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Chapter 1

Scope of the thesis

The aim of this thesis is to broaden our knowledge on the diagnostic process 

and treatment of acute appendicitis and constipation, two common causes of 

abdominal pain in children who are admitted to the emergency department.

Acute abdominal pain

Acute abdominal pain is the third most important reason for children under 

15 years to be admitted to emergency departments, and is associated with 

high costs, especially if hospitalization ensues [1]. In the United States of 

America, for instance, annually approximately 900.000 children are admitted 

to emergency departments with acute abdominal pain and suspicion on ap-

pendicitis [2]. As shown in Table 1 acute abdominal pain in these children can 

have various causes [3]. To differentiate between these causes the age of the 

child and features of the pain (location, duration, type) are important factors 

to take into consideration. In addition, symptoms, such as anorexia, nausea, 

vomiting, or problems with defecation or micturition, should be taken into 

account by asking the patients or their caregivers about such complaints. To 

differentiate between diseases in more detail, physical examinations are per-

formed in combination with laboratory results and sometimes with diagnostic 

imaging such as ultrasound scans. It is important to distinguish quickly and 

efficiently between diseases that require immediate, perhaps surgical, treat-

ment and those where conservative treatment suffices [4]. Therefore, children 

with acute abdominal pain who are referred to the emergency department, are 

often first examined by a surgeon when acute appendicitis is suspected. If left 

untreated, acute appendicitis is a most dangerous disease in terms of morbid-

ity and mortality and therefore, necessarily, the first priority is to exclude or 

confirm this disease [5]. If the surgeon or surgeon-in-training cannot locate 

the cause of the abdominal pain, a pediatrician or other medical specialist 

should examine a child with acute abdominal pain. In approximately 28% of 

the children with acute abdominal pain, several visits to an emergency de-

partment are required before their abdominal pain is diagnosed or explained 

conclusively [6]. Usually, these extra consultations are needed to establish 
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with more certainty that a child does suffer appendicitis and does not require 

surgical treatment. Buddingh and colleagues demonstrated that only 37% of 

the boys and 23% of the girls who were initially admitted to the emergency 

department with suspected appendicitis were actually diagnosed with appendi-

citis [6]. Other common alternative diagnoses for appendicitis are constipation, 

gastroenteritis and mesenteric adenitis [4]. Furthermore, for a quarter to half 

of the children with abdominal pain, doctors are unable to find a cause for 

their symptoms, not even after several consultations. These children are then 

diagnosed with non-specific abdominal pain, which is a diagnosis by exclusion 

for acute abdominal pain.

Table 1. Possible causes of non-traumatic acute abdominal pain in children

Gastrointestinal Appendicitis

Gastroenteritis

Constipation

Mesenteric lymphadenitis

Intussusception

Volvulus

Malrotation

Irritable bowel syndrome

Inflammatory bowel disease

Incarcerated hernia

Peptic ulcer (with perforation)

Intraabdominal abscess

Adhesions with intestinal obstruction

Meckel’s diverticulitis

Necrotizing enterocolitis

Hirschprung disease

Primary bacterial peritonitis

Hepatobiliary, splenic, 
pancreatic

Cholecystitis/cholelithiasis

Hepatitis

Pancreatitis 
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Genito-urinary Urinary tract infection

Nefrolithiasis

Dysmenorrhea

Pelvic inflammatory disease

Ovarian/testicular torsion

Ruptured ovarian cyst

Ectopic pregnancy

Cardiac Myocarditis

Pericarditis

Endocarditis

Congestive heart failure

Pulmonary Pneumonia

Hematologic Sickle cell vasooclusive crisis

Hemolytic uremic syndrome

Henoch Schönlein purpura

Metabolic Diabetic ketoacidosis

Acute porphyria

Miscellaneous Viral infection

Pharyngitis

Functional pain/non-specific abdominal pain

Colic

Abdominal migraine

Familial Mediterranean fever

Anterior Cutaneous Nerve Entrapment Syndrome

Poisoning (lead or iron)

Acute appendicitis 

Diagnosis and treatment

Acute appendicitis typically presents with symptoms including periumbilical 

pain that migrates to the right lower quadrant, pain during movement, fe-

ver, anorexia, and vomiting following the onset of pain. But, because various 

other causes of abdominal pain mimic the symptoms associated with appen-

dicitis, a relatively large number of the children are incorrectly diagnosed with 

appendicitis [7]. To improve the diagnostic process of appendicitis, scoring 

systems such as the Alvarado Score for Acute Appendicitis [8] or the Pediatric 
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Appendicitis Score were developed [9]. Nevertheless, the negative appendec-

tomy rate ranges from 5-20% depending on age, gender and used diagnostic 

methods, which means that these patients were incorrectly diagnosed with 

appendicitis and their appendices were removed unnecessary [7,10]. In the 

past, acute appendicitis in children was almost always treated surgically, and 

it still is the most common reason for abdominal surgery in children, occur-

ring in approximately 1 to 4 per 1000 children annually [11]. Several recent 

studies have investigated the use of a conservative treatment with antibiotics 

for acute appendicitis in children. The conservative treatment have an initial 

success rate around 90-95%, but with a readmission rate from 1-32% after 

one year [12-17]. Especially patients with acute appendicitis and an appen-

dicolith have a lower treatment efficiency.  The complication rate is similar to 

the surgical treatment [13,17]. However, due to differences in used antibiotic 

regimens and follow-up time in the studies, more research is needed to de-

termine which type of patients and which antibiotics are most suitable for a 

conservative treatment. Currently, most hospitals still use a surgical treatment 

for appendicitis, by either performing a laparoscopic or open appendectomy 

[18]. Irrespective of the type of appendectomy chosen, both are associated 

with complications. Markar and colleagues estimated that simple appendicitis, 

i.e. appendicitis without perforation, is associated with a complication rate of 

3% after laparoscopic appendectomy and 6% after open appendectomy [19]. 

In case of perforated appendicitis the complication rate increases to 15% and 

29% for laparoscopic and open appendectomy, respectively [19]. To improve 

the outcome of appendicitis it is important to take into account the risk factors 

that can influence the diagnostic process and treatment outcome of appendec-

tomy. For example, obesity was reported to negatively affect the diagnostic 

process of appendicitis in children [11,20,21]. The outcome after appendecto-

my in terms of complication rate and length of hospital stay also seem to be 

negatively influenced by obesity in patients with appendicitis [22-24]. While 

obesity is a recognized risk factor for misdiagnosing appendicitis and for com-

plications after treatment, the influence of a low body mass index has not 

previously been addressed in children, even though underweight is associated 

with poor clinical outcomes in adult patients undergoing other types of gas-

trointestinal surgery [25]. In Chapter 2 we therefore present a study on the 

influence of body mass index on the diagnosis and treatment of appendicitis.
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Etiology and pathophysiology

To refine the diagnostic process and treatment outcome of appendicitis it is 

important to have sufficient knowledge about the etiology and pathophysi-

ology of the disease. With this knowledge we aim to develop an alternative, 

preferably less invasive, treatment for appendicitis with fewer complications.  

Some factors, such as being between 10 and 19 years old or being a boy, are 

known to increase the risk of appendicitis [26,27]. Nevertheless, the precise 

etiology and pathophysiology of acute appendicitis in children remains unclear. 

As illustrated in Figure 1, various pathways leading to the development of ap-

pendicitis have been proposed. The classic theory is that an obstruction of the 

lumen causes increased pressure in the lumen of the appendix and subsequent 

decreased blood flow to the appendix [28,29]. This leads to ulceration of the 

mucosal lining of the appendix wall after which bacteria, which were already 

present in the intestinal flora, invade the wall of the appendix, and cause the 

appendix to inflame. In addition, a number of causes for the obstruction of the 

appendix lumen have been proposed, such as fecolith, tumors, and enlarged 

lymphoid follicles [28,29].

Enlargement of lymphoid follicles can be the result of bacteria, parasites, or 

viruses [30-32]. Sisson and colleagues proposed another pathophysiological 

pathway to appendicitis, whereby a viral infection directly induces mucosal 

ulceration followed by a secondary bacterial invasion in the wall of the ap-

pendix [33]. The association between viral infections, such as cytomegalo-

virus, human herpesvirus 6, measles, adenovirus, or epstein-barr virus, and 

acute appendicitis were studied, but mostly in immune compromised patients 

[31,34-36]. Cytomegalovirus and human herpesvirus 6 are most prevalent in 

children, but their role in the etiology of appendicitis remains unclear [37-39]. 

We aimed therefore to investigate whether there is an association between 

these two viruses and the development of acute appendicitis in immunocom-

petent children and we present the results of this study in Chapter 3.
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Constipation 

Acute constipation

Constipation is one of the common diagnosis in children with acute abdominal 

pain after appendicitis. Approximately 5-20% of the children who are admit-

ted to the emergency department with suspicion on appendicitis are finally 

diagnosed with constipation [4,6,40]. Acute constipation presenting with ab-

dominal pain can be difficult to diagnose because its symptoms can mimic the 

symptoms of acute appendicitis. Various internationally established diagnostic 

criteria for chronic constipation exist, one of which is the Rome IV criteria 

[41]. Unfortunately, such criteria are not available for constipation with an 

acute presentation. In practice, to exclude or confirm constipation, many phy-

sicians and physicians in training only ask patients with acute abdominal pain 

whether their bowel habits changed recently or whether they experience them 

as normal. Most people, however, do not know what normal bowel habits are 

so only asking about these two aspects does not seem sufficient. Even if one 

Figure 1. Pathogenesis of acute appendicitis
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were to apply the criteria for chronic constipation to constipation with an acute 

onset, several obstacles to confirm the diagnosis conclusively would remain. 

For example, the pediatric Rome IV criteria for constipation not only consist of 

questions on symptoms, but, in addition, they require digital rectal examina-

tion of the patient [41]. This is a relatively invasive examination and therefore 

often avoided in clinical practice [42-45]. In some cases, abdominal X-rays are 

used to study the presence of an excessive amount of feces in the bowels as a 

sign of constipation [43,46]. However, the use of abdominal X-rays to diagnose 

constipation in children was strongly criticized in recent studies and by the 

ESPGHAN/NASPGHAN guidelines [40,45,47]. Moreover, due to the fact that 

the above mentioned diagnostic methods are often not performed or not per-

formed sufficiently to diagnose constipation in children with acute abdominal 

pain, an extra consultation the next day can be used to observe the progress 

of symptoms. Children with acute constipation, however, have no direct benefit 

from such extra consultations, because they do not receive adequate treat-

ment for their symptoms in the meantime. Also, in many cases constipation is 

still not diagnosed after these extra consultations. Instead, these children with 

constipation are wrongly diagnosed with non-specific abdominal pain [48,49]. 

This misdiagnosis can result in chronic abdominal pain, because the consti-

pation is left untreated. Hence, we believe that a better method is needed to 

diagnose constipation in children who present with acute abdominal pain at the 

emergency department. In Chapter 4 we introduce a new diagnostic method 

to determine acute constipation in children with acute abdominal pain, in the 

form of a study protocol illustrating the use of laxatives and enemas by chil-

dren who could not be conclusively diagnosed on first consultation at the emer-

gency department. The standard treatment for fecal disimpaction in children 

with constipation is laxatives and/or enemas, and have proven to be effective 

and safe [45,50,51]. We hypothesize that supporting fecal evacuation with lax-

atives and enemas in these children could accelerate the diagnostic process. In 

case a child indeed suffers from constipation, using laxatives and enemas will 

often lead to rapid reduction of pain. In addition to the positive effect on the 

child’s condition, the reduction of pain also provides more certainty that the 

abdominal pain was indeed caused by constipation. If a child does not suffer 

from constipation, then the use of laxative and enemas will not provide much 

relief of the symptoms, indicating that it is less likely that the abdominal pain is 
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caused by constipation (with the exception of therapy-resistant constipation).

Characteristics of constipation

To refine the diagnostic process of constipation at the emergency department 

it is necessary to understand the general characteristics of constipation. Con-

stipation is a collective term for a condition whereby it is difficult to empty 

the bowel without distinguishing between the underlying causes of the prob-

lem. Constipation in children can present with various symptoms, such as a 

low stool frequency, painful or hard bowel movements, and episodes of fecal 

incontinence [41]. Approximately 18% of the constipated children also has 

fecal incontinence [52]. The prevalence rate of constipation varies between 

1% and 30%, depending on demographics, respondent characteristics, and 

the diagnostic criteria used [53-56]. In Chapter 5 we present a study on 

the prevalence of constipation and fecal incontinence in the general pediatric 

population of the Netherlands. Our aim was to gain insight into the magnitude 

of the problem generally, before comparing it to a specific patient population 

with acute abdominal pain. With this study we also aimed to assess whether 

children recognize abnormal bowel habits, and whether they seek help for their 

defecation problems. Finally, we studied the defecation frequency and consis-

tency of children with defecation disorders, to investigate whether only asking 

children about their defecation patterns is sufficient to recognize children with 

constipation.

There are a number of treatment options for children with constipation, such 

as adjustments to the child’s diet, using medication, or sometimes irrigation of 

the bowels depending on the severity of symptoms and the underlying cause 

of constipation [45]. Prognosis after treatment depends on therapy compli-

ance but also on the severity and possible underlying cause [45]. It is often 

assumed that children outgrow their defecation problems [57,58]. More recent 

studies, however, have shown that 20% to 52% of the children with constipa-

tion still have symptoms after many years of treatment [59-61].

In Chapter 6 we present a study comparing children and young adults with 

defecation problems to determine the differences in prevalence rates of defe-

cation disorders, occurrence of associated symptoms, and coping with symp-
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toms. We developed the Groningen (Pediatric) Defecation and Fecal Continence 

Questionnaire that enabled us to study the characteristics of defecation disor-

ders (Chapter 7). This questionnaire was needed because in most currently 

available questionnaires regarding constipation the focus is on the symptoms 

of constipation without taking into account symptoms of fecal incontinence, 

even though fecal incontinence and constipation often coexist [52]. In addi-

tion, different questionnaires were used for children and adults, rendering it 

impossible to compare defecation disorders between children and young adults 

and to monitor treatment outcome after a child becomes an adult. In future, 

the Groningen (Pediatric) Defecation and Fecal Continence Questionnaire could 

also be used to monitor defecation disorders during treatment or, in a short-

ened form, even as a diagnostic method for constipation in children with acute 

abdominal pain.

Finally, in Chapter 8, the conclusions of the studies described in this thesis are 

discussed and we provide some recommendations for improving the diagnostic 

process and treatment of acute appendicitis and constipation in children.
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