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General introduction

1. DEVELOPMENT, STRUCTURE & FUNCTION OF 
THE COLON

Development of the gut & colonic motility
The neuromuscular development of the human gut largely occurs during the first 
trimester of pregnancy. Circular and longitudinal muscles are detected in the large 
intestine in a foetus of 10 weeks of age. Auerbachs and Meissners plexuses are 
recognized at 13 weeks and cranio-caudal migration of ganglion cells is complete 
at 20 weeks after conception. Neuro-endocrine cells are present at 10 weeks of 
gestation. The smooth musculature and enteric neuro-endocrine system necessary 
for propulsive motor activity are present and differentiated long before the 
initiation of enteral feeding, but mature innervation and contractile activity is not 
achieved until near or after birth.(1) In contrast, colonic mechanisms responsible 
for defecation are poorly developed until close to term. This is illustrated by the 
fact that even severe stress is unlikely to cause in utero passage of meconium in the 
premature born infant, whereas in the term fetus, passage of meconium commonly 
occurs as a response to stress such as fetal hypoxia.(2;3) Colonic motility requires 
coordinated contractions of colonic muscles which subsequently result in aboral 
propulsion of luminal contents through the rectum for expulsion from the anus. 
Ninety five percent of healthy term infants pass their first stools, meconium, 
within 24 hours after birth and 99% within 48 hours.(4;5) This percentage however 
drastically drops to 66% in preterm born infants. 
Recently, De Lorijn et al showed that preterm infants (GA 28-32 weeks) with delayed 
first passage of meconium exhibited a normal rectoanal inhibitory reflex. Moreover, 
all other anorectal motility parameters were similar to preterm infants of the same 
age who passed meconium within 48 hours.(6;7) These latter studies suggest that 
either mechanisms of rectal propulsion are impaired, leading to failure of normal 
expulsion of the meconium plug, or that the meconium plug itself is too difficult 
to expel as a result of its consistency. Indeed, it is well-known that meconium of 
preterm infants differs in composition (glycoprotein, saccharides, calcium, copper, 
iron and phosphorus) from that of term infants, making it thicker in consistency 
and more difficult to expel.(8) But whether total duration of passing meconium 
before its transit to non-meconium stools, is also prolonged in premature born 
infants has yet to be evaluated.  

Colon: mucosa, serosa and chloride channels
The colon, except for the rectum and anal canal, is characterized by a mucosa 
with goblet cells, gland cells and absorptive cells. The colon maintains important 
functions to 1) absorb short chain fatty acids and bacterial metabolites, 2) slowly 
propel luminal contents in a caudal direction, 3) hold residual faecal material 
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in the distal colon until defecation, and 4) move faecal content rapidly in a 
caudal direction during mass movements initiating defecation. But it also plays 
an important role in the homeostasis of water and electrolytes, and exhibits 
considerable segmental heterogeneity with regard to ion transport mechanisms 
along its longitudinal axis. With respect to Na+ absorption, electroneutral NaCl 
absorption predominates by luminal Na+/H+ and Cl−/HCO3− exchange in the 
surface epithelium of the proximal colon, and electrogenic absorption occurs via 
the electrogenic sodium channel (ENaC) in the distal colon of humans as well as 
in other species.(9-12) Those Na+ channels located mainly in the apical membrane 
of the colon regulate sodium absorption.(13) But the colon also has secretory 
capacities.(14;15) Although secretion of bicarbonate and potassium occurs along 
the entire intestine, the predominant electrolyte driving fluid secretion is chloride.
(16) Chloride secretion is activated by the cAMP or intracellular Ca2+-dependent 
stimulation of luminal cystic fibrosis transmembrane regulator (CFTR) chloride 
channels and is paralleled by the secretion of K+, which takes place via luminal K+ 
channels and Na+ transport through the paracellular shunt.(17) Water transport 
is believed to follow the osmotic gradient, which is set by the direction of net ion 
transport, and is then transported via specialized aquaporin water channels.(18) On 
the basolateral membranes, secretory cells containing Na+K+2Cl− cotransporters 
take up chloride from the serosal side of the epithelium together with Na+ and K+ 

(figure 1). Basolateral K+ channels also allow for K+ recycling via the basolateral 
membrane, thus hyperpolarizing the epithelial cells, and maintaining the electrical 
driving force for chloride secretion.(13;19) Therefore, the coordinated action of 
these apical and basolateral ion channels is essential during the process of secretion 

Figure 1. Apical and basolateral membrane in the human colon.
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(figure 1). Congenital deficiencies in intestinal chloride secretion, occurring in 
cystic fibrosis, are accompanied by intestinal malabsorption and obstruction as 
well as constipation.(16) Therefore small changes in net fluid transport are believed 
to lead to diarrhoea or constipation.(20) However, the question whether patients 
with constipation have disturbed sodium absorption or chloride secretion remains 
to be clarified. 

2. BOWEL HABITS

Normal bowel habits
Available data describe an average of 3-4 bowel movements per day in the first 
two weeks of life in term newborn infants.(21;22) At the age of 4-6 months, bowel 
movement frequency drops further to a frequency of once to twice per day.(22;23) 
In children younger than 2 years, a defecation frequency of 1-2 per day is described 
by several studies worldwide. (21;23-30) Another study evaluated the bowel habits 
in children aged 1-4 years without complaints of constipation and reported a bowel 
frequency of once per day.(30) With aging, up to the age of 8 years bowel movement 
frequencies of once per day or every other day is reported in 95% of healthy 
children.(31) Interestingly, in preterm born infants comparable bowel movement 
frequencies (3-4/ day) are found in the first 4 weeks of life provided that ingestion 
of milk is more than 150/mg/kg per day; infants receiving parenteral nutrition open 
their bowels only once daily.(5) Studies reporting bowel habits of preterm versus 
term born infants in a prospective manner for a more extended period (> 4 weeks 
after birth) are however lacking.
So far, information concerning bowel habits is not only scarce in the younger group 
of children but particularly refers to normal bowel movement frequencies. The 
necessity for more data from infants and young children is mandatory not only 
to define normal bowel habits but also to diagnose abnormalities such as found 
in constipation. To reach this, in addition to bowel movement frequency, stool 
characteristics such as consistency, amount and colour as well as gastrointestinal 
symptoms need to be evaluated. For stool characteristics for example, adults use the 
Bristol stool form scale as a reliable tool serving for stool appearance classification.
(32) In infants such a stool form scale has yet to be developed.

Constipation
Pathophysiology 
The pathophysiology of childhood constipation consists of multiple factors where 
in the vast majority of patients, no organic cause can be found, and, therefore, these 
patients are considered to have a functional disorder.(33) In less than 5% of children 
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presenting with constipation, organic causes such as Hirschsprung’s disease (HD) 
are well described. However, the role of other organic factors such as lower spine 
abnormalities and histopathological changes remain poorly understood. In infants 
cow’s milk allergy is also suggested to play a role in this condition. Furthermore, 
novel insights advocate disturbance in colonic homeostasis of water and electrolytes 
as well as colonic flora in constipation.

Organic causes
Congenital causes 
Anorectal malformations, HD, endocrine disorders and spinal cord anomalies

A well recognized group of organic disorders is known to cause chronic constipation 
which can be excluded by careful examination and adequate investigation.(34) 
Those organic causes include congenital anatomical or structural defects resulting 
in obstruction of the distal colon, which are recognized in the newborn as anorectal 
malformations (imperforate anus, anteriorly displaced anus).(34) Hirschsprung’s 
disease is a developmental disorder of the enteric nervous system characterized 
by absence of ganglion cells in the myenteric and submucosal plexuses along a 
variable proportion of the distal colon. Therefore, rectal suction biopsies (RSBs) are 
of importance in diagnosing HD.(35) Moreover, RSBs are the most accurate test 
in the diagnostic work-up of HD.(36)  Interestingly, evaluation of the RSBs often 
shows hypertrophied and disorganised rectal mucosal muscle only in children with 
severe functional constipation. In solitary rectal ulcer syndrome, mainly presenting 
in adults, the rectal mucosal muscle is also characterized by hypertrophy and 
disorganisation.(37;38) In the latter condition, recommendations comparable to 
those given to constipated patients are applied; avoidance of straining, high fluid 
and fibre intake in combination with enemas may relief symptoms in 58-83%.
(38;39) A change in muscle thickness, such as hypertrophy, might therefore be 
associated with constipation symptoms. Nonetheless, studies evaluating the rectal 
mucosal muscle and its possible association with constipation symptom duration 
have yet to be performed.  
Other organic causes such as metabolic and endocrine disorders (diabetes insipidus, 
hypercalcaemia, hypothyroidism) may also cause (secondary) constipation. In 
addition, neurological disease related to damage of the spinal cord in conditions such 
as meningomyelocele, trauma, surgery, tumours, cauda equina and tethered cord 
might also cause constipation. So far, only one American retrospective study found 
spinal cord abnormalities (n=8) in 88 children with intractable constipation.(40) 
In the latter study 85% recovered from constipation symptoms after neurosurgical 
treatment. However, due to the retrospective design, it remains unclear what the 
effect of conservative therapy (laxative treatment) would be without neurosurgical 
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treatment. A prospective study should be performed in constipated children to 
better evaluate the prevalence of spinal cord abnormalities and facilitate follow-
up to assess the clinical course of constipation when adequately treated with 
conservative approach prior to neurosurgery. 

Cow’s milk allergy
Children with cow’s milk (CM) intolerance might also present with symptoms 
of constipation. The majority of these children presented with a low defecation 
frequency in combination with anal fissures and perianal erythema or edema.
(34) This can be diagnosed by eosinophilic infiltration of the submucosa on rectal 
biopsy.(41) In one study 27 infants with idiopathic constipation (mean age 20.6 
months) showed that constipation resolved within 1 month following a CM protein 
free diet. (42) However, in a recent study in constipated children with atopic signs 
(n=12), CM protein elimination neither improved defecation frequency nor stool 
consistency.(43) Therefore, the role of CM intolerance in constipation remains to 
be elucidated in larger studies.

Miscellaneous causes: novel insights
Other causes such as chloride secretion disturbance and gut flora imbalance are 
also suggested to play a role in chronic constipation.(44-48) Dysbiosis of intestinal 
flora, alteration in the relative proportions of intestinal bacterial species, has been 
reported in chronic constipation.(49) For example, faeces of constipated children 
contain more bifidobacteria and clostridia compared to controls.(49) While 
bifidobacteria counts are elevated in faeces of constipated children, probiotics 
intake (including bifidobacteria) potentially reverse this dysbiosis (50) and results 
in positive effects on constipation symptoms.(51-54) The effect of probiotics, such 
as bifidobacteria and lactobacilli, is stimulating peristalsis by lowering the pH 
in the colon as a result of lactic, acetic and other acids production by probiotics.
(45) A lower pH enhances peristalsis and subsequently decreases colonic transit 
time which is beneficial in the treatment of constipation.(45;46) But it is unknown 
whether a mixture of different probiotics strains can also alter this dysbiosis. 
Another proposed aetiological factor in constipation is disturbance in fluid 
secretion that might result in chronic constipation. It is evident that pathological 
consequences will follow when chloride secretion is reduced as occurs in cystic 
fibrosis.(55) Interestingly, chloride secretion agonists showed an increase in bowel 
movements and improved stool consistency in adults with constipation.(56) 
Conversely, a disturbance in chloride secretion in colonic mucosa of constipated 
subjects has yet to be evaluated in both, constipated adults and children. 



16

Functional constipation
Epidemiology & Cost
A median prevalence of 10.4% is found for functional childhood constipation in 
Western and Asian countries, when defined as defecation frequencies below three 
times per week and without evidence for organic disease.(57) In our tertiary centre, 
with a specific outpatient clinic for children with functional gastrointestinal 
disorders, approximately 45% of the referrals are due to defecation disorders.
(58) Although these numbers are not based on proper designed epidemiological 
studies, they are indicative for the great impact of childhood constipation on health 
care. Indeed, Liem et al. showed that American children with constipation use 
more health care services than children without constipation. This amounts to an 
additional cost of $3.9 billion/year for children with constipation.(59)

Definition: Rome III criteria
In 1999 a group of experts in the field of paediatric gastroenterology made the first 
attempt to set criteria for functional gastro-intestinal disorders such as constipation, 
leading to the first paediatric Rome II criteria.(60) In 2006 the Rome II criteria were 
updated when several studies showed that those criteria were too restrictive for 
clinical use.(61-64) To fulfil the new Rome III criteria for functional constipation, 
table 1, children > 4 years should have 2 or more of the following symptoms: 1) two 
or fewer defecations per week, 2) at least one episode of faecal incontinence per 

Table 1. The Rome III criteria for paediatric functional constipation
Functional constipation, neonate/ toddler
Must include one month of at least two of the following in infants up to 4 years of age:
1.     Two or fewer defecations per week
2.     At least one episode/week of faecal incontinence after acquisition of toileting skills
3.     History of excessive stool retention
4.     History of painful or hard bowel movements
5.     Presence of a large faecal mass in the rectum
6.     History of large diameter stools which may obstruct the toilet
Accompanying symptoms may include irritability, decreased appetite and/or early satiety. 
The accompanying symptoms disappear immediately following passage of a large stool.
Functional constipation, child/ adolescent
Must include all of the following, in a child with a developmental age of at least 4 years, for at least two 
months:
1.     Two or fewer defecations per week
2.     At least one episode of faecal incontinence per week
3.     History of retentive posturing or excessive volitional stool retention
4.     History of painful or hard bowel movements
5.     Presence of a large faecal mass in the rectum
6.     History of large diameter stools which may obstruct the toilet
Criteria fulfilled at least once per week for at least 2 months prior to diagnosis
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week, 3) stool retentive posturing, 4) painful or hard bowel movements, 5) presence 
of a large faecal mass in the rectum or 6) large diameter stools that may obstruct 
the toilet, without objective evidence of a pathological condition.(32) 

In infants less than 6 months of age, the Rome III criteria described infant dyschezia 
as a common functional defecation disorder.(62) Infants with infant dyschezia 
present with at least 10 minutes of straining and crying before the successful 
passage of soft stools. Symptoms usually begin in the first months of life and resolve 
spontaneously after a few weeks. While constipated children usually present with 
painful infrequent defecation, in infant dyschezia infants open their bowels daily to 
expel soft stools. Therefore reassurance of the parents is the treatment of choice in 
these infants. To date, exact criteria for constipation in the new born and children 
< 2 years of age are lacking. (61;62) The Rome III criteria described functional 
constipation for the age group younger than 4 years without distinguishing 
symptoms found in younger infants (table 1). As bowel habits significantly change 
in the first months of life, it is necessary to define symptoms categorized per 
age group, e.g. 12 months 24 and 24-48 months, so that changes associated with 
different age, and (accordingly) nutritional intake, can be distinguished between 
health and disease. 

Symptoms
Defecation frequency below 3 times per week is found in 64-88% of children with 
chronic functional constipation. (65;66) Moreover, faecal incontinence is reported 
in 78-81% of these patients.(65;67) A recent trial showed that stool withholding 
behaviour (68%) and painful defecation (65%) are important features of constipation 
as well. (68) A rectal scybalus found either by abdominal palpation or rectal 
examination, and defined as a large faecal mass, unlikely to be passed on demand is 
present in 30-75% of the constipated toddlers and older children.(69-71) Expulsion 
of these large stools are, reported in 65-70% of constipated children.(67;72)

Onset
In approximately 17-40% of children, the onset of constipation occurs in the first 
year of life.(73-75) In toddlers, withholding behaviour plays an important role in 
the development and/ or persistence of functional constipation. Furthermore, the 
time of toilet training is thought to be a critical period when constipation may 
occur as a consequence of struggle between child and parents.(76) Interestingly, 
Borowitz et al. found no association between timing, style or techniques used for 
toilet training and developing early childhood constipation.(77) On the other hand, 
Burket et al. showed that constipated children, especially between 2-3 years, were 
perceived by their parents as more stubborn, specifically regarding toilet behaviour, 
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than children without constipation.(78) This stubbornness might play a role in 
developing constipation or influence treatment response at a younger age. Several 
other factors might also lead to stool withholding behaviour: 1) previous experience 
with painful or hard stools, 2) anal fissures, 3) lack of time for regular toileting, 
4) resistance to use toilets other than the child’s own, 5) stressful events, and 6) 
intercurrent illness.(77;79) Retained stools become progressively more painful and 
difficult to evacuate leading to even more fear and avoidance of defecation.(61;80) 
Therefore, consequential retentive posturing is believed to be the main cause for 
development and/ or persistence of functional childhood constipation.(71;74) 

TREATMENT

As the exact pathophysiologic mechanism of functional childhood constipation 
remains unknown, treatment is based on a symptom relieving approach where 
education of the child and parents, behavioural modifications and laxative therapy 
are applied.(58;79)

Education & demystification
Treatment of children with constipation begins with demystification, education 
and a non-accusatory approach by care giver and parents. Information concerning 
prevalence and symptoms of constipation might help parents understand and hence 
control this condition. The reason why children have faecal incontinence, which is 
present in the majority (85%) of children with constipation, should be explained. It 
should be emphasized that faecal incontinence is due to overflow of loose stools in 
an impacted rectum and not the result of the child’s behaviour. Furthermore, it is 
essential to accentuate that treatment is often a gradual and irregular progress with 
periods of improvement and deterioration.(81) A follow-up study in 403 constipated 
children, who were initially treated successfully with either medical or behavioural 
treatment, showed that 50% of the children had at least one relapse during the first 
five years. Surprisingly, relapse was more common in males.(70)

Behavioural approach
It has been suggested that an acquired behaviour after experiencing painful 
defecation is the most common cause of constipation in infants and toddlers with 
chronic constipation.(71) Retained stools become progressively more difficult 
and painful to evacuate, leading to fear and avoidance of defecation. (61;80) This 
vicious circle is described as learned behaviour.(68) Therefore laxatives are needed 
to breakthrough this circle by facilitating expulsion of softer stools and, thus, 
preventing stool-withholding behaviour sufficiently.(82) Paediatric psychologists 
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showed that the adjunct of behavioural interventions to laxative therapy, rather 
than laxative therapy alone, improves incontinence in children with functional 
constipation. (83-85) Nonetheless, a recent randomized controlled trial including 
134 constipated children showed no difference in clinical defecation symptoms 
between those treated with conventional therapy with laxatives alone, versus those 
who received additional behavioural therapy by a paediatric psychologist.(68) 
Interestingly, in the latter study, the proportion of children with behaviour problems 
was significantly lower at follow-up, in children receiving additional behaviour 
therapy compared to children receiving conventional therapy.(68) Therefore, when 
behaviour problems are present in constipated children, behavioural therapy or 
referral to mental health services should be considered.

Medical approach
The medical treatment consists of disimpaction of rectal faecal mass followed by 
maintenance therapy with oral and/ or rectal laxatives.(79)

Disimpaction
As described above rectal faecal impaction is a common symptom in functional 
constipation. It is assumed that initial treatment with oral laxatives might 
paradoxically result in an increase in faecal incontinence. In our tertiary clinic, we 
therefore start with rectal disimpaction using rectal enemas. Many paediatricians, 
however, consider that uncomfortable, embarrassing, or painful anal manipulations 
such as rectal examination and rectal enemas should be avoided. These care takers 
stress that adequate doses of oral laxatives is in the majority of cases sufficient 
to treat these children. To date however, only one group reported successful 
disimpaction with high doses (1.5 g/kg/day) of oral polyethylene glycol (PEG) in 
constipated children.(86;87) They demonstrated that after only three days, seventy-
five percent of these children were successfully disimpacted. A drawback of this 
study was that the frequency of faecal incontinence during treatment was not 
documented.(86) In our clinical experience, administration of oral laxatives in 
children with severe faecal rectal impaction is often not effective. Rectal enemas 
are repeatedly necessary to remove the large faecal mass before oral laxatives can 
reach their effect. Randomised controlled trials evaluating the effect of enemas 
versus oral laxatives are needed to assess difference in successful disimpaction as 
well as anxiety scores between both treatments. The latter is especially important 
since treatment with enemas is suggested to be disliked by children. 

Maintenance treatment 
Following disimpaction, maintenance therapy is started aiming to prevent 
re-accumulation of faeces. For maintenance therapy several oral laxatives can be 
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prescribed consisting of osmotic laxatives, such as lactulose and PEG, or stimulant 
laxatives, such as bisacodyl or senna.(58) However, PEGs, long linear polymers 
with a high molecular weight of 3500 or 4000 Daltons on which water molecules 
bind through hydrogen-binding, now account for 47% of most commonly chosen 
laxatives.(88) As a result PEG helps increasing the water content of stools in 
constipated patients.(89-91) When treatment with PEG is compared to treatment 
with lactulose, a favourable outcome for those treated with PEG is found.(66;92-94) 
But a comparison between different products of PEG, for example PEGs containing 
extra electrolytes and those without, has never been evaluated in children for an 
extended period of time. It remains therefore unclear what the additional effect is 
when adding electrolytes to PEG laxatives during the total treatment period. 

Alternative management
Electrical therapy
Various forms of electrical therapy, direct electrical stimulation of sacral nerves, 
transcutaneous nerve stimulation (TENS) and interferential therapy (IFT), are 
applied aiming to increase colonic motility. Direct electrical stimulation proved to 
increase bowel movement in women with constipation and in patients with spinal 
cord injuries.(95) Transcutaneous nerve stimulation has also been used successfully, 
in conjunction with biofeedback therapy, in children with faecal incontinence 
following anorectal malformation.(96) Furthermore, in a recent pilot study IFT 
improved colonic motility in 7 out of 8 patients. After three months 4 children 
still sustained improvement in bowel movements compared to 5 with sustained 
reduction in faecal incontinence episodes.(97) The mechanism underlying those 
positive effects is reflex relaxation of the pelvic floor following with evacuation of 
the rectum.(98)

Probiotics
There is growing interest in the use of probiotics in organic and functional 
gastrointestinal disorders. Probiotics are live microbial microorganisms, that when 
administered in adequate amounts, confer a health benefit on the host.(99) Food 
ingredients containing probiotics are reported to be valuable in the treatment of 
inflammatory bowel disease, travellers’ diarrhoea and constipation.(53;100-102) To 
date, several studies have been performed, mainly in adults, in order to determine 
the effects of probiotics on symptoms of constipation.(45;46;52;103-105) It has been 
shown that probiotic strains, such as Lactobacillus shirota and the Bifidobactreium 
infantis, increase defecation frequency and soften stools in adults with constipation 
and irritable bowel syndrome.(51;52) A recent study in children with constipation 
showed an increase in defecation frequency and a decrease in abdominal pain using 
the strain Lactobacillus rhamnosus. (53) In  contrast to the latter study however, 
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the probiotic strain Lactobacillus GG did not have a positive effect on constipation 
symptoms, when used as an adjunctive therapy with lactulose (104). The effect of 
treatment with a mixture of probiotic strains rather than only one strain has yet to 
be evaluated in constipated children. 

Novel compounds
Lubiprostone
Lubiprostone is an oral bicyclic fatty acid that selectively activates chloride 
channels in the apical membrane of the gastrointestinal epithelium, resulting 
in luminal chloride secretion and consequently resulting in water movement by 
which it reaches its laxative properties. (106;107) In adults, this newly developed 
drug acting on stimulation of chloride secretion in the gut proved to be valuable in 
treating constipation.(47;48;56) In a recent multicenter, parallel-group double-blind 
controlled trial (n=242), higher mean number of spontaneous bowel movements at 
week 1 was found in the lubiprostone group compared to placebo in constipated 
adults (5.69 vs. 3.46, p= 0.0001). A greater frequency of bowel movements was also 
reported at weeks 2, 3, and 4 (p<or= 0.002).(56) In constipated children no clinical 
trials have been performed. 

Tegaserod
Tegaserod (5-hydroxytryptamine; 5-HT) is a selective serotonin receptor agonist 
that acts at 5-HT4 receptors in the gut wall.(108) The central role of serotonin 
in modulating motility, visceral perception, and intraluminal secretion in the 
gastrointestinal tract makes the serotonergic system an important therapeutic 
target. It increases stool frequency, improves stool consistency, stimulates the 
peristaltic reflex and intestinal secretions, and inhibits visceral sensitivity.(109;110) 
In children with constipation, tegaserod increased defecation frequency and 
decreased faecal incontinence episodes. Therefore, tegaserod was increasingly 
prescribed by paediatric gastroenterologists in the United States.(111) However, 
marketing of tegaserod was suspended in March 2007 after retrospective analysis 
of data from clinical studies showing a statistically significant difference in 
cardiovascular ischemic events in adult patients taking tegaserod compared with 
those receiving placebo (incidence of 0.11% vs 0.01%, respectively). 

Prucalopride
Prucalopride, a 5-HT4 receptor agonist, is a newly developed highly potent and 
selective compound to enhance colonic motility. In several animal models, it 
has been demonstrated that prucalopride is a highly effective prokinetic agent 
that can stimulate GI motility and transit throughout the length of the GI tract.
(112;113) A single oral dose of prucalopride (1 or 2 mg) was able to shorten oro-
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coecal and whole-gut transit time in healthy volunteers. (114) Furthermore, this 
dosage significantly increased stool frequency and decreased stool consistency. 
More importantly, the same positive result was found in adults with chronic 
idiopathic constipation. Prucalopride was not only able to improve colonic transit 
in the subset of patients with slow transit but also increased stool frequency in all 
patients, irrespective of their transit status at baseline.(114;115) In children, studies 
with this newly developed agent have yet to be performed.

Follow-up and prognosis
Initial treatment with lactulose or PEG laxatives results in complete remission 
of symptoms in 40% and 70% of constipated children, respectively, after 2 weeks 
of treatment.(116) After 2 months of treatment with PEG, 56% of patients were 
successfully treated according to strict criteria.(66) Furthermore, at one year follow 
up treatment success was reported in 62% of children with chronic constipation.
(117) Two studies, including 62 and 137 children with constipation reported that 
50-66% of the patients were symptom free at 5 years after diagnosis with intensive 
medical and behavioural therapy. (118;119) In a larger study population (n=401) 
with 11 years follow-up, 25% continued to have symptoms of constipation at adult 
age.(120)  
These data illustrate that development of other treatment options, new compounds, 
probiotics and other alternative therapies, are required.(121) The importance of 
treating functional constipation adequately is especially emphasized by the finding 
that a quarter of those children continue to have symptoms at adult age. Also, 
poor clinical outcome is associated with longer delay between age of onset and 
age of first visit to a specialized centre.(120) Therefore, referral to a specialized 
clinic should be considered at an early stage for children unresponsive to first line 
treatment. Furthermore, in a long-term follow-up cohort, a cross-sectional study 
showed that compared to controls, quality and course of life were delayed in adults 
with a history of childhood constipation. These patients achieved fewer milestones 
with respect to autonomy and social development, had lower educational levels 
and a higher unemployment rate. (120) In general, functional constipation is often 
regarded as mild but new insights now illustrate the contrary and make clear that 
this condition is not a self-limiting entity.
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SUMMARY AND AIM OF THE THESIS

Functional constipation is a common problem where research is still challenging. 
Especially since multiple aetiological aspects such as chloride secretion, need to be 
further elucidated. In addition, new treatment options such as probiotics, should 
be revised not only to improve symptoms but also to improve overall prognosis. 
In this thesis multiple pathophysiological aspects as well as treatment options are 
further studied in children presenting with chronic functional constipation.
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