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ABS TR AC T

Int roduc t ion |  Laparoscopic appendectomy is the treatment of choice 
for appendicitis provided sufficient laparoscopic expertise is available.  
The endostapler possibly provides an easier and safer closure of the appendiceal 
stump, but at greater expense. This study aimed to compare two strategies for 
closure of the appendiceal stump in a large retrospective cohort of patients. 

Met hods |  This study reviewed patients who underwent laparoscopic 
appendectomy for acute appendicitis in three academic hospitals and two 
regional hospitals in The Netherlands during the period 1 January 2007 to 30 June 
2011. The endostapler was routinely used in two hospitals and selectively used in 
the remaining three hospitals. Both strategies were compared for complications 
according to the Clavien–Dindo classification.

Result s  |   A total of 1,036 patients were analyzed according to the strategy 
followed. The 571 patients in the first group were routinely treated with the 
endostapler. For the 465 patients in the second group, the intentional method 
of stump closure was with endoloops. The endostapler was used when 
indicated for 69 of these patients. The patient characteristics did not differ 
between the two groups. The groups also did not differ significantly in number 
of intra- and postoperative complications. In both groups, 4.3 % of the patients 
had complications classified as grade 3 or higher. There were no significant 
differences in the prevalence of intraabdominal abscesses (3.2 % vs. 4.3) or 
wound infections (0.4 and 1.5 %). In a multivariate analysis, the chosen strategy 
 for stump closure was not a significant predictor for postoperative complications.

Conclusion   |  Routine use of the endostapler showed no clinical advantages over 
the use of endoloops with selective endostapler closure. The latter strategy is 
preferable because it is more cost effective. 
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INTRODUC TION

Laparoscopic appendectomy is the treatment of choice for appendicitis 
provided sufficient laparoscopic expertise is available. The known advantages of 
laparoscopic appendectomy are less postoperative pain, shorter hospital stay, 
and fewer wound infections. A significant downside of laparoscopy is the higher 
prevalence of intraabdominal abscesses.1 

Although the surgical technique of laparoscopic appendectomy is well 
established, controversy exists regarding the closure of the stump. In the early 
days, the appendiceal stump was secured using endoloops, whereas some 
clinicians currently advocate routine use of the endostapler. The endostapler 
might be associated with a shorter learning curve, shorter operating time, reduced 
complexity of the procedure, less purulent or fecal spill, and a more secure closure 
of the appendiceal stump at the expense of higher costs.

Endostaplers are expensive and require a disposable 12-mm port for 
their introduction. The extra costs for the use of a stapling device and 
the additional port vary, but can be estimated at €300 (US$380).2,3 Free 
intraperitoneal staples, although usually innocuous, represent a potential  
risk for mechanical bowel obstruction.4,5

The placement of endoloops is theoretically associated with a higher risk of 
surgical-site infections due to fecal contamination. This is partly inevitable 
because cutting of the appendix between loops leaves the mucosa exposed. 
In addition, endoloops require more manipulation of the appendix, and they 
can dislodge from the appendiceal stump. Loops may not be safe for closure if 
the base of the appendix is involved in the inflammation. If loops are too tight,  
they might amputate the stump, predisposing to stump leakage.2   

The Achilles heel of laparoscopic appendectomy is surgical-site infection. The 
prevalence of intraabdominal abscesses (4.2 %) and wound infections (0.5 %) after 
laparoscopic appendectomy is small but significant.1 They can lead to readmission, 
reintervention, additional treatment, and a prolonged hospital stay.

The higher incidence of intraabdominal abscesses observed after laparoscopic 
appendectomy suggests that the method of stump closure might play a 
role. Two metaanalyses regarding this topic concluded that based on four 
small and low-quality randomized trials, only the prevalences of wound 
infection and postoperative ileus were reduced using the endostapler instead  
of endoloops, a remarkable finding.2,6 

According to the presented data of the cited studies, a randomized trial with a 
total group size of at least 1,200 patients would be necessary to assess whether 
securing the appendiceal stump with an endostapler is superior to closure with 
endoloops. Such a randomized trial would be a major and costly effort. 

In the current study, the two strategies of stump closure were assessed 
retrospectively. One strategy involved routine use of the endostapler, whereas 
the other strategy involved routine use of the endoloops with selective use of the 
endostapler. 
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METHODS

This article was drafted according to the STROBE (Strengthening the Reporting 
of Observational Studies in Epidemiology) checklist.7 Five Dutch hospitals 
were selected for their known protocols mandating the routine use of either 
the endostapler or endoloops for laparoscopic appendectomy. The operation 
records from these five hospitals (3 academic and 2 regional hospitals) were 
searched for the operation code term ‘‘appendectomy’’ between 1 January 2007 
and 30 June 2011. All patients 18 years or older who underwent laparoscopic 
appendectomy were included in the study. Patients who had undergone 
open appendectomy were excluded because the method of stump closure is  
different (Fig. 1).

In the aforementioned time frame, the Academic Medical Center used endoloops 
routinely. The Erasmus University Medical Center and the Tergooi Hospitals 
(regional teaching hospital) used the endostapler. The Free University Medical 
Center primarily used endoloops, then switched to routine use of the endostapler 
by September 2009. In the Flevo Hospital (regional nonteaching hospital), the 
standard treatment depended on the surgeon. Four surgeons applied endoloops, 
and the four remaining surgeons routinely used the endostapler.

The patients in this study were analyzed according to the method that was 
standard for the hospital or the surgeon at that time. No national guideline for 
acute appendicitis was available at the time of the study. In The Netherlands, 
complications of surgery are routinely registered according to a nationwide 
format describing the type of complication and its severity. For analysis of 
the  complications, the Clavien–Dindo classification was used to stratify the 
complications in terms of pharmacologic treatment (grade 2); surgical, endoscopic, 
or radiologic reintervention (grade 3), intensive care unit (ICU) management (grade 
4), or death (grade 4). The complications were stratified for a severity of grade 3 
or higher.8

The most commonly used procedure for laparoscopic appendectomy was a three-
trocar technique, with trocar ports placed subumbilically in the left iliac fossa and 
suprapubically. Appendectomy was performed with either the endostapler or 
endoloops depending on the hospital protocol. The mesoappendix was dissected 
from the appendix by coagulation, and the appendicular artery was coagulated, 
clipped, or both. The endostapler was fired at the base of the appendix with blue 
cartridges and a 35- or 45-mm blade.

In case of perforation or necrosis of the appendiceal base or inflammation of 
the cecum, the stapler was fired taking a rim of healthy cecum. In the endoloops 
group, the loops were placed over the base of the appendix, and the appendix was 
dissected between the loops. The use of one or two proximal loops and one distal 
loop was the standard approach.

The indications for use of the endostapler in the endoloops hospitals were 
perforation or necrosis of the appendiceal base and a broad-based appendix. The 
appendix was removed through a trocar or in an endobag through a port site. Local 
suction and lavage of abdominal fluids were performed when cloudy or purulent 
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fluids were present in the abdomen. A fascia of port sites larger than 10 mm was 
routinely closed. The skin incisions were routinely closed with intracutaneous 
resorbable sutures.

One dose of antibiotics was administered to all patients intraoperatively. 
Postoperatively, antibiotics were administered when a necrotic or perforated 
appendix was found. The most common postoperative regimen was a combination 
of cefuroxime and metronidazole, administered  intravenously for 3–5 days.

After discharge, all patients were scheduled for a visit at the outpatient department 
within 2 weeks postoperatively. In case of an uneventful recovery, the patients were 
discharged from further follow-up evaluation.

All operation records were specifically evaluated for the type of stump closure 
and other variations to the standard technique described earlier. The primary 
outcome parameters were prevalence of intraabdominal abscesses and wound 
infections. The secondary outcome parameters were all intra- and postoperative 
complications, duration of the operation, hospital stay, ICU admission, and 
readmission to the hospital. Patient data, operation records, outcome data, and 
the pathology report were retrieved from the medical files.

Statistical analysis was performed with IBM SPSS for Windows, version 20.0 (IBM 
SPSS, Chicago, IL, USA). The Pearson Chi square test, Fisher’s exact test, and the 
Mann–Whitney U test were applied when applicable.

Regression analysis was performed with both uni-multivariate analysis using 
a p value of 0.20 as a cutoff point for significant variables in univariate analysis. 
Confidence intervals represent 95 % confidence.

FIGURE 1 Flowchart of inclusion
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RESULTS

During the period 1 January 2007 to 30 June 2011, 2,095 patients underwent 
appendectomy at the five participating hospitals. For 932 patients, appendectomy 
was performed using an open procedure (44%). The study excluded 127 
laparoscopic appendectomies because the method of stump closure was unclear 
(n = 67), the procedure had been elective (n = 40), the appendectomy had been 
incidental during a larger procedure (n = 14), or the appendicitis was secondary to 
an adjacent inflammatory process (n = 6).

The study included 1,036 patients (Fig. 1). These patients were assigned to two 
groups according to the strategy of stump closure. For 571 patients (55 %), 
appendectomy was routinely performed with the use of an endostapler, whereas 
for 465 patients (45 %), endoloops were used routinely to secure the stump. The 
endostapler was used when indicated for 69 patients (15 %) in this group.

The reported reasons for conversion from endoloops to the endostapler 
were inflammation of the appendiceal base (30 patients), perforation of 
the base (11 patients), retrograde removal due to inflammatory mass of the 
appendix (9 patients), and dislodgement of the endoloops (4 patients). For 15 
patients, the reason for conversion to use of the endostapler was not stated. 
   

Strategy with routine 
endostapler 
(n = 571) n (%)

Strategy with routine 
endoloops 
(n = 465) n (%)

p value

Male/female ratio 276 (48)/295 202 (43)/263 0.118

Age (median) 36 34 0.077

Comorbidities 96 (17) 91 (20) 0.257

Prior abdominal 
surgery 51 (9) 71 (15) 0.002

Distribution of 
patients

Academic Medical 
Centre

Flevo Hospital

VU Medical Center

Erasmus Medical 
Center

Tergooi Hospitals

 
8 (3)

 
57 (36)

94 (48)

78 (88)

 
334 (96)

 
234 (97)

 
103 (64)

104 (53)

11 (12)

 
13 (4)

TABLE 1 Demographic data
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TABLE 2 Operative characteristics

*g value with exclusion of unkown cases

Strategy with routine 
endostapler 
(n = 571) n (%)

Strategy with  
routine endoloops 
(n = 465) n (%)

p value

Median operative time (min) 58 60 0.297

Surgical staff  
    Consultant with trainee 
    Trainee supervised by consultant 
    Consultant only 
    Trainee with trainee 
    Trainee only 

 
28 (4.9) 
294 (51.5) 
125 (21.9) 
89 (15.6) 
35 (6.1)

 
19 (4.1) 
77 (16.6) 
122 (26.2) 
139 (29.9) 
108 (23.2)

0.000

Abdominal pus  
    No pus 
    Localised  
    Diffuse   
    Unknown

 
462 (80.9) 
93 (16.3) 
16 (2.8) 
0

 
344 (74.0) 
88 (18.9) 
10 (2.2) 
23 (4.9) 

0.300

Histopathology  
    Normal 
    Acute/flegmonous inflammation  
    Necrotic inflammation 
    Other pathology 

 
11 (1.9) 
447 (78.3) 
84 (14.7) 
29 (5.1)

 
29 (6.2) 
342 (73.5) 
72 (15.5) 
22 (4.7)

0.004

Perforation intraoperatively 
    No perforation  
    Perforation  
    Perforation at time of removal  
    Unknown 

 
488 (85.5) 
53 (9.3) 
21 (3.7) 
9 (1.6) 

 
387 (83.2) 
32 (6.9) 
21 (4.5) 
25 (5.4) 

0.364*

Specimen extraction 
    Through trocar 
    Through skin (endobag) 
    Unknown

 
216 (37.8) 
316 (55.3) 
39 (6.8)

 
176 (37.8) 
227 (48.8) 
62 (13.3)

0.350*

Intraoperative complications 
   Bleeding appendicular artery 
    Trocar site bleeding  
    Organ lesion 

 
37 (6.5) 
13 (2.3) 
7 (1.2)

 
19 (4.1) 
6 (1.3)  
6 (1.3)

 
0.098 
0.352 
1.000

Postoperative antibiotics  
    None 
    1 day 
    >1 day 
    Unknown

 
226 (39.6) 
147 (25.7) 
125 (21.9) 
73 (12.8)

 
323 (69.5) 
22 (4.7) 
94 (20.2) 
26 (5.6) 

0.000
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The two groups did not differ significantly in terms of sex, age, or comorbidities 
(Table 1). However, more patients in the endoloops groups had undergone 
prior abdominal surgery. This could have been due to a more complete 
surgical history in the electronic patient files of the Academic Medical Centre 
at the time of the research or to the treatment of more complex patients in 
the academic medical centers, two of which applied endoloops routinely. 

Strategy with routine 
endostapler 
(n = 571) n (%)

Strategy with routine 
endoloops 
(n = 465) n (%)

p 
value 

Admission (days)

     Mean

     Median 

3.1

2

3.3

2

0.166

0.173

Clavien–Dindo 
classification

     0-1

     2

     3-5

 
422 (74)

124 (22)

25 (4.3)

 
360 (77)

85 (18)

20 (4.3)

 
 
 
 
0.314 
 

ICU admission 3 (0.5) 5 (1.1) 0.479

Readmission 26 (4.6) 27 (5.8) 0.396

Postoperative bleeding 10 (1.8) 4 (0.9) 0.283

Intraabdominal abscess 17 (3.0) 20 (4.3) 0.313

Wound infection 2 (0.4) 7 (1.5) 0.087

Paralytic ileus 14 (2.5) 10 (2.2) 0.837

Trocar-site hernia 5 (0.9) 4 (0.9) 1.000
Diagnostic measures 

     CT

     Ultrasound 

34 (6.0)

45 (7.9)

34 (7.3)

44 (9.5)

0.381

0.375

TABLE 3 Outcomes
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In the majority of the appendectomies, a trainee was the principal surgeon, but 
significantly more often in the endoloops group (Table 2). The histopathologic 
diagnoses and the numbers of perforated appendicitis were equally distributed 
between the two groups, but the endoloops group had 4.3 % more normal 
appendectomy specimens (Table 2).

The median operative time did not differ significantly between the endostapler 
and endoloops groups (Table 2). The prevalence of intraoperative complications 
also did not differ significantly between the two groups. Bleeding of the 
appendicular artery, trocar-site bleeding, serosal injury (0.7 vs. 1.1 %; p = 0.525) 
and cecal perforation (0.5 vs. 0.2 %; p = 0.632) occurred in both groups (Table 
2). Endostapler- related complications included nonfunctioning of the endostapler 
for 18 patients (3.2 %), bleeding of the stapled appendiceal stump (1.2 %), and 
purulent spill at the time of stapling (0.5 %). For one patient, the appendectomy was 
converted because the stapled appendiceal stump appeared to be insufficient. In 
the endoloops group, the recorded complications were purulent or fecal spill at 
the time of appendix dissection (3.4 %), insufficient closure of the stump requiring 
laparoscopic suturing (1.3 %), and dislodgement of the endoloops (0.9 %).

Postoperative antibiotics were administered for 3–5 days at all the hospitals in case 
of purulent peritonitis, perforation of the appendix, or rupture of the appendix 
intraabdominally. A difference in the antibiotic regimen was caused by the 
routine administration of antibiotics for 1 day postoperatively to all patients with 
nonpurulent, nonperforated appendicitis at one of the hospitals that applied the 
endostapler.

The two strategies did not differ significantly in numbers of complications (p = 
0.314) shown in stratification with the Clavien–Dindo classification. In both groups, 
4.3 % of the patients had complications that needed reintervention, required ICU 
admission, or led to death.

Readmission was recorded for 4.6 and 5.8 % of the patients (p = 0.396, Table 3). 
The most common reason for readmission was the presence of an intraabdominal 
abscess. The endoloops group had a slightly higher rate of intraabdominal 
abscesses (3.2 vs. 4.3 %; p = 0.406) and wound infections (0.4 vs. 1.5 %; p = 0.087), 
but the difference was not significant. The two groups also showed no significant 
difference in the prevalence of postoperative paralytic ileus (2.5 vs. 2.2 %; p = 
0.837) or trocar-site hernia (0.9 vs. 0.9 %; p = 0.979). In both groups, 14 patients 
underwent percutaneous drainage of an intraabdominal abscess (2.5 vs. 3.0 %; p 
= 0.701).

Subgroup analysis of the patients who underwent conversion from endoloops to 
endostapler (n = 69) showed a more complicated postoperative course. Five patients 
(7.2 %) were readmitted; frequent complications in the converted group were 
intraabdominal abscesses (10.1 %), wound infections (4.3 %) and paralytic ileus (2.8 %). 
The subgroup analysis for either perforated or nonperforated appendicitis did not 
show any significant differences in the prevalence of complications. Subgroup analysis, 
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Strategy with routine 
endostapler n (%)

Strategy with routine 
endoloops n (%)

p 
value

Clavien–Dindo 
classification

Leaving out VUmc, total
     0-1
     2
     3-5

447
357 (74.8)
99 (20.8)
17 (4.7)

361
277 (76.7)
67 (18.6)
21 (4.4)

0.868

Leaving out Tergooi, total
     0-1
     2
     3-5

237
165 (69.6)
60 (25.3)
12 (5.1)

452
350 (77.4)
83 (18.4)
19 (4.2)

0.699

Leaving out Flevo, total
     0-1
     2
     3-5

514
381 (74.1)
112 (21.8)
21 (4.1)

362
282 (77.9)
70 (19.3)
10 (2.8)

0.355

Leaving out Erasmus, total
     0-1
     2
     3-5

493
370 (75.1)
102 (20.7)
21 (4.3)

454
351 (77.3)
84 (18.5)
19 (4.2)

1.000

Leaving out AMC, total
     0-1
     2
     3-5

563
415 (73.7)
123 (21.8)
25 (4.4)

231
180 (77.9)
36 (15.6)
15 (6.5)

0.283

TABLE 4 Outcome in Clavien–Dindo classification with one hospital left out
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OR (95 % CI) p value

Male gender 1.122 (0.617–2.040) 0.705

Median age (years) 1.007 (0.988–1.027) 0.455

Comorbidity 1.908 (0.981–3.709) 0.057

Prior abdominal surgery 1.160 (0.481–2.801) 0.741

Consultant present 1.763 (0.883–3.523) 0.108

Duration of operation (min) 1.000 (0.988–1.012) 0.961

Method of first trocar insertion
     Open method
     Closed method

0.479 (0.141–1.634)
0.785 (0.193–3.203)

0.294
0.240
0.736

Strategy with endostapler
only at indication 0.982 (0.538–1.791) 0.952

Use of endostapler
     Routine
     At indication

1.349 (0.681–2.670)
3.326 (1.277–8.663)

0.046
0.390
0.014

Peritonitisa

     Localized pus

     Generalized pus

3.529 (1.844–6.754)

6.190 (1.973–19.416)

0.000

0.000

0.002

Appendiceal perforationb

   Appendix perforated preoperatively

   Appendix perforated intraoperatively

4.795 (2.348–9.793)

1.459 (0.336–6.329)

0.000

0.000

0.614

Postoperative antibioticsc

     1 day

  >1 day

1.518 (0.568–4.056)

4.144 (2.023–8.487)

0.001

0.406

0.000

Histopathologic conclusiond

     Flegmonous inflammation

     Gangrenous inflammation

1.276 (0.169–9.664)

5.087 (0.658–39.310)

0.000

0.813

0.119

TABLE 5 Variables in univariate analysis outcome: Clavien-Dindo higher than 2a

OR odds ratio, CI confidence interval
The parameter ‘‘preoperative antibiotics’’ is not analyzed due to lack of data on this parameter
a For 23 patients, it was not reported whether abdominal pus or peritonitis was found. b For 34 patients, it was 
not reported whether the appendix was perforated pre- or intraoperatively. c For 99 patients, it was not reported 
whether postoperative antibiotics were administered. d For 51 patients, it was not reported whether the histopa-
thologist diagnosed flegmonous or  gangrenous inflammation
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by restricting the analyses to only four of the five hospitals, supported the results. 
Four of five analyses showed a nonsignificant more favorable outcome for the 
endoloops groups in a comparison of the Clavien–Dindo scores higher than 2. 
When the fifth analysis left out the Academic Medical Centre, the result showed a 
nonsignificant favorable outcome for the endostapler group (p = 0.283) (Table 4).

A regression analysis was performed to determine risk factors for postoperative 
complications with a severity greater than 2 according to the Clavien–Dindo 
classification. The univariate analysis showed that comorbidity, the presence of a 
consultant, localized or generalized intraabdominal pus, use of the endostapler 
when indicated, appendiceal perforation, gangrenous inflammation, and 
postoperative antibiotics received for more than 1 day were significant univariate 
predictors (p < 0.20, Table 5).

 
DISCUSSION

The routine use of endoloops for securing the appendiceal stump in laparoscopic 
appendectomy does not lead to more severe complications than the routine use 
of an endostapler. No significant differences were found for operative time or 
complications, whether intra- or postoperative. We therefore concluded that the 
higher costs for routine use of the endostapler might not be justified in the light 
of its clinical benefits. A selective use of the endostapler for inflammation or for 
perforation of the appendiceal base or cecum did not show outcomes that differed 
from those with routine use. 

In The Netherlands, 16,000 appendectomies are performed annually. A strategy 
of selective endostapler use would save health care ~4.1 million euros annually. 
This study included patients who underwent surgery with either the endostapler 
or endoloops based on the hospital protocol or personal surgical preference. 
Conversions to open surgery were excluded from the study. Laparoscopic 
appendectomy converted to an open procedure is most likely caused either by 
inability to locate the appendix or by inability to mobilize an appendiceal mass. 
Conversion is not likely related to the method of stump closure. Conversion due to 
an insufficiently stapled appendiceal stump occurred with only one patient.

This study had several limitations. Due to the retrospective nature of the analysis, 
complications may have been underreported. Particularly wound infections 
might have been underreported because only two cases of wound infection were 
recorded in the endostapler group. However, the prevalence of wound infection in 
the endoloops group (1.5 %) was higher than the prevalence in the latest Cochrane 
metaanalysis on this subject.1 For all the other complications, the patients were 
routinely seen once after discharge, and outpatient medical records were included 
in this study. Drainage of intraabdominal abscesses or small bowel obstructions 
require readmission and therefore are always reported.

In the endostapler group, more patients underwent their operations in the 
presence of a consultant. According to the multivariate analysis, the presence of 
a consultant was a significant predictor for complications, a remarkable finding 
that probably is due to a higher-risk mix of patients who required more surgical 
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expertise. Further on, more normal appendices were resected in the endoloops 
group, thereby biasing the outcome of appendectomy in favor of this group. 
However, the histopathologic diagnosis was not correlated with the prevalence 
of intraabdominal abscesses in the multivariate analysis. More antibiotics were 
administered in the endostapler group, causing a possible bias in favor of the 
endostapler group. There was no standard nationwide regimen for the antibiotic 
treatment of a perforated appendix at that time. Using multivariate analysis, we 
corrected for the postoperative administration of antibiotics.

A nonstatistical difference is no demonstration of equivalence. Beldi et al.3 
published a large prospective nonrandomized series on this subject in 2006. In 
their study, they presented a lower prevalence of intraabdominal abscesses in the 
endostapler group, but the difference was not significant. The operative time in 
their series was 1.7 min shorter in the endostapler group, which is comparable 
with our findings. A subgroup analysis of the patients with acute nonperforated 
appendicitis showed a significant decrease in the prevalence of intraabdominal 
abscesses favoring the endostapler group in their study. In contrast, Sahm et 
al.9 found a lower prevalence of intraabdominal abscesses (1.6 %) after the use 
of endoloops in a retrospective series (n = 1,790), but appendectomy with the 
endostapler was performed for only 46 patients in their series.

The current study aimed to include 600 patients in both strategy groups to find 
a significant 4 % reduction in a combined end point of abdominal abscesses 
and wound infections after routine use of the endostapler. Because we were 
unable to include 1,200 patients, the small decrease in the prevalence of 
abdominal abscesses and wound infections, as presented in this study, has 
insufficient power. However, drafting a study that can show such a significant 
reduction will be a major and costly effort. Based on the data presented in this 
study, more than 6,000 patients might need to be included in such a study (a = 
0.05, b = 0.20). This large number indicates that routine use of the endostapler 
may not lead to a cost-effective practice. Although use of the endostapler might 
be associated with a negligibly better clinical outcome, the higher costs do not 
justify its use in all comers.
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