorbable polymeric clips (Hem-o-lok, Weck Surgical
Instruments, Teleflex Medical, Durham, NC, USA), or a
single firing of a linear cutting stapler with purple cartridge
(Endo GIA, Medtronic, Dublin, Ireland). In cases where the
endostapler was used, the 10-mm left iliac fossa port was
replaced with a 12-mm port to accommodate the stapler
device. The specimen was transected distal to the closure
and extracted in a retrieval bag through the 10-mm port.
Drain placement was at the discretion of the operating
surgeon.

Patient data were retrospectively collected from electronic
medical records, operative notes, and pathology reports.
Demographic variables included age, sex, body mass
index, American Society of Anesthesiologists (ASA)
score, and comorbidities. Preoperative data included
ultrasonography and computed tomography findings.
Appendix diameter was measured on computed
tomography, and ultrasonography was recorded as
performed or not performed. Operative variables included
the stump closure method, operation time, intraoperative
findings (normal, perforation, or abscess), and drain
results were classified

placement. Histopathological

as simple appendicitis, phlegmonous appendicitis,
suppurative appendicitis, gangrenous appendicitis, or
perforated appendicitis. Incidental pathological findings
were reported separately. Postoperative complications
within 30 days were graded according to the Clavien-
Dindo classification system (14). Late complications
beyond 30 days were also recorded. All patients had a

minimum follow-up period of one year.

Statistical analyses were performed using SPSS version
25.0 (IBM Corp., Armonk, NY, USA). The normality of
continuous variables was assessed by the Shapiro-Wilk
test. As all continuous variables were non-normally
distributed, they were expressed as median (minimum-
maximum) and compared using the Kruskal-Wallis H test.
When the Kruskal-Wallis test yielded significant results,
post-hoc pairwise comparisons were performed using
the Mann-Whitney U test with Bonferroni correction for
three comparisons. Categorical variables were expressed
as frequency and percentage (n, %) and compared using
the Pearson Chi-square test. When expected cell counts
were below 5, the Fisher-Freeman-Halton test was used.
A two-sided p-value of less than 0.05 was considered
statistically significant. Logistic regression analysis was
not performed due to the low overall complication rate
(15 events across three groups), which did not meet the
minimum of 10 events per variable required for reliable

multivariate modeling.

Results

A total of 368 patients who underwent laparoscopic
appendectomy for acute appendicitis were included in
the study. The appendiceal stump was closed using an
extracorporeal loop with 2/0 polyglactin suture in 201
(54.6%) patients, Hem-o-lok clip in 100 (27.2%) patients,
and endostapler in 67 (18.2%) patients. The choice of
closure method was based on the supervising surgeon’s
intraoperative assessment of the appendiceal base.

The three groups were comparable in terms of baseline
demographics. The median age was 31, 36, and 36 years
for the loop, clip, and endostapler groups, respectively
(p=0.194). There was no significant difference in sex
distribution (p=0.149), BMI (p=0.155), ASA score (p=0.440),
or overall comorbidity rate (16.4%, 13.0%, and 17.9%,
respectively; p=0.646). The most common comorbidities
were hypertension (n=31) and diabetes mellitus (n=16).
Although the overall comorbidity rate was similar across
groups, diabetes mellitus was more frequent in the
endostapler group (11.9%) compared to the loop (3.0%)
and clip (2.0%) groups (p=0.003) (Table 1).
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Table 1. Patient demographics and comorbidities

Variable Loop (n=201) Hem-o-lok (n=100) Endostapler (n=67) Total (n=368) p
Age, median (min-max) 31(17-84) 36 (18-70) 36 (18-79) 33(17-84) 0.194
Sex, male, n (%) 115(57.2) 63 (63.0) 32(47.8) 210(57.1) 0.149
BMI, median (min-max) 26 (18-50) 25 (18-36) 26 (20-38) 26 (18-50) 0.155

ASA score, n (%)
| 119 (59.2) 59 (59.0) 42(62.7) 220(59.8)

Il 78 (38.8) 40 (40.0) 22(32.8) 140 (38.0)
1 4(2.0) 0(0.0) 2(3.0) 6(1.6)
1\ 0(0.0) 1(1.0) 1(1.5) 2(0.5) 0.440

Comorbidity, n (%) 33(16.4) 13(13.0) 12(17.9) 58(15.8) 0.646
HT 19 5 7 31
DM 6 2 8 16
CAD 2 3 3 8
Hypothyroidism 9 1 1 1
Asthma/COPD 4 4 0 8
Renal failure 1 1 0 2
Hyperlipidemia 1 1 1 3

comparison due to small cell sizes.

Continuous variables: median (min-max), Kruskal-Wallis test. Categorical variables: n (%), Chi-square test. Among individual comorbidities, only
diabetes mellitus differed significantly across groups (p=0.003); the remaining comorbidities were reported descriptively without separate statistical

Table 2. Preoperative and operative data

Variable Loop (n=201) Hem-o-lok (n=100) Endostapler (n=67) Total (n=368) P
USG performed, n (%) 5(2.5) 8(8.0) 1(1.5) 14 (3.8) 0.034
CT performed, n (%) 198 (98.5) 100 (100) 66 (98.5) 364 (98.9) 0.470
CT diameter (mm)+ 10 (6-17) 10 (7-20) 12 (8-25)% 10 (6-25) <0.001

Pathology, n (%)

Simple appendicitis 123 (61.2) 67 (67.0) 40 (59.7) 230 (62.5)

Phlegmonous 44 (21.9) 12(12.0) 17 (25.4) 73(19.8)

Suppurative 23(11.4) 13(13.0) 5(7.5) 41(11.1)

Gangrenous 6(3.0) 0(0.0) 1(1.5) 7(1.9)

Perforated 3(1.5) 5(5.0) 3 (4.5) 11 (3.0 0.120
Incidental findings§ 2 3 1 6 -
Intraoperative findings, n (%)

Normal 195 (97.0) 92(92.0) 56 (83.6) 343 (93.2)

Perforation 5(2.5) 6 (6.0) 3(4.5) 14 (3.8)

Abscess 1(0.5) 2(2.0) 8(11.9)l 11 (3.0) <0.001
Operation time (min) 45 (30-80) 45 (34-70) 47 (30-80)1 45 (30-80) 0.009
Drain usage, n (%) 65(32.3) 38(38.0) 32(47.8) 135(36.7) 0.073

Continuous variables: median (min-max), Kruskal-Wallis test. Categorical variables: n (%), Chi-square test. tCT diameter reported for patients who
underwent CT (n=364). £Post-hoc pairwise comparisons: Loop vs Hem-o-lok (adjusted p=0.010), Loop vs Endostapler (adjusted p<0.001), Hem-o-lok

vs Endostapler (adjusted p<0.001). §Incidental findings: 3 neuroendocrine tumors (Hem-o-lok), 1 neuroendocrine tumor 2 mm (loop), 1 mucinous
neoplasm (endostapler), 1 lymphoid hyperplasia (loop). ||Significantly higher than loop group (Bonferroni-corrected p<0.001). 1Significantly longer than
loop group (Bonferroni-corrected p=0.019).
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Computed tomography was performed in 364 (98.9%)
patients. The median appendix diameter on CT was
significantly larger in the endostapler group (12 mm)
compared to the loop (10 mm) and clip (10 mm) groups
(p<0.001), with post-hoc analysis confirming significant
differences for all three pairwise comparisons. The
distribution of pathological findings did not differ
significantly among the groups (p=0.120). Six patients
had incidental pathological findings, including four
neuroendocrine tumors, one mucinous neoplasm,
and one lymphoid hyperplasia. Intraoperative findings
differed significantly (p<0.001): the endostapler group
had a higher proportion of abscess findings (11.9%)
compared to the loop (0.5%) and clip (2.0%) groups. The
median operation time was 45, 45, and 47 minutes for the
loop, clip, and endostapler groups, respectively (p=0.009),
with post-hoc analysis showing a significant difference
only between the loop and endostapler groups (adjusted
p=0.019). Drain usage did not differ significantly among
the groups (p=0.073) (Table 2).

The median hospital stay was 1 day in all three groups;
however, the Kruskal-Wallis test revealed a significant
overall difference (p=0.040), with post-hoc analysis
showing that the endostapler group had a significantly

longer stay than the loop group (adjusted p=0.046). Thirty-
day complications occurred in 15 (4.1%) patients, with
one patient experiencing two concurrent complications:
5 (2.5%) in the loop group, 7 (7.0%) in the clip group, and
3 (4.5%) in the endostapler group, with no statistically
significant difference among the groups (p=0.173). Minor
complications (Clavien-Dindo I-Il) were observed in 11
patients (3.0%) and major complications (Clavien-Dindo
Illa) in 4 patients (1.1%). The most common complication
was wound infection (n=7), followed by intra-abdominal
abscess (n=4), ileus (n=3), and bleeding (n=2). All four
intra-abdominal abscesses required percutaneous
drainage by interventional radiology and occurred in the
loop (n=2) and endostapler (n=2) groups, with none in
the clip group.

Late complications beyond 30 days were observed in 3
(0.8%) patients. One patient in the clip group developed
stump appendicitis at 11 months postoperatively and
underwent reoperation with completion appendectomy.
Two patients in the endostapler group presented
with a symptomatic bulge at the 12-mm port site
and were diagnosed with incisional hernia at 6 and 8
months postoperatively, both repaired by laparoscopic
transabdominal preperitoneal (TAPP) approach (Table 3).

Table 3. Surgical outcomes

Variable Loop (n=201) Hem-o-lok (n=100) Endostapler (n=67) Total (n=368) p
Hospital stay (days) 1(1-9) 1(1-8) 1(1-5)# 1(1-9) 0.040
Clavien-Dindo, n (%)

Grade 0 196 (97.5) 93 (93.0) 64 (95.5) 353(95.9)

Grade | 1(0.5) 3(3.0 1(1.5) 5(1.4)

Gradelll 2(1.0) 4(4.0) 0(0.0) 6(1.6)

Grade llla 2(1.0) 0(0.0) 2(3.0) 4(1.1)
Overall complications 5(2.5) 7(7.0) 3(4.5) 15 (4.1) 0.173
Minor (CD I-1) 3(1.5) 7(7.0) 1(1.5) 11(3.0)
Major (CD = llla) 2(1.0) 0(0.0) 2(3.0) 4(1.1)
Complication types

Wound infection 2 1 7

Intra-abdominal abscess 2 2 4

Bleeding 0 0 2

lleus 2 0 3
Late complications (>30 d) 0 21t 3(0.8) -
CD, Clavien-Dindo classification. #Significantly longer than loop group on post-hoc analysis (Bonferroni-corrected p=0.046). **Stump appendicitis
requiring reoperation. t1Two incisional hernias at 12-mm port site, both requiring surgical repair.
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Discussion

Despite the growing body of literature on appendiceal
stump closure, no consensus exists on the superiority of
any single method. In the present study of 368 patients,
we found no significant difference in the overall 30-
day complication rate among loop, Hem-o-lok clip, and

endostapler groups (2.5%, 7.0%, and 4.5%, respectively;
p=0.173). This finding is in line with the majority of
published studies that have reported equivalent
safety across different closure techniques (9,11,12,15).
Our overall complication rate of 4.1% falls within the
2-8% range reported in comparable series (9,12,13,16)
(Table 4).

Table 4. Comparison with published literature

Study Year | Country N Arms Complication p Key finding

Ergun et al. 2024 Turkey 150 3 4% 0.456 | No difference; Hem-o-lok cheapest.

Swank et al. 2014 | Netherlands 1036 2 CD=3:4.3% 0.314 | Closure not a predictor on multivariate.

Soll et al. 2016 | Switzerland 813 2 Clip 1% vs loop 4% | 0.012 | Clip protective for IAA (OR 0.25).
Marcinkeviciute et al. | 2023 | Lithuania 515 2 No difference NS | Clips safe; lower material cost.

Lee et al. 2023 Korea 150 (RCT) 2 No difference NS | Clip shorter operation time (RCT).

Present study 2026 | Turkey 368 3 41% 0.173 ?::;fi;‘::)‘:dzt:'m comparison with late
IAA, intra-abdominal abscess; CD, Clavien-Dindo classification; NS, not significant; RCT, randomized controlled trial.

An important finding of our study was the significant
difference in disease severity across the three groups.
The endostapler group had a larger median appendix
diameter on CT (12 mm vs 10 mm; p<0.001) and a higher
rate of intraoperative abscess findings (11.9% vs 0.5%
and 2.0% for loop and clip groups, respectively; p<0.001).
This reflects the well-recognized practice of reserving the
stapler for more complicated cases, particularly when
the appendiceal base is inflamed, edematous, or friable
(7,17). Similar selection patterns have been reported
by Kliuchanok et al. (18), who used clips only when the
stump diameter was below 10 mm, and by Ergun et al.
(9), who attributed their higher stapler usage to receiving
complicated referrals. In addition, diabetes mellitus
was more prevalent in the endostapler group, which
is consistent with the tendency for diabetic patients
to present with more advanced appendicitis. Despite
managing more severe cases, the endostapler group in
our study did not demonstrate a higher complication
rate, suggesting that appropriate method selection based
on intraoperative findings is a reasonable approach.
Nevertheless, because the groups were not comparable
in baseline disease severity, this comparison is inherently
confounded, and the absence of a significant difference in
complication rates should not be interpreted as evidence
of true equivalence between the closure methods.
Accordingly, the favorable outcomes observed in the
endostapler group despite greater disease severity should
be regarded as a reflection of appropriate case selection
rather than as evidence of method superiority. Swank et

al. (11) reached the same conclusion in their multivariate
analysis of 1036 patients, where the closure method
was not an independent predictor of postoperative
complications.

The median operation time in our study ranged from
45 to 47 minutes across the three groups, with a
significant difference observed only between the loop
and endostapler groups (adjusted p=0.019). These
operative times are consistent with the literature, where
reported values range from 36 to 95 minutes depending
on the method and institutional practice (9,13,15,16,19).
The slightly longer operation time in the endostapler
group may be attributed to the more advanced disease
in these patients rather than to the closure technique
itself, as Fukuhara et al. (15) demonstrated that increased
manipulation around the cecum to safely fire the stapler
prolongs the procedure, particularly when a rim of
healthy cecum must be included. The median hospital
stay was 1 day across all three groups, which is shorter
than the 2-4 days reported in most European and Asian
series (11,15,16,18). This reflects our institutional practice
of early discharge following uncomplicated laparoscopic
appendectomy, similar to the short stays reported by
Lucchi et al. (19) and White et al. (13).

Wound infection was the most common complication
in our cohort (n=7, 1.9%), followed by intra-abdominal
abscess (n=4, 1.1%). Our intra-abdominal abscess rate is
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consistent with the 1-5% range reported in the literature
(11,12,18). Notably, all four abscesses occurred in the
loop (n=2) and endostapler (n=2) groups, with none
in the clip group. Although this did not reach statistical
significance, the absence of abscess in the clip group is
a finding that has also been observed by Soll et al. (12),
who reported clips as an independent protective factor
against intra-abdominal abscess compared to endoloop
(OR0.25, p=0.008) in their 813-patient cohort. Knight et al.
(8), in a systematic review of 702 patients, also found that
polymeric clips had the lowest complication rate (2.7%)
compared to endoloop (5.0%) and endostapler (5.0%).
The proposed mechanism is the secure locking system of
the polymeric clip, which may reduce mucosal protrusion
and fecal contamination at the stump compared to the
loop technique, where closure depends on the tension
applied by the surgeon (8,12).

In our study, the loop group constituted the largest cohort
(54.6%) and demonstrated the lowest complication rate
among the three groups (2.5%), with a median operation
time comparable to the clip group. Unlike most published
studies that utilize commercially available endoloops
(9,11,12,16), our technique employs handmade
extracorporeal loops with 2/0 polyglactin suture. This
approach has been reported as a safe and practical
alternative that significantly reduces material costs
without compromising outcomes (7). The comparable
complication rate and operation time observed in our
loop group further support the feasibility of this cost-
effective technique in routine clinical practice.

A notable aspect of our study is the reporting of
late complications beyond 30 days, which is lacking
in the majority of published stump closure studies
(11,12,13,15,16,18,19). Soll et al. (12) acknowledged the
limited 30-day follow-up as a limitation of their study,
stating that prolonged observation is necessary to
evaluate the risk of adhesion-related complications from
non-absorbable materials. With a minimum follow-up of
one year, we identified three late complications (0.8%):
one case of stump appendicitis in the clip group requiring
reoperation and two incisional hernias at the 12-mm port
site in the endostapler group, both managed surgically.
Stump appendicitis is a rare but recognized complication
that can occur with any non-invaginating closure method
when residual appendiceal tissue remains proximal to
the cecum. Polymeric clips close at a fixed point, and if
placed too proximally, viable mucosa may remain and
subsequently become inflamed. Although the incidence
in our series was low (1/100, 1%), this finding underscores

theimportance of placing the clip as close to the cecal base
as possible. The two port-site hernias in the endostapler
group are consistent with the known association between
12-mm trocar sites and incisional hernia development,
a disadvantage of the stapler method that has been
reported by Swank et al. (11) and Raki¢ et al. (16). These
findings suggest that while all three methods are equally
safe in terms of early outcomes, rare late complications
may still occur and differ in nature between methods.

Although formal cost analysis was not performed
in the present study, the economic implications of
stump closure method selection are well documented.
Polymeric clips are consistently reported as the cheapest
option, with Knight et al. (8) reporting an average cost
of €20.47 per patient compared to €69.96 for endoloops
and €153.26 for endostaplers. Marcinkeviciute et al. (10)
found an even greater disparity, with clip costs of €7.69
compared to €91-96 for endoloops and €514.50 for
staplers. In our institution, the use of handmade loops
with polyglactin suture further reduces costs compared
to commercial endoloops, as the material cost is limited
to the suture itself. Ergun et al. (9) reported material costs
of $18 for Hem-o-lok clips, $25 for endoloops, and $55 for
endostaplers in a Turkish institutional setting. Given the
absence of significant differences in complication rates,
the selection of the most cost-effective method may be
justified, particularly in resource-limited settings where
healthcare budgets are constrained.

This study has several limitations. First, its retrospective
designandsingle-centernature limitthe generalizability of
the findings. Second, the choice of stump closure method
was based on surgeon preference and intraoperative
assessment rather than randomization, introducing
selection bias. This was evident in the significantly higher
disease severity in the endostapler group. Although
this reflects real-world surgical practice, where method
selection is guided by clinical judgment rather than
protocol (11,15), the resulting baseline imbalance means
that the comparable complication rates across groups
cannot beinterpreted as true equivalence; the more severe
disease in the endostapler group, combined with the low
number of complication events, may have masked real
differences between techniques. In addition, although the
closure method was consistently selected by experienced
senior surgeons who employed all three techniques, the
absence of protocol-based standardization of method
selection represents a potential source of operator-
dependent confounding. Third, the unequal group sizes
(201 vs 100 vs 67) may have reduced the statistical power

Aabadem Univ. Saglik Bilim. Derg. 17 (July, August, September) 2026



Appendiceal Stump Closure in Laparoscopic Appendectomy

to detect small but clinically meaningful differences
between groups. Fourth, with only 15 complication
events across three groups, logistic regression to adjust
for confounders was not feasible. Furthermore, late
complications in patients unable to attend the one-
year visit were assessed by telephone, which may
underestimate asymptomatic events such as port-site
hernias or adhesions. Finally, formal cost analysis was not
performed and will be addressed in a future study. Despite
these limitations, the strengths of our study include the
three-arm comparison design, the use of Clavien-Dindo
classification for standardized complication grading, and
the reporting of late complications with a minimum one-
year follow-up, which has been infrequently reported in
existing literature.

Conclusion

In this retrospective single-center cohort, no statistically
significant  difference  was observed in 30-day
postoperative complication rates among extracorporeal
loop, Hem-o-lok clip, and endostapler closure of the
appendiceal stump during laparoscopic appendectomy.
Although the stapler was preferentially used in patients
with more severe intraoperative findings, outcomes did
not differ across the three methods. However, given
the baseline differences in disease severity and the low
number of events, this finding should be interpreted with
caution rather than as definitive evidence of equivalence.
Rare late complications, including stump appendicitis
after clip closure and port-site hernia after stapler use,
were observed. The choice of closure method can be
guided by surgeon preference, intraoperative findings,
and cost considerations.
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