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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 
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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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