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1. Laparoscopische appendectomie leidt, in vergelijking met 
open appendectomie, niet tot klinische voordelen op de lange 
termijn. (dit proefschrift)

2. Het gebruik van endoloops bij laparoscopische appendecto-
mie is het meest kosteneffectief voor het voorkomen van  
abdominale abcessen en wondinfecties. (dit proefschrift) 

3. De peroperatieve chirurgische beoordeling van de appendix 
voor aberrante pathologie is onbetrouwbaar. (dit proefschrift) 

4. Bij het opereren van geperforeerde diverticulitis dient   
peroperatief geen perforatie te worden verwacht. 
(dit proefschrift) 

5. Bij het bestaan van faecale peritonitis bij geperforeerde   
diverticulitis is een sigmoïdresectie geïndiceerd. 
(dit proefschrift)

6. Sigmoïdresectie met primaire anastomose is even veilig als de 
Hartmann procedure bij faecale peritonitis bij geperforeerde 
diverticulitis. (dit proefschrift) 

07. De toekomstige behandeling van geperforeerde diverticulitis 
zal op de individuele patiënt dienen te worden toegespitst. 
(dit proefschrift)

8. Hoger welzijn is gerelateerd aan het voeren van minder small-
talk en meer inhoudelijke gesprekken. (Mehl et al., 2010) 

9. Computergestuurde randomisatie is een contradictio in   
terminis.

10. De dood is een prettig eindpunt voor de onderzoeker. 
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Henri Hartmann, Paris, 1921

“For two patients with colostomies following obstruction, I decided, upon 
reflection, to confine my excision to the segment of colon. Then I closed the 
superior part of the rectum and left it in the peritoneum without disturbing 
the perineal floor. 

The practicalities of the operation itself in the two cases were as 
straightforward as removing a non-inflamed appendix. Leaving a rectal dead 
end did not present any inconveniences, and my patients are still very well, 
now 9 and 10 months post-operation respectively.”





RE: wetenschapsstage appendectomie
Van: Hilko Swank 
Aan: W.A. Bemelman
Verzonden: maandag 29 december 2008 15:59:49
 
Beste professor Bemelman,  
  
Graag zou ik met u afspraak maken om te bespreken hoe ik mijn 
wetenschappelijke stage ga voorbereiden. Als het goed is, hebt u bericht 
gekregen dat het stageonderwerp is goedgekeurd.  
Wilt een mij een moment laten weten om af te spreken? Ik ben alle dagen 
beschikbaar.  
  
Vriendelijke groet,  
  
Hilko Swank 

Re: RE: wetenschapsstage appendectomie
Van: W.A. Bemelman 
Aan: Hilko Swank 
Verzonden: vrijdag 2 januari 2009 17:06:09

Beste Hilko, 
  
Allereerst de beste wensen voor 2009! 
  
Zou je volgende week donderdag bijvoorbeeld kunnen 
rond 13.30? Er zijn wel wat ontwikelingen en 
mogelijkheden, 
  
Willem 

Fwd: Dutch Diverticular Disease Collaborative Study Group: LOLA en 
DIVA studies
Van: W.A. Bemelman 
Aan: Dingeman Swank 
Verzonden: donderdag 22 januari 2009 23:52:37

Beste Dingeman, 
  
Hilko gaat de LOLA doen!  
  
gr
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Introduction and outline 

Treatment of acute appendicitis 

On the 13th of September 1980, the German gynaecologist Kurt Semm 
performed the first laparoscopic appendectomy ever. Following his lecture 
about this procedure, the president of the German Surgical Society suggested 
suspending Semm from medical practice. His manuscript, as sent to the 
American Journal of Obstetrics and Gynaecology, was rejected on the ground 
that the reported technique was unethical. 

On the 21st of September 2012, laparoscopy is the standard of care for 
appendectomy. Since Semm’s paper, over 40 randomised trials to the benefits 
of laparoscopic appendectomy have been reported, and their results have 
been meta-analysed multiple times. 
The results are clear: laparoscopic appendectomy leads to a shorter hospital 
stay, fewer wound infections, less postoperative pain and an earlier return 
to daily activities. On the downside, laparoscopy is more expensive than 
open surgery, and laparoscopic appendectomy leads to a higher rate of intra-
abdominal infections [1].
Fewer is known about the long-term results of both open and laparoscopic 
appendectomy. It is assumed that laparoscopic appendectomy leads to 
fewer complications on the long term, since it can prevent the occurrence of 
adhesions and incisional hernia. This would offer additional advantages to 
laparoscopic appendectomy. In chapter 1 we address the short- and long-
term outcome of open and laparoscopic appendectomy in patients operated 
in the Academic Medical Center.  
Intra-abdominal abscesses are the main drawback of laparoscopic 
appendectomy. Unfortunately, the cause of the higher prevalence of abscesses 
after laparoscopic surgery is unknown. It is hypothesised that the use of 
endoloops to secure the appendiceal stump might be a causative factor. 
Loops are associated with more manipulation of the stump and increase the 
mucosal surface that is in contact with the abdominal contents.  Moreover, 
loops can slip or cut the tissue, thereby predisposing to stump leakage. The 
linear stapling device can prevent these problems, but is expensive. Two 
published systematic reviews concluded that there is currently insufficient 
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evidence to choose one strategy above the other [2,3]. Therefore we have 
conducted the study described in chapter 2, to investigate whether 
endostapled appendectomy will lead to fewer abdominal infections than 
appendectomy with endoloops. 
In the meantime, non-surgical treatment for acute appendicitis has 
gained popularity. Treatment with antibiotics only can lower the number 
of necessary operations, at the cost of more patients with perforated 
appendicitis [4]. However, non-surgical treatment has another drawback: 
aberrant pathology of the appendix can be missed. To determine the 
prevalence of aberrant appendiceal findings and overview the consequences 
of the found pathologies, we have conducted a systematic review that is 
presented in chapter 3. 

Treatment of perforated diverticulitis 

Like appendicitis, diverticulitis of the sigmoid colon is an infectious disease, 
in which a bulging part of the intestine is inflamed. This causes the patient to 
be sick, with fever and lower abdominal pain. 
Unlike appendicitis, uncomplicated diverticulitis does not need surgical 
intervention and is treated conservatively or not treated at all. Unlike 
appendicitis, perforation of an inflamed diverticulum is a very serious 
condition that is associated with high morbidity and mortality [5,6]. 
Differentiating uncomplicated from complicated diverticulitis seems 
therefore very important.
Edward Hinchey proposed his well known classification in 1978: Hinchey I 
for a pericolic abscess, Hinchey II for a pelvic abscess, and Hinchey III and IV 
for perforated diverticulitis. In his article, Hinchey states that in perforated 
cases, the original communication with the bowel is usually obliterated. 
Perforation of the diverticular abscess then leads to purulent peritonitis, yet 
often the original perforation can no longer be found. 
Further on, he states that when the diverticulum failes to obliterate, a free 
communication develops between the bowel lumen and the peritoneal 
cavity, leading to faecal peritonitis. According to the author, the mortality 
rate in the latter group of patients is ‘extremely high’ [7].
The treatment of perforated diverticulitis has been ever developing. The first 
operation described was a three stage procedure. At first a temporary loop-
colostomy was established to prevent faecal peritonitis, to be followed by 
sigmoid resection with end-colostomy, and in the third stage anastomosis of 
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the colon and rectal stump. 
In 1979, authors reported the first series of patients who underwent sigmoid 
resection with end-colostomy (Hartmann’s procedure) as the primary 
intervention. “The advantages of the Hartmann’s procedure are as follows: 
(1) The diseased bowel is removed at the first stage. (2) The risk of primary 
anastomosis is avoided. (3) Hospitalisation and overall time of treatment are 
reduced. (4) Mortality is relatively low. The Hartmann’s procedure should be 
considered for a broader selection of patients with complications of acute 
diverticulitis.” [8].
At present, the Hartmann’s procedure is still the standard of care for patients 
with perforated diverticulitis, especially for those with faecal peritonitis. 
Nonetheless, a third surgical strategy has gained popularity: sigmoid 
resection with anastomosis at the first stage. Currently, there is no evidence 
that either Hartmann’s procedure or resection with primary anastomosis is 
the method of choice. Until 2011, no randomised trials had been published, 
and two available systematic reviews on non-randomised studies point out 
that resection with primary anastomosis is as safe as Hartmann’s procedure, 
even in patients with faecal peritonitis [5,6].

Perforation of a diverticulum is the main cause of sigmoid perforation. 
However, as mentioned above, the original perforation is often obliterated 
and can no longer be found peroperatively. Sometimes even the pathologist 
cannot find the perforation at macroscopic inspection. To investigate 
the aetiology of sigmoid perforations and to determine what causes the 
perforation to persist - thereby causing faecal peritonitis – we have conducted 
a retrospective pathological study to sigmoid perforations. The results of this 
study are shown in chapter 4. 
Controversy exists about the safety of sigmoid resection with primary 
anastomosis in patients with perforated diverticulitis. Fearing anastomotic 
leakage, some surgeons are reluctant of creating a primary anastomosis in 
particular patients, i.e. patients in poor condition or with severe peritonitis. 
However, the amount of evidence in favour of resection with primary 
anastomosis is increasing. To determine which factors (technical or patient-
related) determine the outcome of the patient, we have conducted a 
retrospective cohort study in three hospitals in the Netherlands. Chapter 5 
describes the results of this study. 

In 2008, eyebrows were raised by a report in the British Journal of Surgery. 
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An Irish studygroup reported a series of 100 patients with complicated 
diverticulitis, of whom two-third had a purulent peritonitis (Hinchey III).  
In these patients, the surgeons did not resect the diseased sigmoid, but 
performed laparoscopic peritoneal lavage only. The results were remarkably 
well, with mortality lower than 2% and morbidity under 10%. Very few 
patients needed sigmoid resection in a second stage for ongoing disease or 
recurrent attacks [9]. 
Following this leading article, we have performed a systematic review of all 
articles reporting on this novel treatment for perforated diverticulitis. Its 
results are presented in chapter 6. 
Right after the article in the British Journal of Surgery, surgeons in the 
Netherlands started experimenting with this novel treatment. It is a viable 
option, since it prevents the formation of a stoma and makes an easy and 
quick procedure for the surgeon. In chapter 7, we describe a historical series 
on the initial experience with laparoscopic peritoneal lavage for complicated 
diverticulitis in ten Dutch hospitals.
At the same time, the Academic Medical Center and the Erasmus University 
Medical Centre joined their effort in preparing a large multicenter randomised 
trial, including patients with perforated diverticulitis. In Amsterdam, the 
LOLA trial was prepared: comparing the novel lavage treatment with sigmoid 
resection with or without primary anastomosis for patients with purulent 
perforated diverticulitis. In Rotterdam the DIVA trial was in preparation for 
patients with faecal peritonitis, to solve the remaining question: is it always 
safe to perform sigmoid resection with primary anastomosis in patients with 
faecal peritonitis. The LOLA and DIVA trials were joined and merged into the 
Ladies trial, which has started in 2010. The study protocol of this trial, which 
will still be including patients in the coming years, is presented in chapter 8. 

Trocar related complications 

Broad implementation of laparoscopic surgery has made trocar-related 
complications clinically important. Complications can occur at the time of 
entry (vascular or visceral perforation, trocar site bleeding), postoperatively 
(trocar site infection) or on the long term (trocar site hernia). In chapter 9 
we describe a systematic review to the prevalence and aetiology of trocar 
site hernia. In chapter 10, the protocol for a systematic review according to 
the Cochrane methodology is presented. In this review, we have investigated 
different trocar types and their relation to trocar related complications. 
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Chapter 1

Abstract

Background 
Clinical advantages of laparoscopic appendectomy have been shown in 
numerous trials and reviews. Most of these advantages are small and of 
limited clinical relevance, while laparoscopic operation costs are reported 
to be higher. The present study compares short- and long-term results of 
conventional appendectomy with or without diagnostic laparoscopy (OA), 
and laparoscopic appendectomy (LA).

Methods 
All adult patients who underwent appendectomy in the Academic Medical 
Centre from 1995 to 2005 were included retrospectively. Patient data were 
retrieved from medical records, questionnaires sent by mail, and records 
of general practitioners. Primary outcome parameters were long-term 
complications, readmissions, and reinterventions (>30 days postoperatively). 
Secondary outcome parameters were short-term complications, 
readmissions, and reinterventions (≦30 days postoperatively). 

Results 
A total of 755 patients were included, 545 of whom underwent OA, with the 
remaining 210 undergoing LA. In the long term there were few complications 
noted and there were no significant differences in complications between 
the two groups. Within 30 days postoperatively, LA was associated with a 
significantly higher incidence of abdominal abscesses with consequent 
diagnostic investigations, interventions, and readmissions.

Conclusions 
Although laparoscopic appendectomy is known to deliver clinical advantages, 
it is associated with a higher incidence of abdominal abscesses. Because the 
procedure is about to become the standard of care, future research must 
be directed at solving this issue. The expected lower incidence of incisional 
hernia and small bowel obstruction after laparoscopic appendectomy was 
not shown in the present study.
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Introduction

Three small incisions, little pain, and quick recovery. The advantages of 
laparoscopy for acute appendicitis are easily explained to the patient, and its 
use for the treatment of acute appendicitis has gained great popularity since 
its introduction [1]. Some surgeons embrace laparoscopic appendectomy, 
others use the laparoscope as a diagnostic tool and perform conventional 
appendectomy after diagnostic laparoscopy. However, conventional 
appendectomy using a McBurney’s incision without prior laparoscopy is still 
performed as well.
The clinical advantages of laparoscopic appendectomy have been shown in 
numerous trials and two systematic reviews [2,3]. Most of these advantages 
are small and of limited clinical relevance. The present study was designed 
to compare short- and long-term results of the two recognised treatments 
of acute appendicitis: conventional appendectomy with or without prior 
diagnostic laparoscopy (OA), and laparoscopic appendectomy (LA). It was 
hypothesised that higher complication rates in the short term for laparoscopic 
appendectomy are compensated in the long term by lower reoperation rates 
for incisional hernia and adhesions.

Patients and methods 

All patients over 18 years of age who underwent appendectomy in 
the Academic Medical Centre, Amsterdam, from 1 January 1995 until 
31 December 2005 were included in this retrospective study. Primary 
outcome parameters were long-term complications, readmissions, and 
reinterventions (>30 days postoperatively). Secondary outcome parameters 
were short-term complications, readmissions, and reinterventions (≦30 
days postoperatively). Patients were selected from all operative records 
that were coded ‘‘appendectomy.’’ Appendectomies by midline laparotomy 
(65) or Pfannenstiel incision (2) were excluded, as well as incidental 
appendectomies (3). Age, sex, and the pre- and postoperative surgical 
history of each patient were obtained from the medical files of all patients 
until 1 June 2009. Peri-operative data were retrieved from the operative 
reports. These data included the type of surgery, age of the patient at the 
time of operation, experience of the surgeon(s), extent of peritonitis, lavage 
of the abdomen, and closure of the skin. The type of surgery was recorded 
according to the intention-to-treat-principle. Appendectomy by McBurney’s 
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incision, preceded by planned diagnostic laparoscopy with one, two, or three 
trocars, was considered open appendectomy. When a three-trocar attempt 
was made to mobilise the appendix laparoscopically or to dissect the meso-
appendix, the procedure was considered a laparoscopic appendectomy, and 
a subsequent McBurney’s incision was considered a conversion. Experience 
of the surgeon(s) was recorded as one consultant, one consultant assisted by 
a surgical trainee, two surgical trainees, one surgical trainee, or one surgical 
trainee supervised by a consultant. The extent of peritonitis was recorded as 
‘‘generalised purulent peritonitis’’ when the operative report made mention 
of pus in all four quadrants or all over the abdomen. When limited pus was 
noted, it was recorded as ‘‘local purulent peritonitis.’’ Abdominal cleansing 
was recorded as ‘‘suction only’’ when only suction of abdominal fluids was 
performed. ‘‘Abdominal lavage’’ was recorded for either local or diffuse 
rinsing of the abdomen, ‘‘lavage of the wound’’ was recorded when lavage of 
the wound was performed without abdominal lavage. Additional antibiotics 
were routinely prescribed for five or seven days postoperatively if purulent 
peritonitis or faecal spill had been documented. The histological diagnosis 
was retrieved from the pathology report. A normal appendix lacked signs of 
inflammation and was characterised by normal vascularisation. A flegmonous 
inflammation was diagnosed based on the finding of granulocytes, fibrosis, 
fibrin and/or purulent deposits, vascular dilatation, serosal vascular 
injection, or haemorrhaging. A gangrenous appendix was characterised 
by tissue destruction, discoloration, (vascular) necrosis, or thrombosis. 
In a perforated appendix an overt perforation was present. The record of 
the hospital stay on either the surgical ward or the intensive care unit was 
retrieved from the medical files, along with postoperative complications, 
interventions, and diagnostic investigations. Recorded diagnostic measures 
were computed tomography (CT) scanning, ventilation/perfusion (V/Q) 
scanning, abdominal echography, plain abdominal and thoracic X-ray 
films, and cultures. To rule out potential postoperative admissions and 
interventions in other hospitals, a questionnaire with detailed questions 
about hospital admissions and reoperations after the appendectomy was 
sent to all living patients with known contact information and residency in 
the Netherlands. A reminder was sent to the patients who did not reply to the 
initial questionnaire. When there was no response, or when the patient had 
died or emigrated, a questionnaire was sent that patient’s general practitioner, 
who was asked to search the patient’s medical history to retrieve any record 
of hospitalisation or treatment related to acute appendicitis, and to look for 
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complaints of incisional hernia and abdominal adhesions. Statistical analysis 
was performed with SPSS for Windows, version 17.0 (SPSS Inc. Chicago, IL). 
The Pearson chi-squared test or Fisher’s exact test was used to compare 
categorical or dichotomous variables between the groups. The median test 
was used for comparing the medians of age, operative time, and hospital stay. 
The nonparametric Mann Whitney U test was used to test for differences 
between quantitative variables. Logistic regression was used to perform 
multivariate analysis with binary outcome.

Results  

Study profile
A total of 755 patients were included in the present study. Some 72% of 
the patients underwent conventional appendectomy (OA), and in the other 
28% the operation was performed laparoscopically (LA). A diagnostic 
laparoscopy preceded 32% of the conventional appendectomies, and 7% 
of the laparoscopic appendectomies required conversion to a McBurney’s 
incision. Some of the patients had died (n = 34) or emigrated (n = 46), or 
the contact information was missing or false (n = 50). A questionnaire was 
sent to the remaining 625 patients, which was replied by 46%. After they 
received a reminder, another 87 patients responded. Patient information 
was obtained by the general practitioner for another 246 patients. Overall, a 
response rate of 83% was achieved (Figure 1).

Patient characteristics
Demographics for the two groups are shown in Table 1. The groups had an 
identical median age (34 years). The OA group consisted of more men (63%), 
while the LA group was dominated by women (63%). Prior abdominal 
surgery, unrelated to appendicitis, was found in 16.3% (OA) and 16.2% (LA) 
of the patients (NS). There was no significant difference in the mean follow-
up of the two groups: 9.0 years (OA) vs. 8.7 years (LA; p = 0.321). 

Operative characteristics 
Details of the different operative procedures are presented in Table 2. The 
median operative time in the OA group was significantly shorter than in 
the laparoscopic group (55 vs. 70 min; p<0.001). The histopathological 
diagnoses were distributed equally between the groups, as was the negative 
appendectomy rate. 
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Figure 1. Flowchart

Open appendectomy was mainly performed by trainees, with a consultant 
present in 17% of the cases. Surgical expertise was significantly higher in the 
LA group: a consultant was present in 42% of laparoscopic appendectomies. 
Purulent peritonitis was more common in the OA group (33%) than in the LA 
group (27%; p<0.05). Lavage of the abdomen or the wound was performed 
in 29% (OA) and 42% (LA) of the patients, most often (64%) upon finding a 
purulent peritonitis. The skin was left open in 19% (OA) and 4% (LA) of the 
patients (p<0.001), in 73% because of purulent peritonitis. In three out of 
nine of the LA cases, the McBurney’s incision was left open after conversion.
In the LA group 15 patients required conversion to conventional 
appendectomy (7%). Most of these patients were women (76%; p = 0.183), 
often with a history of abdominal surgery (35 vs. 15%; p<0.05) and a higher 
median age (40 vs. 33 years; p = 0.150). Generalised purulent peritonitis was 
the only risk factor (p = 0.001) for conversion in a logistic regression model 
(OR 8.04 CI 2.46–26.24). 

Initial study group: appendectomy
N=825

Included patients
N=755

Midline incision N=65
Pfannenstiel incision N=2

Incidental appendectomies N=3 

Conventional 
appendectomy 

N=545 

Laparoscopic 
appendectomy 

N=210

No contact records N=50

Mailed N=625

Deceased N=34
Emigrated N=46

Initial reply N=290
After reminder N=87

No reply N=248
Reply GP N=201

Contact GP N=80
Reply GP N=45

Available cases N=623
OA N=437
LA N=186
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Table 1. Baseline data 
OA
n=545

LA
n=210

conversion
n=17

p

Sex
Male
Female 

63%
37%

37%
63%

4
13

0.000

Age, median (range) 34 (18-96) 34 (18-86) 40 (23-62) 0.867

Table 2. Operative data 
OA
n=545

LA
n=210

conversion
n=17

p 

Diagnostic laparoscopy
1 trocar
2 trocars 
3 trocars

31.6%
9.7%
19.8%
2.0%

Operative time (min)
Median
Mean

55
59

70
71

89
90

0.000
0.000

Experience
consultant/trainee
trainee/consultant
consultant
trainee/trainee
trainee

3.5%
9.9%
3.7%
43.9%
39.1% 

14.3%
20.0%
7.6%
27.1%
31.0%

2
4
2
5
4

0.000

Appendix
normal
flegmonous
gangrenous
perforated
not specified 

7.5%
45.5%
10.1%
19.4%
17.4%

5.2%
45.2%
10.0%
21.4%
18.1%

1
4
0
10
2

0.829

Purulent peritonitis 
local 
generalised 

27.5%
5.5% 

17.6%
9.0%

4
5

0.007

Lavage
wound
abdomen
suction only

3.7%
25.0%
1.8% 

0.5%
41.9%
1.9%

6
10
1

0.000
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Prior abdominal surgery and the histopathological diagnosis were not found 
to be significant factors. Converted patients had a higher risk of relaparotomy 
(13 vs. 1.0% in the non-converted group; p<0.05) and incisional hernia (13 
vs. 0.0%; p=0.005), which was not caused by the longer duration of surgery. 
Twenty-three patients developed abdominal abscesses. Most of these patients 
were men (65%, NS), and their median age was 7 years older than that of 
patients who did not experience an abscess (41 vs. 34 years; p=0.099). In a 
multivariate analysis, significant risk factors for abscesses were the duration 
of surgery (OR 1.01 CI 1.00–1.03) and purulent peritonitis (p = 0.03). Both 
local (OR 2.8 CI 1.1–7.1) and generalised purulent peritonitis (OR 4.1 CI 1.2–
14.0) were significant risk factors, whereas the histopathological diagnosis 
was not. Abdominal lavage was not included in the analysis, because this 
factor was highly associated with the finding of purulent peritonitis. In 67% 
of the patients who underwent abdominal lavage, local or generalised pus 
was present.

Table 3. Short-term results: ≦30 days after initial surgery 
OA
n=545

LA
n=210

conversion
n=17 

Abdominal abscess
Percutaneous drainage 

1.5%
1.1%

6.2%
5.7%

2 
2

0.001
0.001

Readmission 2.2% 6.7% 2 0.004

Ileus (conservative) 2.4% 3.4% 0 0.308

Wound infection or abscess 2.6% 1.4% 1 0.259

Relaparotomy 1.1% 1.9% 2 0.292

Urinary tract infection 0.4% 1.4% 1 0.135

Cardiac disease 0.7% 1.4% 1 0.303

Wound dehiscence 0.0% 0.5% 0 0.278

Pneumonia 0.4% 0.5% 0 0.624

Mortality 0.2% 0.0% 0 0.722

Long-term results 
There was no long-term mortality (Table 4). There were three abdominal 
abscesses in the OA group. The incidence of incisional hernia was similarly 
low: 0.7% (OA) vs. 1.0% (LA; NS). There were no trocar site hernias: all cases 
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of incisional hernia were found at the McBurney’s incision site, and all were 
surgically corrected in our institution. The readmission rate was 1.1% (OA) 
vs. 1.4% (LA; NS). There was no significant difference for reoperation rates. 
No cases of small bowel obstruction were found.

Table 4. Long-term results: >30 days after initial surgery  
OA
n=545

LA
n=210

conversion
n=17

p 

Readmission 1.1% 1.4% 1 0.478
Abdominal abscess
Percutaneous drainage 

0.6%
0.4%

0.0%
0.0%

0
0

0.376
0.521

Incisional hernia 
Incisional hernia correction

0.7%
0.7%

1.0%
1.0%

2
2

0.532
0.532

Relaparotomy 0.4% 0.0% 0 0.521

Discussion  

From this retrospective study evaluating short- and long-term results of 
appendectomy, we conclude that laparoscopic appendectomy did not have 
clear advantages with respect to reduced short- and long-term morbidity. 
Laparoscopic appendectomy was associated with a higher rate of intra-
abdominal abscesses and adverse events in the group of converted patients, 
giving rise to significantly more diagnostic and therapeutic interventions. 
The overall incidence of long-term morbidity and reoperation for incisional 
hernia repair or small bowel obstruction was low and not significantly 
different between the groups. Both open and laparoscopic appendectomy 
were performed in our institution. The open approach was predominantly 
used in men, while the laparoscopic group was dominated by women. This 
difference was caused by the hospital protocol that recommended starting 
with a laparoscopic approach in women to exclude gynaecological pathology. 
In men, both approaches were supported and the type of approach depended 
on the available laparoscopic expertise and time in the out of office hours 
situation. Although the laparoscopic approach gained popularity over 
the years, the open approach was most commonly in our study. While the 
attending consultant has preferred the laparoscopic approach, the operating 
trainees might not have felt familiar with the laparoscopic procedure in the 
first years after the introduction of LA; they may have opted for the fastest 
procedure they could do unsupervised. Over the years, the laparoscopic 
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procedure has been performed more frequently (Figure 2), and it is now the 
preferred treatment.

Figure 2. Increase in the use of laparoscopic appendectomy 1995-2005 
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Midline laparotomy has been used several times in the course of this study, 
with poor clinical outcome. A suspicion of acute appendicitis is nowadays 
unlikely to be an indication for midline laparotomy. The group of patients 
that was eligible for this procedure was older and tended to have perfo-
rated appendicitis with associated generalised peritonitis. Therefore we 
have excluded these cases. The operative time for both OA and LA was, 
respectively, 15 and 12 min longer than found by Sauerland et al.’s meta-
analysis [2]. This can be caused by operations performed in the teaching 
setting, as was the case in at least 14 and 34% of the patients, respectively. 
Limited surgical or laparoscopic expertise might have played a role too, yet 
we were not able to stratify for this variable. Considering the short-term 
outcomes, significantly different parameters were postoperative stay and 
short-term abdominal abscesses, readmissions, diagnostics, and reinter-
ventions. The postoperative stay was one day shorter after LA, which is 
according to Sauerland et al. [2]. However, the difference in our study was 
small and therefore difficult to interpret. Although the discharge date may 
have a significant meaning both for the patient as for the financial system, it 
is influenced by the surgeon’s and patient’s expectations as well as by social 
and personal factors.
The most important outcome of the present study is the high rate of 
abdominal abscess in the LA group, significantly associated with the finding 



33

of a purulent peritonitis and a long duration of surgery. Male gender and 
a higher age were correlated, but not significantly. All these findings are in 
accordance with the findings in the large series of Fleming et al., who have 
shown that patients with a high wound class, systematic illness, sepsis, 
male gender, a history of smoking, and operative time of more than 60 min 
have a significantly greater risk of abdominal abscess after the laparoscopic 
procedure [4]. Conversion was necessary in 7% of the patients intentionally 
treated laparoscopically. The only significant risk factor for conversion 
was the presence of a generalised purulent peritonitis. Although patients 
with previous abdominal surgery had a higher risk of conversion, this was 
not significant when corrected for sex, age, and surgical experience. The 
converted patients were at risk for relaparotomy and incisional hernia, and 
this finding was independent of the duration of surgery.
In literature, there is no evidence that laparoscopic appendectomy is 
contraindicated for patients with either complicated appendicitis or a 
history of abdominal surgery [5, 6]. Further on, preoperative selection of 
complicated cases is challenging, as CT findings of appendiceal abscess and 
extra-luminal gas are associated with a high specificity but a low sensitivity 
in relation to perforated appendicitis [7].
With long-term morbidity as our primary endpoint, we expected the 
incidences of incisional hernia and small bowel obstruction to be higher in 
the open appendectomy group. The incidence of reoperation for incisional 
hernias after open appendectomy was 1.1% in our study. Data are lacking 
on the incisional hernia rate in the group of patients who did not request 
reoperation: it is possible that the rate in fact is higher, but that it exists in a 
group that never asked for a correction. Incisional hernia was observed after 
laparoscopic appendectomy as well, however exclusively in the patients that 
were converted. Therefore no significant difference was found in our study 
between the open and laparoscopic group. The available literature shows 
incidences of 0.12–0.7% incisional hernia after open appendectomy [8–
10]. With increasing laparoscopic expertise, one might expect the number 
of converted operations to be reduced, thereby lowering the number of 
incisional hernias in the LA group. We did not encounter patients with small 
bowel obstruction, where prospective studies reported incidences of 1.0–
2.8% [11–13]. It is suggested that small bowel obstruction can present many 
years after surgery. In the large retrospective series from Andersson et al., 
the prevalence of bowel obstruction after appendectomy increased from 
0.63% after 1 year, to 0.97% after 10 years, to 1.30% after 30 years of follow-
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up [11]. Therefore our follow-up with a minimum of three years has been too 
short to reliably retrieve all cases of small bowel obstruction. 
The Achilles’ heel of laparoscopic appendectomy remains the increased 
incidence of intra-abdominal abscesses. Although we do not know the specific 
cause of this problem, certain risk factors have been identified: male gender, 
long operative duration, and particularly purulent peritonitis. Despite the 
concerns about LA for complicated appendicitis, it is not to be expected that 
LA will be abandoned because of abdominal abscess. Apart from the cosmetic 
expectations of the patient, laparoscopic appendectomy delivers limited 
clinical benefits in the short term and a possible lower risk of incisional 
hernia in the long term. We expect it to be standard treatment for all cases 
of acute appendicitis in the future. The problem of abdominal abscesses 
therefore needs to resolved, and further research should be directed on this 
topic. One direction for future research is the use of the endostapler. Two 
systematic reviews have advised the use of this device instead of endoloops 
to close the appendiceal stump in laparoscopic appendectomy, although no 
high quality studies could be included. Staplers most likely reduce faecal spill 
and provide a more secure stump closure [14,15]. Properly designed studies 
must be conducted addressing the cost-effectiveness of this technique.
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Abstract 

Background 
Laparoscopic appendectomy is the treatment of choice for appendicitis 
provided sufficient laparoscopic expertise is available. Theoretically, the 
endostapler might provide a more secure closure of the appendiceal stump, 
yet at higher expenses. The purpose of this study is to compare two strategies 
for the closure of the appendiceal stump in a large retrospective cohort of 
patients. 

Methods 
Laparoscopic appendectomies for acute appendicitis were retrospectively 
reviewed from the operation records of three academic and two regional 
hospitals in the Netherlands between 1-1-2007 en 30-6-2011. The 
endostapler was routinely used in two out of the five hospitals. 

Results 
1036 patients were analysed, of which 571 were routinely treated with the 
endostapler. In 465 patients, the intentional method of stump closure was 
with endoloops. In this group, 69 patients were treated with the endostapler 
on indication. Patient characteristics did not differ between the groups. There 
were no significant differences in the number of intra- and postoperative 
complications between the two groups. In the endostapler group, intra-
abdominal abscesses and wound infections occurred in 3.2 and 0.4% of 
the patients, versus 4.3 and 1.5% in the endoloops group. In a regression 
analysis, the use of the endostapler was no predictor for intra-abdominal 
abscess formation.  

Conclusion 
Routine use of the endostapler did not lead to a significantly decreased rate of 
intra-operative and postoperative complications compared to a strategy with 
routine use of endoloops. The higher costs of routine use of the endostapler 
might therefore not be justified. 
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Introduction

Laparoscopic appendectomy is the treatment of choice for appendicitis 
provided sufficient laparoscopic expertise is available. Known advantages 
are less postoperative pain, shorter hospital stay and less wound infections; 
a significant downside of laparoscopy is the higher prevalence of intra-
abdominal 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, while nowadays some advocate the 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 faecal 
spill and a more secure closure of the appendiceal stump at the expense of 
higher costs. Linear staplers are expensive and require a disposable 12-mm 
port for their introduction. 
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The extra costs for the use of  a stapling device and additional port vary, yet 
can be estimated €300 [2,3]. Free intraperitoneal staples, although usually 
innocuous, represent a potential risk for mechanical bowel obstruction [4,5].
Endoloops are associated with more manipulation of the stump. Moreover, 
they can slip, which can potentially lead to more postoperative infections. 
Loops might not be safe for closure if the base of the appendix is involved 
in the inflammation. If loops are too tight, they can cut into the tissue or 
cause local necrosis, predisposing to stump leakage [2]. Faecal content can 
contaminate the abdominal cavity when the appendix is dissected between 
two endoloops.  
The Achilles heel of laparoscopic appendectomy are infectious complications: 
the prevalence of intra-abdominal 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 
prolonged hospital stay. Appendiceal stump closure might play a role in 
the occurrence of intra-abdominal abscesses. Two meta-analyses regarding 
this topic concluded that, based on four small and low quality randomised 
trials, only the prevalences of wound infection and postoperative ileus 
were reduced using endostaplers [2-6]. The overall reduction in morbidity 
and cost-effectiveness remains to be solved. To assess whether securing 
the appendiceal stump with an endostapler is superior to closure with 
endoloops, a randomised trial with a group size of at least 1200 patients is 
necessary, which is a major and costly effort [2,3]. For this reason, this study 
aims to compare the two strategies of stump closure in a large retrospective 
series: either with the routine use of the endostapler or with the routine use 
of endoloops, using the endostapler on indication. 

Methods

Operation records from five Dutch hospitals (three academic, two regional 
hospitals) were searched for the operation code ‘appendectomy’ between 
1-1-2007 and 30-6-2011. The five hospitals were invited for their known 
protocols for the routine use of either endostapler or endoloops for 
laparoscopic appendectomy. All patients, 18 years or older, who underwent 
laparoscopic appendectomy were included. Operations converted to open 
appendectomy, elective appendectomies, appendectomies for other reasons 
than suspected appendiceal pathology, and other methods of stump closure 
were excluded (Figure 1). 
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In the abovementioned timeframe, the Academic Medical Centre used 
endoloops routinely. The Erasmus University Medical Centre and the Tergooi 
Hospitals (regional teaching hospital) used the endostapler. The Free 
University Medical Centre primarily used endoloops, then switched to the 
routine use of the endostapler by September 2009.  In the Flevo Hospital 
(regional non-teaching hospital) the standard treatment depended on the 
surgeon: four surgeons applied endoloops, four others routinely used the 
endostapler.  
The standard procedure for laparoscopic appendectomy was a three trocar 
procedure, with trocar ports subumbilically, in the left iliac fossa and 
suprapubically. Appendectomy was performed with either the endostapler 
or with endoloops, depending on the hospital protocol. The meso-appendix 
was dissected from the appendix by coagulation and the appendicular artery 
either coagulated, clipped, or both. The endostapler was fired at the base of the 
appendix with blue cartridges and a 35 or 45mm blade. In case of perforation 
and/or gangrene of the appendiceal base, or involvement of the caecum in 
the inflammation, the stapler was fired at the level of the distal caecum. In 
the endoloops group, loops were placed over the base of the appendix, and 
the appendix was dissected in between. The use of one or two proximal loops 
and one distal loop was the standard. In case of perforation and/or gangrene 
of the appendiceal base, an endostapler was used on indication and placed 
at the level of the distal caecum. In case of adherence of the appendix to 
the surrounding tissue, the appendiceal base was dissected and stapled on 
indication, and the appendix removed retrograde. The dissected appendix 
was removed through a trocar or through a skin incision. An endobag 
was used for removing the appendix through the skin, and optionally for 
removal through a trocar. Local suction and lavage of abdominal fluids were 
performed when cloudy or purulent fluids were present in the abdomen. All 
skin incisions were closed after the procedure. In all patients the fascia of the 
umbilical port was closed and in most patients the fascia of the left iliac port 
was closed when a 10mm trocar had been applied.
One dose of antibiotics was administered to all patients intra-operatively. 
Postoperatively, antibiotics were administered when a gangrenous and/or 
perforated appendix was removed. The most common postoperative regimen 
was a combination of cefuroxime and metronidazole, intravenously for 3 to 5 
days. After discharge, all patients were scheduled for a visit of the outpatient 
department within two weeks postoperatively. When no complications had 
occurred at that point, the follow-up was considered finished. 
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Primary outcome parameters were prevalence of intra-abdominal abscesses 
and wound infections. Secondary outcome parameters were all intraoperative 
and postoperative complications, duration of the operation, hospital stay, the 
rate of ICU admission and the rate of readmission to the hospital. The medical 
files of the included patients were obtained for demographic data, operation 
records, the postoperative course and the pathological report. The following 
comorbidities were recorded: hypertension, diabetes, thyroid disease, 
pregnancy, vascular conditions requiring medication, immunodeficiency, 
renal insufficiency, chronic obstructive pulmonary disease, major cardiac 
disease and malignancy. 
Statistical analysis was performed with IBM SPSS for Windows, version 20.0. 
The Pearson Chi Square test, the Fishers Exact test and the Mann-Whitney 
U test were applied when applicable. Confidence intervals represent 95% 
confidence. 

Strategy with routine use of endostapler
N=571 (55%)

Appendectomy with endoloops
N=396

Strategy with routine use of endoloops 
N=465 (45%)

Appendectomy with endostapler
N=69

Included patients
N=1036

Laparoscopic appendectomy
N=1163 Excluded patients

Method of stump closure unclear N=67
Elective procedure N=40

Incidental appendectomy N=14
Secondary inflammation N=6

Figure 1. Flowchart of patient inclusion 

Results
Between 1-1-2007 and 30-6-2011, 2095 patients underwent appendectomy 
in the five participating hospitals. In 932 patients, appendectomy was 
performed with an open procedure (44%). 127 laparoscopic appendectomies 
were excluded because the method of stump closure was unclear (67), the 
procedure had been elective (40), the appendectomy had been incidental 
during a larger procedure (14) or the appendicitis was secondary to an 
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adjacent inflammatory process (6). 1036 patients were included (Figure 
1). These patients were assigned to two groups, according to the followed 
strategy. In 571 (55%) patients, appendectomy was routinely performed 
with the use of an endostapler. In 465 (45%) patients, the routine method 
of securing the stump was with endoloops. The endostapler was used on 
indication in 69 patients in this group (15%). The reported reasons for 
conversion from endoloops to the endostapler were inflammation of the 
appendiceal base (30), perforation of the base (11), retrograde removal 
because of adherence of the appendix (9) and slippage from the endoloops 
(4). In 15 patients, the reason for conversion to the use of the endostapler 
was not stated.
The two groups were not significantly different for gender (48% vs. 43% 
male), age (medians 38 vs. 36 years) and comorbidities (17 vs. 27%). The 
number of patients who had prior abdominal surgery (9 vs. 15%) and the 
surgical expertise between the two groups were significantly different. In 
most operations, a trainee was the principle surgeon (57% vs. 90%, p<0.001, 
Table 2). 

Table 1. Demographic data   
Strategy with 
routine 
endostapler

N=571

Strategy with 
routine 
endoloops 

N=465

p

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

The histopathological diagnoses and the numbers of perforated appendicitis 
were equally distributed between the two groups, yet there were more 
normal appendectomy specimens in the endoloops group.  
The operative time did not differ significantly between the two groups 
(medians 58 vs. 60 minutes). The prevalence of intraoperative complications 
was not significantly different between the groups: bleeding of the 
appendicular artery (6.5% vs. 4.1%, p=0.098), trocar site bleeding (2.3% 
vs. 1.3%, p=0.352), serosal injury (0.7% vs. 1.1%, p=0.525) and caecal 



44

Chapter 2

perforation (0.5% vs. 0.2%, p=0.632) occurred in both groups. Endostapler-
related complications were non-functioning of the endostapler in 18 patients 
(3.2%), bleeding of the stapled appendiceal stump (1.2%) and purulent spill 
at the time of stapling (0.5%). In the endoloops group, recorded complications 
were purulent or faecal spill at the time of dissecting the appendix (3.4%), 
insufficient closure of the stump requiring laparoscopic suturing (1.3%) and 
slipping of the endoloops from the appendiceal stump (0.9%). 

Table 2. Operative characteristics 
Strategy with 
routine 
endostapler
N=571

Strategy with 
routine 
endoloops 
N=465

p

Operative time (minutes, median) 58 60 0.297
Surgical staff 
Consultant with trainee
Trainee  supervised by consultant
Consultant only
Trainee with trainee 
Trainee only  

19
77
122
139
108

28
294
125
89
35

0.000

Abdominal pus 
Localised 
Diffuse  

93 (16.3%)
16 (2.8%)

88 (19.9%)
10 (2.3%) 

0.300

Histopathology 
Normal
Acute/flegmonous inflammation 
Gangrenous 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 intra-operatively
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

*p value calculated with exclusion of unknown cases 
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Readmission was recorded in 4.6% and 5.8% of the patients (p=0.396, 
Table 3). The most common reason for readmission was the presence of an 
intra-abdominal abscess. The rate of intra-abdominal abscesses (3.2% vs. 
4.3%, p=0.406) and wound infections (0.4% vs. 1.5%, p=0.087) favours the 
endostapler group, albeit for both outcomes not significantly. The numbers 
of postoperative paralytic ileus (2.5% vs. 2.2%, p=0.837) and trocar site 
hernia (0.9% vs. 0.9%, p=0.979) were not significantly different between the 
groups either. 
In both groups, 14 patients underwent percutaneous drainage of an intra-
abdominal abscess (2.5% vs. 3.0%, p=0.701). Relaparoscopy was performed 
in 1.1% (endostapler) and 1.5% (endoloops) of the patients (p=0.581), 
while laparotomy was necessary in 0.7% and 0.4% of the patients (p=0.696) 
respectively. Admission to the ICU was required in 0.5% and 1.1% (p=0.479). 
One patient in the endoloops group died because of bowel ischemia with 
unknown cause. 
Analysis of the group of patients converted from endoloops to endostapler 
(N=69), revealed abdominal pus in 30 patients (43.5%) and appendiceal 
perforation, diagnosed intra-operatively, in 22 patients (31.8%). The 
postoperative course of this group of patients was more complicated. 
Readmission was necessary in 5 patients (7.2%) because of a higher 
prevalence of intra-abdominal abscesses (10.1%), wound infection (4.3%) 
and paralytic ileus (2.8%). 

Table 3. Outcomes 
Strategy with 
routine endostapler
N=571

Strategy with 
routine endoloops 
N=465

p

Admission (days)
Median 2 2 0.173
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
Intra-abdominal 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
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A subgroup analysis was performed for patients with either perforated or 
non-perforated appendicitis. This analysis did not reveal any significant 
differences in the prevalences of intra- and postoperative complications 
(Table 4).  
A regression analysis was performed for risk factors for intra-abdominal 
abscess formation. The univariate analysis revealed that localised intra-
abdominal pus (OR 2.53), the use of the endostapler on indication (OR 
3.53), appendiceal perforation (OR 2.69), appendiceal perforation at the 
time of removal (OR 5.91) and postoperative antibiotics more than one day 
(OR 4.38) were significant univariate predictors (p<0.05). These variables 
were multivariately analysed along with the variable male gender (OR 1.75, 
p<0.20). In the multivariate model, appendiceal perforation at the time of 
removal (OR 3.30 CI 1.19-9.16) and postoperative antibiotics more than one 
day (OR 3.24 CI 1.18-8.90) were significant predictors for intra-abdominal 
abscess formation. The use of endoloops or endostapler was not a significant 
predictor, neither on indication nor as routine.

Table 4. Complications per histopathological subgroup 
Other or no 
appendiceal 
pathology 

Acute 
non-perforated 
appendicitis 

Acute perforated 
appendicitis

Stapler
N=40

Loops 
N=51

Stapler
N=467

Loops 
N=364

Stapler 
N=64

Loops 
N=50

Postoperative bleeding 2 (5.0) 0 (0.0) 7 (1.5) 1 (0.3) 1 (1.6) 3 (6.0)
Intra-abdominal abscess 1 (2.5) 1 (2.0) 13 (2.8) 15 (4.1) 4 (4.7) 3 (8.0)
Wound infection  0 (0.0) 2 (3.9) 2 (0.4) 3 (0.8) 0 (0.0) 2 (4.0)
Paralytic ileus 2 (5.0) 0 (0.0) 7 (1.5) 4 (1.1) 5 (7.8) 6 (12.0)
Readmission 3 (7.5) 3 (5.9) 15 (3.2) 20 (5.5) 8 (12.5) 4 (8.0)

Values in parentheses are percentages

Discussion

The routine use of endoloops for securing the appendiceal stump in 
laparoscopic appendectomy does not lead to a significantly higher rate of 
intra-abdominal abscesses and wound infections, compared to the routine 
use of an endostapler. In this study, there were no significant differences for 
the operative time and intraoperative and postoperative complications. We 
therefore conclude that the higher costs of routine use of the endostapler 
might not be justified in the light of its clinical benefits.  
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This study included patients operated with either the endostapler or 
endoloops, based on the hospital protocol. When the operation records 
reported the use of an endostapler in a hospital where endoloops were the 
standard, the patient was analysed in the endoloops group, according to the 
followed strategy. In most patients, it was clear from the operation records 
why the endostapler had been used.  

Due to the retrospective nature of this study, complications may have 
been underreported in some of the participating centres. Intra-operative 
complications may or may not have been noted in the operation records, 
depending on the quality of the analysed records. The same applies for 
postoperative complications that did not require readmission or diagnostic 
investigations, including wound infection and paralytic ileus. In fact, only 
two cases of wound infection were recorded in the endostapler group, while 
the rate in the endoloops group (1.5%) was higher than the rate in the latest 
Cochrane meta-analysis on this subject [1].
Two of the operation parameters are in favour of the endoloops group. In 
the endostapler group, more patients are operated by trainees. This might 
have caused an increase in both the operative time and the prevalence of 
complications. In the endoloops group, more normal appendices were 
resected. The removal of a normal appendix might lead to fewer intraoperative 
complications than removing an inflamed or perforated appendix, and 
will therefore benefit both the operative time and the prevalence of 
postoperative complications. However, neither the surgical expertise nor the 
histopathological diagnosis was correlated to the prevalence of abdominal 
abscesses in an univariate analysis. The antibiotic regimen was in favour 
of the endostapler group. In one of the teaching hospitals, antibiotics were 
routinely administered until one day postoperatively. There was no standard 
nationwide regimen for the antibiotic treatment of a perforated appendix. 
The higher number of patients receiving postoperative antibiotics in the 
endostapler group may have influenced our results. We corrected for the 
postoperative administration of antibiotics by multivariate analysis. A one 
day regimen did not lead to fewer intra-abdominal abscesses. Administration 
of more than one day (usually three or five days) was a significant predictor 
for intra-abdominal abscesses, since this regimen is preferred after the 
finding of either a perforated appendix, intra-abdominal pus, appendiceal 
perforation at the time of removal and for gangrenous non-perforated 
appendicitis in some patients. Because of the wide range of indications for 
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postoperative antibiotics, the antibiotic regimen was a strong predictor 
for intra-abdominal abscesses that we could not correct for. Fleming and 
colleagues found contaminated/dirty wounds to be a strong predictor 
for intra-abdominal abscess in their very large series on both open and 
laparoscopic appendectomies [7].
Conversions were excluded from this study. Laparoscopic appendectomy 
converted to an open procedure is most likely caused by either the inability 
to localise the appendix, or the inability to mobilise an appendiceal infiltrate. 
Conversion is unlikely the result of insufficient stump closure: in this series 
we found one patient in whom the appendectomy was converted because 
the stapled appendiceal stump appeared insufficient.  
A non-statistical difference is not a demonstration of equivalence. Beldi and 
colleagues have published a large prospective non-randomised series on 
this subject in 2006. In their study, they present a lower prevalence of intra-
abdominal abscesses in the endostapler group, albeit not significant either. 
The operative time in their series was 1.7 minutes shorter in the endostapler 
group, comparable to our findings. A subgroup analysis of patients with 
acute non-perforated appendicitis revealed a significant decrease in the 
prevalence of intra-abdominal abscesses in favour of the endostapler group 
[3]. In contrast, Sahm and co-workers found a lower prevalence of intra-
abdominal abscesses (1.6%) after the use of endoloops in a retrospective 
series (N=1790), yet appendectomy with the endostapler was only performed 
in 46 patients in their series [8]. In order to find a significant difference for 
a 1.3% decrease in the prevalence of abdominal abscesses, more than 6000 
patients would have to be included – or over 2500 for a 2.4% decrease with 
a combined endpoint of abdominal abscesses and wound infections. These 
large numbers indicate that the routine use of the endostapler might not lead 
to cost-effective practice. Although the routine use of the endostapler might 
result in a better clinical outcome, the higher costs do not seem justified. 
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Abstract

Aim 
Histopathological examination of the appendix after appendectomy is 
routinely performed. The object of this systematic review is to determine 
whether routine histopathological examination of the appendix is justified.

Methods 
PubMed, EMBASE, Web of Science and the Cochrane library were searched 
without language restriction up to 1 October 2009. All articles that reported 
on the incidence of histopathologically proven aberrant appendiceal 
pathology were included.

Results 
Nineteen case series reported the incidence of a benign neoplasm [0.5%, 
weighted mean (WM)], malignant neoplasm (0.2%, WM) and other pathology 
(0–14%). Nine articles reported the sensitivity of the intra-operative findings 
to detect aberrant diagnoses. Parasitic infection was detected in 0–19%, 
endometriosis in 0% and granulomatosis in 0–11% of cases. Five articles 
addressed the consequences of aberrant pathology. Most patients with 
parasite infection, granulomatosis and malignant neoplasms underwent 
additional investigation or treatment, in contrast to patients with a benign 
neoplasm.

Conclusion 
The incidence of unexpected findings in appendectomy specimens is low 
and the intra-operative diagnosis alone appears insufficient for identifying 
unexpected disease. The benefit of histopathology is studied inadequately. 
From the present available evidence, routine histopathology cannot be 
judged as useless.
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Introduction

Routine histopathological examination of surgical specimens is expensive 
[1,2]. It is therefore no longer carried out for all procedures. In 1996 the 
American College of Pathologists officially stated that the submission of 
certain well-determined specimens for histopathological examination 
is not beneficial and should be omitted [3]. Meanwhile, the UK Royal 
College of Pathologists has published a list of recommendations to limit 
histopathological evaluation of specimens of limited or no clinical value [4]. 
In the current era of cost containment in healthcare, it seems useful to study 
the value of routine histopathological examination for surgical specimens. 
Acute appendicitis is the most common general surgical emergency [5]. 
Approximately 7% of individuals in Western countries suffer from an episode 
of acute appendicitis during their lifetime, requiring an appendectomy. 
The procedure is sometimes performed for non-appendiceal pathologies, 
especially in young women [6–8]. In other cases unexpected appendiceal 
pathology is found in the specimen. Aberrant findings occur in a small 
percentage of appendices, but can have major consequences. The practice 
of sending appendectomy specimens for histopathological analysis varies 
among hospitals [9]. Whereas it is recognised that many resected specimens 
in general surgery need not be sent, there are as yet no guidelines as to 
whether appendiceal specimens should be sent routinely for histopathology. 
Opponents of screening argue that not sending the specimens is justified by 
the rarity of aberrant findings combined with the low clinical significance and 
the significant costs of specimen processing. However, a number of published 
papers have found aberrant incidental findings to be more common. Selective 
histopathology for appendiceal specimens might induce the risk of missing 
significant pathologies, which may have an impact on patient management 
[10–12]. Further, histopathological examination of appendiceal specimens 
may ascertain other diagnoses such as parasitic infections, endometriosis 
and granulomatosis. Based on three research questions, the objectives of 
this systematic review is to create an overview of all studies published on 
the histopathological results of appendiceal specimens, and to determine 
whether routine histopathological examination of the appendix is justified. 
1. What is the incidence of aberrant findings in appendiceal specimens?
2. How reliably can we identify aberrant findings during surgery?
3. What are the consequences of aberrant findings for the management of 

the patient?
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Methods

This systematic review was conducted according to the MOOSE guidelines. 
PubMed, EMBASE (OVID version), Web of Science and the Cochrane library 
were searched without language restriction up to 1 October 2009 by a 
clinical librarian. To trace all publications that report on histopathological 
outcome of appendiceal specimens, three combinations of key words 
were constructed and applied to the databases, taking into account the 
terminological differences between them. The search was performed with 
both keywords and MeSH terms. The first combination consisted of routine 
(histopatholog* OR pathology OR cytology) AND append*. The second 
included appendix OR appendectomy OR appendicectomy OR appendices 
AND histopathology OR histopathological AND routine. The third consisted 
of appendix OR appendectomy OR appendicectomy OR appendices AND 
routine AND histopathology OR histopathological.
Two reviewers (HS and EE) independently screened titles and abstracts 
for their relevance. All articles or letters that discussed at least one of our 
research questions, supported by new data, were included. Commentaries 
were excluded, as well as studies with specimens retrieved from incidental 
appendectomy. The bibliographies of all included articles were then searched 
for other relevant references. Extraction of study and patient characteristics 
and the outcome data was independently conducted by two reviewers (HS 
and EE). Disagreements were reconciled by discussion. 
To establish the incidence of aberrant findings, all articles listing diagnoses 
found at routine histopathology were included. All findings were classified 
in one of the following groups: (i) normal appendix; (ii) inflammation; 
(iii) benign neoplasm; (iv) malignant neoplasm; (v) other pathology and 
(vi) other non-pathological findings. To assess the usefulness of the intra 
operative findings to detect any aberrant appendiceal diagnoses, all articles 
comparing per- and postoperative diagnoses were included. Sensitivity 
was calculated as the fraction of appendices with a consequential aberrant 
histopathological diagnosis that was detected by the surgeon intra-
operatively. Specificity was calculated as the fraction of appendices without 
an aberrant histopathological diagnosis that was detected by the surgeon 
intra-operatively. All diagnoses resulting in diagnostic or therapeutic 
change were considered consequential. Five groups of consequential 
diagnoses were considered: (I) parasite infection, (II) endometriosis, (III) 
granulomatosis, (IV) benign neoplasm and (V) malignant neoplasm. Parasite 
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infection was defined as the finding of parasites or ova in the specimen, and 
the granulomatous diagnoses consisted of tuberculosis, Crohn’s disease, 
Yersinia infection and foreign body granuloma. Benign neoplasms included 
mucocele, mucinous cystadenoma, carcinoid tumour and polyps; malignant 
neoplasms were primary adenocarcinoma, metastases and lymphoma. To 
calculate the percentage of aberrant findings with diagnostic or therapeutic 
consequences, all articles reporting on the number of histopathological 
diagnoses that were followed by a diagnostic or therapeutic change were 
included. From the articles, the number of patients who had additional 
treatment was retrieved, along with the patients who benefitted from this 
additional treatment. All diagnostic or primary therapeutic interventions 
that had consequences for the management of the patient were considered 
beneficial.

Results

Study characteristics
The search produced 207 potentially relevant publications, of which 29 were 
considered relevant to the topic based on abstract and title. Three articles 
[13–15] and four abstracts [16–19] were excluded because their research 
questions were different, as well as one abstract [20] and two letters being 
commentaries without new data [21,22]. Nineteen remaining articles and 
letters (one prospective case series, 18 retrospective case series) were 
selected for further data analysis (Figure 1, Table 1). 

One of the included studies was published by Collins [23], whose results 
are analysed separately. This article was written in 1963, after 40 years 
of study. The first specimens are therefore more than 8 years older than 
those described in the more recent articles. Furthermore, the distribution 
of the diagnoses was different because there was no mention of secondary 
adenocarcinoma, lymphoma, endometriosis, granulomatosis or fibrosis. 
In contrast, Collins et al. found high numbers of parasites, faecaliths, 
diverticulosis, melanosis, leiomyomas, neurinomas and neurofibromas. Also 
in contrast to other articles, many specimens were taken post-mortem.
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Identified articles based on 
search strategy 

 N=207

Retrieved to read full text 
article 
 N=29

Excluded N=178 
Not relevant ot the topic based on 

title or abstract 
 

Articles selected on 
relevance 

N=22

Excluded N=7 
Not relevant to the topic based on 

text 
 

Eligible articles
N=19

Excluded N=3 
Did not meet inclusion criteria 

 

Sensitivity of 
surgical diagnosis 

N=9
 

Incidence of 
aberrant findings 

N=19
 

Consequences of 
aberrant findings 

N=5
 

Figure 1. Flowchart of included studies 

All 19 studies gave figures on the total number of specimens, but only one 
reported the number of normal specimens and those with acute appendicitis. 
Other baseline characteristics were scarce: six stated a male⁄female ratio and 
only three stated a mean age. None of the studies gave adequate information 
on the criteria for an intra-operative or histopathological diagnosis. Due to 
this lack of baseline information, we decided to pool only the incidences 
of benign and malignant neoplasms because these were the only data 
sufficiently homogeneous to justify pooling.

Incidence of aberrant findings
Excluding the paper by Collins et al., 55 138 appendiceal specimens were 
reported (Table 2). Most of the specimens appeared to be inflamed (range 
65–91%). In the series reported by Collins et al., 59% of 71 000 specimens 
were said to be inflamed and 17% were normal. A benign neoplasm was 
found in a weighted mean (WM) of 0.5% (SD ± 0.4) of all specimens. Of 
these, carcinoid tumour, mucocele and mucinous cystadenoma were the 
commonest types. 
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Table 1. Study characteristics
Author Year Country N Conclusion on

histopathology 
Collins [23] 1963 USA 71000

Chang [27] 1981 New Zealand 3003 all specimens 

Chan [10] 1986 Hong Kong 12513 all specimens 

Lau [31] P 1986 Hong Kong 1699 all specimens 

Brooks [24] 1987 UK 653 selective and for all 
patients >age 50

Champ [26] 1988 UK 200 all specimens 

Gupta [28] 1989 India 2921 all specimens 

Ross [36] 1990 Venezuela 436

Babekir [34] 1990 UAE 405

Ojo [35] 1991 Nigeria 316

Wolkomir [25] 1991 USA 17105 selective after incision

Blair [37] 1993 Canada 2216

Duzgun [11] 2004 Turkey 2458 all specimens 

Marudanayagam [5] 2006 UK 2556 all specimens

Matthijssens [9] 2006 France 1465 selective 

Jones [29] 2007 UK 1225 all specimens

Khan [30] 2007 UK 236 all specimens

Martellucci[33] 2009 Italy 1219 all specimens

Lohsiriwat [32] 2009 Thailand 4545 all specimens 

P = prospective case series
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Table 2. Incidence of histopathological findings in appendiceal specimens 
First author
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Collins 17.1% 59.0% 6.0% 0.7% 18.7% 66.2%
Chang 18.2% 65.1% 0.6% 0.0% 7.7% 12.8%
Chan 12.8% 81.9% 0.4% 0.3% 1.7% 3.1%
Lau 11.4% 87.4% 0.4% 0.1% 0.4% 0.5%
Brooks 31.7% 67.5% 0.8% 0.0%

Champ 29.0% 58.5% 1.0% 0.5% 8.0% 3.0%
Gupta 10.6% 84.2% 0.3% 0.0% 7.4% 0.0%
Ross 7.1% 71.6% 0.5% 0.2% 14.2% 7.8%
Babekir 83.2% 0.0% 0.0% 10.6% 2.5%

Ojo 11.7% 76.6% 0.9% 0.0% 8.5% 3.5%
Wolkomir               98.9%f 0.3% 0.3% 0.6%

Blair 15.7% 80.2% 0.5% 0.1% 1.6% 1.9%
Duzgun 9.9% 78.6% 0.4% 0.1% 9.0%

Marudanayagam 23.2% 67.4% 1.5% 0.4% 5.0% 3.5%

Matthijssens 20.0% 69.6% 1.4% 0.3% 5.7% 3.3%
Jones 23.2% 76.8% 1.9% 0.2% 2.5%

Khan 11.0% 74.2% 0.0% 0.0% 0.0% 14.8%
Martellucci 0.9% 0.5% 0.7%

Lohsiriwat 8.4% 90.6% 0.5% 0.0% 0.5%

Range 8-32% 65–91% 0.5% 
(0.4%)g

0.2% 
(0.1%)g

0–14% 0–15%

a.  acute appendicitis with or without abscess, chronic appendicitis, resolving appendicitis, 
peri-appendicitis, sub-acute appendicitis

b.  mucocele, mucinous cystadenoma, carcinoid tumour, polyp, leiomyoma, neurinoma, 
neurofibroma

c.  primary adenocarcinoma, secondary adenocarcinoma, metastasis, lymphoma, other 
malignant neoplasm

d. parasite infection, endometriosis, granulomatosis, lymphoid hyperplasia, diverticulosis, 
diverticulitis, subserosal cyst

e. fibrosis, faecalith, melanosis, foreign body
f. combined number of normal and inflamed specimens
g. weighted mean with standard deviation 



59

They found a lower incidence of primary adenocarcinoma (0.1%), but a 
higher number of other malignancies (0.6%). Other pathologies included 
parasitic infection, endometriosis, granulomatosis, lymphoid hyperplasia, 
diverticulosis, diverticulitis and subserosal cyst as primary diagnosis in 0.0–
14% of cases. Of these, parasitic infection was the most frequent, followed 
by granulomatosis, of which the majority was tuberculosis. Collins et al. 
found a high frequency of parasite infection (17.0%) with other pathologies, 
including fibrosis, faecalith (44%), melanosis (15%) and foreign body (4%).

Table 3. Sensitivity of intra-operative findings to detect aberrant diagnoses  
Parasite 
infection

Endo
metriosis

Granulo-
matosis 

Benign 
neoplasm

Malignant 
neoplasm 

Chana 1 / 58 0 / 9 2 / 9 12 / 50 33 /35
Lau 0 / 2 0 / 1 2 / 5 0 / 1

Brooks 4 / 4 1 / 1

Gupta 1 / 57 3 / 70 

Wolkomirb 41 / 43

Matthijssensc 19 / 56 0 / 2 0 / 6 13 / 14 0 / 5
Jonesd 0 / 11 0 / 3 0 / 6 2 / 23 0 / 3
Martellucci 4 / 4 13 / 13 4 / 4

Lohsiriwate 0 / 2
Range 0 – 19% 0% 0 – 11% 9 – 100% 0 – 100%

a.    benign neoplasm: 32 mucoceles and mucinous cystadenomas, 11 carcinoid tumours.    
         malignant neoplasm: 25 metastatic tumours, 7 adenocarcinomas
b.  2 primary adenocarcinomas, 41 metastatic tumours
c.  benign neoplasm: 9 mucoceles and mucinous cystadenomas, 5 carcinoid  

tumours
d.  both recognised neoplasms were carcinoid tumours
e. one lymphoma, one carcinoma

Usefulness of the intra-operative findings in detecting aberrant diagnoses
Unfortunately, no study mentioned the intra-operative diagnosis and 
how this varied from the eventual histopathological features. As a result 
no specificity data could be calculated. Nine case series (one prospective, 
eight retrospective) were included to establish the sensitivity of the intra-
operative surgical examination. The methodological quality of the studies 
was analysed according to the Cochrane checklist for cross-sectional studies 
and was found to be moderate (Table 4). 
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Five articles mentioned the sensitivity of finding parasite infection, which 
ranged from 0 to 19%. Three stated that no case of endometriosis had 
been found intra-operatively and granulomatosis had a sensitivity ranging 
from 0 to 11%. With regard to benign neoplasms, some authors reported 
the diagnosis to have been made intra-operatively in all cases while others 
found that the diagnosis was missed in most cases. There was great variation 
between studies, ranging from 9 to 100%. The same was true for malignant 
neoplasms (range 0–100%).

Consequences of aberrant findings
Five studies (all retrospective case series) reviewed the consequences of 
discordant findings at surgery and on histopathological examination (Table 
5), but none included information on negative and positive intra-operative 
diagnosis. Only four articles specified whether there had been a change 
in management as a result of an unexpected histological finding. The fifth 
article did not specify the diagnoses, but stated that out of 236 specimens, 
10 unusual pathologies were found, of which five had consequences for the 
patient. In three of the four remaining studies, all patients diagnosed with a 
parasitic infection received anti-helminthic drugs. In the fourth, only three 
out of 16 patients received further treatment. None of the studies gave any 
further information about the consequences of this treatment. Only one 
study described the finding of endometriosis (in three patients) but there 
was no statement of the outcome. The finding of appendiceal granulomatosis 
in 23 patients was always followed by further investigation; of these, 11 
were diagnosed with Crohn’s disease. One study reported benefit for all 
three patients with granulomatosis, while the two other studies described 
unnecessary follow up for 50% and 100% of their patients.

The consequences of finding a benign neoplasm were described in four 
articles. This led to a change in management in the form of a right hemi-
colectomy to gastroenterological follow up. The percentage of patients with 
this diagnosis who needed further investigation or treatment ranged from 0 
to 64%. One article described no benefit for three out of seven patients and 
another considered further investigation not to have been useful in all nine 
patients. The finding of malignant disease was always followed by further 
investigation and treatment, as described in three articles, including right 
colectomy or palliative care.
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Table 4. Quality assessment for cross-sectional studies
First author

Validity questions 
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Was histopathology valid as a 
reference test? 

+ + + + + + + + + +

Was the decision to demand 
histopathological examination 
independent of the intra-operative 
diagnosis? 

+ + + + + + + + + +

Was the selection of patients 
selective (-) or not selective (+)? 

+ + + + + + + + + +

Is de method of intra-operative 
examination sufficiently described? 

- + - - - - - - - -

Are the patients in the study 
representative for patients with 
acute appendicitis in future 
reference? 

+ + + + + + + + + +

Was the intra-operative examination 
established independent of other 
relevant clinical information? 

? ? ? ? ? ? + + ? ?

Were intra-operative and 
histopathological examination 
blinded from each other?  

- + - - - - - - - -
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Derived from Cochrane checklist for cross-sectional studies (form 1). Studies included for 
establishing sensitivity of the surgical findings to diagnose aberrant findings. The quality of 
a study was considered ‘good’ when at least items 1-4 were fulfilled and ‘moderate’ when at 
least items 1-3 were fulfilled.
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Table 5. Consequences of aberrant histopathological diagnoses 
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Jones 1 1225 11 3 6 23 3 

treatment 11 0 6 7 3

benefit 3 4

no benefit 3 3

Chan 2 12513 60 3 9 47 35 

treatment 60 3 9 27 35

Matthijssens 3 1465 55 2 5 14 

treatment 55 0 5 9

benefit 0 0

no benefit 5 9 

Lohsiriwat 4 4545 16  1 3 22 2 

treatment 3 0 3 0 2

benefit 3 1

no benefit 0 1 
1.   Pararasite infection treated with anti-helminthic drugs. Crohn’s granulomatosis  
 followed by gastroenterological follow-up.  Carcinoid tumours received either  
 diagnostic follow-up (1) or right hemi-colectomy (4).  Adenocarcinoma treated  
 with right hemi-colectomy (2) or palliative care (1)
2.  Benign neoplasm: mucoceles (20) and mucinous cystadenomas (5). Malignant  
 neoplasms: adenocarcinoma (7), metastasis (25), lymphoma (2), leukaemia (1)
3.  Parasite infection treated with anti-helminthic drugs. Crohn’s granulomatosis  
 followed by meticulous gastroenterological investigations. None of the carcinoid  
 tumours needed further resection. Mucocele/mucinous cystadenoma followed by  
 uneventful follow-up. 
4.  Tuberculous granulomatosis followed by 6-month regimen of anti-tuberculosis  

 drugs. Benign neoplasm: carcinoid tumour (6), mucocele (7) cystadenoma   
 (7) polyp (3).  Malign neoplasm:  primary adenocarcinoma followed by right hemi- 
 colectomy. Lymphoma followed by periodic surveillance.
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Discussion

Because nonsurgical treatment of appendicitis is currently being advocated 
as an alternative to surgery [24], questions regarding histopathological 
examination of the specimen in patients having appendicectomy are 
important. The present review shows that the incidence of an unexpected 
diagnosis, particularly of a benign or malignant neoplasm, is low. The 
diagnosis was made intra-operatively in only a few cases; in particular, 
diagnosis of parasite infection, endometriosis and granulomatosis. The 
presence of neoplasia was also frequently missed intra-operatively, although 
the variation among the studies was high. Some authors claim to have 
diagnosed all aberrant findings intra-operatively [9,25,26] but most articles 
recommend routine histopathology owing to the unreliability of intra-
operative diagnosis [5,10,11,27–34].

The available data did not permit an assessment of the clinical impact of 
histopathological examination, because this was not reported sufficiently. 
Thus it is not possible to estimate its benefit to the patient and, based on the 
available evidence, the justification for routine histopathological examination 
cannot be determined. This review included 19 articles from a wide variety 
of countries. Eleven articles came from Western countries, five from Asia 
and three from other continents. Parasitic infection and tuberculosis 
were more common in the studies from Asia, Africa and the Middle East 
[5,10,28,29,32,33,35,36], and were not found at all in some of the Western 
studies [25,34]. In contrast, endometriosis and Crohn’s disease were more 
frequent in Western countries. Due to this geographical heterogeneity, pooling 
of the data would not have been meaningful. Nonetheless, neoplasms were 
found in all but one study and their incidence was similar in the included 
articles. The sensitivity of the intra-operative findings to detect aberrant 
diagnoses found in this review was subject to great variation. This may have 
been caused in part by the very low frequency of neoplasms in some studies 
[9,25,32,33]. One author claimed that all neoplasms were macroscopically 
suspicious, but did not state whether the suspicion was raised by the surgeon 
or the histopathologist [34]. 

One of the articles dismissing the need for routine histopathological 
examination suggested opening all specimens at the time of surgery for 
macroscopic examination [25] while others took the view that opening the 
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specimens would interfere with the histopathological examination [27]. 
From the available evidence it is not possible to conclude whether routine 
histopathology is justified or not. The incidence of unexpected findings is low, 
intra-operative diagnosis is insufficient, and the benefit of histopathology 
has not been adequately studied. Until more reliable data become available, 
histopathological examination of the removed appendix should continue to 
be carried out.
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Abstract

Introduction
The most common cause of sigmoid perforation is diverticulitis. Treatment for 
perforated diverticulitis is shifting from sigmoid resection to non-resectional 
treatment. However, overlooking alternative aetiology of the perforation such 
as malignancy or ischaemia might lead to failure of treatment with significant 
impact on patient outcome. In the current study, risk factors that can identify 
non-diverticular aetiology of sigmoid perforation were investigated.

Methods
Patients who underwent acute surgery for peritonitis caused by perforation 
of the sigmoid colon between January 1 2000 and December 31 2011 were 
retrospectively included. 

Results
Three hundred and twenty five patients were included, of whom 299 
histopathological reports could be retrieved. Most common histopathological 
diagnoses were perforated diverticulitis (69%), iatrogenic perforation (8%), 
malignant perforation (7%) and ischaemic perforation (4%). Malignancy 
was found in 4.6% of patients suspected for benign disease. 
Patients with perforation caused by diverticular disease were older than 
patients with other benign cause (means 65 vs. 54 years). Pre-existent, 
non-colonic malignancy was present in 20% of patients with perforated 
diverticulitis and 12% of patients with other benign sigmoid perforations. 
Steroid treatment was related to perforation in 23% of patients with 
diverticulitis.
Overt perforations were found more frequently in patients with other benign 
cause of perforation when compared to patients with diverticulitis, both 
intra-operatively (87% vs. 63%) and on histopathogical examination (76% 
vs. 51%).

Discussion
Younger age and overt sigmoid perforation, both intra-operatively and 
histopathologically, should raise suspicion for non-diverticular aetiology.  
From this study, there were no pre- and intraoperative hallmarks for the 
presence of malignancy or ischaemia. In case of non-resectional treatment, 
postoperative colonoscopy remains important to exclude malignancy. 
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Introduction

Sigmoid perforation represents a severe threat to the patient and a challenge 
to the surgeon. The most common underlying cause is diverticulitis, leading 
to perforation in approximately 10% of patients. Yet the surgeon needs to 
be cautious for other causes of perforation, such as carcinoma or ischaemia. 
The traditional treatment of sigmoid perforation is resection of the diseased 
part, either with end-colostomy (Hartmann’s procedure) or with primary 
anastomosis [1]. Recently a new treatment for perforated diverticulitis has 
emerged for patients in whom the perforation has led to purulent peritonitis 
without overt sigmoid perforation (Hinchey III). In these patients, a more 
conservative treatment with laparoscopic peritoneal lavage might be 
sufficient. Additionally, Costi and colleagues presented the first results 
of non-operative management of perforated diverticulitis in a series of 
hemo-dynamically stable patients [2]. Currently, the safety and efficacy of 
non-resectional treatment for perforated diverticulitis is studied in four 
randomised trials [3-6]. Since the sigmoid remains in situ in non-resectional 
treatment strategies, in the underlying study the aetiology of the perforation 
was investigated. Overlooked overt perforation, perforated malignancy or 
ischaemia will lead to failure of non-resectional treatment with significant 
impact on patient outcome. In the current study, risk factors that can identify 
non-diverticular aetiology of sigmoid perforation were studied. 

Methods

The operation records from two academic and one large teaching hospital 
in the Netherlands were screened for “colonic resection”, “colostomy”, 
“laparoscopic colonic resection” and “suturing intestinal perforation” 
between January 1 2000 and December 31 2011. All patients who underwent 
acute surgery for peritonitis caused by perforation of the sigmoid colon were 
included. Excluded were patients with a sigmoid abscess in the absence of 
free air and/or a purulent peritonitis, patients with fistula of the sigmoid 
without free perforation, patients with perforation of the caecum, rectum or 
descending colon in the absence of a perforation of the sigmoid colon, and 
patients with a sigmoid perforation that was caused by tumour growth from 
an adjacent organ. 
Based on the histopathological diagnosis, the following diagnoses were 
distinguished: diverticular perforation, ischaemic perforation, malignant 
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perforation, perforation caused by inflammatory bowel disease (IBD), 
stercoral perforation (caused by faecal impaction), iatrogenic perforation, 
foreign body perforation, perforation caused by radiation enteritis and 
idiopathic perforation. 
From the histopathology reports, it was determined whether an overt 
perforation was present. In this respect the criteria were met that a 
perforation through all layers of the sigmoid wall must be visible either at 
macroscopic or microscopic examination, in the presence of fibrinopurulent 
deposit on the outer serosal layer. 
The primary endpoints from this study are the histopathological diagnoses 
for patients operated for a suspected benign perforation of the sigmoid. The 
secondary endpoints are the pre- and intraoperative characteristics of the 
patients per histopathological diagnosis. 
From the medical files of the included patients, the following data were 
collected: demographic data, medical history (limited to: pre-existent 
malignancy, renal insufficiency, use of corticosteroids), findings on physical 
examination, findings of diagnostic measures (CT, thoracic and abdominal 
X-ray, ultrasound), intra-operative findings, type of operation performed 
and histopathological findings. Pre-existent malignancy was recorded 
for any current carcinoma, brain tumour, lymphoma or leukemia. Renal 
insufficiency was defined by the need for peritoneal or hemodialysis, or 
renal transplantation in the past. 
Statistical analysis was performed with IBM SPSS for Windows, version 20.0. 
The chi square test, the Fisher’s exact test, the Mann Whitney U test and the 
Kruskal Wallis test were applied when applicable. 

Results 

A total of 325 patients underwent surgery for sigmoid perforation. The 
male:female ratio was 1:1.2, the mean age was 62 years.  All patients had 
clinical and radiological evidence of local or generalised peritonitis and 
underwent an emergency procedure. The median time between admission 
and operation was 1 day. Preoperatively, in 155 patients (48%) a CT scan 
was performed, 125 patients (38%) were screened with plain abdominal or 
thoracic X-ray only, and in 17 patients ultrasound was used as sole diagnostic 
measure. The most common surgical interventions were Hartmann’s 
procedure (68%) and sigmoid resection with primary anastomosis (21%). In 
19 patients no resection was performed and therefore no histopathological 
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reports could be assessed. In 7 patients who underwent sigmoid resection, 
the histopathological report was not available. 
The histopathological diagnosis of 299 specimens was reported (Table 1). 
The most common diagnosis was perforated diverticulitis (68.6%), followed 
by iatrogenic perforation (8.4%), malignant perforation (6.7%) and 
ischaemic perforation (3.7%). In five patients with perforating diverticulitis, 
a malignancy was found in the resected specimen. The perforation was 
found proximally to a sigmoid or rectal carcinoma in 4 patients diagnosed 
as perforated malignancy. Stercoral perforation, caused by faecal impaction, 
was diagnosed in 3 patients. 

Table 1. Histopathological aetiology of sigmoid perforation 
N=299

Diverticular 205 68.6%

Iatrogenic 25 8.4%

Malignant 20 6.7%

Ischaemic 11 3.7%

Foreign body 6 2.0%

Idiopathic 6 2.0%

Traumatic 6 2.0%

IBD 4 1.3%

Stercoral 3 1.0%

Radiation enteritis 3 1.0%

Other 10 3.4%

The group of patients with perforated diverticulitis was characterised by 
a high prevalence of pre-existent malignancy (20.0%), renal insufficiency 
(11.7%), and the use of systematic corticosteroids (23.9%) (Table 2). 
Pre-operatively, free air was revealed in 67.8% of patients and 24.4% of 
patients showed signs of ileus. Intra-operatively, 21% of patients had faecal 
peritonitis, and in 63% of patients overt sigmoid perforation was found at 
the time of sigmoid resection (Table 2). At the time of histopathology, overt 
sigmoid perforation was found in 51% of specimens. 
Patients with perforation from other benign origin were younger (54 vs. 65 
years). Compared to the diverticulitis group, fewer patients suffered from pre-
existent malignancy (12%) and renal insufficiency (6%); 12% of the patients 
received treatment with corticosteroids. Intra-operatively, overt sigmoid 
perforation was present in 87% of these patients. A histopathologically overt 
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perforation was present in 76% of patients. 
Patients with perforating sigmoid carcinoma or sigmoid perforation 
proximal to a sigmoid or rectal carcinoma were older (median 72 years) and 
least likely to have pre-existent malignancy, renal insufficiency and steroid 
treatment. In most patients with malignant perforation, no free air was 
present at preoperative imaging. 

Table 2. Patient and preoperative characteristics per histopathological subgroup 
Diverticular
N=205

Other benign
N=74

Malignant
N=20

p

  P
at

ie
nt

 ch
ar

ac
te

ri
st

ic
s 

Male/female 93/112 38/36 6/14 0.229

Age
Mean
Median 

65 
68

54
56

68
72

0.0001

Systemic 
corticosteroids
Yes
No

49 (24%)
156 (76%)

9 (12%)
65 (88%)

3 (15%)
17 (85%)

0.227

Pre-existent 
malignancy
Yes
No

41 (20%)
164 (80%)

9 (12%)
65 (88%)

2 (10%)
18 (90%)

0.208

Renal insufficiency
Yes
No

24 (12%)
181 (88%)

5 (7%)
69 (93%)

1 (5%)
19 (95%)

0.354

  P
re

op
er

at
iv

e 
fin

di
ng

s 

Free intra-
abdominal air 
Yes 
No 
Unknown

139 (72%)
49 (25%)
5 (3%)

53 (83%)
11 (17%)
0

8 (40%)
12 (60%)
0

0.0012

Profound ileus 
Yes
No
Unknown

48 (23%)
143 (70%)
14 (7%)

18 (24%)
55 (74%)
1 (1%)

7 (35%)
13 (65%)
0 (0%)

0.232

1. Diverticular vs. other benign perforation p=0.000 (Mann Whitney U test) 
Diverticular vs. malignant perforation p=0.233 (Mann Whitney U test)

2. Diverticular vs. other benign perforation p=0.045 (chi square test) 
Diverticular vs. malignant perforation p=0.006 (chi square test) 
 

Preoperatively, 61 patients were operated on a clear indication. 38 of these 
patients developed an acute abdomen after colonoscopy or prior surgery. 
In 11 patients, anamnesis revealed ingestion or rectal insertion of a foreign 
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body. Eight patients underwent emergency surgery for blunt or sharp 
abdominal trauma causing sigmoid perforation. Four patients had a clear 
history of recent pelvic irradiation. There was a preoperative suspicion 
for malignancy in 24 patients (7.4%). Histopathologically, malignancy was 
found in 9 of these patients. The perforation was adjacent to the carcinoma 
rather than caused by tumour invasion in three of these. Eleven patients had 
perforated diverticulitis without malignancy. In two patients, the perforation 
was caused by radiation enteritis. 
240 patients underwent surgery for a suspected benign perforation. In 7 of 
these patients, no resection was performed and therefore no histopathological 
report was available. From the remaining patients, the majority of the 
sigmoid perforations was caused by diverticulitis (82.4%). 

Table 3. Intra-operative and histopathological characteristics per histopathological 
subgroup 

Diverticular
N=205

Other benign
N=74

Malignant
N=20

p

Peritonitis 
Faecal 
Non-faecal  
Unknown

44 (21%)
146 (71%)
15 (7%)

26 (35%)
44 (59%)
4 (5%)

8 (40%)
11 (55%)
1 (5%)

0.113

Intraoperative overt 
perforation
Yes
No
Unknown

129 (63%)
72 (35%)
4 (2%)

64 (86%)
8 (11%)
2 (3%)

12 (60%)
8 (40%)
0 (0%)

0.0021 

Histopathological 
overt perforation 
Yes 
No 

104 (51%)
101 (49%)

56 (76%)
18 (24%)

12 (60%)
8 (40%)

0.0012

1. Diverticular vs. other benign perforation p=0.000 (chi-square test) 
Diverticular vs. malignant perforation p=0.764 (chi-square test) 

2. Diverticular vs. other benign perforation p=0.000 (chi-square test) 
Diverticular vs. malignant perforation p=0.290 (fisher’s exact test) 

Malignancy was found in 11 patients (4.7%) of whom there was intraoperative 
suspicion for sigmoid malignancy in three. Histopathologically, five tumours 
were perforating carcinoma (T4). Perforation was proximal to carcinoma 
rather than caused by tumour invasion in three patients with a T3 sigmoid 
carcinoma and in one patient with a rectal carcinoma. In two specimens no 
perforation was found at the time of histopathology (T3).
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Ischaemic perforation was diagnosed in 7 patients (3.0%), of whom 5 patients 
had previous abdominal surgery. In 6 patients with ischaemic perforation, a 
large overt perforation was found intra-operatively, accompanied by faecal 
peritonitis. 
Other histopathological diagnoses were IBD (4 patients, 1.6%) and faecal 
impaction (3 patients, 1.3%). In 8 patients, the perforation was idiopathic 
(3.3%). 

Sigmoid perforation N=325

Suspected benign aetiology N=240

Evident aetiology N=61
Iatrogenic N=38

Foreign body N=11
Traumatic  N=8

Radiation enteritis N=4

Suspected malignant aetiology N=24

Diverticulitis 
N=192

(82.4%)

Malignancy
 N=11
(4.7%)

Ischaemia
N=7

(3.0%)

Other 
N=23

(9.9%)

No histopathology N=7
Clinical diagnosis: 
Diverticulitis N=6
Malignancy N=1

Figure 1. Flowchart of histopathological diagnosis for suspected benign aetiology

Discussion 

Treatment for perforated diverticulitis is shifting from sigmoid resection 
to non-resectional treatment by means of laparoscopic lavage and non-
operative management. Therefore pre- and intra-operative selection of 
patients amenable for non-resectional treatment has become crucial: 
exclusion of patients with sigmoid perforation due to malignancy or ischaemia 
is of primary concern. Malignant perforation can be either due to locally 
advanced disease with perforation at the tumour site, or it can be adjacent to 
a carcinoma due to local inflammatory changes in the colonic wall. As a third, 
the perforation can be found proximally to an obstructing tumour causing 
ischaemia and subsequent perforation [7]. In the current study, only 4 out 
of 20 patients with malignant perforation had such a proximal perforation. 
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In all other patients, the perforation was due to locally advanced disease or 
adjacent inflammation. From this study, besides higher age in patients with 
malignant perforation than patients with benign perforation, there were no 
pre- and intraoperative hallmarks for the presence of malignancy. In case 
of non-resectional treatment, postoperative colonoscopy remains therefore 
important. 

Ischaemic sigmoid perforation can be predisposed by numerous conditions. 
Interestingly, most patients in this study, although a very small subset, 
had underwent previous abdominal surgery as a causative factor. Intra-
operatively, these perforations were characterised by a clear ischaemic 
perforation, associated with faecal peritonitis.  
In patients who present with sigmoid perforation after colonoscopy the 
site of perforation is more easily identifiable. Since most patients undergo 
sufficient bowel preparation prior to colonoscopy, iatrogenic perforation 
does usually not lead to extensive intra-abdominal contamination. Taking 
into account the delay to diagnosis, condition of the bowel, degree of 
contamination and severity of inflammation, immediate primary repair is 
appropriate in this patient category [8]. 
Perforations due to faecal impaction (stercoral perforation) were only present 
in 3 patients in this study. Stercoral perforation is defined as perforation of the 
bowel due to pressure necrosis from faecal masses leading to a round or void 
perforated ulcer with necrotic and inflammatory reaction [9]. The known 
main aetiological factor is chronic constipation, with dehydrated faeces 
most profound in the sigmoid. Furthermore, the sigmoid is most vulnerable 
for this type of ischaemia due to the absence of the ramus anastomoticus 
between the lowest branch of sigmoid arteries and the superior rectal artery. 
Differentiation from perforated diverticulitis intra-operatively is possible by 
the location of the perforation which is typically antimesenteric in stercoral 
perforation; compared to perforated diverticulitis in which perforations are 
located more adjacent to the mesentery [10]. At the same time discrimination 
between stercoral perforation and ischaemic perforation may be difficult. 
However, ischaemic perforation can be distinguished by preceding abdominal 
pain with absence of faecalomas. Stercoral perforation should be included in 
differential diagnosis in case of free air and a history of chronic constipation.

In this series, certain co-morbidities were frequently found in patients 
with benign sigmoid perforation and perforated sigmoid diverticulitis in 
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particular. In literature, the relationship between steroid treatment and 
intestinal perforation is well known, and  the sigmoid colon is at high risk 
[11]. The current study shows that steroid treatment is related to perforation 
in as many as 23% of patients with diverticulitis, which is similar to previous 
results [12]. In addition, pre-existent (non-colonic) malignancy was present 
in 20% of patients with perforated diverticulitis and 12% of patients with 
other benign sigmoid perforations. We did not find any literature describing 
this relationship. Although the aetiology is unclear, it is likely that sigmoid 
perforation can be the result of radio- or chemotherapy. 13% of patients 
with perforated diverticulitis suffered from renal insufficiency. Apart from 
the frequent use of steroids in this group of patients, a second cause might 
be the treatment with chronic ambulant peritoneal dialysis in some patients, 
predisposing for perforation. 

Interestingly, in only half of specimens with diverticular perforation, overt 
perforation was found at the time of histopathology. This can explain 
partly why non-resectional treatment might be successful for many, yet 
not all, patients with perforated diverticulitis. The initial perforation 
might have already been sealed by adjacent organs, or the perforation is of 
microscopic proportion only, too small to be found either intra-operatively 
or histopathologically. In the vast majority of specimens in which the 
perforation was caused by non-diverticular processes, overt perforation was 
found histopathologically, indicating that conservative treatment might not 
be sufficient for these conditions. To prevent the spread of faecal content, 
suturing the perforation or sigmoid resection should be considered. 
At present it is unclear which patients should be selected for non-resectional 
treatment for perforated diverticulitis. The operation records in this study 
were too succinct to indicate whether the surgeon is able to detect any 
present overt perforation intra-operatively. Prospective studies should aim at 
a high quality comparison between the intra-operative and histopathological 
findings. 

This study has shown that pre-operative diagnostics are reliable in detecting 
non-diverticular causes of sigmoid perforation. Intra-operatively, the 
surgeon should be cautious for overt sigmoid perforation, requiring sigmoid 
resection. In case of non-resectional treatment, colonoscopy is always 
recommended postoperatively to exclude perforation related to malignancy 
that was undetected during the operation.  
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Abstract

Background
Emergency surgery for perforated diverticulitis is associated with substantial 
morbidity and mortality. This study investigates risk factors for mortality 
and reintervention in patients following surgery for perforated diverticulitis. 

Methods
Files of all patients operated for perforated diverticulitis were searched 
in 3 hospitals. Patients operated in an emergency setting and treated with 
Hartmann’s procedure (HP) or primary anastomosis (PA) between January 
1 1995 and December 31 2008 were included. Accuracy of the Mannheim 
Peritonitis Index was calculated and the best cut-off point was chosen. 
Univariate and multivariate logistic regression analysis were performed to 
identify risk factors associated with mortality and surgical reintervention. 

Results
A total of 201 patients (51% male, median age 68 years) were included. The 
ASA score was 4 in 23% of patients, and Hinchey stage IV was diagnosed 
in 27%. In 77% HP and in 23% PA was performed. The overall hospital 
mortality was 30% and in 36% of patients emergency surgical reintervention 
was performed. Univariate analysis showed that ASA, Hinchey, MPI, and 
type of operation were associated with increased reintervention rates. In 
multivariate analysis, ASA and Hinchey were independent risk factors for 
reintervention. Mortality was associated in univariate analysis with age, ASA, 
Hinchey, MPI and type of operation. Logistic multivariate analysis identified 
age and ASA as independent risk factors for mortality. 

Conclusion
Hinchey classification is not an independent risk factor for mortality after 
emergency surgical treatment. The main identified risk factors for mortality 
are age and ASA. 
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Introduction

With increasing age the incidence of diverticular disease rises, however 
significant complications such as perforation occur only in a minority of 
patients [1]. Patients without a history of diverticular disease present 
with perforation in only 20% of cases [2]. Perforation with localised or 
generalised peritonitis is historically an absolute indication for emergency 
surgery.  Recently for patients in whom perforation has led to purulent 
peritonitis, less aggressive treatment with laparoscopic peritoneal lavage 
and non-operative management were reported [3,4]. Surgical treatment of 
patients with perforated diverticulitis is accompanied with high mortality 
and morbidity rates. Traditional therapeutical strategy is represented by 
the performance of HP with the descending colon diverted as colostomy. 
Alternatively a PA after sigmoid resection with or without diverting ileostomy 
can be created. Type of surgery is matter of debate since both options have 
their specific advantages and disadvantages, such as risk of morbidity and 
mortality during reversal of colostomy or diverting ileostomy, possible 
anastomotic leakage and continuing sepsis. Studies comparing outcome after 
Hartmann’s procedure with primary anastomosis in emergency surgery 
have failed to show significant differences partially because of insufficient 
recruitment [5,6]. A prognostic scoring system is desirable to select patients 
for the appropriate treatment. Currently Hinchey classification is most 
frequently used although it subdivides only according to the peroperative 
evaluation of the loco-regional severity of disease [7]. Mannheim Peritonitis 
Index (MPI) was designed as a predictive scoring system for patients with 
peritoneal inflammation [8]. It combines patient- and disease related factors 
to determine a score and can be calculated in routine clinical conditions with 
an adequate sensitivity and specificity [9,10]. Besides patient characteristics, 
MPI is regularly reported in trials which allows for comparing patient groups 
between studies. Accuracy of MPI in patients with perforated diverticulitis 
was previously calculated in a series of 39 patients [11]. Best cut-off point 
was calculated to be 26.
The aim of the current study was to investigate the risk factors for mortality 
and emergency surgical reintervention in patients treated for perforated 
diverticulitis.  

Methods 

Retrospectively, computerised surgery registration databases were searched 
between January 1 1995 and December 31 2008 in the Academic Medical 
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Center, Erasmus University Medical Center and affiliated teaching hospital 
Maasstad Hospital (The Netherlands). The search codes “exploratory 
laparotomy”, “diverticulitis”, “perforated hollow viscus”, “Hartmann’s 
procedure”, “left hemicolectomy”, “sigmoid resection”, “low anterior 
resection” were used. Patients older than 18 years undergoing emergency 
surgery for perforated left sided diverticulitis were included in the study. 
Two patients were excluded because of relocation to another hospital 
in the postoperative period so survival was missing from the data. After 
selection of the patients, clinical variables were distracted from the 
computerised patient’s registration databases and paper medical records. 
Data assessed were age, gender, classification according to American Society 
of Anaesthesiologists (ASA), severity of disease stratified by Hinchey score 
and MPI, type of surgery, surgical reintervention and in-hospital mortality. 
The preoperative physical state was scored by ASA: ASA 1 is a normal healthy 
patient, ASA 2 is a patient with mild systemic disease, ASA 3 is a patient with 
severe systemic disease, ASA 4 is a patient with severe systemic disease that 
is a constant threat to life.
Hinchey classification was used to stratify the included patients according 
to intraoperative findings: Hinchey I for a small pericolic abscess, Hinchey 
II for pelvic abscess, Hinchey III when purulent peritonitis was present, 
Hinchey IV when free intra-abdominal faeces were found. As a predictor 
of the mortality risk MPI was retrospectively calculated from the medical 
reports of all patients (Table 1). 
Table 1. Mannheim Peritonitis Index

Risk factor Weight
Age >50 years 5
Female gender 5
Organ failure 7
Malignancy 4
Preoperative duration of peritonitis >24h 4
Diffuse generalised peritonitis 6
Exudate
Clear
Cloudy, purulent
Faecal

0
6
12

The origin of sepsis was always colonic: 0/4 points.
Definition of organ failure:
• Kidney: creatinine >177 µmol/L, urea >167 µmol/L, oliguria <20 mL/h
• Lung: pO2  <50 mmHg, pCO2  >50 mmHg
• Shock: hypodynamic or hyperdynamic
• Profound intestinal obstruction: paralysis >24 h or complete mechanical ileus
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Type of surgery was recorded as Hartmann’s procedure or sigmoid resection 
and primary anastomosis with or without diverting loop ileostomy. 
Statistical analysis was performed with Mann Whitney U tests for quantitative 
variables and Fishers exact test for categorical data because the data did not 
show a normal distribution. Therefore all results are presented using the 
median and the interquartile range. Mean mortality rate was determined 
for each MPI score. Sensitivity, specificity and accuracy of MPI scores were 
calculated and the best cut-off point was established. The score distribution 
was displayed and receiver-operating characteristic (ROC) curves plotted 
to correlate specificity and sensitivity. Correlation of concrete data was 
tested with Spearman’s rho. A multivariate analysis of the significant clinical 
variables was performed using logistic regression to determine the odds 
ratio (OR) and the 95% confidence interval (CI) for each factors related to 
surgical reintervention and mortality. All reported p-values are two-sided 
and considered significant if less than 0.05. Statistical analysis was performed 
using PASW statistical software package (IBM SPSS statistics).

Table 2: Patient characteristics
Non-deceased 
(n=141)

Deceased 
(n=60)

p

Age (median, IQR) 66 (52-75) 73 (67-81) <0.001
Gender 
        Male
        Female

71 (50%)
70 (50%)

33 (55%)
27 (45%)

p=0.546

ASA (median, IQR)
        ASA I        
        ASA II         
        ASA III        
        ASA IV

2 (1.5-3)
35 (25%)
40 (28%)
47 (33%)
19 (13%)

3 (3-4)
2 (3%)
8 (13%)
24 (40%)
26 (43%)

<0.001

MPI (median, IQR) 22 (17-26) 28 (25-30) <0.001
Hinchey (median)
        Hinchey 3
        Hinchey 4

108 (77%)
33 (23%)

38 (63%)
22 (37%)

0.054

Type of operation
        HP
        PA
        PA+stoma

102 (73%)
19 (13%)
20 (14%)

53 (90%)
5 (8%)
2 (3%)

0.019

Reintervention 
        No intervention 
        Intervention

99 (70%)
42 (30%)

30 (50%)
30 (50%)

0.006
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Results

Patients 
A total of 201 patients, 104 males (51%) and 97 females (49%) were included 
with a median age of 68 years (range 23-95, IQR 57-76). Preoperative 
physical state was in 37 patients (18%) scored ASA 1; 48 patients (24%) 
ASA 2; 71 patients (36%) ASA 3; and 45 patients (23%) ASA 4. Seventy-three 
per cent presented with purulent peritonitis and 27% with faecal peritonitis. 
The median MPI was median 22 (IQR 17-28). In 78.1% of patients HP was 
performed, in 24 (11.9%) patients PA and 22 (10.9%) patients PA with 
ileostomy. Of the included patients 142 survived leading to an in-hospital 
mortality of 30%. Differences in patient characteristics of non-deceased and 
deceased patients are shown in Table 2. When using Hinchey classification 
to predict mortality, accuracy was 64.6% with sensitivity of 36.7% and 
specificity of 76.6% (Table 3).
MPI scores varied from 11 to 39, with a median of 22 and 28 respectively 
in non-deceased and patients with mortality (p<0.001). The mortality rate 
increased proportionally according to the MPI score (Figure 1). Linear 
correlation between the index score and the mortality rate in our study 
resulted in a correlation coefficient of r=0.484. The sensitivity and specificity 
of the index are shown as a ROC curve in Figure 2. 

Table 3. Observed mortality with Hinchey classification
Death Survival Total

Hinchey 4 22 33 80
Hinchey 3 38 108 121
Total 60 141 201

Sensitivity and specificity 36.7%, specificity 76.6%, Positive Predictive 
Value 27.5%, Negative Predictive Value 89.3%

Table 4. Observed mortality with the MPI index. 
Death Survival Total

MPI ≥ 26 45 35 80
MPI <26 15 106 121
Total 60 141 201

Sensitivity and specificity 75%, specificity 75.1%, Positive Predictive Value 
56.3%, Negative Predictive Value 87.6%



87

Figure 1: Mortality rate according to MPI.

Figure 2: Comparison of sensitivity and specificity of the MPI for patients with 
diverticulitis using receiver-operating characteristic curves. 

Figure 3: Sensitivity and specificity of the MPI. 
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The area under the curve (AUC) was 0.802. The comparison of the different 
score cut-off points showed that with the critical score over 25 (equal 
or over) the best accuracy (75.1%) was obtained with a sensitivity and 
specificity of 60% (Table 3, Figure 3). HP was more frequently performed in 
patients with MPI score over 25 (87.5% vs 71.1% p=0.006). The mortality 
rate differed significantly between the patient groups with a mortality of 
12.3% at a score under or equal and 56.3% at a score over 25 (Odds ratio 
= 9.1; 95% CI 4.5-18.3; p<0.001). Reintervention was significantly more 
frequently performed in with MPI >25 compared to those with lower MPI 
(45% vs 29.7%). 

Reintervention
In 72 patients (36%) surgical reintervention needed to be performed, 
in whom 63 a HP and 9 a PA was performed (87.5% vs 12.5%, p=0.012). 
Mortality rate in patients that underwent reintervention was 41.6%. In 
univariate analysis ASA classification, Hinchey, MPI, and type of operation 
were associated with an increased incidence of reintervention (Table 5). 
After adjusting for age, ASA, Hinchey and type of surgery using multivariate 
analysis reintervention was significantly related to ASA and Hinchey score 
(Table 6). When Hinchey score was replaced by MPI in the multivariate 
analysis, only ASA 4 was found to be an independent risk factor with an odds 
ratio of 3.2. Evaluation of age, gender and Hinchey score and MPI together 
was not possible because of their correlation. 

Table 5: Univariate analysis of factors associated with reintervention and mortality.
Reintervention: p-value Mortality: p-value

Age (median) 0.19 <0.001
Gender 0.42 0.55
ASA 0.02 <0.001
Hinchey (3 vs 4) 0.001 0.06
MPI (≤25 vs >25) 0.03 <0.001
Type of operation 0.05 0.03
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Table 6a: Multivariate analysis of patient factors associated with reintervention.
Odds ratio 95% CI P-value

Age (median) 0.99 0.97-2.69 0.278
Gender 1.42 0.75-2.69 0.278
ASA (reference ASA I)
  2
  3
  4

2.24
3.11
3.88

0.72-7.03
1.02-9.22
1.22-12.31

0.125
0.165
0.04
0.02

Hinchey 2.83 1.41-5.6 0.003
Type of operation (ref: PA + ileostomy)
  HP
  PA

3.04
1.88

0.93-9.96
0.39-8.89

0.151
0.065
0.424

Table 6b: Multivariate analyses of patient factors associated with reintervention.
ASA (reference ASA I)
  2
  3
  4

1.49
2.45
3.18

0.52-4.3
0.88-6.84
1.07-9.48

0.153
0.458
0.086
0.038

MPI (≤25 vs >25) 1.30 0.68-2.49 0.429
Type of operation  (ref: PA + ileostomy)
  HP
  PA

2.57
1.66

0.81-8.15
0.36-7.5

0.229
0.109
0.513

Mortality
Mortality rate after HP differed significantly from patients in whom PA 
was performed (34.6% vs 13.3%, p=0.005). In this study, patients who 
had undergone HP generally had a higher age, ASA classification, higher 
Hinchey and MPI compared to patients who had undergone PA. Therefore, 
it seems that the more severely affected and high-risk patients underwent 
HP. Univariate analysis revealed a statistically significant relationship 
between elevated surgical risk according to age, ASA classification, Hinchey, 
MPI and type of operation with postoperative mortality in the included 
patients. In multivariate analysis age and ASA 4 classification were found to 
be independent predictive factors for mortality, while the abovementioned 
other factors lost statistical significance (Table 7).



90

Chapter 5

Table 7a: Multivariate analyses of patient-related factors associated with mortality.
Odds ratio 95% CI P-value

Age 1.05 1.02-1.09 0.002
Gender 1.19 0.58-2.42 0.636
ASA (reference ASA I)
  2
  3
  4

2.25 
4.76 
14.07 

0.41-12.23
0.973-23.3
2.75-71.84

<0.001
0.346
0.054
0.001

Hinchey 1.24 0.57-2.68 0.584
Type of operation (ref: PA with ileostomy)
  PA
  HP

3.93
5.26

0.81-19.07
0.71-39.18

0.203
0.089
0.105

Table 7b: Multivariate analyses of patient-related factors associated with mortality.
ASA (reference ASA I)
  2
  3
  4

2.59 
3.84
12.42

0.48-14.07
0.74-19.85
2.33-66.35

0.003
0.269
0.108
0.003

MPI (≤25 vs >25) 6.43 2.99-13.81 <0.001
Type of operation (ref: PA with ileostomy)
  PA
  HP

0.26
1.11

0.05-1.33
0.275-4.47

0.262
0.104
0.885

Discussion

In the current study mortality after emergency surgery for perforated 
diverticulitis was high with 30%. General physical condition, reflected by 
age and ASA classification, was related to mortality. After adjusting for age 
and ASA, severity of disease (Hinchey and MPI) was not related to outcome. 
Reintervention was performed in 36% of patients which was related to 
independent risk factors age and ASA.

Mortality rate after HP differed significantly from patients in whom PA 
was performed (34.6% vs 13.3%). This is comparable to mortality rates 
in literature and reflects the poor general condition of this patient group 
[12]. In this study, patients who had undergone HP generally had a higher 
age, ASA classification, higher Hinchey and MPI compared to patients who 
had undergone PA. Therefore, it seems that the more severely affected 
and high-risk patients underwent HP.  To reduce the found bias in patient 
selection multivariate analysis was performed and revealed that type of 
surgery was not an independent risk factor for postoperative mortality or 
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need for reintervention. This is in concordance with previous reports were 
type of surgery was not related to mortality [13]. The current finding shows 
that many surgeons still prefer HP over PA in patients with perforated 
diverticulitis. Preference for HP earlier appeared to be related to surgeon’s 
experience in colorectal surgery and emergency surgery outside office hours 
[14,15]. In a few prospective studies PA was performed in all consecutive 
patients to prevent selection bias, concluding that HP was not superior to PA 
[5, 16-18].

At presentation manifestation of disease, physical examination and 
radiological imaging of surviving patients do not differ from deceased 
patients. Preoperative prognostic testing could be helpful to identify 
patients in need for aggressive treatment to reduce mortality and need for 
surgical reintervention. MPI was developed to predict individual prognosis 
for patients with various causes of peritonitis. In this heterogenous group 
highest accuracy (83%) was obtained with a threshold index score of 26 [8]. 
For more homogeneous patient groups other thresholds were found to be 
more accurate [11,19]. Patient characteristics differ between patient groups 
with dissimilar origin of peritonitis and hospitals. Therefore it is proposed to 
adjust the MPI cut-off point for each hospital and various causes of peritonitis 
[19].
Accuracy of Hinchey and MPI as predictor for mortality were 64.6% and 
75.1% respectively. Previous studies found severity of disease using Hinchey 
or MPI to be related to postoperative mortality [11,15,20]. However, most 
studies report on small numbers of patients with generalised peritonitis 
and results of patients with purulent or faecal peritonitis are often not 
described separately. Results in this study show that current classification 
indices fail to predict postoperative mortality in our population with 
perforated diverticulitis. Previously a propensity score to select patient with 
diverticulitis for non-restorative procedure (HP) has been proposed although 
not implemented in subsequent research [21]. Adaptation of present indices 
by providing a disease-specific prediction model could be of value in the 
future and aid to guide clinical decision making. 

Failure to find differences between patient groups with low and high severity 
of perforated disease could be explained by the hypothesis that purulent and 
faecal peritonitis should be classified as one. Since aetiology of the disease 
is still unknown, either form of peritonitis could be caused by presence of 
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macro- or micro-perforation of the sigmoid, respectively. This hypothesis is 
challenged by the good results reported on laparoscopic peritoneal lavage 
and non-surgical treatment in patients with purulent peritonitis [3,4,22]. 
However, most micro-perforations will be covered by omental tissue and 
adjacent organs which are not retracted from the diseased colon during 
these treatment options. 
In conclusion, mortality rate and need for reintervention after emergency 
surgery for perforated diverticulitis were high but not related to type of 
surgery, Hinchey classification and MPI. The main risk factors for mortality 
identified in this study are patient characteristics age and ASA. Our data 
demonstrate that current indices for preoperative risk assessment for 
mortality and reintervention are insufficient, and therefore a renewed 
classification system is advocated.  
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Abstract

Aim 
This systematic review aimed to evaluate the efficacy, morbidity and mortality 
of laparoscopic peritoneal lavage for patients with perforated diverticulitis.

Methods 
We searched PubMed, EMBASE, Web of Science, the Cochrane Library and 
CINAHL databases, Google Scholar and five major publisher websites without 
language restriction. All articles which reported the use of laparoscopic 
peritoneal lavage for patients with perforated diverticulitis were included.

Results 
Two prospective cohort studies, nine retrospective case series and two case 
reports reporting 231 patients were selected for data extraction. Most (77%) 
patients had purulent peritonitis (Hinchey III). Laparoscopic peritoneal 
lavage successfully controlled abdominal and systemic sepsis in 95.7% of 
patients. Mortality was 1.7%, morbidity 10.4% and only four (1.7%) of the 
231 patients received a colostomy.

Conclusion 
There have been no publications of high methodological quality on 
laparoscopic peritoneal lavage for patients with perforated colonic 
diverticulitis. The published papers do, however, show promising results, 
with high efficacy, low mortality, low morbidity and a minimal need for a 
colostomy.
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Introduction 

Peritonitis caused by perforated diverticulitis is a particularly serious 
condition and is classified according to Hinchey [1] into purulent (Hinchey 
III) or faecal (Hinchey IV). It is commonly treated by sigmoid resection 
with or without a colostomy. These operations are characterised by a high 
mortality [2,3] and morbidity [4]. In many patients, the stoma is never 
reversed. Several recent articles have reported laparoscopic peritoneal 
lavage, drainage and antibiotic treatment as an alternative to acute colonic 
resection [5–7]. The authors concluded that laparoscopic peritoneal lavage 
was safe and effective treatment, with a low mortality, low morbidity and 
without the need for a stoma. This systematic review evaluates the efficacy, 
mortality and morbidity of laparoscopic peritoneal lavage for patients 
presenting with perforated colonic diverticulitis.

Retrieved to read full text article 
N = 44 

 

Articles selected on relevance 
N = 28 

Articles elegible for data extraction 
N = 13

Irrelevant based on title or abstract 
N = 367

Irrelevant based on text 
N = 16

Inclusion criteria not met N = 15
Duplicate publictions N = 9

Identified articles based on search strategy
N = 411

 

Figure 1. Inclusion 

Methods  

The following databases were searched: PubMed, EMBASE (OVID version), 
Web of Science, the Cochrane library, CINAHL databases, Google Scholar and 
the ScienceDirect (Elsevier), LWW-journals@OVID (Lippincott Williams & 
Wilkins), HighWire (Society journals), SpringerLink and Wiley ⁄ Blackwell 
publisher website search engines. All searches were performed without 
language restriction. Two combinations of key words were constructed. 
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These were applied to all databases taking into account the terminological 
differences between them. The first one consisted of a combination of 
diverticulitis AND laparoscopy AND lavage. The second consisted of the 
combination of diverticulitis AND peritonitis AND laparoscopy. Two 
reviewers (BT and HS) independently screened titles and abstracts for 
their relevance. All articles that reported the use of laparoscopic peritoneal 
lavage for patients with perforated diverticulitis were included except for 
commentaries and correspondence. The bibliographies of all included articles 
were then searched for relevant references. References citing all included 
articles were finally retrieved. Data extraction and quality assessment were 
independently conducted by two reviewers (BT and HS). Disagreements 
were reconciled by discussion.

Results  

The search produced 411 publications, of which 28 were considered 
relevant to the topic (Fig. 1). Three articles [8–10] and three abstracts [11–
13] were excluded because of the double publication of results as were nine 
publications including comments and correspondence [14–22]. Thirteen 
remaining articles were selected for further data analysis.

Quality assessment
There were no randomised controlled trials. There were two prospective 
cohort studies [5,7], nine retrospective case series [6,23–30] and two 
case reports [31,32]. In the selected papers, different variables on patient 
characteristics and ‘materials and methods’ were reported. All publications 
gave figures on conversion, failure of lavage, mortality, morbidity and the 
number of colostomies and secondary resections performed. Confirmation 
of diverticular colonic disease was usually acquired by colonoscopy or a 
double contrast barium- or water-soluble contrast enema. Only five studies 
reported on the length of patient follow up [5,6,23–25] (Table 1). A meta-
analysis could not be performed, but a summary of the data is presented 
below, with pooled estimates and averages where possible.

Patient characteristics
The thirteen included publications reported 231 patients with acute colonic 
diverticulitis who were treated by laparoscopic peritoneal lavage. The 
majority (77%) had purulent peritonitis (Hinchey III). The male:female 
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ratio was 1.7:1. Four articles stated the ASA grades in a total of 86 patients 
[6,7,24,28] Of these, 24 were classified as ASA grade 1, 42 as grade 2, 15 
as  grade 3 and 5 as grade 4. Forty-six of 189 (24%) patients were reported 
to have had a previous history of colonic diverticular disease in six studies 
[5–7,24,26,32], and eight reported that 173 ⁄ 187 (93%) patients had 
generalised peritonitis [5,6,23–26,30,31]. Abdominal computed tomography 
prior to surgery was mandatory in four studies [6,25,27,30], was never used 
in one [24], and not reported in eight. Eleven articles reported the presence 
of free abdominal air, which was present in 156 ⁄ 225 (69%) patients (Table 
2).

Table 1. Included articles 
Author Year Country Study 

Design
N Study 

type
Length of follow-
up (months)

O’Sullivan 1996 Ireland Cases 8 R 12-48

Aouad 1997 France Case 1 R NR

Faranda 2000 France Cases 18 R (4)

Da Rold 2004 Italy Cases 7 R 6-70 (38) 

Taylor 2006 Australia Cases 14 R NR

Mutter 2006 France Cases 10 R NR

Galleano 2007 Italy Cases 4 R NR

Lippi 2007 Italy Cases 5 R NR

Myers 2008 Ireland Cohort 92 P 12-84 (36)

Franklin 2008 USA Cases 40 R 1-168 (96) 

Jaffer 2008 UK Case 1 R NR

Bretagnol 2008 France Cohort 24 P NR

Favuzza 2009 USA Cases 7 R NR

Values in parentheses are mean follow-up periods. 
NR: not reported

Treatment
Between two and five trocars were used for the laparoscopic procedure and 
the volume of irrigant used varied from 3 to 25 l. Warmed saline solution was 
generally used, but in one institute, the additional diluted iodine and heparin 
were administered [6]. In some institutions, adhesions were left intact 
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[5,7,27] while others divided adhesions and searched for the perforation 
which was either glued or sutured [6,24,25]. Nearly all patients were given 
one or two drains (closed suction or non-suction) at the end of the procedure. 
The mean operating time was 70 min (range 40–150 min) for 69 patients 
from four studies [6,24,25,28]. All patients received antibiotics which were 
usually given intravenously pre- and postoperatively and changed to oral 
medication after 4–7 days. Eleven articles reported the mean hospital stay 
which was 8.5 days (range: 4–35 days) [5,7,23–28,30–32].

Outcome
Table 3 provides an overview of the pooled data on conversion, failure of 
lavage, mortality, morbidity, the number of colostomies and secondary 
resections. 87 (38%) of the 231 patients underwent delayed elective 
resection of the diseased portion of the colon usually laparoscopically. 
Recurrent diverticulitis was reported in 5 ⁄ 128 patients who did not undergo 
secondary resection. Follow-up periods were given as a mean in four studies 
with a weighted mean total of 48 months for 153 patients [5,6,24,25].

Table 2. Patient characteristics 
Author N Hinchey classification Generalised 

peritonitis
Free air

I II III IV

O’Sullivan 8 0 0 8 0 7 1
Aouad 1 0 0 1 0 1 1
Faranda 18 0 0 16 2 11 12
Da Rold 7 1 1 5 0 7 7
Taylor 14 0 2 10 2 9 10
Mutter 10 0 0 10 0 NR 3
Galleano 4 0 2 2 0 local 1
Lippi 5 0 2 3 0 local/generalised NR
Myers 92 0 25 67 0 92 92
Franklin 40 0 5 32 3 40 13
Jaffer 1 0 1 0 0 local NR
Bretagnol 24 0 5 18 1 NR 16
Favuzza 7 0 1 6 0 6 0
Total 231 1 44 178 8 173 156
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Discussion

Patients with acute colonic diverticulitis present with differing severity 
of disease. The Hinchey classification is often used to categorise these 
patients and some subsequent modifications have been published since it 
was described [1,33,34]. The recommended treatment for patients with 
purulent or faecal peritonitis (Hinchey III and IV) is an urgent sigmoid 
resection [35]. In this situation, a Hartmann’s procedure is favoured by 
most surgeons although colonic resection with a primary anastomosis with 
or without a defunctioning colostomy is also feasible [36,37]. Regardless 
of the selected strategy, emergency operations for patients with acute 
perforated diverticulitis are associated with substantial morbidity (up to 
44%) [4] and mortality. In a recent prospective analysis of 200 patients who 
underwent emergency resection for acute diverticulitis, the mortality was 
27% [2], whilst another recent publication on the incidence of perforated 
diverticulitis in the UK reported a mortality of 24% [3]. Furthermore, reversal 
of Hartmann’s procedure is not performed in 25–70% of the patients [38–
42], thus compromising the quality of life and leading to increasing costs. 
This may be attributable to the fact that reversal is associated with a high 
morbidity and even mortality [43]. This systematic review identified 231 
patients with acute colonic diverticulitis who were treated by laparoscopic 
peritoneal lavage, drainage and antibiotics. Abdominal and systemic sepsis 
was successfully controlled using this minimal invasive strategy in 95.7% 
of the patients, with minimum mortality (1.7%), morbidity (10.4%) and 
incidence stoma formation (1.7%). A delayed elective laparoscopic resection 
was feasible in most patients, but, significantly, those who did not undergo 
subsequent resection had a long recurrence free follow-up period.

Laparoscopic peritoneal lavage seems to provide adequate control of the 
acute inflammatory episode in most patients, but it failed to do so in 10 
(4.3%) of the 231 patients [26,30]. Two of these required a Hartmann’s 
resection for faecal peritonitis and two underwent open resection and 
primary anastomosis for purulent peritonitis.
Four of five patients with pelvic abscess formation inadequately treated by 
laparoscopic peritoneal lavage underwent radiological drainage and one had 
a Hartmann’s resection [5,7,30]. One other patient had an early recurrence 
necessitating surgery 3 weeks later [27].
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The overall mortality (1.7%) was low. Two patients died of multi-organ failure, 
one because of pulmonary embolism and one because of cardiogenic shock. 
At present, in most institutions, a delayed elective laparoscopic resection 
is advised after resolution of an attack of acute diverticulitis. The current 
practice of elective resection after two episodes of acute diverticulitis has, 
however, recently been challenged [44] and was not applied in the institute 
that reported most of the patients treated by laparoscopic peritoneal lavage 
reported in this review. In this study, no patient underwent a subsequent 
elective resection and excellent results were obtained during long-
term follow up [5]. The studies published on this topic have mostly been 
retrospective, non-consecutive and of low methodological quality. Inclusion 
and publication bias may partially have been responsible for the favourable 
results. The pooling of data from heterogeneous studies, as has been done in 
this review, can also lead to bias. 

Table 3. Outcome 
Author
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O’Sullivan 8 0 0 0 2 0 0
Aouad 1 0 0 0 0 0 1
Faranda 18 0 0 0 3 0 15
Da Rold 7 1 0 0 2 0 0
Taylor 14 0 3 0 0 2 8
Mutter 10 0 1 0 0 1 6
Galleano 4 0 0 0 0 0 4
Lippi 5 0 0 1 1 0 1
Myers 92 0 2 3 5 1 0
Franklin 40 0 0 0 8 0 24
Jaffer 1 0 0 0 0 0 0
Bretagnol 24 0 2 0 2 0 24
Favuzza 7 0 2 0 1 0 4
Total 231 1 10 4 24 4 87
% 0.4 4.3 1.7 10.4 1.7 37.7
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The thirteen selected articles indicate that laparoscopic peritoneal lavage, 
for patients with peritonitis caused by perforated diverticulitis, is an effective 
and safe treatment that may be preferable to colonic resection. There 
appears to be a general consensus, however, that laparoscopic peritoneal 
lavage should not be used for patients with Hinchey grade IV diverticulitis 
[5,7,23,24,26,27]. 
Other patients who may not benefit from laparoscopic peritoneal lavage 
include those with pelvic abscess formation. This is consistent with the 
observation that half of the patients who had a failure of lavage had a pelvic 
abscess.
There have been different reactions to this new approach. Some remain 
sceptical [21], whilst others indicate a preparedness to change practice 
[18] or to reconsider current management of complicated diverticulitis as a 
result of the publication by Myers et al. [20]. Laparoscopic peritoneal lavage 
is recommended for selected patients with perforated diverticulitis by the 
European Association for Endoscopic Surgery (grade of recommendation 
C) [45] and has been included in a proposed management algorithm for 
patients with acute colonic diverticulitis [32]. Others, however, believe that 
this technique warrants further investigation in a controlled prospective 
setting [14,46]. As laparoscopic peritoneal lavage may be an important new 
treatment for patients with peritonitis caused by perforated diverticulitis, 
it is important to establish its value in randomised controlled trials. Such 
a trial randomising patients with purulent diverticulitis to either lavage or 
resectional surgery will start in 2010. 
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Abstract

Background 
Laparoscopic lavage has recently emerged as a promising alternative for 
sigmoid resection in the treatment of perforated diverticulitis. This study 
examines the safety and efficacy of this novel method in the Netherlands.

Methods
The files of all patients with complicated diverticulitis were searched in 34 
teaching hospitals. Patients with diverticulitis treated with laparoscopic 
lavage between January 1 2008 and December 31 2010 were included.

Results
Treatment with laparoscopic lavage was performed in 10 hospitals. Fifty 
patients with Hinchey stage I (3), II (7), III (38) and IV (2) diverticulitis were 
included. Ten patients (20%)  required a reoperation. Overall, 22 patients 
(44%) developed complications, of whom six died. In six patients (12%) a 
temporary stoma was created. Three patients in whom lavage was successful 
underwent sigmoid resection after initial recovery because of recurrent 
diverticulitis.

Conclusion
Laparoscopic lavage for perforated diverticulitis was feasible in 80% of the 
patients and associated with a quick and uneventful recovery. In those who 
fail, the morbidity, reoperation and mortality rates are high.  Therefore, 
patient selection is of critical importance.
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Introduction

Perforated diverticulitis is a serious condition, that can present as either 
purulent (Hinchey III) or faecal peritonitis (Hinchey IV) [1].  Regardless of 
this classification, sigmoid resection with either end-colostomy or primary 
anastomosis has been the standard treatment to eliminate the source of 
inflammation. However, these operations are associated with high mortality 
and morbidity rates, and in many patients reversal of the stoma is never 
performed [2,3].
Laparoscopic lavage, as initiated by O’Sullivan et al. [4], has recently emerged 
as a promising alternative for sigmoid resection. A systematic review has 
shown that for Hinchey III diverticulitis, lavage leads to low morbidity and 
mortality, while preventing a stoma [5]. However, the available data are 
derived from small non-randomised studies, with a high risk of selection and 
reporting bias.
Hinchey II diverticulitis is defined as diverticulitis with a pelvic abscess ≥5 
cm in diameter. Percutaneous drainage is recommended for this condition; 
surgery is only required when the abdominal abscess is not amenable for 
percutaneous treatment and signs of sepsis are present [6-9]. For Hinchey 
IV diverticulitis (faecal peritonitis), lavage does not seem to be sufficient. 
Since there is an overt communication between the intestinal lumen and 
the peritoneal cavity, sigmoid resection is recommended to prevent further 
dispersion of feculent content [5].
Laparoscopic treatment, as promoted by Myers et al. [10], has been received 
with both enthusiasm and scepticism in the Netherlands. Some hospitals 
have implemented lavage as a new standard for Hinchey III diverticulitis 
because they were convinced by the existing evidence; others have been 
more reluctant, fearing failure of the new strategy. Prior to the start of the 
Ladies trial (a large randomised trial investigating the safety and efficacy 
of laparoscopic lavage for perforated diverticulitis), some surgical units had 
already started with this novel strategy [11].  The aim of the present study 
is to report on the results of laparoscopic lavage performed in these centers 
prior to the start of the Ladies trial.

Patients and methods

Those eligible for this study were patients who were treated with laparoscopic 
lavage for diverticulitis in Dutch teaching hospitals prior to the start of the 
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Ladies trial in the period January 1 2008 to December 31 2010. In the 34 
hospitals, medical records were screened on the diagnosis ‘diverticulitis’ or 
‘acute abdomen’. The medical files of these patients were checked for the type 
of surgery they had undergone. Patients were included if they underwent 
laparoscopic lavage as the primary treatment for complicated diverticulitis. 
Demographic data, comorbidity, ASA classification, preoperative white blood 
cell count (WBC), C-reactive protein concentration (CRP), plain abdominal 
radiography and CT scan images were recorded. Operation records were 
assessed for the presence of abdominal pus, the localisation of pus, the 
presence of faeces, the presence of overt sigmoid perforation, closure of 
overt perforation, the amount of saline, and the placement of drains. Finally, 
survival, the length of (ICU) stay, the antibiotic regimen and the number 
of complications, diagnostic measures, reinterventions, reoperations and 
readmissions were recorded.
We used the Mannheim Peritonitis Index (MPI) as a predictor of the mortality 
risk (Table 1). The Hinchey classification was used to stratify the included 
patients according to the intraoperative and radiological findings: Hinchey 
I for a small pericolic abscess (<5 cm) when no abdominal free fluid or air 
was present, Hinchey II for pelvic abscess in the absence of free air, Hinchey 
III when a purulent peritonitis was present and Hinchey IV when free intra-
abdominal faeces were found.

Table 1. Mannheim Peritonitis Index
Risk factor Weight
Age >50 years 5
Female gender 5
Organ failure 7
Malignancy 4
Preoperative duration of peritonitis >24h 4
Diffuse generalised peritonitis 6
Exudate
Clear
Cloudy, purulent
Faecal

0
6
12

The origin of sepsis was always colonic: 0/4 points.
Definition of organ failure:
• Kidney: creatinine >177 µmol/L, urea >167 µmol/L, oliguria <20 mL/h
• Lung: pO2  <50 mmHg, pCO2  >50 mmHg
• Shock: hypodynamic or hyperdynamic
• Profound intestinal obstruction: paralysis >24 h or complete mechanical ileus
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The following comorbidities were extracted from the patient’s history: 
cardiovascular morbidity (myocardial infarction, ischemic attack, aneurysm, 
hypertension, atrial fibrillation, thrombosis), pulmonary morbidity 
(chronic obstructive pulmonary disease), malignancies, organ failure (renal 
insufficiency, pulmonary insufficiency) and other morbidities (diabetes, 
hypercholesterolemia).
Statistical analyses were performed with PASW for Windows, version 18.0.2. 
The chi square test, the Fisher’s exact test and the Mann-Whitney U test were 
used to compare distributions of the patient risk factors for the outcome of 
the primary surgery when appropriate.

Results

Fifty patients treated with laparoscopic lavage were identified in 10 hospitals. 
All patients had clinical evidence of diverticulitis with obvious signs of local 
or generalised peritonitis.
Patient characteristics are shown in Table 2. A total of 29 men and 21 women 
were included; median age 59 (range 23-81) years. Twenty-eight patients had 
comorbidities, of which 10 patients had cardiovascular disease (myocardial 
infarction, stroke, atrial fibrillation and thrombosis), four patients suffered 
from COPD and five patients were previously diagnosed with malignancy. 
One patient was respiratory insufficient preoperatively. Seven patients had 
undergone previous abdominal surgery, not related to diverticular disease. 
One patient had had a previous episode of diverticulitis, and another patient 
had been admitted for uncomplicated diverticulitis seven days before 
surgery. 

Preoperative imaging revealed free intra-abdominal air in 40 patients; in 
three patients no imaging was performed. Peroperatively, 12 patients were 
diagnosed with a pelvic or retroperitoneal abscess. A local or generalised 
purulent peritonitis was found in 33 patients, of whom two had an overt 
sigmoid perforation. Faecal peritonitis, caused by a small overt perforation, 
was present in another two patients.
The amount of irrigation fluid was reported in 19 patients. Most surgeons 
used three (range 2-6) litres of saline. The placement of drains was reported 
in 42 patients: in 24 patients one drain was used, and in 18 patients two 
drains were placed. One of the patients required conversion to an open 
procedure, because the left lower quadrant could not be visualised. In all 
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four cases of an overt sigmoid perforation, the perforation was primarily 
closed.

Table 2. Risk factors for treatment failure
Overall

N=50

Sepsis 
controlled 
N=40

Sepsis not 
controlled 
N=10

Male/female 29/21 25/15 4/6

Age (years, mean, SD) 59 (15) 58 (15) 65 (15)

ASA
I
II 
III 
IV

 
14
14
18
4

13
12
14
1

1
2
4
3

Comorbidity
Yes
No

28
22

20
20

8
2

MPI (mean, SD) 13.3 (5.8) 3 12.2 (5.1) 3 17.8 (6.7)3

Preoperative CRP1  (mean, SD) 198 (143) 3 180 (133) 3 281 (162) 3

Preoperative WBC2  (mean, SD) 15.8 (5.1) 3 16.0 (4.5) 3 14.5 (7.5) 3

Free air on CT
Pericolic 
Diffuse 
No
No imaging

10
30
7
3

8
24
5
3

2
6
2
0

Intraoperative findings
No fluid, no diffuse free air on CT 
No fluid, diffuse free air on CT 
Abscess, no diffuse free air on CT 
Abscess, diffuse free air on CT 
Localised cloudy/purulent exudate
Generalised cloudy/purulent exudate
Faecal fluid

1
2
7
5
29
4
2

1
2
6
3
25
3
0

0
0
1
2
4
1
2

Hinchey
I 
II
III 
IV

3
7
38
2

1
6
33
0

0
1
7
2

Overt perforation
Yes
No

4
46

2
38

2
8

1. C-reactive protein (CRP) in mmol/L
2. White blood cell (WBC) count in 106/mm3
3. Significant difference, Mann Whitney U test, p=0.005 
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Figure 1. Postoperative course

The median operating time was 51 (range 30-220) min. There were no 
intraoperative complications. The postoperative antibiotic regimen was 
reported in 32 patients: in most patients a combination of cefuroxime and 
metronidazole was administered for five days. 
The median length of postoperative hospital stay was 10 (range 3-71) days. 
Nine patients required admission to the ICU (18%), with a median length 
of stay of 7 (range 2-46) days. Five patients (10%) required readmission to 
the surgical ward after discharge. Reoperation was required in 10 patients 
(20%) because of on-going sepsis; the two patients with faecal peritonitis 
were part of this group. 
Three patients refused a second operation and died of multi-organ failure 
within days. In seven patients a laparotomy was performed: sigmoid 
resection with end-colostomy was performed in four, deviating ostomy 
in two, and closure of the sigmoid perforation in one. A faecal peritonitis 
was found in three of these patients. In two patients a purulent peritonitis 
was found, and the intra-operative data are lacking for the two patients in 
whom only ostomy was performed. Abdominal sepsis was controlled in all 
seven patients after the second operation. Nonetheless, two patients died 
during the postoperative course. One patient died of aspiration and one 
patient developed a burst abdomen. The latter patient requested no further 
treatment and consequently died. All patients who needed secondary surgery 
developed complications within 30 days (Table 3). No carcinoma was found 
by histopathology in any of the specimens of the resected sigmoid.

Laparoscopic lavage
 N=50

Sepsis controlled
N=40 

Sepsis not controlled, 
reintervention required

N=10 

Reintervention 
refused

N=3

Death 
Multiorgan failure

N=3

Reintervention
Resection + end-colostomy N=4

Loop-stomy N=2
Closure of perforation N=1

Sepsis controlled 
N=7

Death 
Aspiration N=1

Recurrent dehiscence, 
palliation N=1

Complete recovery N=5
 

Death 
Bowel obstruction, 

palliation N=1

Complete recovery 
N=39

 

Recurrent diverticulitis, 
sigmoid resection N=3
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In 40 patients (80%) lavage was successful. Two patients, who had overt 
sigmoid perforation that was primarily closed, were part of this group. 
One patient with a pre-existent bronchial carcinoma developed persistent 
small bowel obstruction postoperatively; because of the poor prognosis, 
parenteral feeding was stopped and the patient died. Twelve patients 
developed complications within 30 days: abdominal abscess (three), small 
bowel obstruction (two), pneumonia (two) and other complications (six). 
Follow-up visits were reported in 31 patients, for a median duration of 64 
(range 6–615) days. During follow-up, two patients underwent elective 
sigmoid resection for recurrent symptomatic diverticulitis at 6 and 9 months 
postoperatively. One patient underwent emergency sigmoid resection for 
recurrent perforated diverticulitis 12 months postoperatively.

Table 3. Outcomes of surgery
Lavage 
overall
N = 50

Sepsis 
controlled
N=40

Sepsis not 
controlled 
N=10

Re-operation required
Sigmoid resection
Refusal of surgery and death
Ostomy
Closure perforation

10 (20%)
4
3
2
1

Hospital stay in days
Median (range) 10 (3-71) 9 (3-25) 25 (6-71)

ICU admission 9 (18%) 2 7

Readmission 5 (10%) 3 2
In-hospital mortality
Multi organ failure
Aspiration
Persistent bowel obstruction
Burst abdomen

6 (12%)
3
1
1
1

1

1

5
3
1

1
Morbidity (N) 
Abdominal abscess 
Wound infection 
Bowel obstruction
Enterocutaneous fistula
Burst abdomen
Incisional hernia
Pneumonia
Other

22 (44%)
5
3
4
3
2
2
5
4

12
3
1
2
1

2
4

10
2
2
2
2
2
2
3

Recurrent diverticulitis
Emergency sigmoid resection
Elective sigmoid resection 

3 (6%)
1
2

3
1
2
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In 21 patients follow-up colonoscopy was done to exclude colonic malignancy: 
in none of these was malignancy found.
The patient characteristics were analysed for predisposing parameters for 
failure of lavage defined as need for secondary surgery (Table 2). The patients 
who needed secondary surgery were more likely to have comorbidities, had a 
higher mean preoperative CRP concentration and a significantly higher MPI. 
The localisation and amount of pus during laparoscopy showed no significant 
relationship with the failure of the treatment. Nor did the presence of an 
overt perforation, since two of the four patients with such a perforation did 
not need secondary surgery. A secondary procedure was indicated in the two 
patients in whom the perforation had caused a faecal peritonitis.

Discussion

This study shows that treatment with laparoscopic lavage in the Netherlands 
was less successful compared to the report of Myers et al. [10]. In the 
successfully lavaged patients mortality and morbidity rates were low and 
recovery was quick. However, 20% of the patients treated with lavage 
required further surgery because of inadequate control of the disease; in 
these patients mortality and morbidity rates were high.  In addition, three 
patients who recovered from an initial episode of diverticulitis treated with 
laparoscopic lavage, elective or emergency sigmoid resection was required 
later on because of recurrent diverticulitis.
A better selection of the patients who would benefit from laparoscopic 
lavage is extremely important. Factors that might affect the outcome are 
generalised versus localised peritonitis, age, CRP concentration, ASA grade, 
comorbidities and timing of the operation. The number of included patients 
in this study was not sufficient to identify any of these factors as a contra-
indicator for treatment with lavage. Hemodynamic instability was not 
investigated in the present study, since preoperatively all patients (with the 
exception of one) were in a stable condition. The extent of peritonitis could 
not be analysed since this was not reported consistently in the operation 
records. The presence of free air and the localisation of abdominal pus were 
not related to treatment success. The presence of a faecal peritonitis led to 
secondary surgery in both these patients, confirming earlier reports that 
laparoscopic lavage is not a suitable treatment in these patients [5].
In the present study, treatment failure was more likely in patients with a 
higher ASA classification, associated comorbidities, a higher preoperative 



116

Chapter 7

CRP concentration and a higher MPI. From our analysis, the MPI was the only 
significant risk factor for reintervention. Although the MPI was designed 
as a predictor for postoperative mortality in patients with peritonitis, it 
appeared to be a significant risk factor for reintervention after laparoscopic 
lavage. Certain elements of the index (higher age, organ failure, concomitant 
disease, generalised peritonitis, faecal peritonitis) have been reported as 
predictors for reinterventions for secondary peritonitis [12,13].
Preoperative CRP concentration was higher in the group of patients needing 
reintervention, albeit the difference was not significant. CRP is a known 
predictor for both perforated appendicitis [14] and perforated diverticulitis 
[15]; however, it remains unclear whether CRP can predict the success of 
laparoscopic lavage for perforated diverticulitis.
The reasons for treatment failure of laparoscopic lavage are currently poorly 
understood. Overt perforation may have been present and responsible 
for this failure. This perforation is either not detected at the primary 
intervention, or it might be created by the operation, or it develops during 
the postoperative course. In all three situations, the patient will suffer from 
on-going or renewed sepsis, and an emergency sigmoid resection seems 
necessary.
Earlier studies addressing laparoscopic lavage, with an overall morbidity rate 
of 10% and a mortality rate < 2%, indicated much better results than achieved 
in the present series [5]. Despite the very promising results of these studies, 
the amount of evidence for laparoscopic lavage for perforated diverticulitis 
is still limited [5]. Until now, no randomised studies on this topic have been 
published. The available evidence is therefore limited to uncontrolled studies 
with a high risk of selection and publication bias. Most studies, including the 
present study, have analysed patients with both Hinchey II and Hinchey III 
diverticulitis. This might lead to considerably better results, since Hinchey II 
diverticulitis is known to lead to fewer complications than in patients with 
true perforated diverticulitis [16].

In this study, considering the high risk of reoperation, sigmoid resection 
with primary anastomosis might be a safer treatment. However, resection is 
characterised by frequent anastomotic leakage with a prevalence of 13.9% 
and subsequent reoperation with a high mortality risk [2]. Additionally, 
sigmoid resection is a highly invasive procedure that can be prevented in 
the majority of the patients who undergo laparoscopic lavage. The balance 
between patients who will benefit or suffer from lavage treatment needs to 
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be clearly elucidated in future research.
Laparoscopic lavage is a promising novel treatment for perforated purulent 
diverticulitis. The high morbidity and ostomy rates associated with sigmoid 
resection can be avoided. However, in our series, a significant number of the 
patients needed secondary surgery after lavage. Half of these patients died, 
and the other half had a high morbidity. Our study suggests that laparoscopic 
lavage might not benefit all patients with Hinchey III diverticulitis. From 
our results, it appears that patients with multiple comorbidities, high CRP 
and a high MPI are at risk for failure of lavage. For these patients, sigmoid 
resection at the first stage might be the safer intervention. However, it is 
unclear what cut-off values need to be used. Therefore, it remains unproven 
which risk factors predispose for failure of lavage. For this reason, the results 
of four randomised trials addressing this topic of perforated diverticulitis 
are eagerly awaited [11, 17-19]. Our data support the general consensus 
that patients with Hinchey IV diverticulitis should always undergo sigmoid 
resection.
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Abstract

Background
Recently, excellent results are reported on laparoscopic lavage in patients 
with purulent perforated diverticulitis as an alternative for sigmoidectomy 
and ostomy. The objective of this study is to determine whether LaparOscopic 
LAvage and drainage is a safe and effective treatment for patients with 
purulent peritonitis (LOLA-arm) and to determine the optimal resectional 
strategy in patients with a purulent or faecal peritonitis (DIVA-arm: 
perforated DIVerticulitis: sigmoidresection with or without Anastomosis).

Methods
In this multicentre randomised trial all patients with perforated diverticulitis 
are included. Upon laparoscopy, patients with purulent peritonitis are 
treated with laparoscopic lavage and drainage, Hartmann’s procedure or 
sigmoidectomy with primary anastomosis in a ratio of 2:1:1 (LOLA-arm). 
Patients with faecal peritonitis will be randomised 1:1 between Hartmann’s 
procedure and resection with primary anastomosis (DIVA-arm). The primary 
combined endpoint of the LOLA-arm is major morbidity and mortality. A 
sample size of 132:66:66 patients will be able to detect a difference in the 
primary endpoint from 25% in resectional groups compared to 10% in the 
laparoscopic lavage group (two sided alpha = 5%, power = 90%). Endpoint 
of the DIVAarm is stoma free survival one year after initial surgery. In this 
arm 212 patients are needed to significantly demonstrate a difference of 
30% (log rank test two sided alpha = 5% and power = 90%) in favour of 
the patients with resection with primary anastomosis. Secondary endpoints 
for both arms are the number of days alive and outside the hospital, health 
related quality of life, health care utilisation and associated costs.

Discussion
The Ladies trial is a nationwide multicentre randomised trial on perforated 
diverticulitis that will provide evidence on the merits of laparoscopic 
lavage and drainage for purulent generalised peritonitis and on the optimal 
resectional strategy for both purulent and faecal generalised peritonitis.

Trial registration
Nederlands Trial Register NTR2037



123

Background  

Diverticular disease is an important condition in terms of healthcare 
utilisation and it is one of the five most costly gastrointestinal disorders 
in westernised countries [1]. Despite this high prevalence, treatment of all 
different stages of diverticular disease is still hardly evidence based, hence 
containing a lot of controversies. Perforated diverticulitis is a perforation of 
an inflamed diverticulum of the large bowel, mostly the sigmoid, resulting 
in either purulent or faecal peritonitis (Hinchey stadia III or IV). Both 
conditions require emergency surgery [2,3]. Regardless of selected strategy 
emergency operations for acute perforated diverticulitis are associated with 
substantial morbidity (up to 50%) and mortality (15 to 25%)[3-8]. Primary 
sigmoidectomy with or without anastomosis has become the standard 
practice for patients with generalised peritonitis complicating diverticulitis 
[6-10] and for many surgeons the Hartmann’s procedure remains the 
favoured option. Restoration of bowel continuity after this procedure is a 
technically difficult operation, with high morbidity and mortality rates 
[11,12]. Therefore stoma reversal after HP is only performed in 50 to 60% 
of the patients, thereby compromising quality of life and increasing costs 
[13,14]. Recently laparoscopic lavage (LL) emerged as an effective alternative 
for patients with perforated diverticulitis with purulent peritonitis [15]. This 
non-resectional procedure has first been described by O’Sullivan in 1996 
[16]. 

In 2009, a systematic review on all studies on laparoscopic lavage with a 
total number of 231 patients was performed. Mortality was less than 2% 
and a (permanent) colostoma was avoided in the majority of these patients 
[15-22]. Therefore laparoscopic lavage for perforated purulent diverticulitis 
has a great potential in improving health and reducing costs. Nevertheless, 
since sigmoidectomy is still considered the standard of care for perforated 
diverticulitis, implementation of LL might be variable. Some surgeons will 
embrace lavage because of its technical simplicity; other might be reluctant 
fearing failure of this novel strategy. Only a head to head comparison of 
both surgical strategies will provide an evidence based surgical approach of 
patients with perforated diverticulitis with purulent peritonitis (LOLA-arm). 
In case of faecal peritonitis there is no evidence that LL is a valid alternative 
for a resectional strategy. But again, the optimal surgical treatment is still a 
matter of debate. The available literature suggests equality of Hartmann’s 
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procedure (HP) and resection with primary anastomosis (PA) regarding 
postoperative mortality and morbidity [5,8,9,23,24]. The likelihood of stoma 
closure seems higher after PA with ileostomy (85%) compared to HP (60%), 
but robust evidence is lacking [13,25]. Therefore, HP and PA are compared 
to determine the optimal resectional treatment for perforated diverticulitis 
with generalised purulent or faecal peritonitis, regarding stoma free survival 
(DIVA-arm).

Study objectives 

For this two-armed randomised trial two objectives can be defined to 
determine the optimal strategy for the treatment of perforated diverticulitis. 
First, is laparoscopic lavage for patients with purulent peritonitis superior 
compared to sigmoidectomy, in terms of mortality, morbidity, quality of life, 
health care utilisation and associated costs (LOLA-arm)? Secondly, is HP or 
PA the superior approach for patients with purulent or faecal generalised 
peritonitis in terms of stoma free survival, quality of life and cost-effectiveness 
(DIVA-arm)?

Methods 

The Ladies trial is designed as a nationwide multicentre randomised 
trial in which patients with generalised peritonitis caused by perforated 
diverticulitis are randomised to undergo either laparoscopic lavage and 
drainage or resectional surgery by laparotomy. Patients presenting with 
clinical signs of diverticulitis with diffuse peritonitis can be included upon 
the finding of free gas on plain abdominal radiography, upon the finding of 
free gas on CT, or upon the finding of peritonitis with diffuse fluid or gas on 
CT. 
Exclusion criteria include dementia, pelvic irradiation, steroid treatment, 
prior sigmoidectomy and preoperative shock with inotropic requirement. 
All patients need to fulfil the selection criteria and will need to give written 
informed consent.
Eligible patients undergo diagnostic laparoscopy to exclude other causes of 
generalised peritonitis. If the diagnosis perforated diverticulitis is confirmed, 
the patient can be enrolled and randomised. Block-randomisation is 
performed during laparoscopy via the trial website according to Figure 1. In 
case of purulent peritonitis (Hinchey III) patients are randomised to LL, HP 
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or PA (LOLA-arm). The best evidence indicates that the latter two resectional 
strategies are equal in terms of postoperative morbidity and mortality in case 
of generalised peritonitis [8]. For this reason a three way 2:1:1 randomisation 
is performed. In case of an overt perforation with faecal peritonitis (Hinchey 
IV) patients will undergo laparotomy and are randomised 1:1 to either 
undergo HP or PA. Patients who are either ineligible for trial entry, who show 
other causes of peritonitis than diverticulitis at laparoscopy or who do not 
wish to take part in the study are treated at the discretion of the surgeon on 
call. These patients will be registrated by the trial coordinator.

Figure 1. Flowchart of the trial 

Endpoints
Primary endpoint of the LOLA-arm is the combined number of mortality and 
major morbidity, twelve months after initial surgery. Secondary endpoints 
of the LOLA-arm are quality of life, health care utilisation and associated 
costs. Major morbidity includes reintervention, fascial dehiscence, incisional 
hernia, myocardial infarction, urosepsis, respiratory failure and renal failure. 
Respiratory failure is defined as a SOFA score of less than 300. Renal failure 
is defined as a threefold creatinine increase or a GFR decrease over 75% or a 
urinary output of less than 0.3/kg/h for 24 hours or anuria for twelve hours. 
Primary endpoint of the DIVA-arm is the stoma free survival within twelve 
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months after initial surgery. Secondary endpoints are quality of life and cost-
effectiveness.

Participating centres
More than thirty-five teaching hospitals in the Netherlands and Belgium are 
participating in this trial, including six academic centres.

Study population
This study consists of patients eligible for surgical treatment of perforated 
diverticulitis. Inclusion criteria are age between 18 and 85 years, a clinical 
suspicion for perforated diverticulitis and free gas on plain abdominal 
radiography, free gas on CT, or peritonitis with diffuse fluid or gas on CT.
Ethics
This study will be conducted in accordance with the principles of the 
Declaration of Helsinki and Good Clinical Practice guidelines. Medical 
ethics approval has been obtained by the medical ethics committee from 
the Academic Medical Centre in Amsterdam, dated September 30th, 2009. 
Prior to randomisation, written informed consent must be obtained from all 
patients.

Drawing of the three randomisation options for a perforated purulent diverticulitis: 
lavage (1), Hartmann’s (2) and primary anastomosis (3). 
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Study outline
Diagnostic laparoscopy: a careful inspection of the stomach, duodenum and 
sigmoid is performed to localise the site of perforation. In case of peritonitis 
due to a perforated diverticulum it must be attempted gently to locate 
the site of perforation. Careful removal of adherent omentum or bowel is 
tried. If clearly adherent, it should be left in place. If no obvious perforation 
is apparent and faecal content is absent, the patient is randomised online 
between treatment with LL, HP or PA in a ratio 2:1:1. In case of an overt 
perforation or intra-abdominal contamination with faeces, the patient is 
not eligible for LL and is randomised between HP and PA. LL: the abdominal 
cavity is irrigated with six litres of warm saline. At the end of the procedure 
a Douglas drain is inserted via the right lateral port.
HP: The perforated diseased part must be resected. There is no need of 
having the distal transsection line on the proximal rectum. An end-colostomy 
is performed according to the preference of the operating surgeon, the same 
accounts for closing the rectal stump.
PA: Sigmoidectomy is done according to the guidelines of the American 
Society of Colon and Rectal Surgeons [26,27]. The distal transsection margin 
has to be on the proximal rectum, the proximal margin is determined by the 
absence of wall thickening due to diverticulitis. The type of anastomosis and 
the decision to perform a defunctioning loop-ileostomy are to the discretion 
of the surgeon on call. Leaving a Douglas drain after resectional surgery is 
at the discretion of the operating surgeon. The resected tissue is sent for 
histological investigation to exclude malignancy.
Antibiotics are administered for seven days in both groups. Postoperatively, 
oral diet and mobilisation are advanced as soon as possible. Within four to 
six weeks after surgery a sigmoidoscopy is performed to exclude malignancy 
as the underlying cause of the perforation. After the sigmoidoscopy is 
performed, the patient will be offered reversal of the stoma, when he or she 
is found eligible for surgery by the surgeon and anaesthesiologist.

Statistical analysis
The analysis will be performed in accordance with the intention to treat 
principle. In the LOLA-arm of the study, the assumpted difference in the 
combined number of mortality and major morbidity between laparoscopic 
lavage and resection is 15%. With a two sided likelihood ratio test and a 
significance level of 0.05, a sample size of 132:66:66 will be necessary to 
detect this difference. With a group size of a hundred patients per arm it is 
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also possible to find a significant difference (alpha = 0.05, beta = 0.1) of at 
least 10% in subscales of the SF-36, a validated quality of life questionnaire, 
at two, four, thirteen, 26 and 52 weeks after initial surgery. In the DIVA arm 
212 patients are needed to significantly demonstrate a difference in stoma 
free survival between both treatment arms, using log rank statistics with a 
power of 90% and a type I error of 5%. The suspected postoperative mortality 
for HP and PA is equally high (+ 15%) [8]. About 60% of the patients that 
underwent HP have their stoma reversed [11,12]. When corrected for the 
expected mortality before reversal, the reversal rate will be 50%. Patients 
with a protective loop-ileostomy after PA will have their enterostomy 
reversed in over 85% [12]. After correction for expected mortality before 
reversal, this will result in a 72% stoma reversal rate in the initial patient 
population.

Economic evaluation
Comparisons of the different surgical strategies in the economic evaluation 
will be analogous to the analyses of the clinical endpoints. The economic 
evaluation will be performed from a societal perspective, with the costs per 
unit improvement on the primary clinical endpoints, defined as combined 
mortality and morbidity for the LOLA-arm, and stoma free survival for 
the DIVA-arm. We hypothesise that a more effective intervention will be 
associated with less health care utilisation as well as absence from paid 
work (productivity costs). Therefore, the primary analysis will be a cost-
effectiveness analysis that evaluates costs associated with an improved 
surgical outcome. In addition, a secondary analysis will evaluate cost 
differences in relation to differences in quality-adjusted life-years (QALYs). 
This cost-utility analysis, resulting in an incremental cost-effectiveness ratio 
expressed in costs per QALY, will be included to allow comparison with other 
health-related interventions or programs. With a study horizon of twelve 
months, no discounting will be applied. We will differentiate between direct 
medical, direct non-medical and indirect costs.

Data collection and monitoring
An electronic Case Report Form (CRF) will include general patients data: 
sex, age, medical history, POSSUM-score, preoperative APACHE-score, 
surgical parameters, Hinchey score, data concerning type of intervention, 
complications, mortality, duration of hospital and intensive care stay and 
the patients response to the questionnaires. Patients will be followed for a 
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period of twelve months. During this follow-up period patients will complete 
a set of questionnaires (SF-36, EQ-5D and GIQLI) two, four, thirteen, 26 
and 52 weeks after the initial surgery. The questionnaires will be sent to 
the patients by mail accompanied by a stamped return envelope. Collection 
of the questionnaires will be safeguarded by the trial coordinator. At four, 
thirteen, 26, 39 and 52 weeks after initial surgery, the patients will be asked 
to complete questionnaires to assess complications, additional interventions, 
readmissions, duration of hospital and intensive care stay, visits to the 
outpatient clinic, number of days of sick leave and to ensure completions of 
the questionnaires.

Patient safety
An independent data monitoring and safety committee has been established 
to interpret the data from the current trial, to monitor any early significant 
differences between the groups of treatment and to make interim analyses 
to decide on continuation of the study after every 25 included patients. An 
independent trial monitor will monitor the study procedure and the data of 
included patients. A data management agency created the online database 
of the study to guard the entry of data by the local investigators. The same 
organisation has trained all trial coordinators, all local investigators and 
some local co-investigators on the guidelines of Good Clinical Practice. The 
trial coordinators have trained all other personnel on the protocol, on asking 
informed consent, on reporting

Serious Adverse Events 
According to the Good Clinical Practice guidelines, a list of Serious Adverse 
Events is defined. All events on this list have to be reported by the local 
investigators to the trial coordinators within 24 hours after the event. These 
events will be reported to the central Medical Ethics Committee (CCMO) 
within 24 hours afterwards. With this measure, the central Medical Ethics 
Committee compares the incidence of complications between the arms of 
the trial and can decide on continuation of the trial.

Discussion 

Since the introduction of laparoscopic lavage and drainage for purulent 
peritonitis for perforated diverticulitis in 1996, the number of patients 
treated with this new method had gradually inclined. However, there 
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have been no publications of high methodological quality on this topic 
[28]. Therefore we do not know whether laparoscopic lavage is in fact a 
safe and effective treatment. Since the existing publications do promise a 
significant reduction in mortality and major morbidity, a randomised trial 
is appropriately warranted. A data monitoring committee will guard the 
methodological quality of the study, the safety of the patients, and monitor 
any early significant differences between the different surgical strategies. 
We have not found any evidence that laparoscopic lavage is a safe treatment 
for perforated faecal peritonitis. Therefore in this group of patients 
randomisation will only take place between the two resectional strategies. 
In the presented study all patients suspected for perforated diverticulitis 
are included, and a midline laparotomy can be avoided in selected patients 
with other pathology. We do not know whether the lavage itself is important 
for the treatment of the peritonitis, since there are no publications on the 
treatment of purulent perforated diverticulitis with diagnostic laparoscopy 
and antibiotic treatment alone. Laparoscopic lavage in combination with 
antibiotic treatment however, has been examined in a systematic review with 
very promising results [28]. The stoma reversal rate is the primary endpoint 
for the DIVA-arm of the trial. Questions could be raised about the benefits of 
this reversal for a patient that is incontinent for faeces. A definitive colostoma 
for this specific group of patients might be preferable considering daily care. 
However this group of patients will be small and no studies have compared 
quality of life for incontinent patients with or without a stoma. The colostoma 
and ileostoma show equal impact on the patients quality of life [29], and 
quantification of incontinence problems is unpractical in the emergency 
setting. Therefore incontinence is not established as an exclusion criterion. 
All resections will be performed with the intention of stoma reversal.
In the Netherlands the standard of care for perforated diverticulitis is either 
HP or PA. Resection with primary anastomosis is a type of treatment not 
mastered by every gastrointestinal surgeon. In the emergency setting, some 
surgeons might prefer HP, fearing anastomotic leakage. However, there is 
no clear evidence available showing a difference in mortality and major 
morbidity between HP and PA. Therefore we decided to include treatment 
with PA in the randomisation process of the LOLA-arm as well. Our hypothesis 
is that PA leads to a 22% higher stoma free survival, and that this procedure 
might be advocated as the new standard of care in selected patients with 
generalised peritonitis caused by perforated diverticulitis.
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List of abbreviations 

LOLA-arm: Laparoscopic lavage and drainage or sigmoidectomy with 
HP or PA for purulent peritonitis for perforated diverticulitis; DIVA-arm: 
Sigmoidectomy with HP or PA for generalised peritonitis for perforated 
diverticulitis; SF-36: Quality of Life Questionnaire Short Form 36; 
GIQLI: Gastro Intestinal Quality of Life Index; EQ-5D: Euro Quality of Life 
Questionnaire; LL: Laparoscopic lavage; HP: Hartmann’s procedure; PA: 
Sigmoidectomy with primary anastomosis.
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Abstract

Background
Broad implementation of laparoscopic surgery has made trocar-related 
complications clinically important. Trocar site hernia (TSH) is an uncommon 
but potentially serious complication that occasionally requires emergency 
surgery. This systematic review was conducted to establish the prevalence 
and risk factors for TSH.

Methods
The review was conducted according to the PRISMA guidelines. MEDLINE, 
Embase, Web of Science and the Cochrane Library were searched to 7 June 
2010 for studies on TSH.

Results
Twenty-two articles were included. One study was a randomised clinical 
trial, five were prospective cohort studies and 16 were retrospective cohort 
studies. The prevalence of TSH is low, with a median pooled estimate of 0.5 
(range 0–5.2) per cent. No meta-analysis on risk factors could be performed. 
Pyramidal trocars, 12-mm trocars and a long duration of surgery were 
identified as the most important technical risk factors for TSH. Older age and 
a higher body mass index were observed to be patient-related risk factors.

Conclusion
TSH is an uncommon complication of laparoscopic surgery. The most 
important technical risk factors are the design and size of the trocars. The 
scientific evidence for recommendations to avoid TSH is sparse.
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Introduction 

The incorporation of laparoscopy in routine surgical practice has resulted 
in some specific complications, including incisional hernia at trocar sites. 
Trocar site hernia (TSH) can be asymptomatic, but it occasionally presents 
with bowel obstruction requiring emergency surgery. TSH can be classified 
into dehiscence of early or late onset [1]. In early dehiscence, intestine or 
omentum herniates through the remaining peritoneal defect within the first 
few days after surgery. The hernia can protrude at different levels: up to the 
preperitoneal fat, up to the abdominal musculature, underneath the external 
fascia, or through all layers. With late dehiscence, the peritoneum is intact. 
In these patients the intestine or omentum herniates with the peritoneum 
through the musculature and fascia, typically several months after surgery. 
TSH was first reported following gynaecological laparoscopy in 1968 [2]. 
Since then, several studies have focused on this subject and in 2004 the first 
systematic review was published on the prevalence, aetiology, prevention 
and treatment of TSH. The study concluded that technical rather than patient-
related factors were of primary importance in the pathogenesis of TSH [1]. 
Advanced laparoscopic surgery has made trocar-related complications 
clinically important. A systematic review was conducted to re-evaluate the 
prevalence of TSH and to determine the current risk factors.

Drawing of the development of trocar site hernia

Methods 

A systematic review was conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, and 
aimed to establish pooled prevalence and patient-related and technical risk 
factors for TSH.
All studies that addressed laparoscopic procedures were considered for 
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inclusion, both prospective and retrospective longitudinal studies. Studies 
were included if they reported the prevalence of TSH, associations between 
TSH and patient-related variables, or associations between TSH and technical 
variables. Only studies with a minimum of 300 patients were included, in 
order to make a reliable assessment of pooled prevalence and risk factors. 
With an assumed prevalence of 1 per cent [1], this minimum cohort size 
was required to detect one patient with TSH with 95 per cent confidence. 
Descriptive studies, reviews, surveys, technical reports and duplicated 
publications were excluded.
MEDLINE (PubMed version), Embase (OVID version), Web of Science and 
the Cochrane Library were searched by a clinical librarian up to 7 June 2010, 
with no language restriction or methodological filters. Three combinations 
of key words were constructed and applied to the databases, taking the 
terminological differences of each database into account. 
Two reviewers independently screened titles and abstracts for relevance. 
The bibliographies of included articles were subsequently hand-searched 
for other relevant references. The same reviewers independently extracted 
study and patient characteristics, and outcome data. Disagreements were 
reconciled by discussion with an arbiter. When data or results were unclear 
or missing, the original authors were contacted for further information. The 
prevalence of TSH was defined as the proportion of hernias with respect 
to the total number of patients included in the study. Symptomatic and 
asymptomatic
TSHs were included diagnosed by clinical examination, ultrasonography 
or computed tomography (CT). As the prevalence of TSH may differ 
depending on the type of surgery, it was assessed according to surgical 
specialty. Multivariable analyses were undertaken for the assessment of 
patient-related risk factors. For the assessment of technical risk factors, 
all comparative studies were analysed, as long as confounding factors had 
been identified and discussed. The methodological quality of the included 
studies was assessed using a checklist derived from questionnaire III from 
the Dutch Cochrane Centre [3]. This questionnaire is designed to score the 
validity of cohort studies based on the selection of patients, inclusion and 
exclusion criteria, instruments used, measurement of outcome, follow-up 
and confounders. Quality of the follow-up was assessed and judged by the 
minimum follow-up of all included patients. A minimum follow-up of less 
than 1 month was deemed as poor, follow-up of 1–3 months as moderate, 
and follow-up of more than 3 months as good.
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Statistical analysis 
The pooled prevalence of TSH, allowing for variance between studies, was 
calculated with a random effects model using SAS® software version 9.2 
(NLMIXED procedure; SAS Institute, Cary, North Carolina, USA). The pooled 
estimate is shown as a median prevalence with 95 per cent confidence 
intervals (c.i.). The robustness of the pooled prevalence was tested with 
sensitivity analyses for study design and length of follow-up, performed with 
random effects pooling with these co-variables. 
None of the risk factors was subjected to meta-analysis. Raw data from the 
included articles are presented as odds ratio (OR) with 95 per cent c.i.

Figure 1. PRISMA flow diagram for articles on trocar site hernia 

Results  

The search produced 1293 unique references, of which 147 were considered 
relevant to the topic based on title and abstract. Figure 1 shows the reasons 
for exclusion of articles [4–15]. This included the exclusion of six articles that 
investigated a trocar entry method without assessing TSH during follow-up 
[4–9], and two studies investigating laparoscopically assisted surgery in 
which it was unclear whether the hernia originated from the trocar site or 
median laparotomy [10,11]. 

Identified articles based on search strategy
N=1293

Retrieved to read full text article 
N=147

Articles included

Randomised trials: 1
Prospective cohort studies: 5

Retrospective cohort studies: 16

Excluded, not relevant to the topic 
based on title or abstract

N=1146

Case reports and series: 75
Descriptive articles: 22

Study size <300: 15
TSH not investigated: 6
Double publications: 2

Laparoscopically assisted: 2
Surveys: 2
Review: 1
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Notes to table 1
1: authors state use of the closed entry method in approximately the first 250 patients 
n.a.: not available / not applicable
n.c.: study was not comparative for technical risk factors. A supplementary table (S2) with 
patient-related confounding factors can be found online.
PDS™: polydioxanone suture: slow absorbable suture
Validity questions 
1. Are potential confounders sufficiently defined? 
2. Are the patient groups comparable for confounders?
3. Can selective loss-to-follow-up be ruled out? 
Overall quality. Good (+) in case of a good follow-up, absent or equally distributed 
confounders, without selective loss-to-follow-up. Moderate (±) in case of a good or moderate 
follow-up and a limited role of confounding and/or unselective or absent loss-to-follow-up. 
Poor (-) in case follow-up or confounding variables are not reported, in case the follow-up is 
poor or in case of a major role of confounding. 

Finally, 22 articles were included in the study, of which one reported the 
results of a randomised clinical trial, five were prospective cohort studies 
and 16 were retrospective cohort studies (Table 1) [16–37]. One author was 
contacted by e-mail for further clarification of the results [20].
Baseline data for included patients were poorly reported. Twelve articles 
included 3678 men and 19 762 women, giving a pooled male : female ratio of 
1 : 5.4. The mean age was a median of 51 (range 32–71) years in ten studies 
in which it was reported. Body mass index (BMI) or obesity was rarely 
reported.
Eleven articles [17,21,22,24,28,30–34,37] reported the modality used to 
diagnose TSH. In these articles, all patients returned with signs or symptoms 
of herniation or small bowel obstruction. 
TSH was observed incidentally during routine physical examination in five 
patients in the study by Uslu and colleagues [34]. Sixteen articles [16,17,20–
22,24–32,36,37] reported on the management of TSH. A majority of the 
patients needed surgical repair under general anaesthesia (Table 2).

Overall prevalence of trocar site hernia
The prevalence of TSH varied between 0 and 5.2 per cent, with a pooled 
median prevalence of 0.5 (95 per cent c.i. 0.3 to 0.9) per cent (prediction 
interval 0.1–3.2 per cent, τ2 = 0.58, I2 = 48 per cent) in a random effects 
model (Figure 2).
Sensitivity analysis did not show any differences in the prevalence of TSH 
between studies with different designs: 0.4 (95 per cent c.i. 0.3 to 0.7) per 
cent in retrospective studies [16–19,22,24,25,27,29,30,32–37] versus 1·0 (0.5 
to 2.2) per cent in prospective studies [20,21,23,26,28,31]. The prevalence of 
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Figure 2. Prevalence of  trocar site hernia (TSH)

TSH in studies with a poor or moderate follow-up [16–19,21–25,28,30,33–
35] was 0.7 (0.4 to 1.1) per cent, compared with 0.4 (0.2 to 0.9) per cent 
in studies with a good follow-up [20,26,27,29,31,32,36,37]. Type of surgery 
was not analysed as a determinant owing to the low number of articles per 
specialty.

Study N TSH %

Kadar [21] 3560 6 0.2
Azurin [27] 1300 10 0.8
Chen [24] 636 2 0.3
Bonjer [30] 1731 3 0.2
Mayol [16] 403 6 1.5
Nassar [29] 870 16 1.8
Nezhat [22] ±5300 11 0.2
Smith [35] 502 6 1.2
Coda [33] 1287 14 1.1
Bowrey [26] 320 9 2.8
Schmedt [31] 4857 26 0.5
Susmallian [25] 459 3 0.7
Duca [44] 9542 12 0.1
Chelala [45] 400 3 0.8
Chiu [19] 752 2 0.3
Johnson [18] 747 9 1.2
Mahmoud [40] 405 0 0.0
Rosenthal [20] 849 2 0.2
Uslu [17] 776 40 5.2
Wirkowski [28] 2098 17 0.8
Hussain [34] 5541 8 0.1
Chiong [23] 1055 7 0.7

Pooled estimate                                             0.5
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Gastrointestinal surgery
The primary interventions in 11 articles that addressed TSH after 
gastrointestinal surgery were cholecystectomy (five studies [17,21,29,34,35]) 
and fundoplication (two studies [25,32]); four articles addressed various 
gastrointestinal procedures [19,20,24,36]. There were two prospective 
[20,21] and nine retrospective [17,19,24,25,29,32,34–36] cohort studies. 
The methodological quality of the included studies was considered good in 
three studies [20,32,36] and moderate in two studies [21,34].     

Table 2. Characteristics of included studies 
First author Design Procedure Baseline data Surgical 

repair M/F ratio Age Mean 
BMI / 
obesity 
(%)

Kadar [21] R gynaecological surgery 0/3560 n.r. n.r. 6/6
Azurin [27] R cholecystectomy n.r. n.r. n.r. 9/10
Chen [24] R paediatric surgery 394/242 7 n.r. n.r.
Bonjer [30] R digestive surgery  n.r. n.r. n.r. n.r.
Mayol [16] P digestive surgery 101/302 56 (34) 4/6

Nassar [29] P cholecystectomy n.r. n.r. n.r. 9/16
Nezhat [22] R gynaecological surgery 0/±5300 n.r. n.r. 10/10
Smith [35] RCT hernioplasty 486/16 541 n.r. n.r.
Coda [33] R digestive surgery n.r. n.r. n.r. 9/14
Bowrey [26] R fundoplication n.r. n.r. 27 8/9
Schmedt [31] P hernioplasty n.r. n.r. n.r. 26/26
Susmallian [25] R gastric banding n.r. n.r. n.r. 3/3
Duca [44] R cholecystectomy 1659/7883 n.r. (38) 12/12
Chelala [45] P hernioplasty 208/192 56 36 3/3

Chiu [19] R bariatric surgery 201/551 32 n.r. 0/2

Johnson [18] P bariatric surgery n.r. n.r. n.r. 9/9
Mahmoud [40] R fundoplication 215/405 43 26 0/0
Rosenthal [20] R gastric bypass  171/678 48 53 n.r.
Uslu [17] R cholecystectomy 222/554 51 26 n.r.
Wirkowski [28] R cholecystectomy 21/79 50 n.r. n.r.
Hussain [34] R digestive surgery n.r. 52 n.r. 8/8
Chiong [23] R urological oncology 4:3 71 26 6/7

n.r.: not reported 
RCT: randomised controlled trial, P: prospective cohort study, R: retrospective cohort study. 
1median age 
Obesity: BMI≥30kg/m2
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The study qualified as having the best methodology [20] showed a prevalence 
of 1.5 per cent in 403 gastrointestinal operations, with a range of follow-up 
of 3–51 months (Table 1, Figure 2). The highest prevalence of TSH was found 
by Uslu and co-workers [34], who routinely examined patients for TSH one 
month after cholecystectomy, and found a prevalence of 5.2 per cent. Patients 
in whom the fascia was closed were excluded from this study.

Bariatric surgery
In the field of bariatry, four large studies [27,30,31,33] assessed the prevalence 
of TSH. In the study of Johnson et al. [31], which had the best methodology, 
the Hasson trocar was used for initial entry in 747 patients operated on 
with Roux-en-Y gastric bypass. The VersaStepTM (Covidien, Mansfield, 
Massachusetts, USA) radially dilating trocar was used for the other five trocar 
sites. TSH was diagnosed in nine patients (1.2 per cent), with a mean follow-
up of 20 months (Table 1, Figure 2). Chiu and colleagues [30] retrospectively 
observed two patients (0.3 per cent) with TSH following 610 loop gastric 
bypasses and 142 gastric banding operations. The bypass surgery consisted 
of connecting the small intestine with the novel upper stomach pouch. In this 
study, no patient had fascial closure; instead a Surgicel® plug (Johnson & 
Johnson, Arlington, Texas, USA) was inserted into the muscle layer of the 10- 
and 12-mm trocar sites. The patients were followed annually, with a mean 
follow-up of 29 months. Rosenthal and co-workers [33] performed 849 
laparoscopic Roux-en-Y gastric bypass procedures; no patient underwent 
fascial closure at the trocar site. After a mean follow-up of 10 months, two 
cases of TSH were diagnosed (0.2 per cent).

Hernioplasty
Three studies [23,26,28] investigated TSH prospectively after hernioplasty. 
In a randomised controlled trial, Smith et al. [23] compared stapled versus 
non-stapled inguinal hernia repair; with a median follow-up of 16 months, 
the prevalence of TSH was 1.2 per cent. Chelala and colleagues [28] 
prospectively assessed the complications of laparoscopic repair of incisional 
hernia; the observed prevalence of TSH was 0.8 (range 0.3–2.2) per cent, 
similar to the pooled rate in the present review.

Gynaecological surgery
Two retrospective studies of poor methodological quality described TSH 
following gynaecological surgery [16,22]. Kadar et al. [16] reported six 
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incisional hernias among 3560 laparoscopies (0.2 per cent), in the absence 
of routine follow-up. Nezhat and co-workers [22] found a similar prevalence, 
with 11 TSHs in approximately 5300 laparoscopies, after a mean follow-up 
of 18 months.

Urological surgery
Chiong and colleagues [37] described TSH after urological oncological surgery 
in a well reported retrospective study. In all patients a radially dilating trocar, 
ExcelTM (Ethicon, Cincinnati, Ohio, USA) or VersaStepTM was used; after 1055 
laparoscopies, seven cases of TSH (0.7 per cent) were identified.

Paediatric surgery
One study reported TSH after paediatric surgery. Chen et al. [18] performed 
574 laparoscopic procedures for various indications (mainly inguinal 
exploration and appendicectomy); two hernias developed in two patients 
(0.3 per cent) after contralateral inguinal exploration.

Patient-related risk factors

Sex
No significant association between sex and TSH has been reported. Two 
studies [20,34] found an association between female sex and TSH by 
univariable analysis. However, neither Mayol and colleagues [20] (OR 1·6, 
95 per cent c.i. 0·65 to 41) nor Uslu and co-workers [34] found a significant 
association on multivariable analysis.

Age
Age was investigated as a risk factor for TSH on multivariable analysis in 
two studies [20,34]. Mayol et al. [20] did not find a significant association 
between age and TSH as a continuous variable (OR 0.99, 0.96 to 1.0). In the 
study of Uslu and colleagues [34], in which age, BMI and operating time were 
included in a multivariable analysis, age over 60 years was a significant risk 
factor for TSH (OR 5.1, 4.2 to 6.0).

Body mass index
Many authors considered higher BMI a risk factor for TSH [20,25,27,34]. 
However, only Uslu et al. [34] found a BMI of 28 kg/m2 or above to be 
significantly correlated to TSH by multivariable analysis (OR 34, 20 to 67). 
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Mayol and co-workers [20] did not find an association between TSH and BMI 
greater than 27.2 kg/m2 (OR 1.3, 0.41 to 4.2).

Previous abdominal surgery
Previous abdominal surgery was not found to be related to TSH. Only Mayol 
and colleagues [20] performed a multivariable analysis, and did not find a 
significant correlation (OR 0.69, 0.18 to 2.6).

Wound infection
Three cohort studies have suggested an association between wound infection 
and TSH [17,21,35]. The authors did not report the rate of wound infection 
in patients who did not develop TSH, and therefore an analysis of the data 
from these studies was not possible.

Technical risk factors

Trocar insertion technique
One prospective [20] and one retrospective [19] study compared the closed 
technique with Veress needle with the open technique with a Hasson trocar. 
Mayol and co-workers [20] reported TSH in 3·0 per cent of the patients after 
closed entry (OR 13, 0·74 to 236). Bonjer et al. [19] found a 0.2 per cent rate 
of TSH with closed entry (OR 2.3, 0.1 to 46). No patient developed TSH with 
the open technique in either study.

Trocar design
One prospective cohort study [26] compared the use of conical trocars with 
pyramidal trocars. The prevalence of TSH was significantly reduced when 
trocars with a conical tip were used (OR 0.1, 0.1 to 0.3). In a subgroup 
analysis, the result was significant only for lateral trocar sites (OR 0.02, 0.0 to 
0.1), with a prevalence of 0.02 per cent for conical trocars versus 1.2 per cent 
for pyramidal trocars (p<0.05). There was no difference in TSH in the linea 
alba between the two types of trocar (0.3 versus 0.2 per cent respectively; OR 
1.3, 0.2 to 10). Two studies investigated TSH after the use of radially dilating 
trocars. In the study by Johnson and colleagues [31], Hasson trocars as well 
as radially dilating trocars (VersaStepTM) were used in the 747 patients 
undergoing Roux-en-Y gastric bypass surgery. The Hasson trocar was placed 
supraumbilically. After a mean follow-up of 20 months, nine patients (1.2 
per cent) presented with TSH at the Hasson trocar sites, whereas no hernias 
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were diagnosed at the 3735 radially dilating trocar sites. A contradictory 
finding was published by Chiong and co-workers [37], who did observe TSH 
following the use of radially dilating trocars (ExcelTM and VersaStepTM). Seven 
(0.7 per cent) of 1055 patients presented with TSH, after a median follow-up 
of 13 months.

Port location
Several authors have suggested the umbilical trocar port to be at higher risk 
of hernia [15,17,21,24,38]. The only comparative study was published by 
Kadar et al. [16], who demonstrated TSH only at the extraumbilical sites. 
The increased risk was significant for the 12-mm ports. No umbilical TSH 
was found after 1000 laparoscopies, whereas at extraumbilical sites five 
TSHs were reported in 161 patients (3.1 per cent) (P < 0.001). For the 10-
mm ports, one TSH was reported at an extraumbilical site (0.2 per cent), 
compared with no hernia in 2560 umbilical sites.

Trocar size
Kadar and colleagues [16] also emphasised the relationship between trocar 
size and TSH. The prevalence of TSH was higher for 12-mm than for 10-mm 
trocars (OR 13, 1.5 to 110; P < 0.01). No difference was found between 5- and 
10-mm trocars [16].

Fascial closure
Kadar et al. [16] observed a slightly higher prevalence of TSH when the fascia 
was left open. This was found only for 12-mm trocar sites and the result not 
statistically significant. The prevalence of TSH was 2.2 per cent for the fascial 
closure groups versus 8.0 per cent for the non-closure group (OR 3.9, 0.6 to 
24). Mayol and colleagues [20] showed that TSH occurred among patients 
with (3.3 per cent) or without (1.9 per cent) fascial closure (OR 1.8, 0.2 to 
15).

Type of suture
No study directly compared the use of slowly absorbable, non-absorbable 
and quickly absorbable sutures. Slowly absorbable sutures were used to 
close the trocar site in three studies [23,31,36], with a TSH prevalence of 
up to 1.2 per cent. In studies that included patients in whom the fascia was 
closed with quickly absorbable sutures, the prevalence was 0.8 and 2.8 per 
cent [17,25].
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Duration of surgery
The duration of the operation showed a positive correlation with the 
prevalence of TSH following cholecystectomy in a multivariable analysis by 
Uslu and co-workers [34], with a cut-off point of 80 min (OR 66, 35 to 91). No 
other studies investigated operating time as a risk factor for TSH.

Discussion  

TSH is an uncommon condition after laparoscopic surgery, yet patients 
with TSH may require emergency reoperation for bowel obstruction or 
strangulation. This systematic review has shown a pooled prevalence of 0.5 
per cent in patients operated on laparoscopically. Pyramidal trocars, 12-mm 
trocars and a long duration of surgery were the main identified technical 
risk factors for TSH [16,26,34], although these three factors were found to be 
statistically significant in only one study [34]. Old age and a high BMI were 
identified as patient-related risk factors [34]. Closed laparoscopic entry 
[19,20], closure of the fascia [16,20], female sex [20,34], chronic bronchitis 
[24,39], diabetes [39,40], wound infection [39,40], previous hernia [41,42], 
previous abdominal surgery [20], fascial manipulation [20,26] and quickly 
absorbable sutures [23,31,35] are suggested risk factors for incisional 
hernia, but were not significant as risk factors in any of the included articles. 
The location of the trocar site is a controversial risk factor in the literature 
[16,26].
Since the review by Tonouchi and colleagues [1] in 2004, nine more articles 
have been published on TSH. The article by Uslu and co-workers [34] in 2007 
found a high prevalence of TSH and multivariable analysis could therefore be 
used to analyse risk factors. The previous review [1] used a more limited 
search strategy, and did not include studies with gynaecological or urological 
operations. The review was confined to seven series of TSH in digestive 
surgery, and the authors were not able to determine independent risk 
factors. Nevertheless, the authors pointed out that the main pathogenesis 
was technical rather than patient-related [1]. 
The overall methodological quality of the studies was moderate; thus, under-
reporting of TSH cannot be ruled out. The true prevalence may be higher, as 
the large retrospective studies are based on the risk of TSH repair rather than 
objective examination. The reported prevalence of TSH showed moderate 
heterogeneity, ranging from 0 to 5.2 per cent. The highest prevalence of TSH 
(5.2 per cent) was presented by Uslu and colleagues [34], who included more 
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obese patients and excluded patients in whom the fascia was sutured. In one 
of the included articles [32], no TSH was reported; baseline characteristics in 
this study were similar to those in the other articles. Female sex was related 
to a higher prevalence of TSH in two studies by univariable analysis [20,34]. 
The results were not significant on multivariable analysis, and may have been 
related to a higher BMI or older age in the women. Older age might predispose 
for TSH, because of a weaker fascia and a less muscular abdominal wall. 
Age over 60 years, as a dichotomous variable, was significantly correlated 
with TSH in multivariable analysis [34]. Obese patients may be at risk for 
TSH because of higher intra-abdominal pressure [36] and the difficulty in 
achieving full-thickness closure [43]. 
The prevalence of TSH could not be corrected for the number, location and 
size of trocars, as these were poorly reported and the prevalence of TSH was 
too low. It seems likely that the higher prevalence of midline TSH is related to 
the frequent use of the larger videoscopic port in the midline. The linea alba 
is, unlike the lateral wall, not supported by muscle [38,44]. Some authors 
have suggested that the anatomical position to the small intestine also makes 
midline herniation more likely [44]. Fascial closure appears to be an easy 
measure for preventing TSH. However, TSH may develop despite closure 
of the fascial defect [15], as a result of insufficient suturing or subfascial 
herniation. This could be an argument for full-thickness closure rather than 
closure of the anterior fascia in lateral ports. The use of quickly absorbable 
sutures might also be of importance. Fascial closure with slowly absorbable 
sutures might lead to better fixation of the fascia, thereby decreasing the 
chance of herniation [45].
Trocar design is probably related to TSH development. Schmedt et al. [26] 
favoured the conical trocars, but found a difference only for extraumbilical 
sites. They suggested the use of conical trocars in transmuscular port sites, 
because these trocars produce smaller fascial defects, especially as the defect 
will shrink in areas with several fascial layers [26]. The bladeless, radially 
dilating trocar is promising, as it prevents fascial and muscular tissue from 
being cut, while limiting the axial pressure that is necessary for insertion. No 
comparative studies on the new bladeless trocar were included. One study 
compared trocar insertion with a Hasson trocar with the radially dilating 
trocar, but used both techniques on all patients [31]. Thus, it is unclear 
whether the location and size of the trocars were confounding factors for 
the risk of TSH. Subfascial hernias could have been missed, as the patients 
were assessed clinically and did not have routine follow-up imaging. Based 
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on the presented data, there is insufficient evidence for suturing the fascia of 
the larger ports. The prevalence of TSH is too low to investigate the benefit 
of fascial closure in a randomized trial with sufficient power. Therefore, a 
prospective observational study is warranted to investigate the association 
between TSH and port location, port size and suture material. Meanwhile, 
although not supported by the present review, full thickness closure of all 
port sites 10 mm or larger with slowly absorbable sutures is recommended. 
This is an easily performed preventive measure that seems particularly 
important when bladed trocars have been used.
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Background

Description of the condition
Surgery is by nature invasive and inevitably associated with complications 
and trauma. Laparoscopic surgery, also known as minimally invasive 
surgery, was developed to minimise surgical trauma as opposed to the 
open abdominal surgical technique (that is laparotomy). A laparoscopic 
procedure is an abdominal or pelvic operation conducted through small 
incisions in the abdominal wall. In gynaecology, laparoscopy began in the 
late 1970s and was primarily used for diagnostic procedures. The first 
widely accepted laparoscopic procedure was tubal ligation [1]. Thereafter; 
gynaecological surgeons began to explore other applications, including 
diagnostic procedures for pelvic pain, ectopic pregnancies and appendicitis. 
In the early 1980s, additional operative procedures were introduced 
including adnexal surgery, uterine myomectomy and hysterectomy [2]. 
Less visible scarring, less postoperative pain and rapid recovery have 
fueled patient advocacy and enabled an increasing use of laparoscopy. For 
healthcare providers, laparoscopy has the benefit of shorter hospital stays 
and thus reduced inpatient costs. The benefits for the surgeon include the 
magnified optics and no-touch operative technique [2,3]. There is indeed 
evidence that laparoscopy has advantages compared to laparotomy, which 
include fewer surgical injuries, fewer postoperative complications, less 
postoperative pain and shorter hospital stay [4-6]. At present, with advanced 
laparoscopic operations for pelvic organ prolapse, urinary incontinence and 
gynaecological cancers, laparoscopy has become completely integrated into 
the field of gynecologic surgery. In general surgery and urology, laparoscopy 
is increasingly being used for different purposes as well.
The first step in a laparoscopic procedure involves the introduction of a 
primary instrument (that is a Veress needle or trocar) followed by the 
insufflation of carbon dioxide into the peritoneal cavity. This is called the 
primary entry, which is applied to create a pneumoperitoneum. Different 
primary entry techniques are used in practice. Ahmad et al. performed a 
Cochrane review on laparoscopic entry techniques and compared the different 
techniques in terms of their influence on intraoperative and postoperative 
complications [3]. They found no evidence of benefit in terms of safety of one 
technique over another. Intraperitoneal access for laparoscopic instruments 
is provided via ’ports’.
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Trocar types: blunt, blunt conical, sharp conical and sharp pyramidal

Description of the intervention
Specific cannulas, called trocars, are introduced through the abdominal 
wall to create these ports. A distinction needs to be made between primary 
and secondary trocar ports. The first port for primary entry is located 
in or near the umbilicus. This port is used for the introduction of the 
laparoscope. Secondary or ancillary ports are intended for the introduction 
of laparoscopic instruments. The secondary port locations depend upon 
the location in the abdomen where the surgical procedure is to take place. 
In general a minimum of two secondary ports are created. The trocars are 
placed to facilitate operating in line with the camera while maintaining a 
comfortable operating position for the surgeon with triangulation of the 
instruments around the surgical focal point within the abdomen. Trocar 
designs include a myriad of device designs, including over 100 brands from 
more than 20 manufacturers [7]. A distinction can be made between reusable 
and disposable trocars. Reusable trocars are made of metal and have a 
perforator tip. Completely blunt trocars, with a cone-shaped perforator tip, 
and sharp or cutting trocars with a conical, pyramidal, triflanged or excentric 
tip can be differentiated. Disposable trocars are made of plastic materials 
and are provided with bladed or bladeless tips. Shielded disposable trocars 
are provided with a retractable shield that covers the tip before and after 
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insertion. Dilatation systems represent yet another technical alternative in 
trocar techniques. These trocars are equipped with a radially expanding 
sleeve that can be dilated from 5 mm to 12 mm in diameter. This radially 
expanding access (REA) trocar was developed to minimise tissue trauma 
and, in theory, its use would result in fewer vascular and visceral injuries. 
Optical access trocars allow laparoscopists to view the cutting tip as it 
penetrates the tissues. Many other different trocar designs are described, 
for example trocars with a threaded sleeve or an expandable arm [8-11]. The 
diameters of trocars vary from 2 mm to 12 mm, depending upon the largest 
instrument needed for a particular port. For exceptional indications (for 
example extirpation of large cysts) larger or modified trocars are available 
[9]. The rapid evolution of instrumentation has led to the development of 
new minimally invasive techniques such as natural orifice transluminal 
endoscopic surgery (NOTES), laparo-endoscopic singlesite surgery (LESS) 
and minilaparoscopy. NOTES refers to surgery via natural orifices, where 
procedures are performed with transluminally placed instruments to 
gain access to the abdominal cavity. Transvaginal, transanal, transvesical, 
transesophageal, transgastric and transoral approaches for NOTES are 
described [12]. LESS surgery is an advanced minimally invasive approach 
that allows laparoscopic operations to be undertaken through a single small 
(12 mm to 15 mm) incision, typically placed at the patient’s umbilicus [13]. 
Minilaparoscopy involves the use of smaller incisions, smaller instruments 
and fewer ports to further reduce perioperative morbidity and enhance 
cosmesis. Other terms for minilaparoscopic surgery include miniport or 
microlaparoscopic surgery [14]. NOTES, LESS and minilaparoscopy are in 
their early stages of development. NOTES, LESS and minilaparoscopy are not 
included in this review since these techniques are different from traditional 
laparoscopy.

Why it is important to do this review
Laparoscopic trocars are the most common device named in malpractice 
injury claims associated with laparoscopic procedures, representing one-
third of all claims [10]. The incidence is estimated to be 3 to 4 per 1000 
procedures [15,16]. Trocar-related complications represent all types of 
complications due to the contribution of the trocar, including intra-abdominal 
vascular injury, intra-abdominal visceral injury, trocar site bleeding, trocar 
site herniation and trocar site infection. Of all trocar-related complications, 
vascular and visceral injuries are associated with the highest morbidity and 
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mortality [17]. By inserting a trocar, the trocar tip can damage abdominal 
wall vessels (for example the epigastric artery), intra-abdominal vessels (for 
example the aorta, vena cava, iliac artery or iliac vein) or visceral organs 
(for example the bowel, stomach and bladder). Although vascular injury is 
often noticed directly during laparoscopy, bowel injuries are more likely to 
go undetected during the procedure [10]. When vascular or visceral injury 
occurs, additional surgical intervention is often required. Cardin et al. reported 
vascular and visceral injuries in 51 out of 4007 (1.3%) patients undergoing 
a laparoscopic procedure. At least 14 (27.5%) of these patients required a 
subsequent surgical, endoscopic or radiological intervention under general 
anesthesia [16]. Mortality is reported occasionally after vascular or visceral 
injury [16,18]. An important postoperative trocar-related complication is 
trocar site herniation. A trocar site hernia (TSH) is a protrusion of intestine 
or omentum through a remaining defect in the peritoneum, abdominal fascia 
or musculature at the trocar insertion site. TSHs occur postoperatively, which 
can vary from shortly following surgery to several years postoperation. 
Whereas TSH is uncommon, with an estimated prevalence of 0.5% in patients 
operated on laparoscopically, it is a potentially serious complication. Patients 
with TSH may require emergency reoperation for bowel obstruction or 
strangulation [19]. Less severe trocar-related complications are trocar site 
bleeding, trocar site infection and pain. Although pain is not always classified 
as a complication, it is considered clinically important and is an indicator 
for recovery. The use of trocars inevitably leads to risks of trocar-related 
complications. Major complications such as vascular and visceral injury 
can have serious consequences including conversion from laparoscopy to 
laparotomy, other invasive interventions, medical therapies and prolonged 
hospitalisation. When discovered postoperatively, occasionally emergency or 
revision surgery is required, resulting in longer hospital stay or readmission 
and additional costs. Minor complications might also result in the need 
for additional pharmacological treatment and compromise postoperative 
recovery. All these deviations from a normal intra- and postoperative course 
after laparoscopy potentially have a negative effect on patients’ quality of life 
and satisfaction.
A difference in trocar-related complications may be attributable to different 
types of trocars and the experience of the surgeon according to the trocar 
type. The Cochrane review from Ahmad et al. studied different trocar systems. 
Eight RCTs were found where different trocar designs were compared. In 
four, REA trocars were compared with standard trocars. A meta-analysis 
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demonstrated fewer trocar site bleeding episodes when using REA trocars 
compared to standard trocars for the primary laparoscopic entry [3]. In 
two RCTs cutting trocars were compared to blunt trocars for primary 
and secondary port insertion, and no significant difference in any type of 
complication was demonstrated. Two RCTs compared the REA trocar with 
a conventional cutting tip trocar for secondary port entry. REA trocars were 
associated with lower rates of trocar site bleeding compared to standard 
secondary port trocars. Our review differs from Ahmad et al. in that we will 
search for differences in the outcome of postoperative pain. Specific types 
of trocars could relate to higher or lower risks on any of the trocar related 
complications or for postoperative pain. The sharpness of disposable cutting 
trocars is usually better compared to that of reusable cutting trocars. This 
sharpness of disposable trocars facilitates smooth insertion. Reusable trocars 
do lose their sharpness through repetitive insertion. Reusable trocars require 
a relatively high puncture force for penetration through the abdominal wall. 
Increased entry force could result in an abrupt and uncontrolled introduction 
of the trocar that may result in a deeper penetration and potential serious 
visceral and vascular injury [20]. The cutting trocar mechanism of sharp 
trocars may result in occasional bleeding from the trocar port. Conical blunt 
tipped trocars are designed to stretch, rather than cut, the abdominal wall to 
enable port placement. The use of conical reusable trocars compared to sharp 
cutting disposable trocars was associated with fewer trocar-related bleeding 
events and trocar site hernias in a non-randomised prospective study [21]. 
A larger trocar diameter creates a larger defect in the abdominal wall and 
potentially results in a increased risk of trocar site herniation. In 1993, a 
retrospective study demonstrated an increased risk of trocar site herniation 
when trocars with a diameter of 12 mm were used compared to 10 mm [22]. 
This Cochrane review aims to determine whether specific trocar designs can 
be recommended for use in patients undergoing laparoscopy, with a goal to 
minimise trocar-related complications and postoperative pain.

Objectives

The objective of the current review is to analyse the rates of trocar-related 
complications and postoperative pain for different trocar types used in 
patients undergoing laparoscopy.
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Methods 

Types of studies
Only randomised controlled trials are to be considered. Quasirandomised 
(for example randomised by birth date, chart number, alternating inclusion), 
cluster randomised studies and studies with a ’split-mouth design’ are not to 
be included.

Types of participants
Inclusion criteria: participants aged 18 years and older, undergoing elective 
or emergency diagnostic, therapeutic or mixed laparoscopy for surgical, 
gynecological or urological conditions.
Exclusion criteria: participants under the age of 18 years and animal studies 
will be excluded.

Types of interventions
Inclusion critera: 
• Studies on different trocar designs used in laparoscopy, performed by 

either surgeons, gynecologists or urologists
• Both studies on trocars used for primary entry and for secondary entry 

will be included
• All variations of trocar types are to be included, e.g. sharp tipped trocars, 

blunt tipped trocars, pyramidal or conical tipped trocars, disposable 
(plastic) trocars, reusable (metal) trocars, trocars with a shielded tip, 
radially expanding trocars, trocars with a threaded sleeve, an expandable 
arm or an optical view

Exclusion criteria: 
• Studies wherein other (than conventional) laparoscopic incisions are 

made (e.g. single port surgery (SILS, LESS), natural orifice surgery 
(NOTES) and minilaparoscopy)

Types of outcome measures
Primary outcomes: major trocar-related complications:
• mortality;
• conversion to laparotomy due to any trocar-related adverse event;
• visceral injury (such as perforation of the intestines or stomach, or injury 

of the bladder or liver);
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• vascular injury (such as perforation of the aorta, vena cava, iliac artery 
or iliac vein); and

• other injuries that required intensive care (IC) or intensive care unit 
(ICU) management or a subsequent surgical, endoscopic or radiological 
intervention.

Secondary outcomes: 
• Minor trocar-related complications, such as trocar site herniation, trocar 

site bleeding or postoperative wound hematoma, trocar site infection, 
extraperitoneal insufflation and other injuries that did not require IC or 
ICU management or a subsequent surgical, endoscopic or radiological 
intervention under general anaesthesia

• Postoperative pain, expressed on a self-reported scale (e.g. visual 
analogue scale (VAS), numerical rating scale (NRS))

Search methods for identification of studies
The clinical librarian (MW) will develop a comprehensive literature search 
strategy in consultation with the Trials Search Coordinator of the Cochrane 
Menstrual Disorders and Subfertility Group. The search strategy will be 
based on that in the Cochrane Menstrual Disorders and Subfertility Group 
module. The key search terms have been developed in accordance with the 
structured question (participants, intervention, comparators, outcomes 
(PICO)).
P: patients undergoing laparoscopic procedures
I: different types of trocars used for intraabdominal entry
C: different types of trocars used for intraabdominal entry
The outcomes were not incorporated in the search strategy. They were used 
as criteria for selection of studies within the search results, based on titles, 
abstracts and/or full text of the articles. The relevant subject indexing terms 
used within individual databases have been identified and added to the 
strategy as appropriate. Where databases offer facilities such as truncation, 
explosion and proximity searching these will be used as appropriate. The 
searches will be focused to the study designs of interest by using RCT search 
filters. No language restriction will be used.

Data collection and analysis
Two review authors will independently perform the selection of studies, risk 
of bias (RoB) assessment and extraction of qualitative and quantitative data. A 
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third review author (FWJ or SMR) will be contacted if an arbiter is necessary. 
The review authors have a background in surgery (HS), gynaecology and 
clinical epidemiology (CC).
In the case of multi-arm trials a study will be given multiple study IDs so that 
the data can be separately for use in meta-analysis.

Selection of studies
Titles and abstracts from the search results will be screened. Potentially 
relevant studies will be obtained in full text and independently assessed for 
inclusion. Full papers, abstracts and proceedings from congresses and any 
other ’grey literature’ will be evaluated. Disagreements will be resolved by 
discussion with a third review author (FWJ or SMR). No language restriction 
will be applied.

Data extraction and management
Data will be extracted, applying the inclusion and exclusion criteria, through 
a predefined and tested data selection list by the two review authors (HS and 
CC) working independently. Since the review authors are already familiar 
with the literature, they will not be blinded to the names of the authors, 
institutions, journal of publication and results when they apply the eligibility 
criteria. The methodological details (concealed assignment, technique of 
randomisation, time of randomisation (pre- or intraoperatively), number of 
randomised patients, number of patients not randomised with explanation, 
the presence of blinding) and descriptive study characteristics (for example 
country where the study was conducted, recruitment modality, source of 
funding), characteristics of the participants (for example age, gender, body 
mass index (BMI), previous abdominal surgery), description of the trocar 
type and size (diameter), description of the entry method, description 
of the port creation and closure (desufflation, closure of peritoneum, 
fascia and the skin), co-interventions (for example local anesthetics at 
trocar sites), and outcomes (types of outcomes, documentation of drop-
outs, follow-up, standardisation of outcome assessment, and whether an 
intention-to-treat analysis was employed) and the authors’ results and 
conclusions will be extracted. Any disagreements will be discussed and an 
arbiter (FWJ or SMR) will be consulted when necessary. Key findings will 
be summarised in a narrative format. The outcome data will be extracted 
per patient. A differentiation of outcomes will be made regarding primary 
trocar ports and secondary trocar ports. For primary port outcomes, these 
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will be differentiated for open, Veress needle and direct entry methods. Data 
relating to the defined outcomes will be assessed for inclusion in the meta-
analyses. Final scores for means and measures of variance will be extracted 
for continuous outcomes (for example VAS) while the number of patients 
experiencing an event and the number randomised will be extracted for 
adverse events (for example incidence of trocar site bleeding).
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Summary

This manuscript emphasises the advances in the minimally invasive surgical 
treatment of lower abdominal peritonitis. The first section focuses on the 
treatment of acute appendicitis; the second section regards perforations of 
the sigmoid, and in particular the new treatment for perforated diverticulitis 
with laparoscopic peritoneal lavage as an alternative for resection of the 
sigmoid colon. 
The third and last section focuses on the complications that are related to 
trocar use.  

Part 1: Treatment of acute appendicitis 

In the first section we have taken a look at the treatment and complications of 
laparoscopic appendectomy. Chapter 1 describes a large retrospective study 
of the differences between open and laparoscopic appendectomy. In this 
study we have investigated the long-term complications in particular. The 
study did not reveal any significant differences on the long term: the number 
of cases of incisional hernia and adhesions were not significantly different. 
In the short-term clear differences were noted: patients in the laparoscopic 
group suffered from abdominal abscesses more often. As a result, diagnostic 
measures and reinterventions were more frequent in this group. 
The cause of the well-known higher prevalence of abdominal abscesses 
after laparoscopic appendectomy is unknown [1]. It is possible that the use 
of endoloops for the appendiceal stump closure is an aetiological factor. 
The application of the proximal endoloop can cause the intestinal mucosa 
to come into contact with the abdomen. The endoloop can be applied too 
loose, so that it will slip of the stump and cause leakage of faecal content. It 
can also be applied too tight, causing ischaemia of the stump, risking faecal 
contamination [2]. In chapter 2 a large historical cohort study is described, 
comparing appendectomy with endoloops with endostapled appendectomy. 
The results favoured the routine use of the endostapler slightly, yet this 
was not significant. From a cost-effective perspective, the routine use of the 
endostapler could not be justified. A practice of routine use of endoloops, 
with endostapling on indication, seems recommended. 
After appendectomy, it is routine to send the appendiceal specimen to the 



170

department of histopathology, to exclude aberrant findings and malignant 
findings in particular. Carcinoid tumour and adenocarcinoma are well-
known malignancies of the appendix. Benign diseases such as endometriosis, 
parasites, granulomatosis and benign tumours are also common [3]. In the 
light of possible conservative treatment of appendicitis in the future, it 
seems useful to investigate the prevalence of aberrant findings. In chapter 
3 we describe that aberrant findings by the histopathologist are rare. A 
tumour is found in 0.7% of the appendiceal specimens, of which a minority 
is malignant. In this chapter, we describe that endometriosis, parasites and 
granulomatosis are poorly recognised intra-operatively. It is unclear what 
percentage of tumours can be detected intra-operatively. 
We have questioned the value of routine histopathology for appendiceal 
specimens. From the included literature, it is unclear what the clinical 
consequences of the aberrant findings have been. Most patients with 
endometriosis, parasites or granulomatosis underwent further investigations 
or treatment. All patients with malignant disease needed follow-up. Most 
patients with benign tumours were not further investigated or treated. From 
this review routine histopathology cannot be judged as useless. 

Part 2: Treatment of perforated diverticulitis  

Perforation of the intestine is a disease dreaded by surgeons. When faeces 
can enter the abdominal cavity, this will often lead to a critically ill patient, 
in need of immediate surgery. Perforations of the sigmoid colon are no 
different. Albeit the majority of the patients will survive, major surgery is 
often needed to resect the diseased part, and in most occasions there is a 
need for ostomy [4]. 
In chapter 4 we have investigated the aetiology of sigmoid perforations. Here 
fore we have studied the clinical courses of 325 patients who needed surgery 
for a perforation of the sigmoid in three large Dutch hospitals between 
2000 and 2011. It appeared that diverticulitis is the most common cause 
of sigmoid perforation. Other common causes are iatrogenic perforation, 
malignancy and ischaemia. 
Both pre-existent, non-colonic malignancy and steroid treatment were noted 
in one-fifth of the patients with perforated diverticulitis. Overt perforations 
were found more frequently in patients with benign origin of perforation 
when compared to patients with diverticulitis. We concluded that younger 
age and overt perforation of the sigmoid, both intra-operatively and 
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histopathologically, should raise the suspicion for non-diverticular aetiology.  
From this study, there were no pre- and intraoperative hallmarks for the 
presence of malignancy or ischemia. In case of non-resectional treatment, 
postoperative colonoscopy remains important to exclude malignancy. 

Perforated diverticulitis is a severe illness, usually requiring an operation 
within the same day. Currently, most patients will be treated with a sigmoid 
resection with the creation of a stoma [4]. 
Today there are two types of sigmoid resection. The first is the Hartmann’s 
procedure, in which the remaining colon will be directed as an end-colostomy. 
The second option is sigmoid resection with primary anastomosis.  In this 
procedure, a loop-ileostomy will often be created in order to protect the 
new-formed sigmoid anastomosis. 
The choice between the two techniques depends on multiple factors, such 
as the state of the patient, the vitality of the intestine and the experience 
of the surgeon. A less experienced surgeon will likely opt for a Hartmann’s 
procedure, to avoid the risk of anastomotic leakage. The same accounts for a 
critically ill patient. 
The use of corticosteroids and prior radiation in the abdominal area are 
contraindications for primary anastomosis, as is sepsis for which inotropics 
are needed. Morbidity and mortality rates for both procedures are high: 
ranging between 24 – 43% and 10 - 20% respectively [4]. 

Because of the many factors determining the type of surgery, it is hard to 
interpret non-randomised studies that have investigated both methods. All 
available literature indicated that morbidity and mortality rates are lower 
after sigmoid resection with primary anastomosis [4,5]. This difference is 
even greater when the complications of the colostoma reversal are included. 
However, because strong selection bias influences the results of these 
non-randomised studies, it is unclear which of the two procedures is to be 
preferred. 
In chapter 5 we have compared Hartmann’s procedure with sigmoid 
resection with primary anastomosis in a multivariate analysis, investigating 
the role of the clinical condition of the patient and the intra-operative 
findings on the outcome. From this study, it appears that neither the type of 
surgery, nor the intra-operative findings, nor  the Mannheim Peritonis Index 
are independent significant predictors for postoperative mortality.  
A novel treatment for perforated diverticulitis was presented in 1996 [6]. This 
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is a minimally invasive treatment, in which the abdomen is laparoscopically 
inspected. The surgeon needs to determine whether pathology of the sigmoid 
exists, whether a macroscopic perforation can be identified and whether 
there is faecal contamination of the abdomen. The novel treatment can only 
be used for perforated diverticulitis, when no macroscopic perforation can 
be found. 
The new treatment consists of conservative management of the disease. The 
sigmoid is left in situ, while the abdomen is cleaned by copious amounts of 
saline. In the case of a macroscopic perforation, resection of the sigmoid is 
recommended, to limit further faecal contamination of the abdomen. 
Since 1996, multiple small and larger series have been published on this 
novel treatment. In chapter 6 we have analysed these studies in a systematic 
review. With a total of 231 patients, is has appeared that laparoscopic lavage 
is a very promising treatment for perforated diverticulitis with purulent 
peritonitis. The success rate in these studies is 95.7%. The mortality was 
less than 2%, and morbidity was found in 10.4% of the patients. 
Questions can be raised about the quality of the included studies. Most 
are retrospective case series with a high risk of selection bias. This can 
be concluded from the high number of patients with only Hinchey II 
diverticulitis. It is therefore not surprising that the results of this review are 
far more optimistic than the known results on the treatment with sigmoid 
resection. Still, the laparoscopic treatment offers an attractive alternative. 
Even when morbidity and mortality rates will appear to be as high as those 
from sigmoid resection, most patients do not need laparotomy and a stoma 
can be avoided. 
Therefore we have conducted a case series, to investigate the cases of 
laparoscopic lavage that have been performed in the Netherlands. Chapter 7 
describes a national study, in which all patients with perforated diverticulitis 
are included who were treated with laparoscopic lavage in the Netherlands 
between 2008 and 2010. We included a total of fifty patients in ten hospitals. 
The novel laparoscopic treatment was associated with substantial morbidity 
and mortality. Ten patients required a reoperation, of whom five patients 
died. Nonetheless, laparoscopic lavage was, once successful, a minimally 
invasive procedure that prevented the formation of a stoma or primary 
anastomosis and its associated complications. More research is needed to 
identify whether laparoscopic lavage is a safer and more effective treatment 
than  sigmoid resection. At the same time, we need to investigate whether 
Hartmann’s procedure or sigmoid resection with primary anastomosis 
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is the best treatment for patients with faecal peritonitis due to perforated 
diverticulitis. Therefore, we have designed the Ladies trial: a randomised 
trial investigating these two important issues. The research protocol of this 
trial was published to increase its validity and is presented in chapter 8. It 
is a five armed trial: patients with purulent peritonitis are randomised 2:1:1 
to laparoscopic lavage, Hartmann’s procedure or sigmoid resection with 
primary anastomosis. After finishing the trial, these patients will be analysed 
in the LOLA trial, aiming to show that laparoscopic lavage will lead to a 15% 
reduction in major morbidity and mortality compared to sigmoid resection.
Patients with faecal peritonitis will be randomised 1:1 into Hartmann’s 
procedure or sigmoid resection with primary anastomosis. All patients who 
underwent sigmoid resection (both purulent and faecal peritonitis) will 
be analysed in the DIVA trial. This analysis aims to prove that Hartmann’s 
procedure and sigmoid resection with primary anastomosis lead to an equal 
12 months mortality rate, yet sigmoid resection with primary anastomosis 
will lead to a 30% higher stoma-free survival. 

Section 3: Complications of laparoscopy 

In the third section we focus on the specific complications of trocar entry. 
Although laparoscopic surgery offers major advantages to many procedures, 
it is associated with specific morbidity that is related to the entry of the 
trocars [7]. In chapter 9 we have investigated the phenomenon of trocar 
site hernia. This is an incisional hernia at the trocar site that can occur after 
a laparoscopic operation. The chapter describes a systematic review that has 
focused on the prevalence and aetiology of this complication. After inclusion 
of 22 articles, a pooled prevalence of 0.5% was found. Although meta-analysis 
of the data was not possible, several risk factors for trocar site hernia were 
identified. Pyramidal shaped trocars, 12mm trocars and a long duration 
of surgery were identified as the most important technical risk factors for 
herniation. Older age and a higher body mass index were observed to be 
patient related risk factors. 
To diminish the number of trocar related complications, new trocar types 
are developed by surgical manufacturers.  In chapter 10 a systematic review 
according to the methods of the Cochrane Collaboration  is presented, in 
which different trocar types are compared for their related complications. 
The protocol of this review is described, awaiting the publication of the 
results in the Cochrane database. 
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Samenvatting 

Dit manuscript richt zich op de ontwikkelingen in de minimaal invasieve 
chirurgische behandelingen van onderbuikperitonitis. De eerste sectie 
behandelt onderzoek naar de behandeling van acute appendicitis. De tweede 
en grootste sectie behandelt perforaties van het sigmoïd, en in het bijzonder 
onderzoek naar een nieuwe behandeling bij geperforeerde diverticulitis: 
laparoscopische peritoneale lavage als alternatief voor resectie van het 
sigmoïd. 
De derde en laatste sectie richt zich op complicaties die kunnen optreden 
door het gebruik van trocars bij laparoscopie. 

Deel 1: behandeling van acute appendicitis 

In de eerste sectie kijken we naar de complicaties van laparoscopische 
appendectomie. Hoofdstuk 1 beschrijft een grote retrospectieve studie 
naar de verschillen tussen open en laparoscopische appendectomie. Hierbij 
is vooral gekeken naar de complicaties die op de lange termijn na de 
operatie kunnen optreden. Uit de studie bleek geen verschil tussen de twee 
operaties op de lange termijn: in de open groep traden niet significant meer 
gevallen op van littekenbreuk of adhesies. Op de korte termijn waren er wel 
significante verschillen: in de laparoscopische groep traden significant vaker 
abdominale abcessen op. Deze abcessen leidden tot meer diagnostiek en 
reïnterventies. Een duidelijke oorzaak voor dit verschil is er niet. Mogelijk 
zorgt de stompsluiting met endoloops bij laparoscopische appendectomie 
tot meer faecale contaminatie. Dit zou meerdere oorzaken kunnen hebben. 
De endoloop kan van de stomp afglijden, of de loop wordt dermate strak 
aangetrokken dat er ischaemie van de stomp ontstaat. Ook zorgt de endoloop 
sluiting ervoor dat een groter mucosaal oppervlak in verbinding staat met 
het abdomen [1].
Deze mogelijke oorzaken zouden uit de weg gegaan kunnen worden 
door het routinematig gebruik van de endostapler. Uit meerdere, kleine, 
gerandomiseerde studies is gebleken dat appendectomie met de endostapler 
zou kunnen leiden tot minder abdominale abcessen [1]. In hoofdstuk 
2 wordt een grote retrospectieve studie beschreven, waarin het gebruik 
van endoloops bij laparoscopische appendectomie wordt vergeleken 
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met het gebruik van de lineaire endostapler. Uit deze studie blijkt, dat het 
routinematig gebruik van de endostapler zou kunnen zorgen voor een lager 
aantal abdominale abcessen en wondinfecties. De verschillen in deze studie 
waren echter klein en niet significant. Omdat de endostapler veel duurder 
is dan endoloops, lijkt het routinematig gebruik van de endostapler niet 
kosten-effectief. 
Het is in Nederland gangbaar dat na appendectomie het preparaat 
standaard door de patholoog wordt onderzocht. Bij de appendix wordt 
routine histopathologie in de eerste plaats gedaan, om maligniteiten 
uit te sluiten. De carcinoïde tumor en het adenocarcinoom zijn bekende 
maligniteiten van de appendix. Daarnaast kunnen ook andere bevindingen 
in het appendix preparaat worden gedaan, zoals endometriose, parasitaire 
aandoeningen, granulomatose en benigne tumoren [2]. Met het oog op 
mogelijke conservatieve behandeling van appendicitis in de toekomst, lijkt 
het waardevol om de prevalentie van aberrante bevindingen te onderzoeken. 
Uit hoofdstuk 3 blijkt, dat bijzondere bevindingen bij histopathologisch 
onderzoek van de appendix zeldzaam zijn. In 0.7% van de gevallen wordt 
een tumor opgespoord, waarvan een minderheid maligne is. Het is gebleken 
dat endometriose, parasitaire infectie en granulomatose slecht herkend 
worden tijdens de operatie. 
Daarnaast werd uit de gevonden artikelen niet duidelijk wat de klinische 
consequenties zijn geweest van de gevonden afwijkingen. De meeste patiënten 
met endometriose, parasitaire infectie of granulomatose ondergingen verder 
onderzoek of behandeling. Alle patiënten met een maligne aandoening 
ondergingen verder onderzoek of behandeling. Bij de meeste patiënten met 
een benigne tumor werd geen verder onderzoek gedaan. Uit deze review kan 
niet worden opgemaakt of routinematige histopathologie van het appendix 
preparaat nuttig is. 

Deel 2: behandeling van geperforeerde diverticulitis 

Perforatie van een darm is een ziektebeeld dat gevreesd wordt door 
chirurgen. Als faeces terecht kunnen komen in de abdominale holte, leidt 
dit vaak tot een ernstig zieke patiënt waarbij een acute ingreep vereist is. 
Perforaties van het sigmoïd vormen hierop geen uitzondering. Hoewel het 
overgrote deel van de patiënten de ziekte zal overleven, is een grote operatie 
nodig om het aangedane darmdeel te receseren, en is de aanleg van een 
stoma in de meeste gevallen onvermijdelijk [3]. 
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In hoofdstuk 4 hebben we gekeken naar de etiologie van sigmoïdperforaties. 
Hiervoor hebben we 325 patiënten bestudeerd die in de periode tussen 2000 
en 2011 in drie ziekenhuizen in Nederland een operatie hebben ondergaan 
voor een perforatie van het sigmoïd. Hieruit bleek dat geperforeerde 
diverticulitis de meest voorkomende oorzaak is van een sigmoïdperforatie. 
Andere oorzaken waren iatrogene schade, ischaemie, en maligniteit. Zowel 
pre-existente, niet-colon maligniteit als systemische behandeling met 
corticosteroïden waren gerelateerd aan geperforeerde diverticulitis in een 
vijfde van de patiënten. Een zichtbare perforatie werd vaker waargenomen 
bij patiënten met een andere benigne oorzaak van de perforatie dan 
diverticulitis. Wij hebben geconcludeerd dat jongere leeftijd en een zichtbare 
perforatie van het sigmoïd, zowel peroperatief als bij histopathologie, de 
verdenking op een niet-diverticulaire oorzaak van de perforatie moet doen 
toenemen. In deze studie werden geen pre- en peroperatieve kenmerken 
gevonden die wijzen op maligniteit of ischaemie. Als voor een strategie 
zonder resectie wordt gekozen, moet altijd een colonoscopie worden gedaan 
om maligniteit uit te sluiten. 

Geperforeerde diverticulitis is een ernstig ziektebeeld. Een patiënt met deze 
ziekte dient vaak dezelfde dag te worden geopereerd. Daarbij wordt het 
sigmoïd gereseceerd en in de meeste gevallen wordt een stoma aangelegd. 
Tot voor kort bestonden er twee behandelopties. Bij de één wordt het 
sigmoïd gereseceerd en wordt het colon uitgeleid als eindstandig colostoma. 
Deze behandeling wordt de Hartmann procedure genoemd. Bij de andere 
optie wordt het sigmoïd gereseceerd en worden colon en rectum direct met 
elkaar verbonden door middel van een anastomose. Hierbij wordt vaak een 
dubbelloops ileostoma aangelegd, ter bescherming van de naad [3]. 
Bij beide operaties kan het stoma na enige tijd weer worden opgeheven, 
hoewel het opheffen van het eindstandig colostoma een veel grotere ingreep 
is dan het opheffen van het dubbelloops ileostoma. 
Beide operaties worden in Nederland veel toegepast. Welke van de twee 
opties wordt gekozen, hangt af van de toestand van de patiënt, van de 
vitaliteit van de darm en van de ervaring van de chirurg. Een minder ervaren 
chirurg zal eerder kiezen voor de Hartmann procedure, omdat hierbij geen 
gevaar bestaat voor naadlekkage. Daarom zal ook bij een patiënt in matige 
conditie sneller een Hartmann procedure worden gedaan dan resectie met 
primaire anastomose. 
De morbiditeit- en mortaliteitscijfers van beide procedures zijn hoog: de 
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sterfte varieert in de literatuur tussen 10 en 20%, de morbiditeit tussen 24 
en 43% [3,4].
Vanwege de vele factoren die meespelen in de keuze van de behandeling, is niet-
gerandomiseerd onderzoek naar de beide methoden lastig te interpreteren. 
Vrijwel alle beschikbare literatuur duidt er op dat morbiditeit en mortaliteit 
lager zijn na sigmoïdresectie met primaire anastomose. Dit verschil wordt 
nog groter, als de complicaties van de continuïteitshersteloperatie worden 
meegerekend. Echter, omdat in niet-gerandomiseerd onderzoek sterke 
selectie optreedt van patiënten, is het tot op heden niet duidelijk welke 
operatie de voorkeur verdient. In hoofdstuk 5 beschrijven wij een studie, 
waarbij we de twee operaties hebben vergeleken in een multivariaat 
model, waarbij we ook naar de intra-operatieve bevindingen en bestaande 
predictiemodellen hebben gekeken. Uit deze studie blijkt, dat noch het 
type operatie, noch de intra-operatieve bevindingen, noch de bestaande 
predictiemodellen voorspellend zijn voor de kans op overlijden. 

Sinds 1996 bestaat er een nieuwe behandeloptie voor geperforeerde 
diverticulitis [5]. Het gaat om een minimaal invasieve procedure, waarbij de 
buik, en het sigmoïd in het bijzonder, laparoscopisch wordt geïnspecteerd. Er 
dient te worden uitgemaakt of er sprake is van pathologie van het sigmoïd, 
of een macroscopische perforatie kan worden geïdentificeerd, en of er een 
purulente dan wel faecale peritonitis bestaat. Als het blijkt te gaan om een 
geperforeerde diverticulitis waarbij geen macroscopische perforatie of 
faecaliën worden gezien, kan de nieuwe behandeling worden geprobeerd. 
Bij deze behandeling wordt het sigmoïd in situ gelaten, en wordt het 
abdomen slechts schoongespoeld met een aantal liter warm fysiologisch 
zout. Vervolgens wordt een drain achtergelaten, waarna de procedure kan 
worden beëindigd. 
Bestaat echter een macroscopische perforatie, dan wordt gedacht dat dit 
zichzelf niet zal helen. Bij deze selectie van patiënten wordt een resectie van 
het sigmoïd voorgeschreven, om verdere faecale uitvloed tegen te gaan. 
Sinds het eerste artikel uit 1996 zijn meerdere kleine en grote series 
verschenen over deze behandeling. In hoofdstuk 6 hebben wij deze studies 
nader geanalyseerd in een systematische review. Bij een totaal aantal van 
231 patiënten is gebleken dat laparoscopische lavage voor geperforeerde 
diverticulitis een zeer veelbelovende behandeling is. Het succespercentage 
van de behandeling bedroeg 95.7%. Minder dan 2% van de patiënten 
overleed, en slechts bij 10.4% trad morbiditeit op. 
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Er moeten kanttekeningen bij de geïncludeerde studies worden geplaatst. 
Het ging veelal om case series, waarbij vermoedelijk een hoge mate van 
selectiebias is opgetreden. Dit is ook af te zien aan het grote aantal patiënten 
met Hinchey II diverticulitis. Dit is een groep patiënten met een groot 
diverticulair abces, waarbij in de regel geen operatie nodig is. Het is dus 
goed te verklaren dat de resultaten van deze studie veel gunstiger zijn dan 
de cijfers die we kennen over de behandeling met Hartmann procedure of 
resectie met primaire anastomose. 
Toch biedt deze laparoscopische behandeling een aantrekkelijk alternatief. 
Zelfs als blijkt, dat morbiditeit en mortaliteit bij deze behandeling niet 
verschillen van die van een resectie, dan nog is deze behandeling gunstiger, 
omdat bij de meeste patiënten geen laparotomie nodig is, en ook geen stoma 
hoeft te worden aangelegd. 
Daarom besloten wij ook zelf deze nieuwe behandeloptie onder de loep 
te nemen. Hoofdstuk 7 beschrijft een landelijk onderzoek, waarbij alle 
patiënten die in verschillende Nederlandse ziekenhuizen behandeling met 
laparoscopische lavage hebben ondergaan zijn gebundeld tot één studie. 
Tien ziekenhuizen bleken al ervaring te hebben opgedaan met de nieuwe 
procedure, en hebben in totaal 50 patiënten met deze methode behandeld. 
De resultaten laten een negatiever beeld zien dan de getallen uit onze 
systematische review. Er trad aanzienlijke morbiditeit en mortaliteit op in 
deze studie. Bij tien patiënten was een reoperatie geïndiceerd, waarbij vijf 
patiënten zijn komen te overlijden. Niettegenstaande deze slechte resultaten, 
was lavage een succesvolle behandeling voor de meeste patiënten, waarbij 
de aanleg van een stoma of primaire anastomose achterwege kon blijven. 
Verder onderzoek is van groot belang om vast te stellen of laparoscopische 
lavage veiliger en effectiever is dan sigmoïdresectie. 
Tegelijkertijd is het zaak om uit te zoeken welke van de twee vormen 
van sigmoïdresectie is aangewezen voor de behandeling van faecale 
peritonitis. Hierover biedt de literatuur geen uitsluitsel, omdat in alle niet-
gerandomiseerde onderzoeken sterke selectie van patiënten is opgetreden. 
Deze twee vraagstukken zullen de komende jaren gelijktijdig worden 
onderzocht in een gerandomiseerde studie. Hoofdstuk 8 beschrijft de 
studie-opzet van dit onderzoek, dat onder de titel “Ladies trial” vanaf medio 
2010 patiënten includeert met geperforeerde diverticulitis. Dit onderzoek 
wil aantonen dat laparoscopische lavage bij patiënten met een purulente 
peritonitis zal leiden tot 15% lagere morbiditeit plus mortaliteit dan 
behandeling met sigmoïdresectie. Tegelijkertijd wil deze studie aantonen 
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dat bij patiënten met faecale peritonitis het type operatie geen invloed heeft 
op het mortaliteitscijfer. De hypothese van de studie is dat sigmoïdresectie 
met primaire anastomose leidt tot 30% hogere stomavrije overleving. Het 
mortaliteitscijfer zal voor beide operaties gelijk zijn, maar het ileostoma bij 
een sigmoïdresectie met primaire anastomose zal vaker worden opgeheven 
dan het Hartmann colostoma in het jaar na de operatie. 

Deel 3: complicaties van trocars 

In de derde sectie wordt ingegaan op de complicaties van laparoscopische 
chirurgie. Hoewel laparoscopisch opereren bij sommige operaties 
grote voordelen biedt, zijn er ook complicaties specifiek verbonden aan 
laparoscopie [6]. 
In hoofdstuk 9 wordt gekeken naar trocar poort hernia: littekenbreuk die 
ter hoogte van de trocar poort kan optreden na een laparoscopische operatie. 
Het onderzoek richt zich op de prevalentie en op mogelijke oorzaken van een 
dergelijke hernia. Na inclusie van 22 artikelen werd een prevalentie gevonden 
van 0,5%. Hoewel geen meta-analyse kon worden gedaan, zijn verschillende 
risicofactoren geïdentificeerd die de kans op trocar poort hernia verhogen. 
De drie belangrijkste zijn het gebruik van scherpe, piramidale trocars, van 
12mm trocars, en een lange operatieduur. Om hernia’s te voorkomen, zouden 
alle poorten vanaf 10mm moeten worden gesloten, met meenemen van alle 
wandlagen. Daarbij zouden langzaam oplosbare hechtingen moeten worden 
gebruikt. 
Behalve trocar poort hernia bestaan er ook andere complicaties van 
laparoscopische chirurgie, bijvoorbeeld perforatie van een arterie of een 
hol orgaan. Deze complicaties kunnen ernstige gevolgen hebben. Met een 
systematische review volgens de Cochrane methode hebben we onderzocht 
welke trocar types de kleinste kans op complicaties veroorzaken. Het 
protocol voor deze review hebben we, in afwachting van publicatie van de 
resultaten in de Cochrane Database, beschreven in hoofdstuk 10. 
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