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ABS TR AC T

Background | The most appropriate closure for the appendicular stump with 
either endoloops or an endostapler in laparoscopic appendectomy remains un-
clear and under debate because of limited and conflicting evidence.

Methods | In a 2-month prospective, observational, resident-led nationwide co-
hort study, patients undergoing laparoscopic appendectomy for both uncompli-
cated and complicated appendicitis were analyzed. Logistic regression analyses 
were performed for identifying the possible effect of stump closure type and oth-
er risk factors for infectious complications.

Results | Laparoscopic appendectomy for acute appendicitis was performed in 
1369 patients in 62 hospitals; endoloops were used in 76.7% and an endostapler 
in other patients. Median operating time was not different between endoloop 
and endostapler use (42.0 versus 44.0 minutes, P=0.243). A superficial surgical 
site infection was seen in 2.0% after uncomplicated appendicitis and in 0.8% af-
ter complicated appendicitis. The intra-abdominal abscess rate was 1.9% after 
uncomplicated and 11.0% after complicated appendicitis. No significant effect of 
stump closure type was observed for any infectious complication (OR 0.95; 95% 
CI 0.566-1.600, P=0.853) or an intra-abdominal abscess (OR 1.04; 95% CI 0.566-
1.913, P=0.899). In multivariable analysis complicated appendicitis was identified 
as the only independent risk factor for an infectious complication (OR 3.20; 95% 
CI 1.994-5.145, P<0.001).

Conclusions | The infectious complication rate is not influenced by the type of 
appendicular stump closure with either endoloops or an endostapler in this study. 
If technically feasible, closure with endoloops is advised for cost considerations.



169

Endoloops or endostapler use in laparoscopic appendectomy for acute uncomplicated and complicated appendicitis

INTRODUC TION

Acute appendicitis is increasingly treated laparoscopically because of faster re-
covery, less pain and fewer wound infections compared to open surgery1. The 
type of appendix stump closure is the most discussed technical part of a laparo-
scopic appendectomy because this is believed to possibly affect the outcome in 
terms of infectious complications. However, this topic is not reflected by substan-
tial evidence in literature and studies draw conflicting conclusions2,3. The most 
appropriate closure type is therefore still under debate and both endoloops and 
an endostapler device are used in current practice to close the appendix stump. 
The most frequent complications after laparoscopic appendectomy are of an in-
fectious origin, mainly the formation of an intra-abdominal abscess1. This compli-
cation has significant clinical implications because often a re-intervention or re-
admission is necessary. The type of appendix stump closure has never proven to 
influence this complication2-4. In practice there is often a default choice of stump 
closure type for a surgeon or surgical department using either endoloops or an 
endostapler. A nationwide prospective audit in the Netherlands was performed 
to investigate outcome of surgery for acute appendicitis. The objective of this 
study is to compare the use of endoloops and endostapler and to analyze the 
possible effect of stump closure on the infectious complication rate.

 
MATERIAL S AND METHODS

The ‘strengthening the reporting of observational studies in epidemiology’ 
(STROBE) statement was used in the study design and for preparing the manu-
script5. The medical ethics committee of the Academic Medical Centre in Amster-
dam approved the study design and judged that informed consent from patients 
was not necessary because of the observational study design with no additional 
burden for the patient.

Study design | A resident-led prospective observational cohort study was con-
ducted in 62 Dutch hospitals including all consecutive patients that underwent 
surgery for suspected acute appendicitis between the first of June and the end 
of July 2014, preceded by a pilot phase in 8 hospitals in the month May 2014. All 
patients were treated according to the local hospital protocol that was based on 
the Dutch guideline for appendicitis6. One local investigator was responsible for 
identifying patients and collecting the data that was entered anonymized into an 
electronic database. In this analysis only patients that underwent a laparoscopic 
appendectomy for acute appendicitis were included. Primary outcome was the 
occurrence of an infectious complication after appendix stump closure with either 
endoloops or an endostapler in patients with uncomplicated and complicated 
appendicitis. To identify in and out of hospital complications during a 30-day fol-
low-up, the electronic patient database system was checked to monitor visits at 
the emergency department, postoperative imaging or intervention, unscheduled 
outpatient clinic visits and hospital readmission. 
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Complicated appendicitis and appendix stump closure  | Complicated appen-
dicitis was defined as necrosis or perforation of the appendix; all other cases with 
acute appendicitis were determined as uncomplicated appendicitis. The local 
surgeon decided on the use of endoloops or endostapler, although some hospi-
tals (n=6) routinely used an endostapler in all patients. The number of loops used 
per appendix stump was registered. The type of endostapler that was used in 
hospitals that routinely used an endostapler was Endo GIATM Tri-Staple Technol-
ogy with purple or tan reload (Covidien) or Endopath ETS Linear Cutter with blue 
reload (Ethicon). 

Infectious complications | An infectious complication was defined as a superfi-
cial surgical site infection or an intra-abdominal abscess. Superficial surgical site 
infection was recorded when administration of antibiotics, opening of the incision 
or both was necessary. An intra-abdominal abscess was defined as a postoper-
ative intra-abdominal fluid collection diagnosed by cross sectional imaging for 
which administration of antibiotics or a radiological or surgical intervention was 
needed.

Statistical analysis | Dichotomous outcomes were compared using the χ2 test 
or Fisher’s exact test where appropriate and comparisons of non-parametric out-
come (medians) were calculated with the Mann-Whitney U test. Odds ratios (OR) 
and 95% confidence intervals (CI) were calculated using logistic regression analy-
sis for comparing infectious complications after use of endoloops or endostapler 
in laparoscopic appendectomy. A multivariable logistic regression model was 
built for variables with P<0.200 in univariable analysis or selected out of special 
interest (i.e. type of stump closure and complicated appendicitis or not). P < 0.050 
was considered statistically significant.

Statistical analyses were performed using SPSS® version 21 (IBM, Armonk, New 
York, USA). 

 
RESULTS

Included patients | A total of 1975 patients underwent surgery for suspected 
acute appendicitis in 62 Dutch hospitals in the 2-month study period (3-months 
in pilot centers). Among the participating hospitals were all academic teaching 
hospitals (n=8), 84% of the community teaching hospitals (n=38) and 41% of the 
community non-teaching hospitals (n=16). The laparoscopic approach was used 
in 1415 patients (74.4%) with acute appendicitis, conversion rate was 3.3%. A total 
of 1369 patients underwent a laparoscopic appendectomy, 70.7% of these had 
uncomplicated and 29.3% complicated appendicitis (necrosis or perforation of 
the appendix).

Endoloops and endostapler use |  In 1050 patients (76.7%) endoloops were used 
and in 318 patients (23.2%) an endostapler was used to close the appendiceal 
stump. In 1 patient the type of stump closure could not be retrieved. An endos-
tapler was routinely used in 6 hospitals (n=153) or only on the surgeon’s request 
at the other hospitals in 165 patients (13.7% endostapler use in these hospitals). 
In case of the latter, the use of an endostapler was associated with presence of 
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Total 
n=968

Endoloops 
n=786

Endosta-
pler 
n=182

P*

Age (years, median) 
      adult (≥18 years) 
      child (<18 years)

28.0 
739 (76.3) 
229 (23.7)

27.0 
587 (79.4) 
199 (86.9)

32.0 
152 (20.6) 
30 (13.1)

0.006# 

0.012

Sex 
      male 
      female

 
447 (46.2) 
521 (53.8)

 
355 (45.2) 
431 (54.8)

 
92 (50.5) 
90 (49.5)

 
0.216

ASA classification 
      1 or 2 
      3 or 4

 
950 (98.1) 
18 (1.9)

 
775 (98.6) 
11 (1.4)

 
175 (96.2) 
7 (3.8)

 
0.059

Pre-operative imaging result 
      uncomplicated 
      complicated 
      no diagnosis 
      missing

 
847 (88.0) 
59 (6.1) 
57 (5.9) 
5

 
693 (88.4) 
45 (5.7) 
46 (5.9)

 
154 (86.0) 
14 (7.8) 
11 (6.1)

 
0.565

Operator 
      consultant or resident under supervision 
      resident without supervising consultant

 
773 (79.9) 
195 (20.1)

 
631 (80.3) 
155 (19.7)

 
142 (78.0) 
40 (22.0)

 
0.538

Operating time 
      minutes, median 
      daytime (8.00-18.00 hours) 
      ‘on call’ hours (18.00-8.00 hours) 
      missing

 
40.0 
461 (48.0) 
499 (52.0) 
8

 
40.0 
365 (46.9) 
413 (53.1)

 
38.0 
96 (52.7) 
86 (47.3)

 
0.185# 

0.162

Histology 
      uncomplicated 
      complicated (necrosis or perforation)

 
904 (93.4) 
64 (6.6)

 
734 (93.4) 
52 (6.6)

 
170 (93.4) 
12 (6.6)

 
1.000

Hospital stay (days, median) 2.0 2.0 2.0 0.347#

Surgical site infection 19 (2.0) 14 (1.8) 5 (2.7) 0.378

Intra-abdominal abscess 18 (1.9) 17 (2.2) 1 (0.5) 0.223

Readmission 46 (4.8) 39 (5.0) 7 (3.8) 0.699

TABLE 1 demographics and surgical outcome of patients undergoing laparoscopic 
appendectomy for acute uncomplicated appendicitis with endoloops or an endostapler

Values in parentheses are percentages

*χ2 test or Fisher’s Exact Test where appropriate except #Mann-Whitney U test

ASA: American Society of Anesthesiologists
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complicated appendicitis (25.4% complicated appendicitis in endoloop use ver-
sus 54.5% complicated appendicitis in endostapler use, P<0.001). When using en-
doloops, 2 proximal loops were placed in 54.1% of patients with uncomplicated 
and in 50.2% with complicated appendicitis (P=0.283). 

Demographics and surgical details of patients with uncomplicated appendicitis 
are displayed in Table 1 and patients with complicated appendicitis in table 2. Me-
dian operating time was not different between endoloop or endostapler use (42.0 
versus 44.0 minutes, P=0.243), both in uncomplicated (Table 1) and complicated 
appendicitis (Table 2).

Infectious complications  | After laparoscopic appendectomy for uncomplicat-
ed appendicitis a superficial surgical site infection was recorded in 2.0% of the 
patients and an intra-abdominal abscess was seen in 1.9% of the patients. The 
median hospital stay in this group was 2.0 days. In patients with complicated ap-
pendicitis superficial surgical site infections rate was 0.8% and intra-abdominal 
abscess rate was 11.0%. The median hospital stay in patients with complicated ap-
pendicitis was 4.0 days. Infectious complications after endoloop and endostapler 
use in uncomplicated and complicated appendicitis are shown in tables 1 and 2. 
Both univariable and multivariable regression analyses showed no difference be-
tween endoloop versus endostapler use in developing infectious complications 
after laparoscopic appendectomy (Table 3). Complicated appendicitis was the 
only significant independent risk factor for developing an infectious complication 
in multivariable regression (Table 3).

Routine endoloop or endostapler use  | Because endostapler use was asso-
ciated with complicated appendicitis in hospitals that predominantly used en-
doloops, a sensitivity analysis was performed for patients in whom an endoloop 
or endostapler was routinely used (1040 endoloop patients in endoloop hospitals 
versus 153 endostapler patients in endostapler hospitals). Also then, no signifi-
cant difference was seen between endoloops or endostapler use in developing 
any infectious complication (OR 1.91; 95% CI 0.756-4.828, P=0.171) or an intra-ab-
dominal abscess (OR 1.80; 95% CI 0.641-5.071, P=0.264). Operating time was also 
not significant different between routine endoloop and endostapler use (42 min-
utes versus 39 minutes, P=0.167). 
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Total 
n=400

Endoloops 
n=264

Endostapler 
n=136 P*

Age (years, median) 
     adult (≥18 years) 
     child (<18 years)

43.0 
320 (80.0) 
80 (20.0)

40.0 
204 (63.7) 
60 (75.0)

49.0 
116 (32.2) 
20 (25.0)

0.244# 

0.065

Sex 
     male 
     female

 
197 (49.2) 
203 (50.7)

 
129 (48.9) 
135 (51.1)

 
68 (50.0) 
68 (50.0)

0.834

ASA classification 
     1 or 2 
     3 or 4

 
386 (96.5) 
14 (3.5)

 
257 (97.3) 
7 (2.7)

 
129 (94.9) 
7 (5.1)

0.251

Pre-operative imaging result 
     uncomplicated 
     complicated 
     no diagnosis 
     missing

 
242 (60.8) 
130 (32.7) 
26 (6.5) 
2

156 (59.5) 
86 (32.8) 
20 (7.6)

86 (63.2) 
44 (32.4) 
6 (4.4)

0.443 
 

Operator 
     consultant or resident under supervision 
     resident without supervising consultant

 
337 (84.2) 
63 (15.8)

 
220 (83.3) 
44 (16.7)

 
117 (86.0) 
19 (14.0)

0.563

Operating time 
     median 
     daytime (8.00-18.00 hours) 
     ‘on call’ hours (18.00-8.00 hours) 
     missing

 
50.0 
180 (45.1) 
219 (54.9) 
1

47.5 
122 (46.2) 
142 (53.8)

51.5 
58 (43.0) 
77 (57.0)

0.181# 

0.595 

Type of complicated appendicitis 
     perforation 
     necrosis

 
267 (66.7) 
133 (33.2)

 
167 (63.3) 
97 (36.7)

 
100 (73.5) 
36 (26.5)

0.036

Histology 
     uncomplicated 
     complicated (necrosis or perforation)

 
213 (53.2) 
187 (46.8)

 
143 (54.2) 
121 (45.8)

 
70 (51.5) 
66 (48.5)

 
0.672 

Hospital stay (days, median) 4.0 4.0 5.0 0.083#

Surgical site infection 3 (0.8) 2 (0.8) 1 (0.7) 0.980

Intra-abdominal abscess 44 (11.0) 31 (11.7) 13 (9.6) 0.614

Readmission 42 (10.5) 29 (11.0) 13 (9.6) 0.733

TABLE 2 demographics and surgical outcome of patients undergoing laparoscopic 
appendectomy for acute complicated appendicitis with endoloops or an endostapler

Values in parentheses are percentages

*χ2 test or Fisher’s Exact Test where appropriate except #Mann-Whitney U test
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DISCUSSION

In this study, we could not identify the use of endoloops or an endostapler as a 
risk factor for infectious complications in laparoscopic appendectomy. Also the 
use of endoloops or an endostapler did not influence the operating time both in 
uncomplicated and complicated appendicitis.

Two systematic reviews comparing endoloops and endostapler analysed almost 
the same set of randomized controlled trials but draw different conclusions2,3. 
Both reviews noted that the quality of the included randomized trials was poor 
to moderate. One systematic review2 concluded that wound infections were less 
frequent when an endostapler was used, however these infections are not a fre-
quent complication in laparoscopy and also often of limited clinical relevance. The 
other review3 that included only 1 extra randomized trial favoured the use of en-
doloops for cost considerations because no difference was observed in outcome 
between the two types of stump closure apart from shorter operating time when 
using endostapler. A recent best practice article recommended that the choice 
of stump closure could be based on the preference of the surgeon but to use an 
endostapler in case of inflammation of the appendix base7. The reason for this is 
the higher chance of cutting through an inflamed appendix base when using en-
doloops. Literature on the amount of endoloops that is needed secure the appen-
dix stump is scarce, but there is one randomized study that concludes that one 
endoloop is sufficient8. Also in this study, two proximal endoloops did not prove 
to reduce the risk of infectious complications compared to one proximal loop. 

Only two studies compared the use of endoloops and endostapler in uncompli-
cated and complicated appendicitis separately but these studies only analysed 
children9,10. In these two studies, no differences were found in outcome between 
endoloops or endostapler use in both disease modalities.

As can be expected the infectious complication rate is higher after complicated 
appendicitis and it seems that stump closure with either endoloops or an endos-
tapler has no effect on this outcome. In this study complicated appendicitis was 
defined when necrosis or perforation of the appendix was seen. In the rare case 
of a purulent peritonitis only without necrosis or perforation this was analysed in 
the uncomplicated group because the appendix itself was uncomplicated and the 
fluid is mostly reactive without bacterial translocation.   

Most clinics or surgeons have a routine type of appendix stump closure with either 
the use of endoloops or an endostapler. However, this can be altered depending 
on the patient or severity of appendicitis. Often a switch is made to the use of an 
endostapler in hospitals where endoloops are normally used rather than vise ver-
sa but for example in children the use of endoloops are more logical to minimize 
the use of larger trocars. In this study, an endostapler is more frequently used in 
complicated appendicitis and especially in perforated appendicitis. Also in these 
patients no differences were seen between endoloops and endostapler use but 
complicated appendicitis itself was identified as the only independent risk factor 
for developing an infectious complication.

This present study is based on an audit of current practice and a limitation of the 
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UNIVARIABLE
Prevalence 
in first group 
(%)

Any infectious  
complication 
Odds ratio  P

Intra-abdominal  
abscess 
Odds ratio  P

Stump closure (endoloops 
versus endostapler) 76.7 0.95 (0.566-1.600)         

0.853
1.04 (0.566-1.913)      
0.899

Number of endoloops  
(1 versus 2 proximal loops) 46.9 1.14 (0.685-1.912)         

0.607
1.43 (0.791-2.566)      
0.238

Age (children <18 years  
versus adult) 22.6 1.08 (0.640-1.808)         

0.782
1.28 (0.722-2.262)      
0.400     

Sex (male versus female) 47.0 1.08 (0.695-1.680)         
0.732

1.10 (0.660-1.816)      
0.725

ASA classification  
(1 or 2 versus 3 or 4) 97.7 0.62 (0.186-2.092)         

0.445
0.45 (0.135-1.533)      
0.204

Time of surgery (daytime  
versus evening or nighttime) 47.2 0.85 (0.541-1.325)         

0.467
0.80 (0.477-1.340)      
0.396

Operator (consultant or  
supervised resident versus 
resident without supervisor)

81.2 0.99 (0.563-1.732)         
0.964

1.10 (0.567-2.144)      
0.773

Operating time (<43 min  
versus ≥43 min, based on  
median operating time)

50.3 0.52 (0.329-0.834)         
0.006

0.48 (0.281-0.831)      
0.009

Severity of appendicitis 
(non-complicated versus  
complicated)

70.7 0.28 (0.1810.446)   
<0.001 

0.15 (0.086-0.262)     
<0.001

MULTIVARIABLE

Stump closure (endoloops 
versus endostapler) 76.7 1.27 (0.735-2.192)         

0.393
1.60 (0.835-3.056)      
0.157

Operating time (<43 min ver-
sus ≥43 min, based on medi-
an operating time)

50.3 0.66 (0.408-1.063)         
0.087

0.68 (0.389-1.201)      
0.186

Severity of appendicitis 
(non-complicated versus com-
plicated)

70.7 3.20 (1.994-5.145)   
<0.001

6.49 (3.589-11.722)   
<0.001

TABLE 3 Logistic regression analyses for infectious complications and intra-abdominal ab-
scesses

Values in parentheses are 95% confidence intervals
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study is that no data are available what the reason is for using an endostapler 
in hospitals that use mainly endoloops. Whether it is the preference of the sur-
geon or an inflamed base of the appendix with relative contraindication to use 
endoloops is unknown. Therefore, a sensitivity analysis was made for patients in 
whom the appendix stump was routinely closed according to the local predom-
inant use of either endoloops or an endostapler. Also then, no significant differ-
ence was observed in the infectious complication rate between routine endoloop 
and endostapler use.

Finally, although no cost analyses were made, operative costs of endostapler use 
are obviously higher than the costs of endoloops without the benefit of a shorter 
operating time in this study. Not only the device itself is more costly, also the need 
for a larger trocar to facilitate the endostapler passage into the abdomen results 
in extra costs. A routine use of endoloops and use of an endostapler only when 
indicated is therefore the most cost effective strategy in laparoscopic appendec-
tomy. In hospitals that routinely use an endostapler, this can lead to a huge cost 
reduction in this common disease.

In conclusion, the type of appendix stump closure with either endoloops or an 
endostapler did not have an effect on development of postoperative infectious 
complications and endoloops can be safely used if technically feasible. Also, be-
cause operating times are similar, endoloops are preferable for cost consider-
ations. The severity of appendicitis is the main risk factor for developing an infec-
tious complication.
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