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CHAPTER 10

SUMMARY
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SUMMARY

The main aim of this thesis was to advance the treatment of children with simple 
appendicitis. The most important outcome when comparing treatments is safety, 
which in surgery is often measured as the number of complications patients suffer 
after a certain treatment. In chapter 2 we evaluated the surgical management 
of all children with appendicitis that underwent appendectomy at our tertiary 
referral centre between January 2011 and December 2018. The study found a 
particularly high overall rate of complications, 25%, compared to other published 
studies that report overall complications rates ranging from five to 15%. When 
focusing specifically on the children with simple appendicitis — the subject of this 
thesis — 12% of children experienced a complication. This number is also much 
higher than the two to five percent usually reported in other studies. This higher 
complication rate might, in part, be explained by the population treated at our 
a tertiary referral centre, which consist of complex patients, sometimes with 
extensive comorbidities such as immune and/or nephrological disorders requiring 
high doses of immunosuppressant medication. Still these results signify that, for a 
selected population, appendectomy is not always without complications and there 
is still more work to be done to minimize post-appendectomy complications. In an 
attempt to minimize these appendectomy and anaesthesia related complications 
non-operative treatment (NOT) for simple appendicitis has been the subject of 
many studies in the past decade. In our experience clinicians are worried about the 
clinical recovery time children might experience after NOT. They are particularly 
concerned that children might experience prolonged abdominal pain and other 
gastro-intestinal symptoms, as opposed to children treated operatively that are 
usually discharged the next day. In Chapter 3 we give a detailed report of the 
clinical recovery of 45 children treated with NOT. Three children (7%) had to undergo 
appendectomy during the clinical phase due to clinical deterioration (N=2) or the 
detection of a faecalith on follow-up ultrasound (N=1). Of the 42 children that 
could be discharged without appendectomy, pain decreased rapidly. Oral intake 
was also quickly possible, as nausea and vomiting were no longer present after 
one day of treatment in >90% of the children. A major limitation of this study is the 
absence of a comparison with children undergoing appendectomy. However, our 
results are comparable to the clinical recovery children usually experience after 
an uncomplicated appendectomy. These outcomes are of value in weighing the 
advantages and disadvantages of NOT compared to conventional appendectomy. 
Besides complication rates and clinical recovery, the number of children that suffer 
recurrent appendicitis after NOT is of substantial importance for deciding whether 
to implement NOT in clinical care. However, information on the long-term (i.e. >1 
year) recurrence rates is limited. In chapter 4 we present the results of a long-
term prospective cohort of children that were treated non-operatively. Of the 47 
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children out of 49 that could be reached for telephone follow-up, 33 children (70%; 
95% CI 56–81%) did not require appendectomy after a median follow-up time of 5.4 
years (range 3.9–7.1 years). Only one patient (2%) underwent appendectomy after 
more than two years. Also no complications occurred past one year, including those 
children that underwent delayed appendectomy.

To substantiate the potential benefit of NOT more high quality comparative evidence 
is required. However, currently a wide variety of outcome measures is being used in 
trials reporting treatments for simple appendicitis. To determine which outcomes 
are most relevant for investigating treatment efficacy it is essential to consult those 
people involved in administering and undergoing treatments for appendicitis. 
Chapter 5 describes the protocol for the development of a core outcome set, which 
is an agreed collection of outcomes that should be measured and reported in all 
future clinical trials investigating simple appendicitis in children. The development 
consists of three phases. Phase 1 is an update of the most recent systematic review 
on outcomes reported in simple paediatric appendicitis research, to compile a list 
outcome measures for the second phase. Phase two consists of a three-step global 
Delphi study to identify a set of core outcomes out of the list from phase 1 for which 
there is consensus between parents and (paediatric) surgeons. The third phase is 
an expert meeting to finalize the COS and its definitions. Children and young people 
will be involved through their parents during phase two and will be engaged directly 
using a customized face-to-face approach. Chapter 6 reports the results from this 
study. After systematically compiling a list of potential outcomes, 137 parents and 
245 surgeons from 10 different countries across four continents rated each outcome 
on its importance for determining the effectiveness of a treatment for children 
with simple appendicitis. After consulting young people in focus groups and two 
transcontinental expert meetings with surgeons and parents, 12 outcomes were 
selected for the final core outcome set. It contains more traditional outcomes like 
mortality and complications, but also outcomes that reflect the impact a treatment 
has on patients and parents, like the time it takes to return to baseline health levels 
and readmission rates. Furthermore, the set contains outcomes that are specific 
to NOT research like recurrent appendicitis and unplanned appendectomy. 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. As a result trials have become increasingly complex, time-
consuming and expensive. Chapter 7 illustrates the consequences of that current 
‘one-size-fits-all’ regulatory framework by presenting two investigator-initiated 
drug trials, one in children with simple appendicitis (the APAC trial, chapter 8), and 
one in pregnant women. It is illustrated how the mandatory compliance with ICH-
Good Clinical Practice Guidelines — which were developed to oversee high-risk 
commercial placebo-controlled trials evaluating new medical products pursuing 
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market authorization — makes low-risk investigator-initiated trials laborious and 
expensive, whilst a clear rationale is missing and patient safety is not promoted. 
This chapter also discusses how the forthcoming EU Clinical Trial Regulation (No 
536/2014) seems to provide a solution as it introduces a new “low-intervention 
clinical trial” regulatory framework. This framework aims to subject clinical trials 
that pose only a minimal additional risk to subject safety to less stringent rules, as 
regards monitoring, requirements for the contents of the trial master file and drug 
traceability. The results from these last three chapters should help future research 
into treatments for children with simple appendicitis.

The most important step in the quest for definitive answers regarding the efficacy 
of NOT for children with simple appendicitis is a well-designed, high quality 
randomised controlled trial. Chapter 8 describes the protocol for such a trial. 
The APAC (Antibiotics versus Primary Appendectomy in Children) trial is a multi-
centre, non-inferiority, randomised controlled trial that is currently underway and 
is expected to complete in 2023. Eligible for inclusion are children (7 to 17 years 
old) who have a imaging-confirmed acute simple appendicitis. Children with signs 
of complex appendicitis are excluded by using a complex appendicitis risk score 
that was previously externally validated. We have chosen to design the APAC trial 
as a non-inferiority trial based upon the notion that NOT potentially has secondary 
advantages, for instance cost reduction and less pain. Furthermore, since the 
majority of children will be spared surgery and anaesthesia we hypothesize that NOT 
will also result in better quality of life scores. It is thus sufficient to demonstrate that 
NOT is as safe as appendectomy, i.e. NOT does not result in more complications than 
initial surgical management. The APAC trial also evaluates the following secondary 
outcomes: rate of recurrent appendicitis, missed diagnosis of complex appendicitis, 
unplanned appendectomy, bowel obstruction, intra-abdominal abscess, time to 
return to school/normal activity, readmission, reoperation, adverse events as direct 
result of treatment, health-related quality of life, and medical, non-medical and 
indirect costs. Although the protocol had been drafted before the core outcome 
set for paediatric simple appendicitis was developed (chapter 6), fortunately, 
all outcomes included in core outcome set can be reported with the outcomes 
measured in the APAC trial. If the APAC trials yields similar results as the pilot studies 
that have already been published, the next step would be to implement NOT in 
routine clinical practice. Considering that implementation of new treatments can 
take years and given the promising preliminary evidence on the efficacy on NOT 
there is a rationale for investigating how to best implement this strategy. In the 
final 9th Chapter we explored the barriers and facilitators that might exist for the 
implementation of NOT for children with simple appendicitis in routine clinical 
practice. For this we analysed the transcripts of 14 semi-structured interviews 
and a focus group conducted with health insurance and hospital policymakers, 
surgical clinicians, and young people – together with their parents – who had been 
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treated for simple appendicitis surgically or with the NOT strategy. We identified 
four main themes I) Appendicitis is a well-known disease. Children, parents and 
clinicians regard appendectomy as routine and safe, making them reluctant towards 
other treatment options. II) Clinicians regard incorporation of NOT in the national 
appendicitis guideline necessary for its implementation. III) For identification of 
patients best suited for NOT more experience and scientific evidence is needed. 
IV) Appendectomy and NOT have different risks and benefits making the treatment 
choice dependent on individual patient preferences. These opportunities and 
threats need to be taken into account in order to facilitate timely and successful 
implementation of this strategy in daily clinical care.
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