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CHAPTER 1

GENERAL INTRODUCTION AND 
OUTLINE OF THIS THESIS
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GENERAL INTRODUCTION

Appendicitis affects roughly one in every 13 people at some point in their life, making 
it one of the most common abdominal emergencies.1 Approximately, one-third of 
these cases present during childhood or adolescence.2 In the Netherlands around 
18.000 people are treated for appendicitis each year, accounting for roughly 5000 
cases below the age of 20 years.3 Appendicitis is a global disease, although there are 
differences in its incidence across regions. It is most common in westerns countries 
and up to twenty times less common in, for instance, South Africa.4 The incidence 
of appendicitis seems to be rising in newly industrialized countries.5 Suggesting 
some kind of relation between the occurrence of appendicitis and environmental 
exposures associated with industrialization.

Historically, it was assumed that appendicitis was a progressive disease that, if left 
untreated, would always lead to perforation. However, in recent years more evidence 
has come to light that appendicitis can be divided into two different entities, the 
most common type: simple appendicitis, characterized by little tendency to necrosis 
or perforation, contrary to the more severe type; complex appendicitis.6 An overview 
of the macroscopic and microscopic appearances, and the clinical relevance of the 
different types is listed in Table 1.

Table 1. Appendicitis classification. Modified from “Acute appendicitis: modern 
understanding of pathogenesis, diagnosis, and management”, by Aneel Bhangu et 
al., 2012, Lancet6

Simple appendicitis Macroscopic 
appearances

Microscopic appearances Clinical relevance

Suppurative/
phlegmonous

Congestion, colour 
changes, increased 
diameter, exudate, 
pus

Transmural 
inflammation, 
ulceration, or 
thrombosis, with or 
without extramural pus

Likely cause 
of abdominal 
symptoms

Complex appendicitis

Gangrenous Friable appendix 
with purple, green, 
or black colour 
changes

Transmural 
inflammation with 
necrosis

Impending 
perforation

Perforated Visible perforation Perforation; not always 
visible in microscope

Increased risk of 
postoperative 
complications



556585-L-bw-Knaapen556585-L-bw-Knaapen556585-L-bw-Knaapen556585-L-bw-Knaapen
Processed on: 3-3-2021Processed on: 3-3-2021Processed on: 3-3-2021Processed on: 3-3-2021 PDF page: 11PDF page: 11PDF page: 11PDF page: 11

General introduction | 11   

The relative incidence of complex appendicitis is particularly high in the extremes of 
age (below 5 years and above 70 years), as illustrated in Figure 1. In children above 
the age of five more than two-thirds of appendicitis cases can be classified as simple 
appendicitis, in adolescents this rate is even higher (75-85%).7,8

Figure 1. Distribution of appendicitis by age, 2009
Adapted from Examining a Common Disease with Unknown Etiology: Trends in Epidemiology and 
Surgical Management of Appendicitis in California, 1995–2009, by Jamie E. Anderson, 2012, World 
Journal of Surgery2. Copyright 2012 by “ Springer Nature”. Reprinted with permission

Why appendicitis occurs more frequently in childhood and adolescence, and why 
it generally presents as simple appendicitis has yet to be established. Preliminary 
research points to differences in the body’s immune response in simple and 
complex appendicitis patients. Epidemiologic studies show a correlation between 
the prevalence of simple appendicitis and the prevalence of the influenza 
virus.9 A correlation has also been found between IgE-mediated allergies and 
simple appendicitis.10 More specifically, the Th17 mediated immune response in 
patients with complex appendicitis is not seen in children or adults with simple 
appendicitis.11,12

Before the introduction of the appendectomy — first described in 1889 by Charles 
McBurney13 — all infections in the right lower abdomen, then called “typhlitis” 
or “perityphlitis”, were managed non-operatively. Non-operative management 
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treatment consisted of high doses of opioids, bed rest, no oral intake and withholding 
laxatives.14 After the introduction of the highly successful appendectomy, non-
operative management was quickly replaced as operative treatment was able to 
considerably reduce appendicitis associated mortality. Since then appendectomy 
has been the standard treatment for all types of appendicitis. The introduction of 
the laparoscopic appendectomy — first described in 1983 by the gynaecologist 
Kurt Semm15 — reduced appendicitis related morbidity and postoperative recovery 
time. At present the reported post-appendectomy complication rate in children 
with simple appendicitis is low, varying between two and five percent.7,16–18 Still in 
the last decade there has been a revival of the non-operative treatment strategy 
for treatment of simple appendicitis in children in an attempt to minimize the need 
for surgery and reduce anaesthesia and surgery-related complications. This non-
operative treatment strategy consists of initial treatment of simple appendicitis 
with antibiotics, thus reserving the appendectomy only for those who do not 
respond to the initial antibiotic treatment or those that suffer a recurrence. Apart 
from further reducing complications, non-operative treatment may help to improve 
quality of life after appendicitis by reducing the stress that accompanies surgery and 
anaesthesia, and by allowing a faster return to normal activities. In addition, non-
operative treatment strategy may reduce healthcare costs as less appendectomies 
are done.19,20 In recent years several pilot studies have shown that the non-operative 
treatment strategy can indeed avert appendectomy in nine out of ten children 
with simple appendicitis.17,21 This success rate declines over time as a result of 
delayed appendectomies for persistent or recurrent symptoms. Still, one year after 
the initial treatment approximately three out of four children do not require an 
appendectomy.17,21 Information on the long-term outcomes (i.e. >1 year) after non-
operative treatment is, however, limited and so far no randomised clinical trials 
have been published that compare the effectiveness of non-operative treatment 
to appendectomy in children with simple appendicitis. The aim of this thesis was 
to improve the treatment of children with simple appendicitis. Firstly, by providing 
more information the current state of operative and non-operative treatment. 
Secondly, the aim was to the improve the quality and feasibility of research needed 
to provide definitive evidence on the effectiveness of non-operative treatment. 
Lastly we aimed to determine what was needed to implement non-operative 
strategy in clinical practice once definitive evidence is provided.

OUTLINE OF THIS THESIS

Chapter 2 describes the current state of operative treatment. It provides an 
overview of all post-appendectomy complications in children who were treated 
for simple and complex appendicitis at our tertiary university hospital in the past 
eight years. Since most clinicians only have experience with operative management 
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of appendicitis we aimed to provide more information on what can be expected 
during the clinical course of non-operative treatment in Chapter 3. In this secondary 
analysis of a prospective cohort we illustrate the clinical recovery of children who 
were successfully treated non-operatively for their simple appendicitis. In Chapter 
4 we report the results of a long-term follow-up cohort study that included 47 
children, treated non-operatively over 5 years ago.

More high quality research is needed to assess the potential benefit of non-
operative treatment. Currently a wide variety of outcomes is used in trials reporting 
treatments for simple appendicitis. A systematic review found that randomized 
controlled trials and systematic reviews published between 1973 and 2013 used 
a total of 115 different unique outcomes to evaluate treatments for children with 
appendicitis.22 This variance makes it difficult to compare result of clinical trials and 
it hampers data pooling in meta-analyses.23,24 Chapter 5 describes the protocol for 
the development of an internationally determined set of core outcomes that should 
be measured and reported, as a minimum, in all future clinical trials investigating 
any type of treatment for acute simple appendicitis in children. In Chapter 6 we 
show the results of this project including a systematic review and international 
Delphi study. And finally the core outcome set is presented. Apart from determining 
what should be measured in clinical trials, clinical researchers also struggle with 
the impact legislation and government oversight has on the execution of clinical 
trials. Chapter 7 illustrates the consequences of the current regulatory approach by 
presenting two investigator initiated drug trials, one in children with appendicitis, 
and one in pregnant women. This chapter also discusses how the new EU clinical 
trial legislation could provide a solution for future clinical trials.

Until now, there have been no adequately powered randomised controlled trials, 
that have compared non-operative treatment to appendectomy in children. Chapter 
8 describes the protocol of the Antibiotics versus Primary Appendectomy in Children 
(APAC) trial, a multi-centre randomised controlled trial that is currently underway 
and is expected to be completed in 2023. Apart from the APAC trial there are three 
other randomised controlled trials currently underway that compare non-operative 
treatment to surgery.25–27 If these trials show similar results as the pilot studies 
that have already been published, there should be sufficient scientific evidence to 
implement non-operative treatment in routine clinical practice. However, it is known 
that the implementation of new clinical evidence may take considerable time.28–30 
In Chapter 9 we aim to identify barriers or facilitators for the implementation 
of non-operative treatment for simple appendicitis in children by interviewing 
several different stakeholder groups, including patients. With the results from 
this study, provided the results of the clinical trials are favourable, timely and 
successful implementation of non-operative treatment in routine clinical care can 
be facilitated.

1
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