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GENER AL INTRODUC TION

Appendix | The appendix vermiformis is a diverticulum of the cecum. The 
appendix length averages 10 cm and the normal diameter is 3-5 mm. The location 
of the appendix tip can vary but the appendix base is always at the cecum where 
the longitudinal bands of the cecum (taenia coli) meet. Berengario DaCarpi first 
described the appendix in 1521. Leonardo da Vinci earlier illustrated the appendix 
in anatomic drawings in 1492 but this was not published until the 18th century1.

Variable locations of the appendix 
tip: 1: medial over ileum, 2: medial 
under ileum, 3: into pelvis, 4: in 
iliac fossa, 5: lateral and behind 
to cecum, 6: behind ileo-cecal 
junction 

The appendix was for a long time considered to be a vestigial organ, but is now 
known to have an immunologic function and more recently it was discovered to 
also play a role in disease activity in patients with ulcerative colitis2,3. 

In 1886 the term appendicitis was introduced by pathologist Reginald Fitz 
who advocated for the early surgical removal of the appendix as treatment for 
appendicitis4. 

Appendicitis | Appendicitis is one of the most frequent acute abdominal 
infections5. The lifetime incidence risk of developing appendicitis is 7-8% and a 
minimal predominance is seen in male6,7. The peak incidence is found in patients 
between 10 and 30 years of age. Appendicitis can be related to a luminal 
obstruction, for example a faecolith (also appendicolith), lymphoid hyperplasia, 
neoplasm or infectious agent, although the exact mechanism of appendicitis 
remains often unknown8. Increased intraluminal pressure leads to venous 
congestion that may result in ischemia and ultimately necrosis of the appendix. 
The appendix can perforate as a consequence of this tissue necrosis; peritonitis 
and abscess is developed thereafter. Simple appendicitis without necrosis, 
perforation or an extensive purulent peritonitis is these days more frequently 
defined as uncomplicated appendicitis and the more severe variant with necrosis 
and/or perforation of the appendix as complicated appendicitis. The reported 
rate of complicated appendicitis varies between 16-32% depending on terms and 
definitions9,10. Acute appendicitis was earlier believed to always lead to perforation, 
abscess formation and peritonitis if left untreated. Yet this ‘time-progressive’ 
reasoning is questioned nowadays11,12.
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Diagnosis | Appendicitis was traditionally considered a clinical diagnosis based 
on clinical findings and (later) supplemented with laboratory findings. The 
resulting normal appendectomy rate as high as 15-20% was accepted as the fear 
of misdiagnosing appendicitis with all its consequences would outweigh the risks 
of unnecessary surgery. As a consequence, the lifetime risk of an appendectomy 
was up to 12.0% for men and even 23.1% for women6. The addition of imaging 
to the diagnostic process has been found to reduce normal appendix rates13,14. 
The Dutch guideline for diagnosis and treatment of acute appendicitis15 was 
introduced in 2010 and one of its main goals was to reduce this normal appendix 
rate. In a retrospective evaluation in 2001 and 2005 in the Netherlands, the normal 
appendix rate was 16% both in 2001 and 2005, and the use of preoperative imaging 
only 28% and 44% respectively15. Because cross-sectional imaging (ultrasound, CT 
and MRI) have shown to lower this normal appendix rate16-17, a diagnostic algorithm 
with mandatory preoperative imaging was introduced by the guideline. From then, 
a normal appendix found at surgery for suspected appendicitis was considered a 
complication. 

Treatment | Since Fitz4, the surgical removal of the appendix evolved into the gold 
standard of treatment for acute appendicitis and resulted in a huge reduction 
in mortality in patients suffering from acute appendicitis. For almost a hundred 
years, appendectomy through laparotomy was the standard treatment for acute 
appendicitis. The most commonly chosen open approach is using a gridiron 
incision trough the abdominal wall in the right lower quadrant as described by 
Charles McBurney18.

In 1975, Henk de Kok performed the first laparoscopy assisted appendectomy 
in the world, but the first complete laparoscopic appendectomy (with the use of 
camera and monitor) was described in 1983 by the gynecologist Kurt Semm19. 
Since then, numerous (randomized) studies were reported comparing the open 
and laparoscopic approach. Publication or selection bias was not rare in these 
studies and often-conflicting results of questionably clinically relevant differences 
were published. Until today, the best surgical approach for acute appendicitis 
remains a debate. The most common complications after an appendectomy are 
of an infectious origin, mainly wound infections and intra-abdominal abscesses. A 
Cochrane review comparing 56 randomized clinical trials concluded that an infection 
of the wound occurs more often after open surgery (3.6% for laparoscopic surgery 

The distal third of the 
appendix is necrotic 
(gangrenous) and is about to 
perforate at the lower border
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and 7.3% for open surgery) and that intra-abdominal abscess formation is more 
frequent after laparoscopy (1.6% and 0.6% respectively)20. However, the clinical 
importance of these observations remains unclear and also the Dutch guideline 
does not clearly advice for the open or laparoscopic approach. Therefore, most 
surgeons still decide for an approach based on their own expertise and judgment.  

In the last decades various technical adjustments were developed mainly for 
the laparoscopic technique. Different closure techniques of the appendicular 
stump for instance with either endoloops or an endostapler were introduced and 
compared21,22. Also, single incision laparoscopic surgery (SILS) was investigated23,24.  
However, these technical modifications and innovations often fail to substantially 
improve outcomes for the patient.

More recently, uncomplicated or simple appendicitis is distinguished from 
complicated or complex appendicitis as two different disease entities12. Simple 
appendicitis is found to be possibly reversible or even self-limiting unlike 
complicated appendicitis that almost always needs (surgical) intervention11. As a 

Algorithm for diagnosis and treatment of acute appendicitis as recommended by the 
eponymous Dutch guideline
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Typical trocar placement in laparoscopic 
appendectomy

result, the reversibility of uncomplicated appendicitis with treatment of antibiotics 
has been successfully investigated in randomized clinical trials25-27 and meta-
analyses28. However, the recurrence rate reported up to 26% in the first year27 makes 
surgeons hesitant to implement the antibiotic treatment as a first line treatment. 
Also, the preoperative distinction between uncomplicated and complicated 
appendicitis is a challenge, even with preoperative cross-sectional imaging27,29,30. 
Therefore, in the Netherlands, the first choice of treating acute appendicitis is 
currently still surgical removal of the appendix though more studies are ongoing 
and antibiotic treatment might be offered to patients.

Intra- and postoperative antibiotics | Before or during an operation for acute 
appendicitis, a single dose of antibiotics has proven to reduce the postoperative 
infectious complication rate, mainly in terms of wound infections31. In patients with 
complicated appendicitis, the observed postoperative infectious complication 
rate is much higher than in patients with simple appendicitis without necrosis, 
perforation or extensive purulent peritonitis. After an appendectomy for 
complicated appendicitis, surgery is usually followed by a course of antibiotics 
to reduce postoperative infectious complications, such as wound infection and 
intra-abdominal abscess formation. Because this antibiotic regimen is typically 
administered intravenously for 3-5 or more days, hospital stay is lengthened for 
patients requiring this treatment as opposed to patients with uncomplicated 
appendicitis that often can leave the hospital 1-2 days after the operation. The 
optimal length of the postoperative antibiotic regimen to be effective has not been 
well studied yet.

‘Snapshot’ research | Although appendicitis is a very common pathology, the 
complication rate is usually limited and therefore large numbers of patients are 
needed to reliably investigate possible differences in treatment outcomes. A 
novel study approach to overcome the limitations of large randomized studies 
was introduced in the United Kingdom and was based on a trainee-led regional 
network in general surgery32. These studies comprise nationwide prospective 
registries that allow inclusion of large numbers of patients in a relatively short study 
period. As such, in 2013 the National Surgical Research Collaborative published 
a nationwide study on outcomes of appendectomy for acute appendicitis in the 
UK33. In the Netherlands, we conducted a comparable ‘snapshot’ study to audit 
current surgical treatment outcome of acute appendicitis, the results of which are 
described in this thesis.
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AIM AND OUTLINE OF THIS THESIS

The aims of this thesis are to investigate the current outcomes of surgical treatment 
for acute appendicitis with special emphasis on the duration of the antibiotic 
treatment after an appendectomy for acute complicated appendicitis and technical 
aspects of an appendectomy. 

PART I - ‘Snapshot’ appendicitis | The first part focuses on outcomes from a 
nationwide prospective study for surgical treatment of acute appendicitis in the 
Netherlands. Chapter 1 describes a novel study design (snapshot study) for 
auditing current practice of surgical treatment of acute appendicitis. Chapter 2 
investigates nationwide outcomes of surgery for suspected acute appendicitis 
in adults. In this chapter, several aspects are addressed, with the main focus on 
the normal appendix rate and outcome differences after laparoscopic and open 
approach. In Chapter 3 outcomes of appendectomy in children are presented 
for various age groups. Chapter 4 discusses the role of preoperative imaging to 
prevent unnecessary surgery as a result of the differences in normal appendectomy 
rate between the United Kingdom and the Netherlands.

PART II - Complicated appendicitis | The second part focuses on the treatment 
of complicated appendicitis. The duration of antibiotic treatment after an 
appendectomy for acute complicated appendicitis is investigated and the 
preoperative distinction of uncomplicated and complicated appendicitis is 
discussed. In Chapter 5 outcomes are compared between two neighboring 
hospitals practicing different durations of antibiotic treatment after an 
appendectomy in adults with complicated appendicitis. Chapter 6 investigates 
the length of antibiotic treatment on the development of infectious complications 
after a laparoscopic appendectomy for acute complicated appendicitis. In 
Chapter 7 a scoring system based on clinical features and imaging modalities is 
presented to distinguish uncomplicated from complicated appendicitis in adult 
patients. In Chapter 8, the results of elective laparoscopic appendectomy for 
chronic abdominal right lower quadrant pain are shown.

PART III - Appendix stump closure | The third part discusses the closure of 
the appendicular stump in laparoscopic appendectomy with either endoloops 
or an endostapler device. In Chapter 9 routine appendix stump closure with an 
endostapler device was compared with routine use of endoloops. Chapter 10 
explores the effect of endoloop or endostapler use in laparoscopic appendectomy 
in both acute uncomplicated and complicated appendicitis from a nationwide 
prospective cohort. 
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