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We must not cease from exploration. And the end of all our exploring 
will be to arrive where we began and to know the place for the first time. 

T.S. Elliot
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General introduction

Parts of this introduction were previously published:

Olivia Liem 
Carlo Di Lorenzo 

Jan S.Taminiau 
Hayat M.Mousa 

Marc A.Benninga

Current treatment in childhood constipation. Ann Nestlé 2007;65:73–79

Proefschrift Olivia.indb   9 18-12-2009   9:57:47



Proefschrift Olivia.indb   10 18-12-2009   9:57:47



GENERAL INTRODUCTION

Constipation affects almost everyone at some point in their life. Although it is 

common and varies greatly in its severity, the complaint should not (and often 

cannot!) be ignored. The pediatrician has an important role in identifying the small 

fraction of children with an underlying disease causing constipation and in choosing 

expeditious and appropriate therapy. This is important as children with functional 

constipation benefit from prompt and adequate treatment interventions.1 

Although most children will respond to conventional treatment aimed at treating 

their symptoms, the pathophysiology of such ‘functional constipation’ remains poorly 

understood. In patients with intractable symptoms, additional tests are indicated to 

try to elucidate the cause of colonic dysfunction, and perhaps also to define patterns 

of bowel dysfunction in sub-groups of patients in order to develop new therapeutic 

strategies.

Definition of constipation

One of the problems for clinicians and researchers is that parents’ and physicians’ 

perception of constipation is variable. Thus, there is need for consensus on the 

definition of functional constipation in order to make a diagnosis and to allow 

different researchers to study the same disorder. In 1999, a group of internationally 

recognized experts in the field of functional gastrointestinal disorders in children met 

in Rome and developed symptom-based criteria to diagnose a variety of different 

disorders, including constipation.2 The first of these criteria for children, the Rome II 

criteria (Rome I had not included children) were published in 1999 but were found too 

cumbersome and restrictive to use in clinical practice.3 In 2006 the Rome III criteria 

were reformulated. (Table 1) Compared to the Rome II criteria, fecal incontinence, a 

feature in 80% of constipated children, was now included among the criteria for the 

diagnosis of functional constipation. Another change was that a child must fulfill 2 

of 6 constipation criteria to be diagnosed with functional constipation, instead of the 

Table 1. Diagnostic criteria for Functional Constipation

Must include two or more of the following in a child with a developmental age of at least 4 years 
with insufficient criteria for diagnosis of IBS 

Two or fewer defecations in the toilet per week

At least one episode of fecal incontinence per week

History of retentive posturing or excessive volitional stool retention

History of painful or hard bowel movements

History of large diameter stools which may obstruct the toilet

Presence of a large fecal mass in the rectum

*Criteria fulfilled at least once per week for at least 2 months prior to diagnosis

General introduction
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Chapter 1

obligatory two criteria of retentive posturing and a defecation frequency fewer than 

three/week.4 These changes resulted in 42.1% more children with constipation who 

were not recognized using the Rome II criteria now being diagnosed with functional 

constipation. 5

Because the Rome III criteria were established by pediatric gastroenterologists 

specialized in functional gastrointestinal disorders, in theory they might not be 

entirely applicable for children in primary care and children with developmental 

disorders. One can hypothesize that for those groups different symptoms may play a 

more significant role. For example, for general practitioners it is likely that symptoms 

have not been present for at least 2 months (one of the Rome criteria) before patients 

consult them. Hence, the need for more validation studies of the Rome III criteria 

and possible modifications to ideally formulate definitions that meet the needs of 

practitioners, who may desire sufficiently broad criteria to include atypical cases, and 

researchers, who may prefer stricter criteria, in order to include more homogeneous 

population in their investigations. 

Epidemiology

The prevalence of childhood constipation has been reported to range between 0.7% 

to 29.6% with no differences found between Europe, Oceania and North America.6,7 

A number of studies have reported a higher number of constipated boys compared 

to girls but others report no difference between genders.6, 8-12 Low maternal 

educational level is significantly associated with constipation, concurring with the 

fact that adults of lower social, economic and educational level also have a tendency 

towards higher constipation rates.8

In contrast with the pediatric literature, studies concerning adults suggest a higher 

prevalence in women than in men.13 However, evidence of gender differences is 

inconsistent. The wide range in prevalence and inconsistent evidence of gender 

differences are likely to be explained by the lack of consensus about the definition 

of constipation in different studies. In general, estimates of prevalence rates are 

lower in studies, which use more restricted definitions for constipation. Higher 

prevalence rates, on the other hand, are reported when constipation is defined using 

combinations of measures.14 The use of the Rome III criteria, which provide a clinical 

definition of constipation based on objective symptoms will hopefully alleviate this 

problem in future studies. 

Constipation and obesity

The prevalence of obesity is increasing worldwide. In the past few years there have 

been several studies that have documented a higher prevalence of constipation in a 

group of obese children and vice versa; a higher prevalence of obesity in a group of 

12
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children with chronic constipation.15-17 Epidemiologic data in adults also show that 

obesity is associated with a wide range of chronic gastrointestinal complaints.18,19 

The etiology of constipation in obese children is not clear. Several mechanisms 

have been proposed such as diet, hormonal changes, level of activity but no direct 

mechanism has been demonstrated yet. 

Healthcare costs

Due to its wide prevalence and chronic nature, it has become clear that constipation 

is a significant source of health care expenses and a potential target for reducing 

health care cost. Cost estimation studies are critically important in medicine. 

They can identify important public health problems that are often not adequately 

considered in policy making and research. Furthermore, they may provide evidence 

of opportunities for savings through earlier identification and intervention along with 

use of less expensive and equally effective products. Several studies in the last years 

have addressed the economic impact of chronic constipation in adults using a variety 

of investigational techniques.

An analysis of 3 national surveys in the United States had estimated the constipation-

related health care costs in adults to be about $235 million in 2001.20 Nyrop et al. 

performed a prospective study and calculated a mean annual cost for treatment of 

chronic constipation of $7,522 per patient.21 In the same study, total healthcare costs 

tended to be higher for functional constipation patients compared to IBS patients. 

Meanwhile, average costs of diagnostic studies for constipation have been shown 

to approach $3,000 per patient.22The cost-effectiveness of treating constipation in 

adults with macrogol 4000 compared to lactulose was the focus of a study by Guest 

et al. They concluded that macrogol 4000 is clinically more effective than lactulose 

and therefore fits the cost-effective strategy of the British National Health Service.23 

The same group found that using macrogol 3350 for disimpaction of children 

suffering from fecal impaction would be the least expensive and clinically effective 

treatment compared to enemas, suppositories or manual evacuation.24

Other studies have looked at the economic benefit of prevention, specifically by 

increasing the dietary fiber intake. In Australia, Egger et al. studied the effect of a 

community intervention trial promoting the consumption of whole-grain bread and 

reported a 49% decrease in laxative sales corresponding with a 58% increase in sales 

of wholegrain bread.25

Finally, another economic component that must be considered is the indirect costs 

such as work absenteeism. Sonnenberg and Koch used the National Health Interview 

Survey to compile data regarding limitations in activity due to constipation in the 
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Chapter 1

US. Annually, 0.4 days per person were lost among constipated patients because of 

constipation.26 

Unfortunately not much data is available on the healthcare cost of children with 

constipation but given the wide prevalence, healthcare utilization and cost are 

likely to be great. Thus there is a need to evaluate the financial impact of childhood 

constipation.

Etiology 

Less than 5-10% of children suffering from constipation have an underlying organic 

cause, such as anatomic malformation (i.e. anal stenosis, imperforate anus), metabolic 

and gastrointestinal causes (i.e. hypothyroidism, celiac disease, and cystic fibrosis), 

intestinal nerve and muscle disorder (i.e. Hirschsprung disease, visceral myopathies).27 

In all other children no organic disease is responsible for their symptoms. They are 

thought to have functional constipation, an entity whose pathophysiology is still not 

completely known.

Normal defecation is a complex process which is triggered by stool stretching the walls 

of the rectum. Stool is eventually evacuated by the involuntary internal anal sphincter 

relaxation and voluntary relaxation of the pelvic floor muscles and contraction of the 

abdominal muscles. This process requires normal colonic motility, normal sensation 

and the volitional attempt to find an appropriate place for the act of defecation. 

Dysfunction at any step of this normal process, can lead to constipation. There are 

three periods in which the infant and developing child are particularly prone to develop 

constipation. The first occurs after the introduction of solid foods into the infant’s 

diet, the second during the period of toilet training, and the third during the start of 

school when children have to utilize unfamiliar toilets.28,28 Each of these steps has 

the potential to change defecation into an unpleasant experience, which may result 

in the child consciously or subconsciously withholding stool. This behavior leads to 

accumulation of stool in the rectum, a factor potentially leading to overflow fecal 

incontinence, a terribly bothersome symptom for both children and parents. It is long 

been thought that long-term fecal impaction resulted in a dilated rectum with loss 

of sensation. Our group found that children with constipation actually have normal 

rectal sensation but need more intra-luminal volume due to the altered elasticity 

(compliance) of the rectum.29 Therefore larger stool volumes are needed to trigger 

rectal sensation and urge to defecate. Increased rectal compliance might result in 

impaired rectal contractility leading to the inability to pass bowel movements on a 

regular basis.30 The role of rectal compliance in the pathophysiology of constipation 

is still controversial. A study by van den Berg et al. showed that rectal compliance 

in recovered patients is lower compared to patients with persistent constipation.31 

However, almost half of the recovered adolescents had a rectal compliance above the 
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normal range suggesting that these subjects were able to recover from functional 

constipation despite increased rectal compliance. Therefore, rectal compliance does 

not seem to be a key factor involved in recovery. Prospective longitudinal studies are 

required to assess the clinical relevance of increased rectal compliance.

Colonic manometry (described below) has demonstrated abnormal contractions 

in a subset of children with severe defecation disorders. Children with no or weak 

colonic contractions, in the absence of generalized colonic dilatation, are thought to 

have a colonic myopathy, while patients with colonic neuropathy are recognized by 

the absence of the gastrocolonic response and abnormal or absent high amplitude 

propagating contractions (HAPC).32 Recent studies have also identified abnormalities 

in the enteric nervous system in patients with intractable constipation, such as 

reduced numbers of interstitial cells of Cajal or ganglia cells.33,34 Although this 

classification of “myopathic” or “neuropathic” is being used, no direct correlation 

with histological findings of myopathy or neuropathy has been proven yet.35

Diagnostic tools

A thorough medical history and complete physical exam, including rectal digital 

examination, are usually sufficient to confirm the diagnosis of functional constipation. 

Bowel diaries recording defecation and fecal incontinence frequency are helpful to 

confirm the diagnosis and are useful to monitor progress or lack thereof. There are 

many techniques to investigate the function of the distal gastrointestinal tract.

Abdominal radiograph

Abdominal X-rays are frequently requested by primary care providers to evaluate 

and objectify fecal loading in children with constipation. However, conflicting data 

exist on the clinical value of this test.36,37 A recent systemic review showed that that 

stool found during rectal examination occurred almost as often in children with fecal 

loading on radiography as in children without fecal loading.38 Moreover, the low 

inter- and intra observer variability for assessing fecal loading on a plain abdominal 

X-ray makes this test of limited value in the diagnosis of functional constipation in 

children.37

CTT

An easy and non-invasive indirect measurement of colonic motor function is colonic 

transit with radiopaque markers. Our clinic uses the Bouchoucha method.39 Patients 

ingest a capsule with 10 radio opaque rings for 6 consecutive days. On the seventh 

day an abdominal X-ray is obtained to calculate colonic transit time. (Figure 1) Total 

colonic transit time and segmental colonic transit time can be determined to distinguish 
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Chapter 1

different transit patterns: 1) normal colonic transit time; 2) outlet obstruction; 3) slow 

transit constipation.40 In children with constipation, CTT is delayed in approximately 

50% of children.37 The delay of transit in these children is mostly found in the anorectal 

region. A low defecation frequency and a high number of fecal incontinence episodes 

in combination with palpable stools in the rectum correlates well with prolonged total 

CTT and especially with recto-sigmoid transit time (RSTT).37 Therefore, the use of 

CTT is limited in the diagnostic evaluation of the constipated child. However, it is a 

useful test to differentiate between children with fecal incontinence secondary to 

constipation and children with functional non retentive fecal incontinence (FNRFI). A 

normal CTT is found in 90% of children with FNRFI.41

Colonic scintigraphy or wireless pressure/ pH capsules are other more sophisticated 

and more costly methods to assess colonic transit, whose clinical usefulness in 

children is only now beginning to be explored.42,43

Barostat testing

The barostat is an electromechanical computer-driven air pump that maintains a 

constant pressure in an intraluminal balloon. Such a balloon can be placed anywhere 

in the digestive system and is used to measure tone, compliance and sensitivity of 

Figure 1. Colonic transit study. 
Abdominal radiograph of a 
constipated patient. 

16

Proefschrift Olivia.indb   16 18-12-2009   9:57:48



hollow organs by inflating air when the outside pressure falls and to aspirate air when 

the pressure rises. In 50% of all constipated children a disturbed compliance can be 

found in the rectum but as previously mentioned, the disturbed compliance does not 

predict successful outcome. The role of the electronic barostat as a diagnostic tool 

has therefore yet to be established.

Anorectal manometry

Anorectal manometry assesses anorectal function. Its main indication is to 

demonstrate the presence of the recto-anal inhibitory reflex (RAIR). The RAIR 

is absent in children with Hirschsprung disease or in children with anal achalasia 

or ultrashort segment Hirschsprung disease.44 In order to elicit this reflex, a small 

balloon is inflated in the rectum while simultaneously measuring pressures in the 

anal sphincter. Other features that can be evaluated with this test are anal resting 

pressures and defecation dynamics.

Colonic manometry

Colonic manometry is a diagnostic test performed in specialized motility centers to 

differentiate between normal colonic motor function and colonic neuromuscular 

disorders in the evaluation of children with intractable constipation.45 Other 

indications to perform a colonic manometry are: clarifying the pathophysiology of 

persisting lower GI symptoms after surgery for Hirschsprung disease, evaluation of 

colonic involvement in a child carrying a diagnosis of intestinal pseudo-obstruction, 

assessing function of a diverted colon prior to possible re-anastomosis and to assess 

colonic motor activity prior to intestinal transplantation in order to find out whether 

or not the colon should be kept at the time of transplant.32 In a study by Pensabene 

et al. results of colonic manometry testing, resulted in recommendation to change 

therapy (mostly surgical) in 93% of their patients.46 Finally, manometry can also help 

predict whether antegrade enema treatment through a Malone stoma or cecostomy 

will be successful.47 

Colonic manometry measures changes in intracolonic pressure due to lumen-occluding 

contractions within the large bowel. After cleaning out the bowel with cleansing 

solutions, a catheter with 6-8 recording side holes (10-15cm apart) is inserted 

using colonoscopy or interventional radiology. (Figure 2) The use of water perfused 

catheters is currently the standard in pediatric motility testing. Perfusion is achieved 

by connecting the low-compliance catheters to a pneumohydraulic pump. At a low 

infusion rate of 0.15ml/minute distilled water is instilled during the test. Care is 

taken to limit the amount infused to avoid water intoxication in very small children, a 

problem that has been reported anecdotally. The motility testing includes at least 1 
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hour of fasting, 1 hour post-prandial after a finishing a high calorie meal and at least 

1 hour after bisacodyl provocation.48 During the test the child is required to remain 

in bed and it is important to have a trained observer at the bed site.

Colonic manometry tracings are analyzed in a qualitative and quantitative manner 

looking for the presence of normal motility and absence of abnormalities. Colonic 

motility is characterized by propagating and non-propagating contractions. These 

latter contractions are thought to be responsible for mixing and shifting luminal 

contents over short distances permitting adequate absorption. High amplitude 

propagating contractions (HAPC) are the most recognizable feature observed during 

a colonic manometry and together with a gastrocolonic response to a meal (increase 

of colonic motility) it is a marker for normal colonic motility. The HAPCs are powerful 

peristaltic waves, originating in the proximal colon propagating to the rectum, 

with the main purpose to propel colonic content towards the rectum (Figure3).49 

They generally occur more frequently after a meal, after awakening and before 

defecation.49 In children younger than 4 years HAPC frequency is significantly higher 

compared to older children.50 In adults with constipation the frequency of HAPCs is 

significantly lower compared to healthy controls but in children with constipation the 

frequency does not seem to be different. 51

Figure 2. Example of colonic 
catheter in the colon
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Colonic irritants, such as bisacodyl or glycerine, can initiate HAPCs and are therefore 

used as test stimulants during colonic manometry in children to evaluate whether 

patients have motility.52 Nevertheless, little is known about the factors that initiate 

spontaneous HAPCs. Physical factors such as distention secondary to colonic filling 

have been hypothesized as the physiologic initiators of HAPCs. This, however, has 

not been studied in children.

Propagating contractions with an amplitude < 60 mmHg are defined as low amplitude 

propagating contractions (LAPC) (Figures 3). Their role is not completely understood 

but they are thought to be involved in the transport of liquid and gas.53

Developments in microtransducer technology have allowed the production of 

manometry catheters incorporating miniaturized strain gauge transducers which 

are capable of prolonged intraluminal recording of gastrointestinal motor activity on 

portable solid state data logging devices.54 Such catheters permit to study colonic 

motility in ambulant patients and offer an attractive alternative to traditional water 

perfused stationary manometry. Although the potential of solids state catheters 

seem promising, their strengths and weaknesses compared to the current gold 

standard, stationary water perfused manometry, has not been evaluated yet for 

colonic manometry in children.

Solid state manometry not only allows the child to walk around freely, but also 

allows prolonged recordings. Given the wide physiologic variations in colonic motility 

over 24 hours, longer observation might detect clinically relevant information.55 

Figure 3. High amplitude propagating contractions (HAPCs) following bisacodyl stimulation in a girl 
with chronic constipation. Contractions are propagating from the cecum to the sigmoid colon. 
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Prolonged ambulatory manometry has the additional advantage of assessing motility 

during normal activities (eating/fasting, sleeping/awake, and active/resting) and of 

correlating motility abnormalities with infrequent symptoms.

Recently, King et al. performed 24 hours colonic manometry in 18 children with 

slow transit constipation with a catheter introduced through a previously formed 

appendicostomy.51 They compared their data to data obtained from motility studies in 

16 young adult controls. Children with slow transit constipation showed significantly 

fewer antegrade propagating contractions and no significant increase in frequency 

immediately following awaking or eating. In contrast to adults with constipation, the 

amplitude, propagation distance and velocity of those antegrade contractions were 

normal.55 Furthermore, the frequency of HAPCs was not decreased, suggesting that 

a normal frequency of HAPCs is insufficient to provide normal colonic motility in 

some children with slow transit constipation. Apart from increasing our knowledge 

of normal and abnormal motility patterns, prolonged recordings might also provide 

useful diagnostic information in patients who need colonic motility evaluation. It 

could possibly shed light on those children who eventually do well despite colonic 

manometry showing abnormal colonic motility or those children who remain 

symptomatic despite having normal motility on current testing.

Diet

Although it is a widespread concept that lack of fiber is a common cause of 

constipation, only a few pediatric trials have been performed to evaluate the efficacy 

of fiber therapy. Conflicting reports exist about constipated children having a lower, 

equivalent or higher intake of dietary fiber compared to non-constipated children.56-58 

The recommended minimum daily fiber intake for children older than 2 years is age 

in years plus 5 g.59 Recent standardized trials in children have shown the beneficial 

effects of fiber supplementation in children with chronic constipation. Compared to 

a placebo group, Castillejo et al. found a decrease in colonic transit time in children 

who had a basal prolonged colonic transit time and received cocoa husk.60 They 

also observed a reduction in the percentage of patients who reported hard stools. 

It has to be noted that these constipated children had a mean fiber intake near 

the recommended amount of total fiber for the specific age groups. Glucomannan 

supplement also led to more frequent and softer stools with an improved response to 

laxative treatment.61 One of the main factors that has limited the long-term efficacy 

of dietary fibers in children has been the poor adherence to treatment due to the 

fact that most fiber agents like cellulose fiber, guar gum and pectin fiber have to be 

consumed in large quantities to be effective and that they are unpalatable. The fibers 

used in the previously mentioned trials had a good acceptance rate and did not have 

any notable side effects. While lack of fibers is probably not the cause of chronic 

20

Proefschrift Olivia.indb   20 18-12-2009   9:57:49



constipation in general, it may be a contributory factor in a subgroup. Therefore, 

a balanced diet containing whole grains, fruits, and vegetables is recommended 

as part of the treatment of constipation, without forceful implementation of fiber 

in the diet.45 Increased fluid intake is another widely recommended therapy and is 

based on the assumption that additional oral intake of fluids leads to an increased 

contribution to colonic fluids, which would enhance increased stool output. A study 

looking at 108 constipated children who were randomized to a control group and 

2 interventional groups, where 1 group was instructed to increase their daily water 

intake by 50%, did not show any changes regarding stool frequency, consistency or 

ease of defecation.62 The reason that the increased fluid did not result in a change 

in bowel habits might have to do with the large adaptive absorptive capacity of 

the small and large bowel in response to acute or chronic challenges.63, 64 The 

solutes, not water, contribute to ileal effluents. Consequently minor modifications 

in liquid intake will not significantly alter stool consistency. There is no evidence that 

constipation can be successfully treated by increasing fluid intake; unless there is 

evidence of dehydration, constipated children should not be forced to drink more 

than normal.

Therapy

The lack of randomized controlled studies in children has made the treatment of 

constipation largely based on clinical experience rather than on evidence based 

controlled clinical trials. Acute simple constipation is traditionally treated with a high 

fiber diet and sufficient fluid intake, filling out a bowel diary and toilet training. The 

recently updated NASPGHAN recommendations include 4 important phases in the 

treatment of chronic constipation: 1) education, 2) disimpaction, 3) prevention of 

re-accumulation of feces and 4) follow-up.45

Education and support for parents and children is an important component of 

treatment of functional constipation. The parents need to be reassured and 

counseled regarding normal range of frequency of bowel movements within the 

population, the etiology of constipation, and its prevalence in childhood. If fecal 

incontinence is present, it is important for parents to understand that this is caused 

by overflow diarrhea and is not an act of willful and defiant behavior. Parents should 

have a non-accusatory approach and use positive reinforcement to motivate their 

children. Before treatment is started, parents should be reassured that recovery is 

possible with adequate, often protracted, treatment. It should also be stressed that 

the timing of successful treatment is often unpredictable and 50% of treated patients 

experience a relapse within 1 year while the duration of maintenance therapy usually 

takes 6-24 months.9
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Rectal disimpaction with removal of the often present large fecal mass before 

initiation of maintenance therapy is recommended to prevent increase in abdominal 

pain and an increase in fecal incontinence due to overflow diarrhea once treatment 

has started.45 Uncontrolled clinical trials have shown successful disimpaction by 

the oral route, rectal route, or a combination of the two methods.65-68 There are 

no randomized controlled studies that have compared methods of disimpaction. 

Randomized trials showed polyethylene glycol (PEG) at doses of 1-1.5g/kg/day 

to be effective for disimpacting children, with good acceptance by children and 

parents.67-69 No abnormalities in the serum osmolality and electrolytes or renal 

function tests were reported. Other agents that have been used successfully, but for 

which controlled trials are lacking include magnesium hydroxide, magnesium citrate, 

lactulose, sorbitol, senna and bisacodyl.

Rectal disimpaction is widely performed with phosphate soda enemas, saline enemas, 

or mineral oil enemas followed by a phosphate enema. Both ways of disimpaction, 

either orally or rectally, have advantages and disadvantages, with the first method 

being less invasive but requiring more time than the latter. The choice of treatment is 

best determined after discussing the options with the family and child.

Once disimpaction has been accomplished, the goal is to produce soft, painless bowel 

movements once or twice per day. Regularity for a longer period of time is important 

to prevent recurrent impaction and recurrence of stool withholding behavior. This 

usually requires maintenance laxatives in combination with behavioral therapy over 

an extended period, which may last for months or years. Despite the high prevalence 

and the chronicity of constipation only a small number of randomized controlled 

trials (RCTs) have been performed evaluating the effect of any laxative treatment in 

children.67,70,71

Osmotic laxatives include milk of magnesia, lactulose and polyethylene glycol powder 

(PEG). Their mechanism is derived either by salts of poorly absorbable cations and 

anions (magnesium, phosphate), molecules that are not absorbed but to some extent 

metabolized in the colon (lactulose), or metabolically inert compounds. Magnesium 

hydroxide/sulphate or “milk of magnesia”, as it is known in the United States, is an 

osmotic laxative that has a long history of its use. Both magnesium hydroxide and 

magnesium sulphate are two poorly absorbed salts that act either by osmosis or by 

a secretory effect on prostaglandins or cholecystokinin thereby enhancing colonic 

motility.72, 73 Lactulose, another widely used laxative, is a disaccharide derived from 

lactose and is effective in increasing defecation frequency and normalizing stool 

consistency.74,75 Polyethylene glycols (PEG) are synthetic, nonabsorbable compounds 

with a high molecular mass (3000 and higher), and are not metabolized by colonic 

bacteria. They work by osmosis and volume expansion in the colon. PEG is available 

in powder form and is tasteless, colorless and odorless. It is available in combination 
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with or without electrolytes. PEG without electrolytes has the advantage to be 

tasteless, a factor which can play a great role in increasing compliance with a 

prolonged treatment in children. In two multi-centre RCTs, PEG with electrolytes was 

compared with lactulose and was shown to attain a higher short-term success rate 

(50% vs. 29%) with better stool consistency, appetite and fewer fecal impactions and 

need for enema use. The PEG with electrolytes had significant fewer adverse effects 

such as abdominal pain, nausea, flatulence and diarrhea compared to lactulose but 

children complained about the bad taste. A randomized trial comparing PEG without 

electrolytes with milk of magnesia in 49 children with functional constipation and 

fecal incontinence demonstrated similar effectiveness after follow-up at 1, 3, 6, and 

12 months in increasing bowel movement frequency, decreasing fecal incontinence 

episodes, and decreasing abdominal pain.70 PEG was more palatable and better 

tolerated than milk of magnesia (33% of children refused to take milk of magnesia, 

whereas none refused PEG). No side effects from PEG were reported but data on 

long-term use of PEG (beyond 6 months) are lacking. Since PEG is more and more 

prescribed and is available over the counter, studies about its long-term use are 

required. Parents should be counseled that after starting laxative treatment some 

leakage of feces may continue at first or even worsen, especially if the child fears or 

continues to resist having a bowel movement.

Stimulant laxatives such as senna and bisacodyl were developed decades ago and 

the studies investigating those drugs do not meet current criteria of therapeutic 

clinical trials making a review for comparison analysis not possible.76 In contrast 

to previous mentioned osmotic laxatives, these stimulant laxatives are generally 

not encouraged for long term daily treatment. One of the common side effects is 

cramping.77 Their use is often necessary intermittently, for short periods, to avoid 

recurrence of impaction.

It is still controversial whether anthraquinone containing laxatives, such as senna, 

may lead to morphologic changes of the autonomous nervous system of the colon. 

Melanosis coli, an easily visible brown discoloration of the colon, may occur within 

months of regular use and can last for months after discontinuing laxatives.78,79 This 

pigmentation is caused by the uptake of laxative stained cell debris by submucosal 

macrophages but this discoloration does not seem to have any functional 

consequences.80 A reasonable and often utilized regimen is to use stimulant 

laxatives when no spontaneous bowel movement has occurred after 48 or 72 hours 

in combination with daily osmotic laxatives.

The combination of behavioral intervention combined with laxative treatment has 

the goal to lower the level of distress and to develop or restore normal bowel habits 

by positive reinforcement. A commonly used practice is “toilet retraining” where the 

child is instructed to sit on the toilet for 5-10 min after each meal (to take advantage 
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of the gastrocolonic reflex), attempting to defecate. The child is encouraged to strain 

actively while placing his feet on a footrest. The child needs to understand that 

responding to the defecatory urge and not holding back is the key for the success 

of the treatment. Another frequently used aid is to let the child keep a bowel diary 

to objectify complaints, quantify therapeutic progress and to enhance motivation. 

Small, age appropriate reward systems are established for successful compliance. 

Behavioral modification has been studied for constipation-related fecal incontinence. 

A randomized controlled trial of 87 children compared three treatment modalities: 

intensive medical therapy, intensive medical therapy with enhanced toilet training, 

or intensive medical therapy with enhanced toilet training and biofeedback therapy. 

After 12 months, no statistically significant difference was found in the success 

rate among the three interventions.81 A recent large randomized controlled trial 

evaluating the clinical effectiveness of behavioral therapy with laxatives for functional 

constipation therapy compared to standard therapy did not find an additional effect 

of the behavioral therapy.82 Psychological referral is indicated in children who fail 

intensive medical treatment and in those with severe emotional problems or serious 

family problems

Although many children with constipation will respond to these therapeutic measures, 

a small group of children continues to have intractable symptoms that makes further 

diagnostic testing or surgical treatments necessary. Furthermore, approximately 

30% of children with constipation will continue to have constipation symptoms into 

adulthood although not a small group will consult a doctor for their complaints.9 It 

is therefore necessary to conduct carefully designed randomized controlled trials and 

to uncover new and more effective interventions for children with constipation. 
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OUTLINE OF THESIS

The majority of children with constipation respond well to conservative treatment, 

such as laxatives and behavioral therapy. But it is those children who are refractory to 

conventional therapy that present as a difficult group for the health care professional. 

In these children with refractory constipation additional diagnostic testing is validated. 

Colonic manometry is a method to investigate colonic motility in these children and 

gives diagnostic information as well as an chance to learn about the pathophysiology 

of constipation. New catheters give the opportunity for longer measurements that 

might offer additional information. This thesis focuses on the use of motility testing 

in this group of children, discusses potential novel therapeutic options and the cost 

of childhood constipation. 

Due to its wide prevalence and chronic nature, it has become clear that constipation 

is a significant source of health care expenses and a potential target for reducing 

health care cost. Chapter 1 discusses healthcare utilization and healthcare cost of 

children with constipation in the United States using a national survey that collects 

data on the specific health services that people use, how frequently they use them 

and the cost of these services.

Colonic manometry has increased our knowledge of the pathophysiology of 

gastrointestinal disorders and has impacted diagnosis and treatment of chronic 

constipation in children.46 The presence of HAPCs is the key feature to differentiate 

normal from abnormal colonic motility.32 Little is known about the factors that 

initiate these HAPCs and how to influence them. Chapter 2 describes a study that 

aims to examine the role of colonic distention as a physiologic mechanism of HAPCs 

initiation.

There are two main methods to perform manometry studies in children with severe 

defecation disorders. One requires the use of water perfusion and the other uses 

strain-gauge pressure transducers mounted within the catheter (solid state catheter). 

Colonic manometry is usually performed using water perfusion but solid-state 

catheters have potential advantages such as the possibility for ambulatory and 

prolonged studies.48 In Chapter 3 a head-to-head comparison is made between 

water-perfused catheters and solid-state catheters in the detection of HAPCs. 

Standard testing motility testing in children with severe defecation disorders 

comprises of approximately 3-4 hours. Colonic motility however, shown a diurnal 

pattern and some motor events are infrequent and/or occur mostly at night. 83 In 

Chapter 4 we performed 24 hours colonic manometry studies in children who were 

referred for colonic motility testing. 
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The prevalence of constipation seems to be higher in children who suffer from obesity 

compared to the general population.16, 17 These studies, however, have not used the 

Rome III criteria and no underlying mechanism has been established yet. The study 

in Chapter 5 was designed to determine the prevalence of functional constipation in 

morbidly obese children according to the Rome III criteria and to evaluate whether a 

possible higher prevalence was due to delayed colonic motility.

As mentioned before, not all children with constipation do well with conventional 

treatment. Chapter 6 discusses the currently available novel and alternative 

therapies that can be considered in those children. One of the potential new drug 

for constipation was tegaserod, a selective serotonine agonist. In Chapter 7 a single 

center experience with this medicine is described. Tegaserod was pulled of the 

market in 2007 after retrospective analysis of data from clinical studies showed a 

statistically significant difference in cardiovascular ischemic events in adult patients 

taking the medicine compared to those on placebo. It can only now be prescribed 

for compassionate use. 
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Chapter 1

ABSTRACT

Objectives

Constipation is a condition affecting a substantial proportion of the pediatric 

population. It is often chronic in nature and is associated with impaired quality of life. 

The economical impact and healthcare utilization related to childhood constipation 

has not yet been analyzed. The purpose of this study was to estimate the total health 

care utilization and cost for children with constipation in the United States.

Methods

Data from 2 consecutive years (2003-2004) of the Medical Expenditure Panel Survey, 

a nationally representative household survey, were analyzed. We identified children 

who were either reported as constipated by their parents or who had received a 

prescription for laxatives in a given year. Outcome measures were: 1) service 

utilization, 2) expenditures. 

Results 

A total of 21,778 children aged 0-18 years were in the MEPS database, representing 

158 million children nationally. It was estimated that 1.1% (1.7 million) of US children 

were constipated in the 2-year period. No differences were found with respect to age, 

gender, race and socioeconomic status between constipated children and children 

without constipation. Constipated children used more health services than children 

without constipation resulting in significantly higher costs: $3,430/year vs. $1,099/

year. This amounts to an additional cost for children with constipation of 3.9 billion US 

dollars/year. 

Conclusion

This study shows that childhood constipation has a significant impact on the use 

and cost of medical care services among US children. The estimated US dollars cost 

per year is 3 times higher compared to children without constipation and probably 

underestimates the real burden of childhood constipation. 
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INTRODUCTION

As one of the most common chronic disorders in children and adolescents, 

constipation represents a significant health problem. The prevalence worldwide is 

estimated to be between 1 and 30%. 1 The treatment of acute constipation is fairly 

straightforward and includes behavioral and dietary changes and use of laxatives. 

However, long-term management is needed in many children and approximately 

30% of children with constipation continue to struggle with symptoms such as 

infrequent painful stools with fecal incontinence beyond puberty.2 These bowel 

complaints significantly impact the child’s physical and emotional growth and 

development resulting in a decreased quality of life.3

The prevalence and chronicity of the problem suggest that the impact of childhood 

constipation on healthcare utilization and cost is likely to be great but this issue 

has not yet been carefully evaluated. Studies in adults suggest a substantial use 

of health care resources and a significant economic burden associated with direct 

medical costs for patients with constipation. 4, 5 Recently, researchers evaluated the 

healthcare utilization by 76,854 patients with constipation enrolled in the California 

Medicaid program and estimated a total health care cost close to $19 million. Another 

study by Martin et al. using three national surveys (the National Ambulatory Medical 

Care Survey, the National Hospital Ambulatory Medical Care Survey and the 2001 

National Hospital Discharge Survey) estimated the total cost of care that could be 

directly attributed to constipation as the primary diagnosis or as the reason for visit 

at $235 million per year. 

The purpose of this study was to estimate the health care utilization and costs for 

children with constipation in the United States using the Medical Expenditure Panel 

Survey (MEPS). This nationally representative survey has previously been used to 

estimate the health care use and cost in children with ADHD, influenza and behavioral 

disorders.6-8

METHODS

Source of Data

This study used data from the 2003 and 2004 MEPS, an ongoing nationally 

representative survey conducted annually by the Agency for Healthcare Research 

and Quality (AHRQ). The MEPS uses an overlapping panel design to collect data 

for individuals over a 2-year period. To reduce problems associated with long 

recall periods, data are collected in 5 rounds of interviews, and respondents are 

asked to keep a calendar of medical events and to supply supporting paperwork 

regarding those events. The sampling frame for the MEPS Household component is 

Cost of Childhood Constipation
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Chapter 1

drawn from respondents to the National Health Interview Survey, which provides a 

nationally representative sample of the US civilian, noninstitutionalized population. 

For each health care event of the child, respondents are asked to list the medical 

conditions related to the event and these parent-reported conditions are mapped 

to International Classification of Diseases – 9th revision (ICD-9) codes. In addition, 

respondents report workdays and school days lost owing to illness or injury, as well 

as workdays missed to care for another ill household member. 

Subjects

Data were analyzed for children who were younger than 18 years for whom complete 

information was available for each calendar year. The full-year file contained one 

record for each subject in the Household component and included information on 

demographics, insurance, health status, and health service utilization. 

Children with constipation were identified by using the ICD-9 codes or laxative 

prescription records. Each individual was counted only once over the 2 year period. 

Medical conditions and drug use were reported by the parents and were coded 

based upon ICD-9 codes by professional coders. All children without constipation or 

laxative use were selected as a separate control group.

Measures

The primary outcome measures were health care service utilization and associated 

costs. Services included outpatient and office-based physician visits, emergency 

department (ED) visits, hospital discharges, prescriptions, and home health visit days. 

Costs consisted of both total and component costs, such as outpatient, Emergency 

Department visits, prescriptions, and hospital discharges and out-of-pocket cost.

Data Analysis

Unweighted data are presented to show the sample size and compare demographic 

characteristics of the group of children with constipation and the general pediatric 

population (Table 1). Significant differences in demographic and insurance 

characteristics between groups were determined using pair-wise chi-square tests for 

dummy or categorical variables. Linear hypothesis tests using simple linear regressions 

were conducted to determine significant differences for continuous variables.

All estimates of costs and utilization are weighted to allow the estimates to be 

nationally-representative and to have standard errors and confidence intervals that 

correctly account for the complex sampling design of the MEPS. Mean 12-month 

rates of health care utilization and expenditures, the dependent variables, and 

corresponding 95% confidence intervals, were calculated using Stata statistical 
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software (StataCorp, College Station, Texas). Point estimates, variances, and 

resulting confidence intervals were adjusted for the sampling strategy used to 

produce nationally representative estimates in the MEPS, using weights provided 

in the documentation for the database. 9,10 As is often the case for expenditure 

data, these were not normally distributed and were therefore transformed to 

meet assumptions for linear regression: a fourth-root transformation was required. 

Significant differences in mean utilization and expenditures between groups were 

also assessed using linear hypothesis tests. 

Adjustment of expenditure outcomes for differences in demographic and insurance 

characteristics between groups was made. A regression analysis was conducted to 

determine the significance of differences in total health care expenditures between 

groups after controlling for the child’s age, sex, and type of medical insurance, and 

the parent’s level of education, and an F-test was used to examine all pair-wise 

comparisons.

The project used publicly available MEPS data, and was determined to be exempt 

from human subject review by the Institutional Review Boards of the University of 

Florida and Nationwide Children’s Hospital.

RESULTS

Demographics

There were 21,778 children age 0-18 years in the MEPS database, representing 158 

million children nationally. Of this group 1.1% (representing 1.7 million children) 

reported constipation; 80 of these children were found using the ICD code for 

constipation, 81 children were coded for both constipation and laxative use while 66 

children were found based on laxative use alone. The children with constipation were 

significantly younger than those without constipation (mean age 6.8 vs. 9.0 years, 

p<0.001) (Table 1). No difference in gender or race was found between the two 

groups. A difference in parent income and insurance coverage was seen, however; 

children with constipation were less likely to be uninsured or live in households with 

was low to poor income. Children with constipation were more likely to reside in the 

southern United States and less in the western United States. 

The number of other reported medical conditions was higher in the children with 

constipation compared to the general population (3.7 vs. 2.2, p<0.001). The top 10 

other medical conditions were comprised of common childhood illnesses (Table 2).

Cost of Childhood Constipation
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Patterns of health care utilization and cost

Table 3 shows the annual utilization and expenditures in 2003 and 2004. The children 

with constipation had more outpatient visits and emergency room visits than those 

without constipation but the number of hospitalizations did not differ between 

the two groups. The total unadjusted mean annual expenditure for children with 

constipation was significantly higher compared to the children without constipation 

($3430 vs. $1099 per year, p<0.001). This mainly resulted from higher outpatient, 

emergency room and prescription drug costs. No differences in inpatient costs and 

out-of-pocket costs were found. After adjusting for age, parental income, US region, 

and insurance coverage, the mean total expenditure for children with constipation 

was $2267 greater than that for children in the general population ($3362 vs. $1095). 

To investigate whether these increased costs could be attributed to greater numbers 

Table 1. Sociodemographic Characteristics 

Characteristic Constipation
(N=227; 1.1%)

General population
(N=21,778; 98.9%)

Age, y *

04 89 39% 5,511 26%

5-9 77 34% 5,715 27%

10-14 39 17% 5,933 28%

15-18 22 10% 4,392 20%

Sex, male 110 49% 10,487 49%

Race

Caucasian 102 45% 8,482 40%

African American 38 17% 4,027 19%

Latino 79 35% 7,563 35%

Other 8 3% 1,479 7%

Insurance coverage *

Any private 113 50% 10,091 47%

Public 105 46% 9,419 44%

None 9 4% 2,041 9%

Income *

Poor 68 30% 5,759 29%

Near Poor 16 7% 1,714 9%

Low 28 13% 3,992 20%

Middle 58 26% 5,186 26%

High 53 24% 3,481 17%

Region of US *

Northeast 34 15% 3,095 14%

Midwest 41 18% 3,948 18%

South 106 47% 8,417 39%

West 46 20% 6,091 28%

* P<0.05
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Table 2. Other parent-reported medical conditions

Constipation Non constipation

Mean conditions/yr 3.7 Mean conditions/yr 2.2

Common cold 6.3% Common cold 11.7%

Otitis media 5.2% Intestinal infection 6.4%

Intestinal infection 4.2% Otitis media 5.8%

Allergic rhinitis       3.9% Allergic rhinitis 4.1%

General symptoms   3.6% Asthma 3.8%

Asthma 3.2% Influenza 3.2%

Influenza 2.7% General symptoms 3.1%

Chronic sinusitis 2.3% Strep throat 2.3%

Resp. and chest symptoms 2.2% Resp. and chest symptoms 2.1%

Disorders of the stomach 2.1% Acute pharyngitis 1.9%

Table 3. Health care utilization and cost (unadjusted)

Children with 
Constipation (N=227)

General population
(N=21,778)

Mean 95% CI Mean 95% CI

School/Work Days Missed

  School* 4.3 3.0-5.6 2.0 1.8-2.1

  Parent’s Work 3.2 1.5-4.8 3.9 3.5-4.2

Service Utilization

  Outpatient Visits* 7.3 5.3-9.3 3.0 2.9-3.2

  Inpatient Visits* 0.15 0.07-0.22 0.032 0.03-0.04

  Emergency Room Visits* 0.52 0.39-0.65 0.16 0.15-0.17

  Laxative Prescriptions* 1.6 0.9-2.3 0 -

Expenditures

  Total* 3,43 2,174-4,687 1,099 1,035-1,162

  Outpatient* 1,203 779-1,629 375 353-399

  Inpatient 778 268-1,288 225 177-273

  Emergency Room* 293 182-404 73 65-80

  Laxative Prescriptions* 39 25-54 0 -

  All Other Prescriptions* 464 227-701 138 126-151

  Out-of-pocket 354 236-473 233 219-247

Number of Other Medical Conditions* 3.7 3.2-4.2 2.2 2.1-2.2

* P<0.05

of associated conditions we evaluated the top 10 of those conditions (Table 2). The 

conditions listed all seemed benign and were mainly common childhood illnesses that 

would not explain the large increase in costs. To reduce the influence of outliers, the 

data were log-transformed. The difference in total expenditures between children 

with constipation and children without constipation remained statistically significant 

(p<0.001). 

Cost of Childhood Constipation
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Indirect Costs

Employed parents in households with a child with constipation had a higher (but 

not statistically significant so) number of workdays lost due to their child’s illnesses 

compared to the general population (3.9 vs. 3.2 days/year). The children with 

constipation missed more schooldays due to illness compared to children without 

constipation (4.3 vs. 2.0, p<0.001). However, these absenteeisms were not coded to 

any specific disease and can therefore not be directly linked to constipation.

DISCUSSION

Our findings show a significant burden of childhood constipation. Extrapolated across 

the MEPS-derived 1.1% population prevalence of childhood constipation, the mean 

total expenditure of $3,362 per child represents a $5.9 billion burden on the US health 

care system. The additional cost attributable to children with constipation relative to 

the general pediatric population is approximately $3.9 billion.

Cost estimation studies are important in pediatrics. They can highlight important 

public health problems that often are not adequately considered in policy making 

and research. Furthermore, they may provide evidence of opportunities to improve 

efficiency through earlier identification and intervention as well as the use of less 

expensive products. Finally, they document the human suffering experienced by 

children and their families. 

Constipation has not received attention in public health campaigns, despite being 

a very prevalent condition in children. The reason for this might be that childhood 

constipation is still commonly seen as a benign condition that children “grow out 

of”. A long-term follow-up study of chronically constipated children by van Ginkel 

et al. demonstrated the persistence of complaints of constipation into young 

adulthood in one third of all patients.2 Approximately 50% of the children also 

had at least one relapse within the first 5 years after initial treatment success. The 

considerable morbidity that accompanies childhood constipation should also not 

be underestimated. Even after intensive medical and/or psychosocial treatment a 

subgroup of children with persistent constipation will not have successful outcome, 

making surgical interventions, such as ostomies or cecostomies, necessary. 11 Finally, 

it is a condition which causes physical and emotional distress and is associated with 

significant decrease in quality of life, another factor against its “benign” nature. 3

Our study is one of the first estimating the impact of childhood constipation on the 

healthcare system and like many other cost analyses, this study has some limitations. 

The medical condition data in the MEPS were derived from parents’ reports and 

may not conform perfectly to diagnoses made by physicians. However, a study by 
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AHRQ staff indicated that, at the three-digit ICD-9 code level, there was agreement 

between household- and provider reported conditions in the majority of cases. 

Another limitation might be that no clear definition for constipation, such as the 

Rome III criteria, was used. 12 The low prevalence found in our study was probably 

due to the nature of using parents’ reported data. This made it not possible to break 

down the total expenditures to expenses directly attributed to constipation. Therefore 

it is very well possible that those extra costs could be due to the higher incidence of 

other medical conditions in children with constipation. This is also indicated by the 

expenditures made for other prescriptions besides laxative.

Despite these limitations, however, it is still reasonableto conclude that constipation in 

children has a substantial economic impact. Our study most likely underestimates the 

actual burden of childhood constipation because it does not account for decreased 

quality of life, undiagnosed constipation, dietary changes, nontraditional therapeutic 

interventions, clothing/diaper expenses, and over-the-counter laxatives. It also excludes 

institutionalized children, in whom constipation is highly prevalent. 13 The increased 

number of other minor illnesses found in the children with constipation is difficult to 

explain; possibly parents of children with constipation are more vigilant about health 

issues in general and have a lower threshold for reporting them.

To bring the results of this study into perspective, we should consider the reported 

health care costs of treating other disorders estimated using the MEPS database. 

Other studies also have reported increased health care expenditures for children with 

chronic medical or behavioral conditions. Our data suggest that the burden of illness 

imposed by constipation, and the costs associated with this condition, are roughly of 

the same magnitude as those for asthma and attention deficit– hyperactivity disorder.8 

Consequently, we believe that constipation merits similar emphasis, and that public 

health efforts aimed at improving its prevention, recognition, and treatment are well 

justified.

Cost of Childhood Constipation
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Chapter 2

ABSTRACT

Background

The presence of high amplitude propagating contractions (HAPCs) has been identified 

as a marker of colonic neuromuscular integrity. The physiologic mechanisms of 

HAPCs initiation have yet to be determined. Distention secondary to colonic filling 

has been hypothesized as physiologic initiator. 

Aim

To study the effect of intraluminal balloon distention in the colon of children with 

defecatory disorders. 

Methods

Colonic manometry was performed with a polyethylene balloon situated at the 

proximal end of the catheter, which was placed in the most proximal colonic 

segment reached during colonoscopy. A stepwise pressure controlled distention of 

the balloon was performed using barostat computer (10 to 50 mmHg). Propagated 

contractions were defined as those that migrated over at least 3 recording sites. 

They were divided into HAPCs, amplitude >60mmHg and low amplitude propagating 

contractions (LAPCs), amplitude <60 mmHg. Children with spontaneous HAPCs or 

HAPCs after bisacodyl provocation were considered to have normal motility. 

Results

Twenty children completed the study. Among the 14 children with normal colonic 

motility, balloon distention elicited HAPCs in 4 and LAPCs in 10 children. No HAPC 

were elicited in 6 children with abnormal motility and LAPCs were seen in 4 of them. 

The balloon-induced propagated contractions had similar characteristics as those 

occurring spontaneously and after bisacodyl provocation but the pressure needed to 

elicit them and their amplitude was inconsistent. 

Conclusions

Intraluminal colonic distention can trigger propagated contractions in children. This 

mechanism of action for induction of propagated contractions is not as consistent as 

the motor response found in response to bisacodyl administration.
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INTRODUCTION

During the past 20 years, intraluminal manometry studies have expanded our 

knowledge on pediatric colonic motility. Manometric studies of the colon have 

identified distinctive motility patterns that differentiate behavioral from organic 

causes of childhood constipation.1 As a result, colonic manometry has gone from a 

research tool to a diagnostic test used by several motility centers for the evaluation of 

children with severe defecatory disorders. 

High amplitude propagating contractions (HAPCs) are the most recognizable features 

observed during colonic manometry. These contractions originate in the proximal 

colon and propagate to the rectum with an amplitude >60 mmHg and travel at 

least over 30 cm.2 The primary role of HAPCs seems to be propulsion of colonic 

content towards the rectum and the presence of HAPCs on colonic manometry has 

been identified as a marker of colonic neuromuscular integrity.2, 3 Administration of 

colonic stimulants like bisacodyl or glycerin triggers HAPCs and is part of the routine 

manometry testing protocol.4 Although its exact mechanism of action is unknown, 

intracolonic administration of bisacodyl is currently used as a stimulation test during 

colonic manometry in children to evaluate whether patients have normal motility.5 

Despite their important physiologic and diagnostic significance, little is known about 

the factors that initiate HAPCs. Physical factors such as luminal distention secondary 

to colonic filling have been hypothesized as physiologic initiators of HAPCs. In healthy 

adult volunteers, propagated contractions can be induced by balloon distention in the 

descending and sigmoid portions of the colon.6 There are no studies addressing the 

mechanism of initiation of HAPCs in children with defecation disorders or evaluating 

the effect of distention of the more proximal colon on the onset of HAPCs. This 

study proposed to investigate the effect of colonic distention using graded pressure 

stimulation and to compare the colonic response to intraluminal balloon distention 

with response to bisacodyl.

METHODS

Subjects

This was a prospective multicenter study performed at Nationwide Children’s 

Hospital in Columbus OH, Emma Children’s Hospital in Amsterdam, the Netherlands 

and the Goryeb Children’s Hospital at Atlantic Health in Morristown NJ. Children with 

complaints of refractory constipation or functional non-retentive fecal incontinence 

between the ages of 6- 21 years referred for colonic manometry, were invited 

to participate. Children with organic causes for defecation disorders, including 

Hirschsprung’s disease, muscle disorders, patients with prior colonic surgery, spina 

Distention of the Colon associated with Propagated Contractions
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bifida, mental retardation or hypothyroidism were excluded from the study. The 

study was approved by the Institutional Review Boards of all three institutes.

Balloon placement and materials

A customized water-perfused manometry catheter with 8 side-holes (10 cm apart) 

with a polyethylene balloon situated between the proximal 2nd and 3rd side-holes 

was used (Mui Scientific, Mississauga, Ontario, Canada). The catheters were perfused 

with distilled water by a low compliance pneumo-hydraulic pump (Mui Scientific 

Mississauga, Ontario Canada) at a rate of 0.25 ml min-1. Pressure measured by the 

external pressure transducers, was amplified and digitized at 16 Hz by a pressure 

transducer polygraph (Medtronic Parkway, Minneapolis, MN). Balloon inflation 

occurred with the use of a barostat computer (Isobar-3; G&J Electronic, Ontario, 

Canada). Before placement of the catheters the colon was cleansed with colonic 

lavage solutions using a similar protocol in all centers. The catheter was placed in 

the most proximal colonic segment that was possible to reach using colonoscopy. 

Catheter position was confirmed using fluoroscopy at the time of its placement and 

an additional radiograph was obtained before the start of the balloon distention 

protocol.

Experimental protocol

After patients were fully recovered from sedation, colonic manometry was performed 

according to established standard protocol. 7 Motility was measured during at least 

one hour fasting and one hour post-prandial. Then a stepwise pressure controlled 

distention of the balloon was performed using a barostat computer (10 to 50 mmHg 

in steps of 10 mmHg). Each pressure step lasted 1 min followed by a 2 minute 

interval with the empty balloon. This sequence was repeated twice with a 5 minute 

interval. During each step the child was asked to describe sensation (nothing to it 

hurts, using a scale from 0-7) and asked whether he felt urge to defecate. After the 

balloon distention protocol, intraluminal bisacodyl was given in a dose of 0.2 mg kg-1 

(maximum of 5 mg) and colonic motility was recorded for another hour. 

Analysis

The patterns of colon contractions were identified by qualitative analysis. The 

tracings were evaluated for the presence of all propagating contractions throughout 

all stages (fasting, post-prandial, distention and post-bisacodyl). Propagated 

contractions occurring within 2 minutes after start of inflation were considered 

secondary to distention. The study was considered normal when at least one normal 

HAPC occurred during testing, irrespective whether the HAPC occurred during 
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fasting, post-prandial or induced by bisacodyl. Propagated contractions, migrating 

over at least 3 recording sites, were divided in HAPCs and low amplitude propagating 

contractions (LAPCs). HAPCs were defined as contractions with an amplitude of at 

least 60 mm Hg, lasting more than 10 s and propagating aborally across at least 3 

recording sites. 2 LAPC were defined as contractions propagating across at least 3 

recording sites with an amplitude less than <60 mmHg.

Contraction amplitudes (in mm Hg) were calculated by subtracting mean resting 

colonic pressure from the peak of colonic waves. Contraction duration was measured 

in seconds between the onset of the major upstroke of the contraction until the 

return to baseline. Contraction propagating velocity (in cm s-1) was calculated by 

determining the time between the onset of the major upstroke of the waves at 

the proximal and more distal ports, divided by the distance between the ports. The 

gastrocolonic response was defined by an increase in colon motility occurring within 

30 minutes after beginning of a meal. 

Statistics

Baseline characteristics of the cohort were analyzed in a descriptive way using 

the statistical software package SPSS (version 14.0; SPSS Inc, Chicago, IL). For 

data analysis and interpretations, results are expressed as median and range. 

Mann-Whitney U and Fisher’s exact test were used to test for differences between 

groups. A p value < 0.05 was considered statistically significant.

RESULTS

Patient characteristics

We enrolled 23 patients who met inclusion criteria in the study. Three patients were 

excluded. In two patients the catheter was coiled in the sigmoid and in one patient 

the catheter was partly expelled before start of the balloon distention protocol. 

After reviewing the 20 motility tracings, 14 children were considered to have normal 

motility and six children to have abnormal motility (Table 1). There was no difference 

in age, gender and defecation frequency between the children with normal or 

abnormal motility. 

Children with normal motility

In the 14 children with normal motility (6 girls, median age 11.0, range 7.7-20.1 

years), indication to perform the colonic manometry study was severe constipation 

in 13 children and fecal incontinence in one child. The median duration of symptoms 

was 10.5 (4.7 – 20.1) years. The children with constipation had a median defecation 

Distention of the Colon associated with Propagated Contractions
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frequency of 2.5 (1.0-10.0) times/week while taking laxatives. Daytime fecal 

incontinence was present in 50% children and nighttime fecal incontinence in all but 

one child. Twelve children had normal motility throughout the entire colon while two 

children had normal motility up to the recto-sigmoid area. One patient (pt CO) felt 

urge to defecate and was able to push out the catheter after bisacodyl administration. 

We therefore believe that the catheter had moved more distally, making it possible 

to only see two high amplitude contractions in the first two channels while the other 

sensors had moved to the sigmoid.

Children with abnormal motility 

In the six children who had abnormal motility (3 girls, median age 9.2, range 

6.2-16.3 years), indication to perform colonic manometry was chronic constipation 

in 5 children and fecal incontinence in one. Median duration of symptoms was 

Table 1. Summary manometry studies

Patient Balloon location Study 
interpretation

Gastro 
colonic 

response

Biscacodyl 
induced 
HAPCs

Balloon 
induced 
HAPCs

Balloon 
induced 
LAPCs

LCB splenic normal yes yes yes no

MO transverse normal yes yes yes yes

AE transverse normal no yes yes yes

KG transverse normal yes yes yes yes

ZB ascending/hepatic normal no yes no yes

MR descending normal yes yes no yes

ZA descending normal yes yes no no

CH descending normal yes yes no yes

ThS splenic normal no yes no yes

AD transverse normal yes yes no no

MK descending normal yes yes no yes

CO descending normal yes no no yes

MW ascending/hepatic normal no yes no yes

BvK splenic normal no yes no no

TS descending low amplitude 
contractions

no no no no

AP descending almost no motility no no no no

AG splenic low amplitude 
contractions

yes no no yes

KD splenic low amplitude 
contractions

no no no yes

JM splenic no HAPCs no no no yes

KCa splenic no HAPCs yes no no yes
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2.3 (1.4-15.6) years. Defecation frequency in the children with constipation was 

2.5 (0.0 – 7.0) times/week while taking laxatives and three of these children also 

suffered from fecal incontinence. Three children had persistently low amplitude 

contractions, one with minimal motor activity throughout the entire study and one 

with no HAPCs. In the other child only high amplitude simultaneous contractions 

were seen in two channels and none in the others. 

Balloon placement and propagating contractions

Children with normal motility

As shown in Table 1, the balloon was placed in the distal colon in 8 children and 

in the proximal colon in the remaining 6 children. All children showed HAPCs after 

administration of bisacodyl. Balloon distention elicited propagating contractions 

(Figure 1) in 11/14 children (73%): HAPCs were noted in four children and LAPCs 

in 10 children. There was no statistically significant difference in elicited propulsive 

activity when comparing the balloon placement in the more proximal or more distal 

colon (p= 0.58). In 8 children all 5 pressures steps could be completed, in the other 

8 children the sequence had to be aborted at 40 mmHg because they expressed 

discomfort. The pressure needed to elicit contractions was variable (10 – 50 mmHg) 

and was not consistent among different subjects and within the same individuals 

for both LAPCs and HAPCs. The characteristics of all propagating contractions are 

summarized in Table 2. No spontaneous or post-prandial HAPCs were seen as they 

occurred only after balloon distention or bisacodyl administration. In three children 

who showed propagated contractions, the balloon-evoked HAPCs amplitudes were 

lower than the bisacodyl-induced HAPCs; in one child it was the same. The duration 

and velocity of the HAPCs were comparable. Differences were not statistically 

significant. LAPCs seen during fasting, postprandial period and after bisacodyl 

provocation were also similar to LAPCs induced by balloon distention. Only one 

child did not perceive any sensation during the testing, all others reported some 

degree of discomfort (varying from “I can feel something” to “it hurts”). At a median 

Figure 1. Example of distention-induced low- and high-amplitude propagating contractions

Distention of the Colon associated with Propagated Contractions
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step of 40 mmHg 9/14 children reported enough discomfort that the next step was 

omitted. Five children felt an urge to defecate during the balloon distention at a 

median pressure step of 40 mmHg. Three out of those five children also complained 

of cramping when they felt the urge and all those children showed a propagated 

contraction at that time. The symptoms were not consistent over time since the 

children did not always expressed urge at the same pressure step in the following 

distention rounds.

Children with abnormal or undetermined motility

All balloons were placed in the distal part of the colon (Table 1). Balloon distention 

with variable pressures resulted in LAPCs in 4/6 children. No HAPCs were seen. As 

with the LAPCs in the children with normal motility, the balloon-evoked propagated 

contractions had similar characteristics compared to the spontaneous occurring 

contractions. (Table 2) Three children complained about pain during balloon 

distention; in one child the protocol had to be aborted. Only one child felt urge to 

defecate and this was not related to any colonic contraction.

DISCUSSION

This study demonstrates that intraluminal balloon distention of the colon can initiate 

propagated contractions in children. The stimulated contractions, both HAPCs and 

LAPCs, were comparable to those found throughout the rest of the motility study. 

Given that we were only able to elicit HAPCs in 4 patients with normal motility and 

in none of those with abnormal motility, intraluminal colon distention is not likely 

Table 2a. Propagating contractions characteristics in children with normal motility (n=14)

Amplitude
(mm Hg)

Duration
(sec)

Velocity
(cm/sec)

Balloon induced HAPC (n=4) 88 (81 – 110) 50 (34 – 123) 0.71 (0.33 – 0.82)

Bisacodyl induced HAPC (n=16) 105 (81 – 168) 61 (30 – 112) 0.65 (0.39 – 2.90)

Spontaneous LAPC (n=5) 31 (25 –  47) 78 (19 –  84) 0.96 (0.51 – 4.00)

Meal induced LAPC (n=6) 26 (20 – 36) 20 (14 – 81) 1.80 (0.63 – 6.70)

Balloon induced induced LAPC (n=9) 35 (10 –  52) 41 (13 –  92) 1.04 (0.35 – 3.70)

Table 2b. Propagating contractions characteristics in children with abnormal motility (n=6)

Amplitude
(mm Hg)

Duration
(sec)

Velocity
(cm/sec)

Balloon induced  LAPC (n=1) 30 (18 – 41) 39 (21 – 56) 1.67 (0.84 – 3.60)

Spontaneous LAPC (n=2) 40 (21 –  47) 29 (19 –  52) 1.70 (0.79 – 4.07)
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to be the main physiological initiator of HAPCs and at this point should not replace 

bisacodyl infusion, which is integral part of colonic motility testing in children.

Despite almost three decades of research on colonic motility, little is known about 

the mechanisms regulating HAPCs, the propagated contractions that are associated 

with defecation.2, 3, 8 Prolonged manometry testing in adults has shown a diurnal 

pattern with a reproducible increase in generalized colonic activity upon awakening.9 

A significant increase in number of HAPCs is also seen after ingestion of a meal.9, 10 

It is possible that several different stimuli are responsible for initiating HAPCs, such 

as hormonal release, mucosal irritation and luminal distention although no definitive 

evidence for any single specific mechanism has been found yet.

Studies of colonic motility in adults have demonstrated that chronically constipated 

subjects exhibit significantly fewer HAPCs and a decreased frequency of urge to 

defecate, suggesting that one pathophysiological mechanism for constipation may 

be the decreased propulsive ability of the colon.2 In contrast to those findings, 

King et al. have recently reported normal frequency of HAPCs during 24 hour 

manometry testing in children with slow transit constipation. 11They did however 

find a significantly lower total frequency of propagating contractions and therefore 

hypothesized that the presence of HAPCs alone is not sufficient to establish normal 

colonic motility. These results confirm that results found in adults may not be 

extrapolated to children. 

So far, emphasis has been placed on HAPCs as a marker of normal colonic motility but 

lately there are indications that LAPCs might be just as important. LAPCs occur more 

commonly than HAPCs but few studies have investigated such propulsive activities. 

Bassotti et al. have characterized and described LAPCs in healthy volunteers and 

stated that the average daily number of LAPCs was approximately ten times as high 

as the number of HAPCs.12 Simultaneous colonic manometry and high-resolution 

scintigraphy showed that LAPCs in the proximal colon, with contractions as low as 

2-5 mmHg, were as likely to be associated with colonic movements as HAPCs.13 This 

could possibly explain the fact that some patients in whom HAPCs are absent or 

greatly reduced, normal transit is found in the large bowel.14

Whether balloon distention of the colon will find a place among the stimulation tests 

performed during colonic manometry is unclear at this point. It may serve to identify 

a population of children who may have more subtle motility abnormalities than those 

identified by bisacodyl testing. We were able to induce HAPCs in some children with 

balloon distention but not in as many as bisacodyl did. The mean amplitudes of 

propagated contractions after balloon distention were lower (85 vs. 105 mmHg) 

than after bisacodyl, but given the small numbers of study subjects this difference did 

not reach statistical significance. The bisacodyl stimulation may be so powerful that 

it may trigger propagated contractions even in children in whom colonic distention 

(possibly a more physiological stimulus) does not.

Distention of the Colon associated with Propagated Contractions
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One of the main limitations of our study was that placement of the colonic catheter 

with its bulky polyethylene balloon proved to be challenging. Many of the study 

children had very dilated and tortuous recto-sigmoid colons resulting from the long 

duration of their symptoms which made it difficult to reach the cecum when carrying 

the motility catheter with the colonoscope. This resulted in different final locations 

of the catheters and balloons. We were therefore not able to place the balloon as 

proximal as we had planned. Out of the four children showing HAPCs after balloon 

distention, three of them had the balloon placed in the transverse colon. Although 

we did not find a difference between the position of the balloon and the initiation 

of propagating contractions, this might be due to our small sample size. We chose 

to limit distention to 50mmHg having used those pressures in the past in the rectum 

and stomach without problems. Although it could be possible that higher pressures 

are needed to induce HAPCs, the fact that 12/23 children expressed enough 

discomfort to abort the protocol makes it unlikely that we could have used higher 

pressures. None of the children showed evidence of having a dilated colon on their 

pressure-volume curves and none exceeded the maximum volume of 500ml. Another 

limitation is these studies were performed in patients, not in healthy children due to 

obvious ethical reasons. 

In conclusion, we found that intraluminal colonic distention triggers propagated 

contractions in children with defecation disorders. Although we were able to induce 

HAPCs in some children, the distention did not provide consistent results compared 

to bisacodyl provocation. Further studies are needed to further elucidate the 

mechanisms that are responsible for the initiation of propagating contractions, both 

HAPCs and LAPCs. Until further research is done into its clinical significance, colonic 

balloon distention in children should remain a research tool. 
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Chapter 3

ABSTRACT

Background

SS manometry catheters with portable data loggers offer many potential advantages 

over traditional WP systems, such as prolonged recordings in a more physiologic 

ambulatory setting and the lack of risk for water overload. The use of SS catheters 

has not been evaluated in comparison to perfused catheters in children. 

Aim

To compare data provided by SS (SS) and WP (WP) catheters in children undergoing 

colonic manometry studies. 

Methods

A SS catheter and a WP catheter were taped together such that their corresponding 

sensors were at the same location. Simultaneous recordings were obtained using SS 

and WP catheters (both 8 channels, 10 cm apart) in 15 children with severe defecation 

disorders referred for colonic manometry. Signals were recorded for a minimum 

of 1 h during fasting, 1 h after ingestion of a meal and 1 h after administration 

of bisacodyl. SS signals from the data logger were analyzed against the perfused 

signals. All high amplitude propagated contractions (HAPC), the most recognizable 

colonic motor event, were evaluated for spatial and temporal features including their 

durations, amplitudes and propagation velocities. 

Results

A total of 107 HAPCs were detected with SS and 91 with WP catheters. All WP-HAPC 

were also observed with SS. Linear regression analysis showed that SS catheters 

tended to give higher readings in the presence of amplitudes <102 mmHg and lower 

reading with amplitudes >102 mmHg. An opposite trend was found for duration of 

contractions. No significant difference was found for HAPC velocity. 

Conclusions

SS catheters are more sensitive in recording HAPC in children with defecation 

disorders compared to the more traditional WP assembly. There is a difference in 

measurements of amplitude between the two systems. SS catheters offer potential 

advantages over WP catheters in children, being portable, safer to use and may 

provide data over a more prolonged period 

56

Proefschrift Olivia.indb   56 18-12-2009   9:57:54



INTRODUCTION

Changes in intracolonic pressure, resulting from contractions of the colonic muscle 

can be detected using intraluminal manometry. Colonic manometry is a diagnostic 

test used by pediatric motility centers for the evaluation of children with defecation 

disorders unresponsive to medical and behavioral management. Based on results 

from colonic manometry, recommendations to change medical treatment are made 

in 81% of patients. 1 Colonic manometry is also helpful in predicting the success of 

antegrade enemas via cecostomy. 2

The current standard in pediatric colonic motility testing is to use water-perfused 

catheters. These open tipped catheters are connected to a pneumohydrolic infusion 

pump that ensures constant flow of water and are attached to cumbersome 

recording equipment. Due to the size of the recording equipment, the requirement 

for constant water infusion, studies are performed in a laboratory with the child in 

supine position and do not last more then 4-5 hours. 3

Developments in microtransducer technology have allowed the production of 

manometry catheters incorporating miniaturized strain gauge transducers. These 

catheters allow recording of gastrointestinal motor activity on portable solid-state 

data logging devices. 4-6 They are not connected to an infusion pump and permit 

manometry measurement in ambulant patients offering an attractive alternative to 

traditional stationary manometry. In children, ambulatory manometry has proven to 

be a useful screening tool for infrequent and unpredictable motility events when 

evaluating esophageal function. Diagnostic yield (detection of abnormal esophageal 

body motility) is higher for ambulatory studies when compared to stationary water- 

perfused manometry. 7 Prolonged ambulatory manometry has the additional 

advantage of assessing motility during normal activities (eating/fasting, sleeping/

awake, active/resting) and of correlating motility abnormalities with infrequent 

symptoms. Because patients are allowed out of bed during ambulatory testing, such 

studies are better tolerated by children. 

However, there have been no studies which directly compare solid-state catheters 

and water- perfused catheters in a simultaneous head-to-head manner in colonic 

manometry. A previous study was performed in dogs that underwent laparotomy 

and involved catheters much larger diameters (1cm) than currently used with only 2 

sensors. 8

The present study aimed at comparing solid-state (SS) to the water- perfused 

manometry (WP), with particular attention to the detection and measurement of 

high amplitude propagating contractions (HAPCs). 

Solid State vs.Water Perfused
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METHODS

Subjects

This was a prospective study performed at Nationwide Children’s Hospital in 

Columbus, OH. Children between the ages of 6 - 18 years with defecation disorders, 

who were already scheduled to undergo colonic manometry, were invited to 

participate. The study was approved by the local Institutional Review Board. 

Manometry assembly and catheter design

A multi-lumen WP motility catheter with eight pressure sensors spaced 10cm apart 

was used (MUI, Ontario, Canada). The catheter was perfused using a pneumohydraulic 

infusion system (Dentsleeve, Mississauga, Canada), connected to a polygraph and 

computer software (Medtronics, Minneapolis, MN). The SS catheter (Unisensor AG, 

Switzerland) incorporated eight strain gauge microtransducers, spaced 10cm apart 

and was 3.5mm in diameter. Recording from this catheter was captured in a portable 

recording device, known as a datalogger with a sampling rate of 8Hz and 32Mb flash 

card memory capacity. 

The two catheters were taped together using parafilm such that ports were at the 

same location facing outwards and simultaneous recordings were obtained using the 

two catheters.

Calibration

The WP system was calibrated according to the manufactures’ recommendations 

with the use of a sphygmomanometer coupled to the external pressure transducers 

of the perfusion pump. SS catheter calibration was performed using a manometer 

connected to cylindrical chamber to which known pressures were applied. 

Catheter placement and recordings

Catheters insertion was performed either by colonoscopy or with by the interventional 

radiologist guided by fluoroscopy as previously described. 9 All medications known 

to affect colonic motility were withheld 48 hours prior to the studies. On the day 

before the study, the colon was prepared with a balanced electrolyte lavage fluid 

containing polyethylene glycol, administered via nasogastric tube (or gastrostomy 

if present). Colonoscopy was performed under general anesthesia, with guide wire 

and fluoroscopic control, to place the tips of the two catheters in the proximal colon. 

Catheters placement by the interventional radiologist was done under sedation. 

The colonic manometry study was performed on the same day as the catheter 

insertion. After the child had fully recovered from anesthesia or sedation, both WP 
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colonic manometry and SS manometry were performed according to the standard 

protocol used in our hospital. 10 This protocol consisted of recordings for a minimum 

of 1 hour during fasting, 1 hour after a meal and 1 more hour after the administration 

of bisacodyl (0.2mg/kg, max 5mg) via the central lumen into the colon. 

Tracing analysis

SS signals from the datalogger were analyzed against the WP signals using GiPC 

Motility Software (RedTech, Inc. Calabasas, CA, USA). WP data was imported into 

the GiPC Motility software. The software enabled preprocessing such as artifact 

handling, filtering the data to remove noise and baseline adjustments. It provided for 

a variety of analyses such as amplitudes, durations, propagating velocity and motility 

index in both mouse-assisted and automatic modes. High amplitude propagated 

contractions (HAPC), the most important feature of normal colonic motility, were 

defined as three or more contractions recorded from adjacent recording sites with 

at least one contraction having an amplitude of 60 mm Hg or more, lasting at least 

10 seconds. 11 HAPCs were evaluated for spatial and temporal features including 

their durations, amplitudes and propagation velocities. Duration was measured 

as the time between the onset of the major upstroke of the wave and return to 

baseline. Amplitudes were recorded by subtracting the baseline pressure from the 

peak wave pressure. Velocity of contraction propagation was calculated by dividing 

the distance traveled by the time between wave peaks. The length of propagation 

was determined based on the number of recording sites over which the wave 

propagated. A colonic motility index was calculated by measuring the area under 

the pressure records for one 30-minute period before and two 30- minute periods 

after completion of the meal. 

Statistics

Baseline characteristics of the tracings were analyzed in a descriptive way. For data 

analysis and interpretations, results are expressed as median and range. HAPC 

characteristics were compared using the Altman-Bland bias plot, which plots the 

difference between the two methods. 12,13 Using univariate linear regression analyses 

the effects of average amplitude size, duration and velocity on difference of these 

characteristics between the two catheters was examined. To compare motility index 

we used the Kruskal–Wallis test and the Wilcoxon rank-sum test to examine overall 

differences between both catheters. A p value < 0.05 was considered statistically 

significant.

Solid State vs.Water Perfused
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RESULTS

Demographics 

Fifteen children (8 girls, age 5.6 – 16.3 years) participated to the study. Indications 

to perform colonic manometry were intractable constipation (n=12), symptoms of 

intestinal pseudoobstruction (n=1) and functional non-retentive fecal incontinence 

(FNRFI) (n=2). Using WP manometry, tracings revealed normal motility in 13 

children (entire colon n=8, until distal colon n=5). One child showed low amplitude 

contractions (LAPCs) but no HAPCs and the patient with symptoms of intestinal 

pseudoobstruction showed barely any motility. 

Catheter placement

In 12 children catheter placement took place in the OR and in three children 

placement was done by interventional radiology. The catheters were positioned with 

the tips in the cecum in 12 patients and in the remaining subjects in the transverse 

colon (n=1), splenic flexure (n=1) and descending colon (n=1). 

HAPC frequency

A total of 107 HAPCs were detected with SS and 91 with WP. All 91 WP HAPC 

were observed with also with solid state. The median number of HAPCs per patient 

per study was 7 (range 1-24) using SS and 6 (range 1-19) using WP (p=0.03). The 

extra HAPCs were found in five patients who all, but one, showed other HAPCs that 

were detected by both catheters. For the 16 HAPCs that were only detected using 

SS, 11 of them were detected as low amplitude propagating contractions (LAPCs, 

amplitudes < 60 mmHg) on WP-tracings. Two SS-HAPCs did not fulfill HAPC criteria 

in the WP tracings as they propagated through only two channels. In two cases no 

contractions were seen at all in the WP tracing (Figure1).

HAPC characteristics

The median amplitude, velocity or distance of propagation of HAPCs detected by 

both SS and WP were not different. (Table1) Only the duration of SS-HAPCs was 

Table 1. Characteristics of HAPCs in SS and WP 

SS WP p

Amplitude (mm Hg) 110 (13 – 392) 95  (10-394) 0.60

Duration (s) 29 (10 – 59) 23 (10 -54) < 0.01

Velocity(cm/s) 0.71 (0.29 -  5.15) 0.76 (0.22 – 6.06) 0.75

Propagation distance 30 (20 – 70) 30 (20 – 60) 0.11
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longer than compared to those measured with WP (29 vs. 23 s, P<0.01). The HAPCs 

that were only detected using SS had a significantly lower amplitude compared to 

the ones found with both catheters (72, 10 – 156 mmHg, p<0.01) but no difference 

in duration and velocity (28, 11-56 s, p=0.24 and 0.62, 0.36 – 2.78 cm s-1, p=0.23). 

The Bland-Altman bias plot for HAPC-amplitudes showed a mean difference (SS – 

WP) of -1.2 mmHg with 95% limits of agreement from -76 to 74 mmHg (Figure 2). 

The plot seemed to show a negative trend of as the mean of amplitude increased. 

Regression analysis showed a linear relationship between the size of HAPC amplitude 

and the difference in amplitudes measured by both catheters. According to the 

model, SS measured higher values than WP at lower average amplitudes while the 

opposite was true for higher average amplitudes. At an average amplitude of 69 

mmHg (P25) SS measures 9 mmHg higher than WP. At an average amplitude of 127 

mmHg (P75) SS measures 7 mmHg lower than WP. For duration, the Bland-Altman 

plot showed a mean difference of 7s with 95% limits of agreement from -12 to 26s 

(Figure 1). Regression analysis showed a positive trend when duration increased. 

Bland-Altman revealed a 0.003 cm s-1 bias for velocity with 95% limits of agreement 

from -1.16 to 1.17 cm s-1. The plot did not seem to show a trend in the data when 

the velocity increased.

Figure 1. Water perfused and solid state tracing superimposed

Solid State vs.Water Perfused
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Motility index

Total fasting motility index was not different between the SS and WP tracings (103 

vs. 99 mmHg∙min in, p=0.321) and post prandial indices were also similar (147 vs. 

120 mmHg∙min, p=0.790).

Figure 2. Differences in HAPC charac-
teristics measured by SS and WP 
manometers plotted against the average 
of both measurements. The 95% limits 
of agreement are shown by the dotted 
line. A linear regression line is drawn 
with its 95% limits of prediction shown 
by the dotted lines. 
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DISCUSSION

The present study shows that colonic manometry performed using a SS catheter 

provides colonic pressure measurements that correlate overall well with those 

obtained using a WP catheter. Importantly, the SS catheter did not miss any HAPCs 

detected by the WP catheter, given the clinician interest in the detecting the 

presence of these patterns of contractions in colonic tracings. These data suggest 

that the SS catheter provides similar information and may be used as an alternative 

to WP catheter for colonic manometry. SS manometry did, however, identify several 

extra HAPCs, suggesting that it might even be more sensitive than WP catheters. 

Although these extra findings would not have changed the diagnosis in 4/5 children 

where the extra HAPCs were recorded, in one child the conclusion would have 

changed from “suboptimal amplitude of contractions in the more proximal part of 

the bowel” into “normal motility in the more proximal part of the bowel”. However, 

we are not able to comment on the ability to improve diagnosis since we did not 

attempt to prospectively compare manometric diagnosis made by the two systems. 

In this particular case it would not have changed the recommendations made by the 

treating physician.

While there are a few studies comparing SS catheters with WP catheters, this is 

the first study in humans to directly compare SS and WP catheters for colonic 

manometry. The previous study comparing both catheters in the colon used 

anesthetized dogs and showed a detection rate of 90% by perfused catheters 

and 81% for serosal strain gauges. 8 This study, however, used first generation 

catheters that only had 2 sensors each. Another study performed 20 years ago 

in the esophagus found lower mean amplitudes with the microtranducers than 

with perfused catheters but no difference in duration of contractions. They 

obtained significant correlations of r= 0.74 and r= 0.51 for amplitude and duration, 

respectively. 14 

More recent studies have been performed in vitro using anorectal or sphincter of 

Oddi manometry. All studies found high correlation between amplitudes measured 

by both catheters (ranging from r = 0.97 to r = 0.998) with some reporting higher 

measurements with SS catheters although one study could not find a consistent 

pattern regarding the catheter that registered the higher pressure. 15-19

In our study the SS manometer read similar pressures on average to the WP 

manometer when recording HAPCs. The SS catheters tended to give higher 

readings with lower amplitudes while the WP catheter had higher readings at very 

high amplitudes. This may explain why the SS catheter picked up more HAPCs, as 

a proportion of contractions measuring >60mmHg by SS would not have reached 

this criterion with WP. In addition to the difference in sensitivity by both catheters 

we also found wide 95% limits of agreement, ranging from -77 to 74 mmHg. This 

Solid State vs.Water Perfused
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wide 95% limits of agreement would not be acceptable when we would only be 

interested in the absolute pressures. 

One may hypothesize that this wide variance is due to the fact that the colon is 

a relatively large-diameter viscus. The SS catheter and WP catheter were attached 

such that both recording sensors were at the same height but not facing the same 

direction. Unlike areas of the digestive system with smaller diameters, such as the 

small intestine or esophagus, pressures measured at opposite sites might not be 

exactly the same, especially in areas such as the transverse colon where the lumen 

is almost triangular in cross section. Studies combining WP manometry and the 

barostat have shown that the sensitivity of manometric catheters in detecting 

phasic contractions decreases as the colonic diameter increases. 20 There are clear 

advantages and disadvantages with each system. The WP catheter is relatively cheap, 

robust and is fully autoclavable. Single use catheters are also available. Its major 

disadvantage is that the catheter has to be connected to a bulky pneumohydraulic 

infusion pump and recording equipment, making prolonged or ambulatory studies 

difficult to perform. Furthermore there are the dangers for water overload or water 

intoxication, especially in neonates and infants. The main advantage of SS catheters 

is that portable digital recorders make it possible to conduct prolonged studies with 

ambulant patients. The setup of SS manometry is also quicker and easier compared 

to the WP system. On the other hand, SS catheters are significantly more expensive 

and more fragile.

In conclusion, this study shows that solid state catheters connected to a portable 

data logger seem more sensitive in recording HAPC in children compared to the more 

traditional water-perfused assembly. Solid-state catheters offer potential advantages 

over water-perfused catheters in children, being portable, safer to use and may 

provide data over a more prolonged period of time. Further research should evaluate 

the cost benefit of SS vs. WP and the criteria for HAPC detection using solid state 

catheters, including newer catheters such as fiberoptic high resolution catheters. 21
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ABSTRACT

Introduction
Colonic manometry is a diagnostic test frequently used in the evaluation of children 
with defecation disorders unresponsive to medical and behavioral management. The 
standard protocol in pediatrics consists of a study that lasts approximately 4 hours. 
Given the wide physiologic variations in colonic motility throughout the day, longer 
observation might detect clinically relevant information. 

Aim
To perform prolonged colonic manometry studies in children referred for colonic 
manometry in order to compare the information accrued by this system to the more 
traditional short water perfused technology.

Methods
A water perfused and a solid state colonic catheter with recording sites positioned at 
the same level were simultaneously placed using colonoscopy in 19 children (8 boys, 
mean age 9.4 ± 0.9, range 3.9 – 16.3) presenting with severe defecation disorders. 
First, a “standard test” was performed with at least 1 hr fasting, 1 hr postprandial and 
1 hr post-bisacodyl provocation recording. After this portion of the test was completed, 
recordings continued until the next day using the solid state, ambulatory technique. 

Results
Colonic manometry was performed in 16 children with intractable constipation, in 
one child with FNRFI and in two children with symptoms of pseudo-obstruction. 
Based on the short duration recordings, normal motility in the entire colon was found 
in 10/19 children. In 4/13 children normal motility was only found in the proximal 
segment with abnormalities limited to the dilated distal colon. The other children did 
not show normal motility, ranging from colonic inertia to signs of colonic myopathy. 
In two of the 19 children prolonged recording gave us information that either 
could explain their complaints or could have potential implication for therapeutic 
recommendations. In one patient with FNRFI who demonstrated no abnormalities 
in the standard short recording, two long clusters of high amplitude contractions 
were noted in the prolonged study, possibly contributing to the fecal incontinence. 
In another patient evaluated for partial colectomy after failing cecostomy, standard 
recordings showed colonic activity only in the most proximal part of the colon while 
the prolonged study showed normal motility over a larger portion of the colon. 

Conclusion
Prolonged colonic measurement provides more information regarding colonic 
motor function and allows detection of motor events missed by the standard short 
manometry study with provocation. Further studies are necessary to evaluate the 
clinical relevance of this information.
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INTRODUCTION

Colonic manometry has been found to be helpful in the work-up in children with severe 

constipation unresponsive to conventional medical and behavioral management. 1 

Pensabene et al showed that colonic manometry testing results in recommendation 

to adjust therapy (mostly surgical) in 93% of pediatric patients. 2 Furthermore, colonic 

manometry can be used to predict whether a child with severe defecation disorders 

will do well when given antegrade enemas. 3 The current standard technique 

to measure colonic motility in children is a 4 hours stationary colonic manometry. 

At least 1 hour of fasting and 1 hour of a postprandial motor activity followed by 

drug stimulation with bisacodyl is measured. 4 Children showing high amplitude 

propagated contractions (HAPCs), either spontaneously or after drug stimulation, 

are considered as having normal motility. There are a few drawbacks with respect 

to this procedure. For one, the measurement is non physiological since patients are 

immobile during the whole study and sometimes stressed from the placement of the 

catheter. Secondly, this rather “short” measurement does not take into account the 

fact that colonic motility has a diurnal rhythm. Prolonged recording might be able 

to demonstrate abnormalities which occur predominantly at night, such as absence 

or alteration of the rectal motor complex (RMC). Changes in this periodic rhythmic 

contraction activity have recently been implicated in chronic constipation, the 

commonest indication for colonic manometry in children. 5 King et al. showed, using 

24 hours colonic manometry, that children with slow transit constipation demonstrate 

a significant reduction in antegrade propagative activity. 6 Their study, however, was 

performed in children who already had an appendicostomy and were treated with 

antegrade enemas which may have altered their colonic response. Development 

of colonic manometry using solid state catheters allows to perform prolonged 

ambulatory studies in a more “physiological” setting. The aim of our study was to 

perform prolonged studies in children who were referred for colonic manometry 

in order to compare the information accrued by this system to the more traditional 

water perfused technology

METHODS

Subjects

This was a prospective multicentre study performed at Nationwide Children’s Hospital 

in Columbus OH and Children’s Hospital in Pittsburgh PA. Children with complaints 

of refractory constipation or functional non-retentive fecal incontinence between the 

ages of 6 - 18 years, who were already scheduled to undergo colonic manometry, 

Prolonged colonic manometry
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were invited to participate. The study was approved by both Institutional Review 

Boards.

Manometry assembly and catheter design

The solid state catheter (Unisensor AG, Switzerland) in Columbus incorporated eight 

strain gauge microtransducers, spaced 10 cm apart and was 3.5 mm in diameter. 

In Pittsburgh a solid state catheter (Konigsberg Instruments, Inc. Pasadena, CA) 

with six strain gauge microtransducers, spaced 15 cm apart and 3.5 mm in diameter 

was used. Data were captured in a portable recording device (Porti5-8/ASD, TMS 

International, Enschede, The Netherlands) with a sampling rate of 8Hz and 32Mb 

flash card memory capacity. Using strips of parafilm, the solid state catheter was 

attached to a water perfused catheter (Mui Scientific, Mississauga, Ontario, 

Canada) before insertion. 

Catheter placement and recordings

Catheter insertion was performed either by colonoscopy or by the interventional 

radiologist under fluoroscopic control as previously described 7. All medications 

known to affect colonic motility were withheld from 48 hours prior until motility 

recordings were completed. On the day before the study, the colon was prepared 

with a balanced electrolyte lavage fluid containing polyethylene glycol, administered 

via a nasogastric tube (or gastrostomy if present). 

The colonic manometry protocol consisted of recordings for a minimum of 1 hour 

during fasting, 1 hour after a meal and 1 more hour after the administration of 

bisacodyl (0.2mg/kg, max 5mg) via the central lumen into the colon to stimulate 

contractions. In Columbus, the standard study was carried out on the same day 

of the catheter placement, after patients had fully recovered from anesthesia. In 

the studies that were performed in Pittsburgh, catheter insertion took place in the 

afternoon and standard study was completed on day 2. 

As per our manometry protocol, patients were confined to bed until the water 

perfused portion of the study was completed. This was to guard against dislodgement 

of the catheter before the conventional water perfused motility study was finalized. 

Thereafter, the patient was allowed out of bed. The solid state recording was 

continued until the day after. A repeat abdominal X-ray was required in cases of 

probe dislodgement, or if the recording tracing suggests coiling of the catheter in 

the rectum. After completion, the data was downloaded from the flash card of the 

recording device into a desktop IBM-compatible personal computer and analyzed 

using GIPC® software.
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Tracing analysis

Tracings were analyzed visually and with computer assistance. Adjustments to the 

baseline were made at appropriate times, such as when the subject altered body 

posture by adding or subtracting the pressure change induces acutely by the change 

in posture. 

Propagating contractions were defined as clusters of contractions that lasted at 

least 10 seconds and propagated for at least 3 recording sites. HAPCs were defined 

as clusters of contractions with an amplitude ≥ 60 mm Hg and low amplitude 

propagating contractions (LAPC) as having an amplitude ≥ 5 mm Hg and ≤ 60 mm 

Hg8 Propagating contractions were evaluated for their durations, amplitudes and 

propagation velocities. Area under the curve analysis was performed to analyze the 

motility index. Motility index was compared for 60 minutes before and after a meal. 

Motility index was also calculated during sleep and for 60 minutes after awakening. 

Periods with artifacts (for example movement or coughing) were removed and 

replaced with mean area under the curve values for the same period. The motility 

indexes obtained from the different recording sites were averaged to obtain one 

aggregate MI for each patient. A gastrocolonic response was defined as an at least 

50% increase in the motility index in the hour after a meal. 9 A rectal motor complex 

was defined as the occurrence of phasic pressure waves that were confined to the 

rectosigmoid region with a pressure wave amplitude of >8mmHg and a duration of 

>3s and cycle length of 3 or more minutes. 

Statistics

Statistical analysis of the data was conducted using the statistical software package 

SPSS (version 14.0; Inc, Chicago, IL). Baseline characteristics of the cohort were 

analyzed in a descriptive way. Mean values ± SE and ranges were used. Non-parametric 

(Mann-Whitney U and Kruskal-Wallis) and Chi-square or Fisher’s exact statistics 

were used to test for differences between groups. A p-value < 0.05 was considered 

significant.

RESULTS

Catheter placement

A total of 38 children were included in the study. In five children placement of 

the combined solid-state and water-perfused was not possible due to technical 

problems. In 10 children the catheter had moved distally considerably after bisacodyl 

administration and in four cases the solid-state or datalogger was not working 

properly. Hence, we were able to analyze studies obtained from 19 children with 

Prolonged colonic manometry
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a median recording time of 22:32 ± 00:37 (range, 19:42 – 27:34) hours. Catheter 

placement was performed using colonoscopy in 17 children and in two children it 

was placed by the interventional radiologist. The catheter tip was situated in the 

cecum (n=10), in the ascending colon (n = 2) in the hepatic flexure (n= 4), and in 

the transverse colon (n=3). On day 2 the tip of the catheter was in the cecum (n =2), 

ascending colon (n = 2), hepatic flexure (n = 8), transverse colon (n=3), splenic flexure 

(n = 4) and splenic flexure (n=4).

Demographics

Study subjects were 8 girls and 11 boys with a mean age of 9.4 ± 0.9 (range 3.9 

– 16.3) years. The median duration of symptoms was 7.5 ± 1.0 (1.8 – 16.3) years. 

Indications to perform a colonic manometry were constipation (n = 16), pseudo-

obstruction symptoms (n = 2) and fecal incontinence without constipation (FNRFI) in 

one. Twelve children had a sitzmarker colonic transit time study. The study suggested 

delayed colonic transit in seven, an outlet dysfunction in two and normal transit 

times in three children. The nine children who had undergone a rectal biopsy had no 

demonstrable abnormalities. 

Fasting

During the fasting period, 6/16 constipated children showed spontaneous LAPCs 

(range 1-7 per hour). The child with FNRFI also demonstrated one LAPC. Two children 

with constipation showed HAPCs (range 1-2 per hour). The children with pseudo- 

obstruction symptoms did not have any propagating contraction. The average 

motility index during fasting was 209 ± 17 mmHg∙s (range 123 – 350 mmHg∙s). 

(Figure 1)

Post-prandial

After ingestion of a meal four children showed LAPCs; all of them had shown LAPCs 

during fasting state as well. An average of 2.5 ± 0.9 (range 1-5) HAPCs were seen 

in four children post-prandially. The children with pseudo obstruction, again, did not 

have any propagating contractions. Food increased the motility index significantly 

(296 ± 21 mmHg∙s, range 190 - 579 mmHg∙s, p=0.001). A total of 8 children showed 

a gastrocolonic response. 

Post bisacodyl

Within 1 hour of bisacodyl administration, HAPCs occurred in 16 children. Their 

frequency was 6.2 ± 0.8 (range 2-14) per hour. One child with constipation and the 

two children with pseudo-obstruction symptoms showed no HAPCs. 
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Sleeping and Awakening

During sleep none of the children showed HAPCs and four children showed 1-3 

LAPCs. 

HAPCs after awakening were seen in three children but no LAPC were present. There 

was also a significant increase in motility index following waking (172 ± 16 mmHg∙s 

vs. 262 ± 22, p< 0.001). No correlation was found between the increase of motility 

after a meal and after awakening (r=0.28, p=0.25).

Retrograde propagating contractions 

A total of 16 retrograde propagating contractions were seen in 7 children. Most of 

them (13) were seen during sleep and one was seen before a bowel movement. The 

mean amplitude was 37 ± 4 mmHg with a duration of 15 ± 1s and a velocity of 1.8 

± 0.3 cm/s.

Rectal motor complexes

Only four subjects (21%, all with normal motility) exhibited rectal motor complexes, 

mostly during sleep. The median frequency per subject was 4/day (3-6). They lasted 

for 3 to 28 minutes with a frequency of 3 to 4/min. 

Comprehensive study evaluation (Table 1) 

Ten children were diagnosed as having normal motility, showing HAPCs either 

spontaneously or after bisacodyl provocation. Four children showed HAPCs with 

failure of progression of HAPCs through the distal colon. The two children with pseudo 

Figure 1. Motility index

Prolonged colonic manometry
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obstruction showed hardly any motility, in particular no propagating contractions 

and two other children with symptoms of constipation only had low amplitude 

contractions. In one patient only poorly formed HAPCs were found. In two patients 

the prolonged study provided information which were relevant to understanding 

the pathophysiology of symptoms. In the one patient with FNRFI the standard short 

recording showed normal motility. Two big clusters of high amplitude contractions 

with a frequency ranging from 2-3/min with an average amplitude of 65 mmHg 

were recorded in the prolonged study. (Fig 2) One cluster occurred while the child 

was in bed drawing and had a duration of 140 min and the other cluster occurred 

after awakening and had a duration of 55 min. These clusters were not seen during 

Table 1
Pt Indication Spontaneous

HAPCs
HAPCs after 

bisacodyl
Gastrocolonic
 response (%)

Waking 
response (%)

Conclusion
standard study

Conclusion prolonged 
study

1 Constipation Yes Yes 63% 151% Normal motility until 
dilated distal part

Same

2 Constipation Yes Yes 2% 104% Normal motility Same

3 Constipation No Yes 11% 15% Normal motility until 
dilated distal part

Same

4 Constipation No No 44% 30% Only low amplitude 
contractions

Same

5 Constipation Yes Yes 37% 3% Normal motility Same

6 Constipation No Yes 102% 36% Normal motility Same

7 Constipation Yes Yes 57% 55% Normal motility Same

8 Pseudo obstruction No No 2% -4% No propagating 
contractions

Same

9 Constipation No Yes 68% 84% Normal motility Same

10 Constipation No Yes 86% 170% Normal motility Same

11 Constipation Yes Yes 11% 40% Normal motility until 
dilated distal part

Same

12 Constipation No Yes 24% 77% Poorly formed HAPCs Same

13 Constipation No Yes 71% 38% Normal motility Same

14 Pseudo obstruction No No 76% 130% No propagating 
contractions

Same

15 Constipation No Yes 7% 93% Normal motility Same

16 Constipation No No 37% 211% Only low amplitude 
contractions

Same

17 Constipation Yes Yes 69% 36% Normal motility Same

18 FNFRI Yes Yes 44% 18% Normal motility Increased number of high 
amplitude contractions in rest

19 Constipation prior 
to colectomy

No Yes 11% 31% Normal motility until 
hepatic flexure

Normal motility until sigmoid 
colon
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the standard recording. One patient with constipation had already failed cecostomy 

and underwent his colonic manometry to determine what part of the colon needed 

resection. In the standard study the tracing showed propagating contractions only 

in the first 2 channels (both in transverse colon) after bisacodyl provocation. In the 

prolonged study HAPCs were seen progressing up until the sigmoid colon. 

Table 1
Pt Indication Spontaneous

HAPCs
HAPCs after 

bisacodyl
Gastrocolonic
 response (%)

Waking 
response (%)

Conclusion
standard study

Conclusion prolonged 
study

1 Constipation Yes Yes 63% 151% Normal motility until 
dilated distal part

Same

2 Constipation Yes Yes 2% 104% Normal motility Same

3 Constipation No Yes 11% 15% Normal motility until 
dilated distal part

Same

4 Constipation No No 44% 30% Only low amplitude 
contractions

Same

5 Constipation Yes Yes 37% 3% Normal motility Same

6 Constipation No Yes 102% 36% Normal motility Same

7 Constipation Yes Yes 57% 55% Normal motility Same

8 Pseudo obstruction No No 2% -4% No propagating 
contractions

Same

9 Constipation No Yes 68% 84% Normal motility Same

10 Constipation No Yes 86% 170% Normal motility Same

11 Constipation Yes Yes 11% 40% Normal motility until 
dilated distal part

Same

12 Constipation No Yes 24% 77% Poorly formed HAPCs Same

13 Constipation No Yes 71% 38% Normal motility Same

14 Pseudo obstruction No No 76% 130% No propagating 
contractions

Same

15 Constipation No Yes 7% 93% Normal motility Same

16 Constipation No No 37% 211% Only low amplitude 
contractions

Same

17 Constipation Yes Yes 69% 36% Normal motility Same

18 FNFRI Yes Yes 44% 18% Normal motility Increased number of high 
amplitude contractions in rest

19 Constipation prior 
to colectomy

No Yes 11% 31% Normal motility until 
hepatic flexure

Normal motility until sigmoid 
colon

Prolonged colonic manometry
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Figure 2b. HAPCs after bisacodyl provocation

Figure 2a. Cluster of high amplitude contractions
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DISCUSSION

Colonic manometry is increasingly used to investigate children with severe defecation 

disorders. The use of a solid state catheter with a portable datalogger allowed us to 

obtain colonic manometric information from children referred for further diagnostics 

for their defecation disorders over a more prolonged period of time instead of the 

standard 4 hours. In two of the 19 children prolonged recording gave us information 

that either could explain their complaints or could have potential implication for 

therapeutic recommendations. 

The first patient, referred with complaints of fecal incontinence without any 

signs of constipation, did not show any abnormality during the standard colonic 

manometry recordings. On the prolonged recordings, however, clusters of high 

amplitude contractions were seen for 1-2 hours during rest and awakening. No 

pathophysiological mechanism has been described for FNFRI yet and these clusters 

might possibly be an explanation that should be further explored. The second child in 

which prolonged testing gave more information was a child that needed evaluation 

prior to a partial colectomy after not becoming symptom free with antegrade 

enemas through a cecostomy. This child showed no spontaneous HAPCs during the 

standard short recording. HAPCs shown after bisacodyl only travelled over the first 

2 channels, implicating that normal motility was present up to the splenic flexure. 

Figure 2c. HAPCs during prolonged recording in the same child

Prolonged colonic manometry
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Later that day, during the prolonged motility, HAPCs were seen progressing over 

5 channels, suggesting that the colon was working properly up until the sigmoid 

colon. This finding could probably have changed the recommendation regarding the 

portion of the colon to be removed. Whether this discrepancy could be an effect 

of the sedation is not known. Studies comparing motility right after waking up vs. 

commencing the study the next day after placement, have not been done yet. 

The first study in healthy adults measuring prolonged recordings of colonic motility 

was described more than 20 years ago. 10 It took more than 16 years before the first 

prolonged recordings were undertaken in children. 11 Stanton et al. described 24 

hours pan-colonic manometry in 18 children with slow transit constipation through 

a previously formed appendicostomy. They found that those children, compared 

to healthy young adults, showed significant impairment in antegrade propagating 

motor activity and failure to respond to normal physiological stimuli such as meal or 

awakening. We found an average of 4 HAPCs per 24 hour compared to their 6 per 

24 hour and confirmed a clear decrease in motility during the night. Not all children 

with HAPCs had a measurable gastrocolonic reflex or an increase of motility after 

awakening. 

Prolonged rectal pressure recordings have revealed that the rectum shows periodic 

motor activities, also termed rectal motor complexes. 12 This pattern is mostly seen at 

night but varies both within and between subjects. A higher incidence and excessive 

amount of rectal motor complexes have been seen in adults with constipation 

and have been hypothesized to be an additional mechanism in the pathogenesis 

of constipation.13 Unlike healthy and constipated adults, not all children with 

constipation show rectal motor complexes during prolonged measurements. Their 

role in the pathogenesis of childhood constipation seems therefore questionable.

The lack of normal control data in children remains a substantial problem when doing 

colonic manometry studies in children. Data obtained from healthy adult volunteers 

is not easily extrapolated to children since age-related changes regarding colonic 

motility have previously been demonstrated. 14 Furthermore, one can probably not 

compare our study to the study performed by Stanton et al. as our group of children 

was more heterogeneous and our indication to perform the colonic manometry was 

different. Their children were undergoing colonic manometry for research in a very 

standardized manner while our children were referred to investigate their motility for 

further recommendations. 

Presence of HAPCs, whether spontaneously or after bisacodyl provocation, is 

believed to be the most important feature for motility and its presence is used to 

diagnose normal motility or to predict success of antegrade enemas through an 

appendicostomy or cecostomy. Interestingly, we have found small subgroups of 

children who do well even without high amplitude contractions (HAPCs) or will 
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not do well with “normal” motility found by colonic manometry. Especially in those 

children it would be interesting to evaluate whether prolonged recordings could give 

us more information that would more accurately predict outcome.

There are technical difficulties with performing prolonged colonic manometry that 

we have encountered during this study. Placement of the solid state catheter by 

the interventional radiologist seemed more difficult because of its stiffness and 

was unsuccessful in two cases. Another risk when performing 24 hour studies is 

movement of the catheter and dislodgement of the catheter of the datalogger. This 

happened a couple of times during this study and resulted in unusable data in a 

handful of patients and an inability to match motility findings to their site of origin. In 

the future bisacodyl should probably be given on day 2 to avoid distal displacement 

of the catheter. Clipping the catheter to the mucosal wall, as is done in adults, is 

another option, although this has never been done in children.15

This study confirms that it is feasible to perform prolonged colonic manometry studies 

in children with defecation disorders. Prolonged colonic measurement provides more 

information regarding colonic motor function and allows detection of motor events 

missed by the standard short manometry study with provocation. Prospective follow-

up studies are necessary to determine the clinical relevance of prolonged colonic 

manometry. 

Prolonged colonic manometry

79

Proefschrift Olivia.indb   79 18-12-2009   9:57:56



Chapter 4

REFERENCE LIST

 1.  Baker SS, Liptak GS, Colletti RB, Croffie JM, Di Lorenzo C, Ector W, Nurko S. Constipation in 
infants and children: evaluation and treatment. A medical position statement of the North 
American Society for Pediatric Gastroenterology and Nutrition. J Pediatr Gastroenterol Nutr 
1999;29:612-626.

 2.  Pensabene L, Youssef NN, Griffiths JM, Di Lorenzo C. Colonic manometry in children with 
defecatory disorders. role in diagnosis and management. Am J Gastroenterol 2003;98:1052-
1057.

 3.  van den Berg MM, Hogan M, Caniano DA, Di Lorenzo C, Benninga MA, Mousa HM. Colonic 
manometry as predictor of cecostomy success in children with defecation disorders. Journal of 
pediatric surgery 2006;41:730-736.

 4.  Di Lorenzo C, Hillemeier C, Hyman P, Loening-Baucke V, Nurko S, Rosenberg A, Taminiau J. 
Manometry studies in children: minimum standards for procedures. Neurogastroenterol Motil 
2002;14:411-420.

 5.  Rao SS, Sadeghi P, Batterson K, Beaty J. Altered periodic rectal motor activity: a mechanism for 
slow transit constipation. Neurogastroenterol Motil 2001;13:591-598.

 6.  King SK, Catto-Smith AG, Stanton MP, Sutcliffe JR, Simpson D, Cook I, Dinning P, Hutson 
JM, Southwell BR. 24-Hour colonic manometry in pediatric slow transit constipation shows 
significant reductions in antegrade propagation. Am J Gastroenterol 2008;103:2083-2091.

 7.  van den Berg MM, Hogan M, Mousa HM, Di Lorenzo C. Colonic manometry catheter placement 
with primary fluoroscopic guidance. Digestive Diseases and Sciences 2007;52:2282-2286.

 8.  Bassotti G, Gaburri M. Manometric investigation of high-amplitude propagated contractile 
activity of the human colon. American Journal of Physiology- Gastrointestinal and Liver 
Physiology 1988;255:660-664.

 9.  Di Lorenzo C, Solzi GF, Flores AF, Schwankovsky L, Hyman PE. Colonic motility after surgery for 
Hirschsprung’s disease. Am J Gastroenterol 2000;95:1759-1764.

 10.  Narducci F, Bassotti G, Gaburri M, Morelli A. Twenty four hour manometric recording of 
colonic motor activity in healthy man. Gut 1987;28:17-25.

 11.  Stanton MP, Hutson JM, Simpson D, Oliver MR, Southwell BR, Dinning P, Cook I, Catto-Smith 
AG. Colonic manometry via appendicostomy shows reduced frequency, amplitude, and length 
of propagating sequences in children with slow-transit constipation. Journal of pediatric 
surgery 2005;40:1138-1145.

 12.  Kumar D, Williams NS, Waldron D, Wingate DL. Prolonged manometric recording of anorectal 
motor activity in ambulant human subjects: evidence of periodic activity. Gut 1989;30:1007-
1011.

 13.  Rao SS, Sadeghi P, Batterson K, Beaty J. Altered periodic rectal motor activity: a mechanism for 
slow transit constipation. Neurogastroenterol Motil 2001;13:591-598.

 14.  Di Lorenzo C, Flores AF, Hyman PE. Age-related changes in colon motility. Journal of Pediatrics 
1995;127:593-596.

 15.  Fajardo N, Hussain K, Korsten MA. Prolonged ambulatory colonic manometric studies using 
endoclips. Gastrointest Endosc 2000;51:199-201.

80

Proefschrift Olivia.indb   80 18-12-2009   9:57:56



Submitted

C h a p t e r  5

Constipation and colonic transit 
times in morbidly obese children

Olivia Liem
Olga H. vd Baan-Slootweg

Noor Bekkali
Wim M.C. van Aalderen

Tammo H. Pels Rijcken
Carlo Di Lorenzo

Marc A. Benninga

chapter 5.indd   81 21-12-2009   10:02:26



Chapter 5

ABSTRACT

Objectives

To determine the prevalence of functional constipation according to the Rome III 

criteria in children with morbid obesity and to evaluate whether decreased colonic 

motility is present in these children by measuring colonic transit times (CTT).

Study design

91 morbidly obese children aged 8 -18 years entering a prospective, randomized 

controlled study evaluating the effect of an outpatient vs. inpatient treatment 

program of obesity participated. All children filled out a standardized questionnaire 

regarding their bowel habits and colonic transit times were measured using 

radio-opaque markers. Food diaries were also recorded to evaluate their diet.

Results

A total of 19 children (21%) had functional constipation according to the Rome III 

criteria, whereas one child suffered from functional non-retentive fecal incontinence. 

Of only 10.5% of the children with constipation the total CTT exceeded 62 hours, and 

among them two had a total CTT of more than 100 hours. In the non-constipated 

group 8.3% had a delayed CTT. Furthermore, no difference was found between the 

diet of children with or without constipation, specifically not with respect to fiber 

intake.

Conclusion

Our study confirms a high prevalence of functional constipation in obese children, 

using the Rome III criteria. However, abnormal colonic motility, as measured by 

colonic transit time was only delayed in a minority of patients. Disappointingly, no 

relation was found between constipation in these children and fiber or fat intake.
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INTRODUCTION

Childhood obesity has become one of the rising health concerns worldwide and is 

associated with a number of co-morbidities. Even at young age being overweight 

or obese significantly increases the chance of developing serious chronic conditions, 

such as hypertension, hepatosteatosis and diabetes type II. 1, 2 In addition to these 

comorbid conditions, functional gastrointestinal disorders have also been linked to 

obesity. In adults gastroesophageal reflux disease is associated with increasing BMI, 

as are abdominal pain and bloating. 3, 4 In contrast to studies in adults reporting 

an increase of diarrhea in obesity, recent studies in children found an increased 

prevalence of constipation in a group obese children and vice versa; a higher 

prevalence of obesity in the constipated group. 5-7 The mechanisms underlying the 

relationship between obesity and constipation are still unknown and may involve 

motor and sensory abnormalities. 3

A non invasive method to assess colonic motility is total and segmental colonic transit 

time (CTT) measurement using radio-opaque markers. 8-10 In both adults and children 

measuring colonic transit time helps to differentiate among different subgroups 

of patients and it has been suggested that slow transit constipation also affects 

a significant subgroup of children with disorders of defecation. 11,12 It is unknown 

whether delayed colonic transit plays a role in obese children with constipation.

The purpose of this study was to determine the prevalence of functional constipation 

in morbidly obese children and to evaluate whether delayed colonic motility is present 

in these children by measuring colonic transit times.

METHODS

Participants were children aged 8-18 years who entered a prospective, randomized 

controlled study evaluating the effect of an outpatient vs. inpatient treatment of 

obesity at a specialized obesity clinic (Heideheuvel, Hilversum, the Netherlands) 

between 2004 and 2007. Inclusion criteria included a body mass index (BMI) for 

age of 35 and greater, adjusted for age and sex, or a BMI of 30 in the presence 

of obesity related morbidity. BMI was calculated as weight in kilograms divided by 

height in meters squared (kg/m2). Age adjustment was performed based on the 

curves corresponding to adult BMI cut off points of 25 respectively 30, published by 

Cole et al. 13 To obtain the curve corresponding to an adult BMI of 35, the difference 

of the distance of the 25 and 30 curves was added to the 30 curve. 

Patients were excluded if they had a psychiatric disorder (e.g. schizophrenia, severe 

autism, or mental retardation) or other serious medical conditions that would 

preclude participation in the program. Patients taking medication that potentially 

Constipation in morbidly obese children
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cause significant weight gain or medication for weight loss were also excluded as 

well as participants using medications for weight loss or involved in a coexisting 

weight management program.

At intake, before any intervention, a standardized questionnaire regarding bowel 

habits was filled out and a CTT study was performed. A bowel diary was also 

used for at least 2 weeks documenting bowel movement and fecal incontinence 

frequency. Functional constipation was defined using Rome III criteria. 14At least two 

of the following criteria had to be present for 8 weeks: 1) defecation frequency <3 

per week, 2) ≥ 1 fecal incontinence episodes per week, 3) passage of large amounts 

of stool, 4) presence of fecal impaction, 5) painful or hard defecation, 6) withholding 

behavior. Physical exam was performed on all children, including a rectal exam in 69 

patients. 

Food intake was measured using a 7-days dietary record. Subjects received instructions 

from a dietitian on how to keep a food record and were asked not to change their 

habitual food intakes. The data of the food records were used to calculate intakes 

of total daily energy, fat and fiber with a computer program based on food tables 

(BECEL nutrition program, version 5.05, 1995; Nederlandse Unilever Bedrijven BV, 

Rotterdam, Netherlands). 

All children underwent a CTT study using the method described by Bouchoucha and 

colleagues.15 Treatment with oral or rectal laxatives was discontinued for at least 

one week before the test. They then ingested a capsule containing 10 radio-opaque 

markers on six consecutive mornings. An abdominal X-ray was obtained on day 

7. Localization of markers was based on the identification of bony landmarks and 

gaseous outlines as described by Arhan and colleagues. 8 Markers were counted in 

the right, left, and rectosigmoid regions, and mean segmental transit times were 

calculated according to a previously described formula (colon transit time = sum of 

markers X 2.4). The normal ranges for total and segmental transit times were based 

on the upper limits (mean + 2 SD) from a study in healthy children. Based on those 

data, a CTT of more than 62 hours was considered delayed. The upper limits of the 

normal range for right colon, left colon, and rectosigmoid transit time were 18, 20, 

and 34 hours, respectively. 

The study protocol was approved by the medical ethical committee of the Academic 

Medical Centre in Amsterdam, the Netherlands. Written informed consent was 

obtained from the parents or guardians of the children participating and assent from 

all children 12 years and older.
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Statistical analysis

Statistical analysis of the data was conducted using the statistical software package 

SPSS (version 14.0; Inc, Chicago, IL). Baseline characteristics of the cohort were 

analyzed in a descriptive way. Median values and ranges were used if the distribution 

of continuous variables was skewed. Non-parametric (Mann-Whitney U and Kruskal-

Wallis) and Chi-square or Fisher’s exact statistics were used to test for differences 

between groups. A p-value < 0.05 was considered significant.

RESULTS 

A total of 91 consecutive morbidly obese children (34% boys) completed our 

standardized questionnaire and underwent a CTT study. The median age at intake 

was 15 years (8-18 yrs) and all children had an corrected BMI over 35 kg/m2 or 

30 kg/ m2 with a co-morbidity. Overall, 19 children (21%) fulfilled the Rome III 

criteria for functional constipation. Of those children, 4 patients were already using 

laxatives. Seven other children did not fulfill the Rome III criteria at intake but had 

received laxatives in the past. 

Constipated children vs. non-constipated children

The demographic and bowel habit characteristics of the constipated and non 

constipated children are described in Table 1. Children with constipation were 

younger (14.0 vs. 15.5, p=0.02) than children without constipation. No difference 

Table 1. Demographics and bowel habit characteristics in 91 morbid obese children

Constipated Non constipated

N 19 72

Male sex 10 (53%) 21 (29%)

Median age (yrs) * 14.0 (8.0-17.0) 15.5 (8.5-18.0)

Def frequency (per week) 7 (1-14) 7 (3-21)

Def frequency <3/week 1 (5.3%) 0

Fecal incontinence * 4 (21%) 1 (1%)

Passage of large stools 11 (58%) 24 (34%)

Presence of fecal impaction * 2 (11%) 0

Hard defecation * 9 (47%) 0

Painful defecation * 4(21%) 0

Withholding behavior * 12 (67%) 9 (13%)

Abdominal pain 11 (58%) 30 (30%)

* p < .05
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was found in gender between children with or without constipation. The median 

weekly frequency of bowel movements at presentation was 7 times per week (1-14 

vs. 3-21, p=0.07 for constipation and no constipation, respectively). Children with 

constipation had significantly more episodes of fecal incontinence, presence of fecal 

impaction, hard and/or painful defecation and showed more withholding behavior. 

Only one child suffered from fecal incontinence without any symptoms of constipation 

and thus fulfilled the criteria for functional non-retentive fecal incontinence. In line 

with the latter diagnosis we found a normal CTT in this child.

Colonic transit time (CTT)

Table 2 shows the total and segmental colonic transit times at entry of the study. 

Both groups of children had a total CTT of 26.4 hrs. Prolonged total CTT, exceeding 

62 hours, was found in 11% of the children with constipation and among them 2 had 

a total CTT of more than 100 hours. In the non-constipated group 8% had a delayed 

CTT. No difference was found in the rectosigmoid transit times between constipated 

and non-constipated children. The children who ever had laxative treatment (n=7) or 

still had laxative treatment (n=4) tended to have a longer total CTT with a difference 

that approached statistically significance (p=0.056). Prolonged total CTT was more 

frequent in the children who had used laxative (36% vs 5%, p<0.01). 

Table 2. Total and segmental colonic transit times

Transit time (hrs) Children with constipation
(n= 19)

Children without constipation
(n= 72)

Total colon

  Median 26.4 26.4

  Percentiles 25-75 14.4 – 52.8 12.0 – 40.2

  Delayed>62 hrs 10.5% 8.3%

Ascending colon

  Median 4.8 2.4

  Percentiles 25-75 0 – 12.0 2.4 – 9.6

  Delayed>18 hrs 5.3% 5.6%

Descending colon

  Median 2.4 2.4

  Percentiles 25-75 0 – 7.2 0 – 9.0

  Delayed>20 hrs 15.8% 9.7%

Rectosigmoid

  Median 16.8 14.4

  Percentiles 25-75 4.8 – 38 4.8 – 25.8

  Delayed>34 hrs 26.3% 17.7%
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Diet

A total of 68 children (75%) completed the food diary. There was no difference in 

median caloric intake between children with and without constipation (1452 vs. 1628 

kcal/day, p=0.129). Fifty-five percent of the children were consuming more than 30% 

of their total calories as fat. There was no difference in fat intake between children 

with and without constipation (30% vs. 32%, p = 0.128). Fiber intake was below 

the minimum daily recommended quantity (age + 5 gram) in 74% of all children. 

Children with constipation had a median fiber intake of 66% (range 20 – 147) of 

the recommended amount and children without constipation consumed 77% (range 

25 – 166). This difference was not statistically significant (p = 0.42). Overall, 63% of 

children with constipation had fiber intake lower than recommended compared to 

53% of the children without constipation (p = 0.88)

DISCUSSION

This prospective study reports a prevalence of 21% of constipation in morbidly 

obese children according to the Rome III criteria. This is significantly higher than the 

prevalence of 8.9% found in children worldwide. 16 The increased prevalence could 

not be explained by delayed colonic transit which was present in only 8.8% of all 

children and 10.5% of the constipated children. 

Our prevalence rate, using the Rome III criteria, concurs with previous observations 

made by Fishman et al, who described a prevalence of constipation in 23 % in their 

group of obese children. 7 Furthermore, fecal incontinence was present in 21% of our 

patients whereas Fishman et al found that 33% of their patients had fecal incontinence. 

In contrast to their findings of 7.5%, we only found 1 patient fulfilling the Rome III 

criteria for functional non-retentive fecal incontinence (FNRFI) which is in agreement 

with the prevalence rate described in population-based studies (1-4%). 17-19 

Infrequent painful defecation and fecal incontinence are the major clinical features 

present in respectively 49% and 84%, of constipated children. 20, 21 In our study, 

however, only one child in the constipated group had a defecation frequency less than 

three times a week. Similarly, fecal incontinence as result of severe fecal impaction 

was present in only 20% of the constipated children. In a Brazilian population-

based study the prevalence of constipation was 29%. In that study constipation was 

defined as defecation of scybalous stools and/or straining / pain during defecation. 
22 The majority of those school children had scybalous stools (66%) and/or painful 

defecation (38%) whereas only 31% of had fecal incontinence. No data are available 

on accurate information on stool frequency in this group. We hypothesize that the 
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low prevalence of fecal incontinence in our study and the Brazilian study compared 

to the prevalence found in most studies evaluating constipated children could be 

explained by the different severity of symptoms. Obese children might not seek 

medical attention for their defecation problems due to embarrassment. This is 

illustrated in our study by the fact that only 4 out of the 19 children, who fulfilled the 

criteria for constipation, were already using laxatives. The children previously using 

laxatives might have had more severe symptoms as shown by the higher proportion 

of children with a prolonged total CTT in that subgroup. Thus, a lower prevalence 

of fecal incontinence can be expected when compared to a cohort study describing 

constipated children with constipation as major complaint.

Our study was not able to explain the high prevalence of constipation by the 

presence of decreased colonic motility in these children. Only 11% of the constipated 

children had a prolonged CTT of more than 62 hours. In earlier studies in children 

with constipation, CTT was delayed in approximately 50% of children 21, 23 In such 

studies a low defecation frequency, a high number of fecal incontinence episodes 

in combination with palpable stools in the rectum correlated well with prolonged 

total CTT and especially rectosigmoid transit time (RSTT). 24 The normal CTT 

findings found in the majority of obese patients concur with the mild symptoms of 

constipation found in this study. 

Diet as a reason why obese children are more constipated comes to mind when trying 

to find other hypotheses. Especially dietary fiber intake was of interest since it has 

been described that whole grain consumption is inversely related to BMI in adults.25 

The role of dietary fiber in childhood obesity, however, is not known and conflicting 

reports exist about the role of fiber in childhood constipation. While some studies 

find comparable intakes between groups, others find that constipated children have a 

lower intake compared to non-constipated children. 26-29 Data on the effect of fibers 

on CTT are also inconsistent. Castilljo et al. showed a decrease in total CTT after 

treatment with fibers in constipated children, especially in those with prolonged CTT 

at intake. 30 A study in neurologically impaired children with constipation, however, 

did not show a change in total CTT after fiber supplementation. 31 These contradictory 

results have been described in studies in adults as well. 9,32, 33 Our study showed that 

the majority of children did not consume the minimum recommended dietary fiber. 

But McClung et al found that even in health-conscious families, approximately half 

of the children whom all did not have symptoms of constipation, did not receive the 

recommended daily grams of fiber.34 In our study the children with constipation 

tended to have a lower fiber intake but this was not statistically significant. 

No difference in fat intake, another important element of a diet that can influence 

motility, was found as well. Previously it has been shown that meals containing 

fat delay gastric emptying and small bowel transit. 35 Using colonic manometry 

predominately fat containing meals showed to induce more simultaneous and 
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retrograde contractions that might delay stool transit. No colonic transit time studies 

have been done to look at this phenomenon.

In conclusion, our study confirms that there is a higher prevalence of childhood 

constipation in obese children using the Rome III criteria. We showed that the 

increased prevalence was not due to decreased colonic motility, since no correlation 

was found between BMI and colonic transit times. The difference in prevalence 

could also not be explained by differences in the diet, especially not in fiber or fat 

intake. Therefore other studies are needed to elucidate the relationship between 

constipation and obesity in children as other factors such as hormones and exercise 

may also play a role.
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Chapter 6

ABSTRACT

Constipation is a worldwide problem that affects many children. Treatment of 

constipation is largely based on clinical experience rather than on evidence based 

controlled clinical trials. Stool softeners and cathartics in combination with behavorial 

interventions constitute the programs most commonly used to facilitate painless and 

frequent defecation. Long-term treatment is needed in most cases and approximately 

30% of children beyond puberty continue to struggle with symptoms of constipation, 

such as infrequent, painful evacuation of stools and fecal incontinence. Not 

surprisingly, chronicity of these bowel complaints may cause significant interference 

with the child’s emotional growth and development. Development of new therapeutic 

strategies is necessary in order to treat these challenging patients more effectively.

This review provides an overview of novel and alternative therapies, such as new 

drugs, surgery and probiotics, that are currently being proposed for the treatment of 

childhood chronic constipation. 
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INTRODUCTION

Mineral oil, polyethylene glycol, lactulose, bisacodyl, senna and milk of magnesia are 

just a few examples of the frequently prescribed compounds for the management 

of childhood constipation. What they all have in common is that they are generally 

recommended based on clinical practice or experience with little evidence of long 

term efficacy. Very few large, double-blind, randomized, controlled studies have 

been performed in children with chronic constipation, a finding which should be 

surprising considering that constipation is the chief complaint in 3-5% of visits to 

pediatricians and represents 10-25% of referrals to pediatric gastroenterologist.1 

Moreover, constipation is a worldwide problem with a prevalence ranging from 0,7% 

to 29.6% both in Western and non-Western countries.2

The North American Society for Pediatric Gastroenterology, Hepatology and 

Nutrition recently issued a clinical practice guideline to evaluate and manage 

constipation in infants and children. Their recommendation consisted of education, 

disimpaction, maintenance therapy with diet changes and/or medication use and 

behavioral modification.3 Although these measures are effective in the majority of 

children, a sizable proportion needs long-term therapy and some patients do not 

achieve successful outcome. After 1 year of treatment, up to 50% of children are 

not symptom-free and approximately 30% continue to struggle with constipation 

beyond the age of puberty.4-6 Thus, there seems to be a need to uncover new, more 

effective interventions in constipated children. The aim of this report is to provide 

an update on novel and alternative therapies that are already available or have the 

potential to be helpful options when conventional treatment fails. 

Novel drugs

Advancements in the understanding of the gastrointestinal enteric nervous system 

and epithelial function have led to the development of new classes of drugs for 

treatment of chronic constipation. These include substances that bind to serotonin 

receptors and chloride channel activators.

Tegaserod: Serotonin plays an important role in regulating gastrointestinal function 

and 95% of all serotonin in the body is present within the gastrointestinal tract. 

Tegaserod is a novel selective serotonin receptor agonist that acts at 5-HT4 receptors 

in the gut wall. It stimulates the peristaltic reflex, enhances intestinal secretions and 

inhibits visceral sensitivity.7,8 It is also a potent prokinetic agent in the upper and lower 

gastrointestinal tract in both male and female.9 Tegaserod has proven to be effective 

in adults with constipation predominant IBS and chronic constipation without IBS 

symptoms and seems to be beneficial in patients with functional heartburn. Large 

double blind, placebo controlled trials have demonstrated a significant increase in the 
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frequency of stools, improvement of stool consistency, and reduction in abdominal 

symptoms in adults taking tegaserod.10-13 Most side effects occurred with similar 

frequency in both placebo and treatment groups, except for diarrhea which was more 

common in the tegaserod group. Diarrhea was generally transient and self-limiting, 

not needing any treatment. Similar results for efficacy and adverse events were 

found in a study performed in adolescents with constipation predominant IBS.14 

To date there has only been one abstract reporting the experience on the use of 

tegaserod in four children with severe chronic constipation.15 Preliminary results 

from a retrospective study conducted at our Center coincide with the adult studies, 

showing increased bowel movements, decreased abdominal symptoms and minimal 

side effects in children with a variety of gastrointestinal complaints.

Lubiprostone is an oral bicyclic fatty acid that selectively activates type 2 chloride 

channels of the gastrointestinal epithelium, resulting in increased fluid secretion. 

This increase of chloride-rich intestinal fluid softens the stool and accelerates 

small intestinal and colonic transit.16 Lubiprostone was approved by the Food and 

Drug Administration (FDA) for use in adults with chronic idiopathic constipation in 

January 2006 after positive results of 2 double-blind, multicenter phase 3 studies 

in adults with chronic constipation which demonstrated significant improvements 

in defecation frequency, straining and stool consistency.17,18 Overall, lubiprostone 

appeared to be well tolerated with nausea, diarrhea and headache as most common 

complaints. No studies of lubiprostone in children have been performed yet. 

Alvimopan: Another drug that might have potential to treat constipation is 

alvimopan. This is a peripherally acting opioid receptor antagonist with a high affinity 

for m-opioid receptors. This is the site where opioid-binding causes interruption 

of the coordinated rhythmic contractions of the colon and fluid secretion.19 It is 

unclear whether alvimopan is only effective in opioid-induced constipation or also 

in subgroups of constipation. Alvimopan has not been approved yet by the FDA 

and remains a research drug. Enteral naloxone can also improve stool output for 

pediatric patients who have opioid-induced constipation but carries the risk of 

introducing withdrawal symptoms which can be harmful to the patient.20 

Probiotics

It is becoming increasingly clear that gut bacteria have an important effect on health. 

The general public is confronted with this notion via the promotion of different 

yoghurts with a variety of probiotics that are now commercially available and marketed 

to promote “a healthy gut”. Probiotics are defined as “live microorganisms which 

when administered in adequate amounts confer a health benefit on the host”(WHO 

definition). They have traditionally been thought to be useful in the prevention 

and treatment of various gastrointestinal diseases, including infectious diarrhea, 
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antibiotic diarrhea, and traveler’s diarrhea.21 Recently two large human double-

blind cross-over randomized studies using 2 different species of probiotics showed 

improvement in constipation symptoms. One study used one to three portions of 

Bifidobacterium animalis strain DN-173 010 and reported a significant reduction of 

colonic transit time (varying from 10-40%) especially in subjects with slow transit 

(transit time > 40 hours) although no change was observed in the number of stools 

per week.22 The other study using Lactobacillus Casei Shirota showed significant 

improvement in self-reported severity of constipation and stool consistency with a 

slight but significant increase in stool frequenc.23 In contrast to these latter studies, 

the only double-blind placebo controlled, randomized study performed in children 

with constipation studying the effectiveness of Lactobacillus GG as an adjunct to 

lactulose failed to show any additional benefit.24

No probiotic related adverse effects were reported in the studies. The mechanism 

of action by which probiotics lead to shortening of gut transit time or increase of 

defecation frequency has not been elucidated yet. Some researchers hypothesize 

that a product of bacterial origin may decrease sigmoid tone or stimulate colonic 

motility.25 Another proposed mechanism is that increasing the concentration of 

bifidobacteria in the gut may select microflora strains that are resistant to acid 

conditions, thus modifying the profile of gut microflora and its metabolites, such as 

short chain fatty acids, and consequently affect transit time.26 Further studies are 

needed to assess the clinical efficacy of different species of probiotics in children and 

to understand the mechanism underlying their effect.

Electrical stimulation

Another approach to treat constipation is electrical stimulation of the bowel, either 

through sacral nerve stimulation or less invasively with the use of transcutaneous 

electrical stimulation. Both techniques have been used by urologists for the treatment 

of detrusor instability and urinary retention in adults and children.27,28 Simultaneous 

improvement of bowel symptoms was often noted by researchers leading to the idea 

of using electrical stimulation for the treatment of functional bowel disorders.29,30

Only a few pilot studies have been published related to sacral nerve stimulation, 

showing encouraging results in adults with slow transit constipation and those with 

feeling of incomplete evacuation.31,32 Defecation frequency improved together with 

abdominal and bloating symptoms. Infection of the implant, pain and recurrent 

cystitis are some of the most common side effects. 

Transcutaneous electrical stimulation using interferential current (TESIC) is a 

non-invasive technique that applies electrical stimuli using surface electrodes over 

T9-L2. Chase et al. investigated this method in eight children with constipation 

resistant to chronic treatment and reported increased spontaneous defecation in 
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6 of the 8 children and reduced fecal incontinence in 7 out of 8 patients.33 These 

improvements were maintained for 3 months in up to half of the responders after 

discontinuation of the electrical stimulation. No adverse reactions were noted during 

the course of the study. The mechanisms by which sacral nerve stimulation and TESIC 

exert their effects are still unclear, and long-term, placebo controlled studies are 

necessary to rule out a placebo effect and determine the ideal treatment duration.

Acupuncture

Acupuncture is an ancient Chinese therapy which has been practiced for thousands of 

years.34 In recent years, acupuncture has been increasingly accepted throughout the 

world for the treatment of various conditions although well-designed and controlled 

studies are still lacking for most diseases to reach definite conclusions. Acupuncture 

can accelerate the release of opioid peptides in the central nervous system but its 

effect on constipation and on the opioid activity is not known. One study in children 

with chronic constipation looked at the effect of acupuncture on symptoms and on 

basal plasma panopioid level.35 The study design consisted of a 5 weekly placebo 

acupuncture sessions followed by 10 weekly true acupuncture sessions. A significant 

increase of frequency of bowel movement occurred in both boys and girls (1.5 to 

4.4/wk vs. 1.4 to 5.6/wk, p<0.01) after treatment. The panopioid activity, which is 

the ratio of plasma binding to opioid receptors in brain membranes, was lower in the 

control children and increased only in the children who received the true acupuncture 

sessions. Out of 27 children who started, 10 children did not complete the study due 

to poor compliance. In contrast to the study in children, a study performed in adults 

with chronic constipation did not show any improvement in symptoms.36 

Reflexology

Reflexology is based on the notion that different areas on the hands and feet 

correspond to glands, organs and other parts of the body and that pressure on 

those specific areas can have therapeutic effect. The mechanism underlying this 

treatment is unknown but many believe that the effect is caused by an improvement 

of blood flow that encourages relaxation and the healing response.37 The effect of 

reflexology has also been studied in children with constipation.38 After six weekly 

reflexology sessions of 30 minutes, defecation frequencies increased and fecal 

incontinence decreased. This intervention led to an increase in frequency of bowel 

movements with only 2% instead of 36% of the study children having less than 

1 bowel movement/week during treatment. No side effects were reported but 

double blind studies with longer follow up are needed to exclude placebo effect and 

determine its long term outcome.
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Abdominal massage for the relief of constipation was once a commonly practiced 

therapy but its use declined over time. Like other complementary therapies there 

is now a resurgence of interest in the role that abdominal massage may play in 

relieving constipation although preliminary studies have been disappointing.39

Botulinum toxin

Anal achalasia, defined as lack of relaxation of the internal anal sphincter (IAS) in the 

absence of aganglionosis, is an uncommon cause of constipation. The diagnosis is 

based on the results of anorectal manometry testing showing lack of IAS relaxation 

in response to rectal distention. Children with IAS achalasia typically have an early 

onset of symptoms, less fecal incontinence and less withholding behavior.40 By 

analogy to the treatment of esophageal achalasia, botulinum toxin has been used to 

treat IAS achalasia. Ciamarra et al described 20 patients with abnormal IAS function 

who had received a four-quadrant intramuscular injection of Clostridium botulinum 

toxin. Most children showed an increase in defecation frequency with a variable 

duration of response, ranging from 1 week to more than 18 months. Four patients 

eventually underwent a sphincterotomy and eight patients received 2 or 3 more 

injections with botulinum toxin. Patients experienced no side effects except for two 

children who had transient rectal pain for a few hours after the procedure. Botulinum 

toxin seems to have a very specific place in the treatment of chronic constipation 

caused by IAS achalasia or in children who continue to be symptomatic after surgery 

for Hirschsprung’s disease.41

Surgery

When symptoms are severe enough to significantly impact the patient’s quality 

of life, physicians might have to resort to surgery. Especially fecal incontinence 

which frequently accompanies chronic constipation can have a major impact on 

social interactions and quality of life of the affected child.42 Until recently, creation 

of a colostomy and/or performance of a total or partial colectomy were the only 

available surgical options when non-operative management failed. These surgical 

interventions were often associated with complications and the colectomy was 

irreversible. New interventions are now available. A continent appendicostomy or 

a button cecostomy can be created to allow antegrade administration of enemas. 

Cecostomy tubes can be safely placed percutaneously by interventional radiology 

or endoscopy instead of surgery.43,44 Regular colonic lavage results in a significant 

increase in defecation frequency, reduction of fecal incontinence frequency, and 

consequently an improvement on quality of life.43,45

Success rates are high in most studies (up to 80%) probably due to careful 

pre-cecostomy evaluation and patient selection. Older motivated children with a 
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normal response to colonic stimulants are thought to experience more success than 

younger children with no response to colonic stimulants.46 Potential side effects in 

children receiving an appendicostomy or cecostomy are stenosis of the cutaneous 

opening, painful or difficult catheterization, dislodged tubes and leakage around the 

cecostomy button.43,47,48

CONCLUSION

The treatment of children with chronic constipation can be challenging and may lead 

to disappointing results for both child/parents and physicians. Thus, it is crucial to 

be familiar with treatment modalities that go beyond traditional and standard care. 

Regrettably, most of these therapies have only been trialed in small, mostly adult, 

patient groups. Large-scale multi-center double-blind randomized controlled trials 

in children are required to establish their efficacy and safety in the treatment of 

pediatric constipation. 
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ABSTRACT

Background

Tegaserod is increasingly prescribed by pediatric gastroenterologists although there 

are few published data concerning its use in children. 

Aim

To describe the experience of using tegaserod in children. 

Methods

Patients treated with tegaserod from 2004 to 2006 were included in this study. 

Defecation and fecal incontinence frequency, and global assessment of relief of 

symptoms were assessed. 

Results

Seventy-two children (44 girls) ranging from 1.1 to 18.3 years constitute the subject 

of this report. The median age was 10 years and the median follow-up after initiation 

of tegaserod was 11.3 months (range, 2.3 - 45.2 months). Indications to prescribe 

tegaserod were constipation (58%) and a variety of other conditions including 

functional dyspepsia or IBS (42%). Defecation frequency increased after tegaserod 

use (1 vs. 7/wk, p<0.001) and presence of fecal incontinence decreased (47% vs. 

23%, p<0.001) in the constipation group. Parents rated relief of constipation as 

moderate or significant in 71% of children in the constipation group. In the group 

with other indications to start tegaserod, moderate or significant relief for abdominal 

pain and bloating was noted in 64% and 68% of the patients, respectively. The dose 

of tegaserod prescribed was 0.22 (range, 0.05-0.87) mg/kg/day. Adverse events were 

observed in 32% of the patients. The most common side effects were self-limiting 

diarrhea (20%) and abdominal pain (8%). Only one patient discontinued tegaserod 

because of side effects; this patient experienced pain at his cecostomy site. 

Conclusion

Tegaserod seems to relieve a variety of functional gastrointestinal symptoms in 

children. Further randomized, controlled studies are needed to support the specific 

pediatric target of prescribing tegaserod.
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INTRODUCTION

Constipation is a common reason for parents and their children to seek medical 

advice. It accounts for 3-5% of visits to pediatricians and 10-25% of referrals to 

pediatric gastroenterologists. 1 Systemic review of the literature shows a prevalence 

of constipation ranging from 0.7% to 29.6% both in Western and non-Western 

countries. 2 Only a small minority of children have an organic etiology for constipation 

which directs specific therapy. 3 Treatment of childhood constipation is largely based 

on clinical experience rather than on evidence based controlled clinical trials. Stool 

softeners and cathartics in combination with behavorial modifications represent 

the most used treatment programs to facilitate painless and frequent defecation. 

However, long-term management is needed in most children and approximately 30% 

of children beyond puberty continue to struggle with symptoms of constipation, 

such as infrequent painful stools with fecal incontinence. 4

Advances in our understanding of the gastrointestinal nervous system have led 

to the development of new classes of pharmaceutical agents. 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. Tegaserod (5-hydroxytryptamine; 5-HT) is a selective serotonin receptor 

agonist that acts at 5-HT4 receptors in the gut wall. It increases stool frequency, 

improves stool consistency, stimulates the peristaltic reflex and intestinal secretions 

and inhibits visceral sensitivity. 5, 6 It also has prokinetic properties in the upper and 

lower gastrointestinal tract in both male and female. 7 To our knowledge, so far there 

has only been one study published in adolescents with constipation predominant 

irritable bowel syndrome and one abstract reporting the experience on the use of 

tegaserod in four children with severe chronic constipation. 8 The purpose of this 

study is to report our 2.5 - year experience related to the use of tegaserod in children.

MATERIALS AND METHODS 

Patient population

This was a retrospective, open-label study. Eligible patients were children evaluated in 

the Division of Pediatric Gastroenterology at Columbus Children’s Hospital who had 

been taking tegaserod between January 2004 and June 2006. Some of the patients 

who were using tegaserod in Jan 2004 had started taking it as early May 2002. 

They were identified using the pharmacy inpatient and outpatient records and by 

polling all Division members and their nurses. Pediatric Rome criteria were not used 

Tegaserod in Children
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due to the retrospective nature of our study. Instead, diagnoses were established by 

reviewing the patients’ charts and their gastroenterologist’s primary diagnosis.

Clinical outcome

Pre-treatment data were obtained by chart review. Indication to start tegaserod, 

defecation pattern, number of medications, dose changes and co-morbidities were 

noted.

Outcome measures were obtained by interviewing parents of the study patients by 

phone to determine (1) post treatment symptoms of constipation, bloating/distention 

and/or abdominal pain/discomfort, (2) defecation pattern, (3) medication side 

effects, (4) tegaserod dose, and (5) discontinuation of tegaserod and reason. Efficacy 

was assessed by asking the parents if they felt that taking tegaserod had led to 

symptom relief of constipation, abdominal pain and bloating. Possible answers were: 

significant, moderate, mild or no relief. The questions were asked by an interviewer 

who had not had previous contact with the patient.

This study was approved by the Institutional Review Board of Columbus Children’s 

Hospital.

Statistical analysis of the data was conducted using the statistical software package 

SPSS (version 14.0; Inc, Chicago, IL). The results are expressed as median or as a 

percentage. For comparison between groups, the Mann-Whitney U nonparametric 

test was used for quantitative variables, and the chi square test was used for 

categorical variables. A p-value < 0.05 was considered significant.

RESULTS

Patient population

We identified a total of 89 children who used tegaserod during the study period. 

Follow-up data of 72 children (81%) were collected; 16 parents could not be reached 

and one parent refused to participate to our survey. The group with complete 

follow-up data consisted of 28 boys (39%) and 44 girls (61%) with a median age 

at initiation of tegaserod of 10 (range, 1.1-18.3) years and a median duration of 

symptoms before the use of tegaserod of 5.3 (range, 0.1-15.6) years. The median 

follow up time after initiation of tegaserod use at the time of interview was 11.3 

(range, 2.3 - 45.2) months. Indications to start tegaserod were constipation (n=42, 

58%) and other reasons (n=30, 42%). Some of the patients who had other main 

indications to start the medication also had constipation. In order to describe our 

patient population in more detail, we have arbitrarily divided the patients in those 
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with only a functional disorder and those with “other conditions” (patients with an 

underlying organic disease) with the understanding that the latter group might have 

had functional disorders as well (Figure 1). The study children had tried an average 

of 2.7 medications before tegaserod was added to their treatment regimen. Nine 

children had a cecostomy for administration of antegrade enemas and 10 children 

received feedings through a G- or G/J- tube.

FIGURE 1. Indications to start tegaserod

Clinical outcome

Table 1 presents baseline characteristics and clinical outcome before and after the 

start of tegaserod in children with constipation and children with other indications. 

As expected, the defecation frequency was lower in the constipated group than in 

the other group (1/wk vs. 7/wk, p=0.02) and increased significantly after tegaserod 

use (1/wk vs. 7/wk, p<0.001). The number of patients with fecal incontinence 

decreased significantly during treatment (47% vs. 23%, p<0.001) in the group with 

constipation. Baseline data on defecation frequency and fecal incontinence were 

missing in 3 patients in the constipation group and 12 of the group with other 

indications. 

Parents rated global assessment score of relief of constipation after tegaserod use as 

moderate or significant in 71% of the constipated group and 69% in the other group. 

Relief of abdominal pain and bloating symptoms after tegaserod were both rated as 
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Chapter 7

moderate or significant in 64% of all cases in the constipated group. In the other 

group, moderate or significant relief for abdominal pain and bloating symptoms was 

seen in 64% and 68% of the patients, respectively. 

When patients with only functional disorders were compared to patients with other 

conditions, we found no significant difference in defecation frequency in the children 

with constipation (1/wk and 3/wk). After tegaserod use, the frequency in both 

groups increased significantly to 7/wk (p=0.03 vs. p<0.01). The effect of tegaserod 

on constipation symptoms was moderate or significant in 67% in the patients with 

TABLE 1 Baseline characteristics and clinical outcomes in children with tegaserod use.

Constipation (n=42) Other indications (n=30)

Age at initiation tegaserod 8.0 (range 1.7-17.4) 12.6 (range 1.1-18.3)

Sex (boys/girls) 19/23 9/21

Duration of symptoms (years) 5.6 (range 0.5-15.6) 1.9 (range 0.1-15.1)

Time of follow-up (months) 11.3 (range 2.3-45.2) 11.4 (range 4.0-41.7)

Number of medications tried 2.4 2.8

Bowel movement frequency

-before tegaserod 1/wk* 7/wk

-after tegaserod 7/wk 7/wk

Fecal incontinence (%)

-before tegaserod 50* 4

-after tegaserod 24 0

Effect on constipation (%)

-Significant 45 56

-Moderate 26 13

-Mild 5 18

-None 24 13

Effect on abdominal pain (%)

-Significant 39 41

-Moderate 25 23

-Mild 7 9

-None 29 27

Effect on bloating (%)

-Significant 41 32

-Moderate 24 36

-Mild 6 8

-None 29 24

All values are reported as median or percentages. * P<0.001
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functional symptoms only vs. 77% in the other group. Relief of bloating was found to 

be moderate or significant in 67% and 69% and relief of abdominal pain was found 

to be moderate or significant in 69% and 56% in the group with only functional 

symptoms and the other group, respectively. 

Dose

The median dose of tegaserod used was 0.22 mg kg-1 day-1 (range 0.05–0.87 mg 

kg-1 day-1). Dose adjustments occurred in 40% of the 55 children who took tegaserod 

for >6 months (n = 55). The dose was increased in 19 patients because of lack or loss 

of efficacy and decreased in 3 patients because of diarrhea, abdominal pain, and 

insurance issues. One child used tegaserod on an as-needed basis and 1 patient used 

it every other day.

Adverse events

Adverse events were observed in 32% of the study population. They consisted of 

mild and self-limiting diarrhea (20%), abdominal pain (8%) and headache (4%). Of 

the children with functional gastrointestinal disorders 38% experienced side effects 

compared to 23% of the children with other diseases. Overall, 19% of the patients 

had stopped taking tegaserod at the time of phone interview, six in the constipated 

group and another eight in the other group (Table 2). Poor therapeutic response was 

the main reason in 11.1% followed by no longer need for the medication because 

of symptoms resolution in 4.2% of all cases. Only one patient discontinued using 

tegaserod because of side effects. This patient experienced pain at the cecostomy 

site when receiving the medication. 

TABLE 2. Reasons to discontinue tegaserod

Reason to discontinue tegaserod

Constipated group n = 4 Poor response

n = 1 Not longer needed

n = 1 Not able to afford it

Other group n = 4 Poor response

n = 2 Not longer needed

n = 1 Side effect

n = 1 Non compliant
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Chapter 7

DISCUSSION

In this retrospective study describing our 2.5 years of experience with tegaserod 

in children, no serious side effects were noted. The side effects found were mild 

and transient in most cases, with none needing medical treatment. Only 1 child 

stopped using tegaserod because of cramping at the cecostomy site. The global 

assessment scores for constipation, abdominal pain, and bloating were considered to 

be moderately or significantly improved in the majority of children. Bowel movement 

frequency increased significantly and the number of children with fecal incontinence 

decreased after treatment. No differences were found in the response to the 

medicine or in side effects between the children with just functional disorders and 

those with other underlying conditions. These outcomes are in agreement with the 

data that have been collected in adult studies throughout the last few years. 9-11

In our study, we used tegaserod doses varying from 0.05 to 0.87 mg kg-1 day-1, with 

a median dose of 0.22 mg kg-1 day-1, indicating that the effective dose of tegaserod 

may range widely among patients. At the time of the study, tegaserod was available 

in tablets of 2 mg or 6 mg and could easily be divided in half, making doses as small 

as 1 mg possible. No suspensions were available, but stability and compatibility tests 

of tegaserod from crushed tablets mixed in various beverages and foods showed that 

tegaserod was stable in and compatible with water and apple juice. 12

The limitations of this study are those inherent to retrospective and open-label studies 

in which data are collected in a clinical context. Some parents were interviewed 

months or even years after the start or discontinuation of tegaserod. Most children 

used multiple medicines, some of which were started at the same time as tegaserod, 

making it challenging to attribute the improvement solely to tegaserod. However, 

our data are encouraging considering that we were treating a highly selected group 

of patients who had tried several other medications before resorting to the use of 

tegaserod.

Marketing of tegaserod was suspended in March 2007 after retrospective 

analysis of data from clinical studies showed 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). The Food 

and Drug Administration (FDA) has indicated to the manufacturer its willingness to 

consider limited reintroduction of tegaserod in the future after further investigation.

The risk of development of ischemic colitis or a noxious effect on cardiac parameters 

were concerns that led to close scrutiny of tegaserod when first introduced to the 

market in view of the previous experience with alosetron and cisapride. Alosetron, a 5- 

HT3 antagonist, used for severe diarrhea-predominant IBS in women was withdrawn 

the same year it was introduced in 2000, after systematic review of the published data 
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and cases reported to the FDA indicated that the risk of ischemic colitis associated 

with alosetron was significantly higher than with placebo. Some of these cases lead 

to death. Public pressure and the design of a careful postmarketing surveillance 

strategy led the FDA to re-approve use of alosetron under severe restrictions in 2002. 

Until now, no convincing mechanism has been proposed to explain the associated 

relationship between ischemic colitis and alosetron. 13 Rare cases of ischemic colitis 

possibly associated with tegaserod use were also reported after the initiation of 

marketing of the medication. However, no valid mechanism for tegaserod-associated 

ischemic colitis has been ascertained and after careful review it remains questionable 

whether these cases were directly attributable to tegaserod or due to an interaction 

with other medical conditions or concomitant medications. 14 There also seems to 

be an increased risk for colon ischemia in patients with IBS, irrespective of the use 

of serotonergic agents.15 There were no known cases of ischemic colitis in patients 

receiving tegaserod within the tegaserod trial program that includes more than 

14,000 treated adults.16 The FDA did however update the precautions section of the 

approved labeling of tegaserod to alert for tegaserod-associated ischemic colitis. We 

did not encounter any case of rectal bleeding or colitis in our study.

Changes in cardiac parameters represent another subject of interest after approval 

and subsequent restricted licensing of cisapride, a nonselective 5-HT4 receptor 

agonist, which was withdrawn from general use because of its propensity to prolong 

the QT-interval. This effect is thought not to be related to the 5-HT4 receptors but to 

be associated with blockage of the potassium channel.17 Tegaserod is not structurally 

related to cisapride and both in vitro studies and analysis of electrocardiographic 

data from in 2,516 patients with IBS and 36 healthy adults showed that tegaserod 

did not influence electrocardiographic parameters.18 

The recently found increased cardiovascular ischemic events led to the withdrawal of 

all marketing activities of tegaserod. These events occurred primarily in adults patients 

who had pre-existing cardiovascular disease and/or cardiovascular risk factors. The 

proposed mechanism is that the moderate affinity tegaserod for the 5-HT1 receptor 

might cause constriction of the coronary arteries resulting in cardiovascular ischemic 

events, an effect that could be more pronounced in atherosclerotic vessels. 19, 20 

Pre-clinical studies, however, showed a low potency and very low contractile activity 

of tegaserod at 5-HT1D receptors and even an antagonist activity at 5-HT1B receptors. 

It can be argued that even the slightest risk of such serious adverse events does not 

outweigh the benefit for disorders that are not lethal. One should not underestimate 

the considerable morbidity that accompanies childhood gastrointestinal motility 

problems and defecatory disorders, conditions which cause physical and emotional 

distress and are associated with significant decrease in quality of life. 21 Most 

children described in this report had tried several other available therapies and found 
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substantial benefit from use of tegaserod. In many cases, using tegaserod was the 

last treatment attempt before resorting to placement of a colostomy, a cecostomy, 

or tube feedings. 

In summary, in this study we found that tegaserod contributed to the relief of a 

variety of functional gastrointestinal symptoms, such as constipation, abdominal 

pain and bloating in children with a heterogenous group of severe gastrointestinal 

symptoms. Tegaserod may represent an adjuvant or an alternative option to treat 

various gastrointestinal symptoms in a selective group of children who continue to 

be symptomatic despite use of more traditional medical and behavioral interventions. 
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The prevalence of functional constipation in children is widespread. Although in 

most cases short-lived and easy to treat, constipation in some patients can be a very 

challenging disorder for both patients and care givers. In these cases patients are 

often referred to specialized centers for further diagnostic testing and treatment. The 

main problem is that the pathophysiology of constipation is not fully understood and 

that therapy is largely based on experience rather than evidence. Colonic manometry 

has taught us more about the pathophysiology of constipation and helps us in the 

management of children with severe constipation. But not all can be explained. This 

thesis focuses on the use of motility testing in this group of children and discusses 

further research studies on treatment and cost analysis of childhood constipation. 

One of the tests often performed in children with severe constipation is colonic 

manometry. This test helps to differentiate functional constipation from constipation 

secondary to organic causes and can predict the success of antegrade enemas 

administered through a cecostomy. The presence of high amplitude propagating 

contractions (HAPCs) is of main interest since their presence has been identified 

as a marker of colonic neuromuscular integrity. Despite their important physiologic 

and diagnostic significance, little is known about the factors that initiate HAPCs. 

Physical factors such as luminal distention secondary to colonic filling have been 

hypothesized as physiologic initiators of HAPCs. Chapter 1 describes a study that 

evaluated the effect of intraluminal balloon distention in the colon of children with 

defecatory disorders, especially with respect to the initiation of HAPCs. The study 

demonstrated that intraluminal colonic distention was able to trigger propagated 

contractions in children. Although HAPCs were triggered in some children, colonic 

distention was not as consistent in inducing HAPCs as the motor response found in 

response to bisacodyl administration. Further studies are needed to further elucidate 

the mechanisms that are responsible for the initiation of propagating contractions, 

both HAPCs and low amplitude propagated contractions (LAPCs). Until further 

research is done into its clinical significance, colonic balloon distention in children 

should remain a research tool. 

Colonic manometry is usually performed using a water perfused catheter. These open 

tipped catheters are connected to a pneumohydraulic infusion pump that ensures 

constant flow of water and are attached to cumbersome recording equipment. 

Developments in microtransducer technology have allowed the production 

of manometry catheters incorporating miniaturized strain gauge transducers. 

These catheters allow recording of gastrointestinal motor activity on portable 

solid-state data logging devices. In Chapter 2 we compared solid-state (SS) to the 

water- perfused manometry (WP), with particular attention to the detection and 

measurement of HAPCs. The results showed that solid state catheters connected to 
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a portable data logger seem more sensitive in recording HAPC in children compared 

to the more traditional water-perfused assembly. Solid-state catheters offer potential 

advantages over water-perfused catheters in children, being portable, safer to use 

and provide data over a more prolonged period of time. Further research should be 

done to address the higher costs and the criteria for HAPC detection using solid state 

catheters.

The standard protocol for measuring colonic motility consists of a four hour stationary 

colonic manometry testing. At least 1 hour of fasting and 1 hour of a postprandial 

motility is recorded after which drug stimulation with bisacodyl is performed if no 

HAPCs are observed during fasting or postprandially. There are a few drawbacks 

related to this procedure. For one, the measurement is highly non physiological since 

patients are immobile during the whole study and sometimes still stressed from the 

placement of the catheter. Secondly, this rather “short” measurement does not take 

into account the fact that colonic motility has a diurnal rhythm. Chapter 3 describes 

a study that aimed to perform 24 hours studies in children with severe defecation 

disorders who were referred for colonic manometry studies. 

Prolonged colonic measurement provided more information regarding colonic 

motor function and allowed detection of motor events missed by the standard short 

manometry study with provocation. Prospective follow-up studies are necessary to 

evaluate the clinical relevance of this information.

The prevalence of constipation seems to be higher in children who suffer from obesity 

compared to the general population. However, previous studies have, not used Rome 

III criteria, which makes them harder to compare to other studies with respect to 

childhood constipation. The etiology of the increased prevalence constipation in 

obese children is not clear. Several mechanisms have been proposed such as diet, 

hormonal changes, level of activity but no direct mechanism has been demonstrated 

yet. We were therefore interested to uncover whether these children actually had a 

delayed colonic motility. 

In Chapter 4 we describe a study in which we measured colonic transit time in 

morbidly obese children. We confirmed that a higher prevalence of childhood 

constipation in obese children exists using the Rome III criteria. We showed that 

the increased prevalence was not due to decreased colonic motility. The difference 

in prevalence could also not be explained by differences in diet, especially not in the 

fiber or fat intake. Therefore more studies are needed to elucidate the relationship 

between constipation and obesity in children as other factors such as hormones and 

exercise may also play a role.

The treatment of children with chronic constipation can be challenging and may lead 

to disappointing results for both child/parents and physicians. Thus, it is crucial to 

be familiar with treatment modalities that go beyond traditional and standard care. 

Chapter 5 provides an overview of novel and alternative therapies, such as probiotics, 
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new drugs and surgery, that are currently being proposed for the treatment of 

childhood chronic constipation. Although some therapies seem very promising, large 

randomized controlled studies are lacking making it difficult to make evidence-based 

recommendations.

One of the potential new drugs for constipation was tegaserod. Tegaserod 

(5-hydroxytryptamine) is a selective serotonin receptor agonist that acts at 5-HT4 

receptors in the gut wall. 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. In Chapter 6 we describe our 

experience with tegaserod. We found that tegaserod contributed to the relief of 

a variety of functional gastrointestinal symptoms, such as constipation, abdominal 

pain and bloating in children with a heterogeneous group of severe gastrointestinal 

symptoms. Unfortunately, tegaserod was pulled of the market due to a meta-analysis 

that showed an increase in cardiac events in adults and can now only be prescribed 

for compassionate use. Hopefully, lubiprostone and prucalopride, two other potential 

new drugs shown to be effective in adults, will be proven to be as successful in 

children. 

Due to its wide prevalence and chronic nature, it has become clear that constipation is 

a significant source of health care expenses and a potential target for reducing health 

care cost. Chapter 7 describes a study that shows that childhood constipation has 

a significant impact on the use and cost of medical care services among children in 

the United States. The estimated US dollars cost per year is 3 times higher compared 

to children without constipation and probably still underestimates the real burden 

of childhood constipation. Our data suggest that the burden of illness imposed by 

constipation, and the costs associated with this condition, are roughly of the same 

magnitude as for asthma and ADHD. 11 We therefore believe that constipation 

deserves similar emphasis and justification exists to promote public health efforts to 

improve its prevention, recognition, and treatment. 
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FUTURE PERSPECTIVES

The use of the Rome III criteria has improved the clinical recognition of constipation 

and makes it possible to compare research data and stimulates collaboration 

between fields. The exact pathophysiology of functional constipation, however, is 

still unknown. It is likely that multiple factors are involved in the development and 

persistence of functional constipation and it is important to continue to investigate 

them in the future. 

The burden of childhood constipation is high. Economically, as has been shown in 

this thesis, but also emotionally leading to a lower health related quality of life as 

demonstrated by long term follow-up studies from our motility unit. 2Further research 

is necessary to establish the underlying pathophysiology and to create validated 

diagnostic tools. This may lead to therapies that are not only based on empiric data 

and might be more successful than the ones currently employed.

Colonic manometry has given us a direct way to investigate the colon and has increased 

our knowledge of colonic motor physiology. Several studies have demonstrated 

the clinical usefulness of measuring colonic motility in children with intractable 

constipation but this technique has its limitations. An important shortcoming remains 

the lack of normal values from a healthy control group. Unfortunately these will not 

very likely to become available due to ethical obstacles to perform such invasive tests 

in healthy children. Furthermore, the existence of colonic neuromuscular disorders 

cannot be identified based on colonic manometry studies alone. The interpretation 

of colonic manometry studies is therefore difficult and physiological significance of 

some contractile activities identified by manometry continue to be uncertain. For 

example: a small subgroup of children will do well even without high amplitude 

contractions (HAPCs) or will not do well with “normal” motility found by colonic 

manometry. Increased understanding of this complex system is concomitant with 

advances in methodology and 24 hours manometry could possibly shed more light in 

those cases since it detects more motor events. Other interesting new developments 

are manometry studies using fiber optic catheters with very closely spaced sensors 

(10mm apart) allowing a full interpolated image of intraluminal pressure to be 

generated.3 Wireless capsule measurements of motility is another new technique 

that has not been researched extensively in children yet. Prospective longitudinal 

studies are required to evaluate the clinical meaning and studies should, at present, 

be limited to specialized centers

In this thesis we described an increased prevalence of constipation in morbidly obese 

children. Associations between constipation and other diseases have been observed 

in both adults and children. 4 However, not much is known about the mechanisms 
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behind these associations. Related conditions range from gastrointestinal 

complications, urologic disorders and more recently autism. 5-7 The big challenge is 

to further investigate these associations in order to unravel the mechanisms behind 

them. Studies looking at the relationship of constipation with urological symptoms 

and with autism are currently in progress in our motility unit and will hopefully 

increase our understanding.

Development of new treatment strategies is challenging but necessary given the fact 

that a subgroup of children fail to achieve successful clinical outcome. Due to lack 

of published data pediatricians are often faced with the dilemma of either treating 

children with potentially harmful medications based on data extrapolated from adult 

studies or withholding potentially beneficial therapies. This was also the case with 

the use of tegaserod, a selective serotonine agonist that was shown in adult data 

to be beneficial for several gastrointestinal complaints. All children in our study 

received tegaserod off-label since no previous studies in children had been done. In 

general, studies show that over 50% of the compounds used in children have not 

been tested for use in this specific age group. The absence of suitable authorized 

compounds to treat conditions in children results from the fact that pharmaceutical 

companies frequently do not perform the necessary research and development to 

adapt medicinal products to the needs of the pediatric population. Hopefully new 

regulations both in the United States and European Union will improve this problem. 

These regulations set up a system of requirements, rewards and incentives, to ensure 

that compounds are researched, developed and authorized to meet the therapeutic 

needs of children. 

Summary and Future Perspectives

123

Proefschrift Olivia.indb   123 18-12-2009   9:57:59



REFERENCE LIST

 1.  Chan E, Zhan C, Homer CJ. Health care use and costs for children with attention-deficit/
hyperactivity disorder: national estimates from the medical expenditure panel survey. Arch 
Pediatr Adolesc Med 2002;156:504-511.

 2.  Bongers ME, Benninga MA, Maurice-Stam H, Grootenhuis MA. Health-related quality of life 
in young adults with symptoms of constipation continuing from childhood into adulthood. 
Health Qual Life Outcomes 2009;7:20.

 3.  Arkwright JW, Blenman NG, Underhill ID, Maunder SA, Szczesniak MM, Dinning PG, Cook IJ. 
In-vivo demonstration of a high resolution optical fiber manometry catheter for diagnosis of 
gastrointestinal motility disorders. Opt Express 2009;17:4500-4508.

 4.  Talley NJ, Lasch KL, Baum CL. A gap in our understanding: chronic constipation and its 
comorbid conditions. Clin Gastroenterol Hepatol 2009;7:9-19.

 5.  Boccia G, Buonavolonta R, Coccorullo P, Manguso F, Fuiano L, Staiano A. Dyspeptic symptoms 
in children: the result of a constipation-induced cologastric brake? Clin Gastroenterol Hepatol 
2008;6:556-560.

 6.  Loening-Baucke V. Urinary incontinence and urinary tract infection and their resolution with 
treatment of chronic constipation of childhood. Pediatrics 1997;100:228-232.

 7.  Ibrahim SH, Voigt RG, Katusic SK, Weaver AL, Barbaresi WJ. Incidence of gastrointestinal 
symptoms in children with autism: a population-based study. Pediatrics 2009;124:680-686.

124

Proefschrift Olivia.indb   124 18-12-2009   9:57:59



Samenvatting en 
Toekomstperspectieven

Proefschrift Olivia.indb   125 18-12-2009   9:57:59



Proefschrift Olivia.indb   126 18-12-2009   9:57:59



Obstipatie (verstopping) op de kinderleeftijd komt erg vaak voor en wordt beschouwd 

als een functionele aandoening. Functioneel betekent dat er geen duidelijke 

onderliggende oorzaak voor de obstipatie aanwijsbaar is. Hoewel de klachten van 

obstipatie meestal kortdurend en goed te behandelen zijn, kan obstipatie voor zowel 

patiënt en arts een erg lastig probleem zijn. Als dat het geval is, worden patiënten 

verwezen naar een gespecialiseerd centrum voor verder diagnostisch onderzoek. 

Het grootste probleem is dat het nog altijd niet bekend is hoe obstipatie ontstaat. 

Dit betekent dat de behandeling voornamelijk symptomatisch is en gebaseerd 

op ervaring in plaats van wetenschappelijk bewijs. Dit proefschrift gaat in op 

verschillende onderzoeksmethoden bij kinderen met obstipatie, beschrijft nieuwe 

behandelmethodes en behandelt ook de kosten van obstipatie op de kinderleeftijd.

De jaarlijkse kosten van obstipatie bij volwassenen zijn aanzienlijk. Onderzoeken 

bij kinderen met obstipatie naar de gezondheidskosten waren tot nu toe nog niet 

verricht. Hoofdstuk 1 beschrijft een onderzoek dat de kosten van kinderen met 

obstipatie in de Verenigde Staten is nagegaan. Hieruit kwam dat kinderen met 

obstipatie veel gebruik maken van de gezondheidszorg en daarbij significante kosten 

maken. Zij hadden ongeveer drie keer zoveel gezondheidskosten in vergelijking tot 

kinderen die niet aan obstipatie leden. Het bedrag kwam min of meer overeen met 

de gezondheidskosten die gemaakt worden door kinderen met astma of ADHD, 

twee andere veelvoorkomende aandoeningen. Dit onderzoek maakt duidelijk dat 

obstipatie niet alleen lastig is voor patiënten en hun ouders maar ook een groot 

economisch probleem vormt. Meer scholing van huisartsen, jeugd- en kinderartsen 

kunnen de diagnostiek en behandeling van kinderen met obstipatie verbeteren. 

Binnen de kindergeneeskunde is daar inmiddels een begin meegemaakt door een 

landelijke richtlijn te ontwikkelen. 

Colon manometrie, is een onderzoek dat soms verricht wordt indien kinderen niet 

reageren op medicamenteuze of gedragsmatige therapie. Middels deze techniek 

worden de drukken in de dikke darm gemeten. Dit onderzoek helpt onderscheid te 

maken tussen functionele obstipatie en obstipatie met een onderliggende oorzaak. 

Bovendien blijkt uit onderzoek dat colonmanometrie helpt bij het voorspellen of 

darmspoelingen door een stoma succesvol zal zijn. De aanwezigheid van krachtige 

peristaltisch bewegingen, ook wel hoge amplitude propagerende contracties 

(HAPCs) genoemd, is een kenmerk van een normaal werkende dikke darm. Hoewel 

deze HAPCs belangrijk zijn voor de werking van de darmen en hun aanwezigheid 

van belang is voor het stellen van een diagnose, is nog erg weinig bekend hoe deze 

HAPCs opgewekt worden. Een van de theorieën is dat deze contracties worden 

opgewekt wanneer de dikke darm wordt uitgerekt wanneer hij gevuld wordt na het 

eten. In hoofdstuk 2 wordt een studie beschreven waarin het effect van distentie 
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van de dikke darm, door middel van het opblazen van een ballon in de darm, bij 

kinderen met ernstige defecatiestoornissen wordt geëvalueerd. Uit deze studie blijkt 

dat distentie van de dikke darm peristaltische contracties (HAPCs) kan opwekken. 

Hoewel het opblazen van de ballon in sommige kinderen ervoor zorgde dat ze 

HAPCs kregen, zagen we niet bij elk kind deze contracties. Dit was wel het geval 

nadat ze het medicijn bisacodyl hadden gekregen, een medicijn waarvan we weten 

dat het HAPCs kan veroorzaken. Meer studies zijn nodig om het mechanisme te 

ontrafelen dat verantwoordelijk is voor het opwekken van peristaltische contracties, 

van zowel HAPCs als de laag amplitude propagerende contracties (LAPCs). Met deze 

kennis zou het mogelijk zijn behandelmethodes te ontwikkelen die deze contracties 

stimuleren.

Het colon manometrie onderzoek wordt voornamelijk verricht met behulp van 

een water geperfundeerde katheter. Deze katheters zijn verbonden met een 

pneumohydrolische pomp die er zorg voor draagt dat water in een constante 

lage snelheid door de katheter stroomt. Nieuwe ontwikkelingen in de technologie 

van microtranducers hebben het mogelijk gemaakt dat er nu katheters bestaan 

met minidruktranducers. Deze katheters gebruiken geen water maar hebben 

drukmembranen waarmee men drukken in de darmen kan meten. Verder kunnen 

ze worden gekoppeld aan draagbare datakastjes die de informatie opslaan. In 

hoofdstuk 3 wordt de gevoeligheid van de solid state katheter vergeleken met 

de water geperfundeerde katheter. We waren voornamelijk geïnteresseerd hoe 

goed beide catheters HAPCs konden detecteren. Onze resultaten laten zien dat 

de solid state katheter met zijn draagbare datakastjes gevoeliger lijken te zijn in 

het detecteren van HAPCs in kinderen dan de meer traditioneel gebruikte water 

geperfundeerde katheter. Wat wel opviel was dat beide katheters niet altijd dezelfde 

amplitude maten. Het gebruik van solid state katheters heeft potentiële voordelen 

boven het gebruik van de water geperfundeerde katheter bij kinderen omdat ze 

draagbare datakastjes hebben, mogelijk veiliger zijn in gebruik en je hiermee ook 

over langere periodes kan meten. Wel zijn de catheters een stuk duurder en zijn ze 

meer kwetsbaar dan de watergeperfundeerde catheters. 

Het standaard protocol om de darmmotiliteit (bewegingen van de darm) te meten 

met behulp van colon manometrie, bestaat uit een ongeveer 4 uur durende meting 

waarbij het kind stil in bed ligt. Deze meting bestaat uit 3 periodes: 1) er wordt 

gedurende 1 uur in nuchtere toestand gemeten 2) vervolgens wordt tenminste 

een uur gemeten na het eten van een maaltijd en 3) tenslotte wordt bisacodyl 

(geneesmiddel dat de motiliteit van de dikke darm stimuleert) toegediend, wanneer 

er tijdens de eerdere 2 peridodes geen HAPCs gezien werden. Aan deze methode 

kleven een aantal nadelen. Allereerst wordt de meting niet in een hele natuurlijke 
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situatie verricht, aangezien de patiënten op bed liggen en niet normaal kunnen 

bewegen gedurende de meting. Ook zijn kinderen vaak gestrest na de plaatsing van 

de katheter die op OK heeft plaats gevonden, hetgeen mogelijk effect heeft op de 

darmmotiliteit. Vervolgens houdt deze relatief “korte” meting geen rekening met 

het feit dat de darmmotiliteit een dag-nacht ritme heeft. In Hoofdstuk 4 wordt een 

onderzoek beschreven waarbij gedurende 24 uur de drukken in het colon werden 

gemeten bij kinderen met ernstige defecatiestoornissen. Uit dit onderzoek bleek dat 

door langer meten van de colonmotiliteit inderdaad meer informatie werd verkregen 

over de motiliteit van de dikke darm. De klinische relevantie van deze informatie zal 

wel verder onderzocht moeten worden.

De prevalentie van obstipatie lijkt hoger te zijn bij kinderen met overgewicht 

(obesitas) in vergelijking met kinderen zonder overgewicht. Waarom kinderen 

met obesitas meer last hebben van obstipatie is echter onduidelijk. Dieet, 

hormoonveranderingen of lichaamsactiviteit, zijn mogelijke oorzaken, maar geen 

van deze afzonderlijke factoren zijn goed onderzocht. In hoofdstuk 5 werd met 

behulp van radio-opaque markers de dikkedarmpassagetijd gemeten bij een groep 

kinderen met morbide obesitas (extreme overgewicht). In overeenstemming 

met eerder onderzoek werd er inderdaad een hogere prevalentie van obstipatie 

gevonden bij kinderen met morbide obesitas . Deze bedroeg 21% vergeleken met 

9% in de normale kinderpopulatie. Echter, de verhoogde prevalentie correleerde niet 

met een vertraagde dikkedarmpassagetijd. Dat wil zeggen dat er geen verschil in 

dikkedarmpassagetijd werd gevonden tussen de obese kinderen met obstipatie of 

zonder obstipatie. Tenslotte werd er geen verschil in vet- of vezelinname gevonden 

tussen de kinderen met en zonder obstipatie en obesitas. De eventuele relatie tussen 

obstipatie en obesitas en de invloed van hormonen of lichamelijke activiteit zal verder 

moeten worden onderzocht.

De behandeling van kinderen met obstipatie is vaak lastig en vraagt veel inzet en 

geduld van zowel patiënten, ouders als hulpverleners. Het is daarom belangrijk 

om op de hoogte te zijn van de verschillende behandelmogelijkheden die verder 

gaan dan de huidige conventionele therapieën. Hoofdstuk 6 is een literatuur 

onderzoek, waarin een overzicht wordt gegeven van nieuwe of complementaire 

behandelmogelijkheden, zoals probiotica, nieuwe medicatie en nieuwe chirurgische 

mogelijkheden, op het gebied van obstipatie. Hoewel sommige therapieën 

veelbelovend lijken, blijft het gebrek aan goed uitgevoerde placebo-gecontroleerde 

onderzoeken een probleem om de werkelijke effectiviteit van deze verschillende 

behandelingen goed in te schatten. 

Tegaserod, een middel dat de motiliteit van dikke darm stimuleert, is een mogelijk 

nieuwe optie in de behandeling van kinderen met obstipatie. In hoofdstuk 7 
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beschrijven wij onze ervaring met dit middel in 72 kinderen. Tegaserod bleek in 

de meerderheid in een groep van kinderen met verschillend klachten (waaronder 

obstipatie, prikkelbare darmsyndroom en chronische buikpijn) verlichting te geven. 

Helaas werd tegaserod in 2007 van de markt gehaald omdat er twijfel was ontstaan 

over de veiligheid van het middel. Het middel bleek dat het risico op hartinfarcten te 

verhogen in volwassenen. Sindsdien is dit medicijn alleen nog in het geval van nood 

beschikbaar. Hopelijk zullen lubiprostone en prucalopride, twee nieuwe medicijnen 

die lijken te werken in volwassen, ook effectief blijken te zijn in kinderen. 
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TOEKOMSTPERSPECTIEVEN

Obstipatie op de kinderleeftijd wordt vastgesteld door middel van een definitie die 

bestaat uit een cluster van symptomen (Rome III criteria). Het voordeel van deze 

definitie is dat iedereen in de kliniek, maar ook in de wetenschap dezelfde definitie 

gebruikt. Hierdoor is het mogelijk onderzoeken te vergelijken en om meer samen te 

werken met andere onderzoekscentra. Maar nog altijd is onbekend hoe functionele 

obstipatie ontstaat en bestaat er geen standaard diagnostische test om obstipatie 

aan te tonen. Waarschijnlijk spelen er verschillende factoren een rol in het ontstaan 

en instandhouding van klachten. Het blijft daarom belangrijk om deze in de toekomst 

verder te onderzoeken.

Met het colon manometrie onderzoek kunnen we op een directe manier de 

peristaltiek van dikke darm bekijken. Deze drukmetingen hebben ervoor gezorgd 

dat de kennis is toegenomen over de normale en abnormale werking van de dikke 

darm in patiënten met ernstige ontlastingsproblemen. Maar deze techniek heeft 

echter ook tekortkomingen. De belangrijkste hiervan is dat er geen normaalwaarden 

van de dikke darm peristaltiek in kinderen beschikbaar zijn. Deze zullen er 

hoogstwaarschijnlijk nooit komen omdat het onethisch is om gezonde kinderen zo’n 

invasieve test te laten ondergaan. Op dit moment kan een drukmeting van de dikke 

darm ook nog niets zeggen over de aanwezigheid van zenuw- en/of spierafwijkingen 

van de dikke darm. De interpretatie van een colon manometrie blijft daarom lastig 

en de betekenis van sommige contracties die gezien worden tijdens de drukmeting 

zijn nog niet duidelijk. Het langer meten van de darm motiliteit geeft meer informatie 

maar langdurige follow-up onderzoeken zijn nodig om de klinische betekening van 

deze “extra” informatie vast te stellen. 

Er zijn wel nieuwe ontwikkelingen gaande op het gebied van motiliteitsonderzoek. 

Er zijn nieuwe technieken zoals het gebruik van glasvezelcatheters, waarmee elke 10 

mm de drukken kunt worden meten in plaats van elke 10 cm. Of een andere nieuwe 

methode is de zogenaamde “smartpil”, een pil waarmee de drukken in de darm 

gemeten kan worden. Voorlopig staan deze methodes nog in de kinderschoenen en 

worden ze alleen gebruikt zeer gespecialiseerde klinieken. 

In dit proefschrift beschrijven we de hoge prevalentie van obstipatie in kinderen 

met morbide obesitas. Obesitas is niet het enige ziektebeeld waarmee obstipatie 

in verband wordt gebracht. Obstipatie lijkt ook onevenredig vaak voor te komen 

bij kinderen met andere gastrointestinale aandoeningen, kinderen met urologische 

problemen en bij kinderen met autisme. De onderliggende mechanismes tussen 

obstipatie en deze aandoeningen is nog onbekend. Op dit moment wordt er in 
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binnen onze onderzoeksgroep gekeken naar de relatie van obstipatie met urologische 

klachten en met autisme. Hopelijk zullen deze onderzoeken bijdragen aan ons inzicht.

Het ontwikkelen van nieuwe medicatie voor obstipatie is nodig aangezien er een 

subgroep binnen de groep kinderen met obstipatie bestaat die niet succesvol 

behandeld kunnen worden met conventionele laxeermiddelen. Omdat er weinig 

onderzoek gedaan wordt naar het gebruik van medicatie in kinderen, komen 

kinderartsen regelmatig voor het dilemma te staan om medicatie voor te schrijven 

die alleen nog maar in volwassenen getest zijn of om mogelijke nuttige therapie 

niet aan te bieden. Dit was ook het geval met het medicijn tegaserod. Alle kinderen 

in ons onderzoek hebben tegaserod off-label (buiten de goedgekeurde indicaties 

om) voorgeschreven gekregen aangezien er nog geen onderzoek in kinderen naar 

dit medicijn was verricht. Het off-label voorschrijven komt in de kindergeneeskunde 

vaak voor (naar schatting in ongeveer de helft van de gevallen) omdat een groot deel 

van de geneesmiddelen niet is geregistreerd voor gebruik bij kinderen. Het gebrek 

aan wetenschappelijk voldoende onderbouwde medicijnen voor kinderen is mede te 

wijten aan het gebrek aan animo bij de farmaceutische industrie en het jarenlange 

verbod op onderzoek bij kinderen. Inmiddels zijn er in Europa en in de Verenigde 

staten maatregelen van kracht waarmee farmaceuten gestimuleerd worden om ook 

onderzoek te doen naar de werking van hun medicijnen in kinderen. Hopelijk zal dit 

er in de toekomst voor zorgen dat er meer onderzoek gedaan wordt naar medicatie 

voor obstipatie in kinderen.

De kosten van obstipatie op de kinderleeftijd zijn hoog. Het heeft niet alleen een 

grote impact op het psychische en emotionele welbevinden van een kind maar 

ook op de economie zoals we in dit proefschrift hebben laten zien. Daarom is het 

belangrijk dat er bruikbare en betrouwbare diagnostische onderzoeken ontwikkeld 

worden. Meer kennis over het onderliggende oorzaak zou kunnen leiden tot een 

betere behandeling van deze kinderen.
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De afgelopen 4 jaren zijn voorbij gevlogen en ik heb genoten van bijna elk moment. 

Veel mensen hebben meegewerkt en meegeholpen aan dit proefschrift. Ik wil 

iedereen die op wat voor manier dan ook een bijdrage heeft geleverd bedanken. Een 

aantal mensen wil ik in het bijzonder noemen.

Dr. M.A. Benninga, baas, BB, beste Marc, wat een toeval en geluk dat jij naast 

Carsten in het vliegtuig richting de ESPGHAN zat. Jullie raakten aan de praat en zo 

kwam het dat ik een paar weken later bij jou op de kamer zat om te praten over 

onderzoek. Ik voelde meteen dat ik bij jou op de juiste plek was. En dat ik een jaar 

bij ene professor Di Lorenzo in het onbekende Columbus, Ohio moest zitten, had 

ik er wel voor over. Pas later besefte ik tegen wat voor een prachtige baan ik ja 

had gezegd. Aanvankelijk vanaf de andere kant van de oceaan en later vanaf de 8e 

verdieping was jij er altijd voor de bemoedigende woorden, de nodige aansporing en 

het enthousiasme. Bedankt voor alles, ik heb veel van je geleerd en een geweldige 

tijd gehad!

Prof. C. Di Lorenzo, CLD, my American Italian boss, dear Carlo, what a wonderful 

time I had in Columbus, Ohio. Thank you for welcoming me in your department and 

making me feel at home. And as busy as you were, you never failed to look over the 

fence to check on how I was doing. You always made time to answer my questions 

and even now you’re the first one to respond (if it takes a while, I know you’re in a 

plane or somewhere else without internet connection…) I also enjoyed the time we 

spend outside the hospital and have returned to the Netherlands with many great 

memories.

Professor Heymans, hartelijk dank voor de mogelijkheid om binnen de afdeling 

Kindergeneeskunde van het EKZ te promoveren. Het snelle commentaar en de gave 

om de rode draad en het overzicht te houden, hebben er toe geleid dat dit boekje 

zo tot stand is gekomen.

Hooggeleerde heren van de promotiecommissie en weledelzeergeleerde vrouwe, 

dank voor uw bereidheid zitting te nemen in mijn promotiecommissie.
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Lieve collega’s van de poeppoli:

Wat is het bijzonder om deel uit te maken van zo’n hecht team. Het is fijn om altijd 

terecht te kunnen voor advies en een kritische, eerlijke blik. En naast de gebruikelijke 

perikelen die horen bij het doen van onderzoek, delen we nog veel meer. Dank jullie 

wel voor alle gezelligheid en ik hoop jullie in de toekomst nog vaak te zien.

Maartje, mijn voorgangster in Columbus, mede dankzij jouw enthousiaste verhalen 

over Ohio, heb ik de sprong gewaagd. En je had gelijk: ik heb er veel geleerd en een 

mooie tijd gehad. Ik bewonder je kritische kijk en onderzoeksblik en vind het leuk dat 

we binnenkort weer collega’s zijn.

Lieve Marloes, toen ik net begon, heb jij me ingewerkt op de poli en ook later kon 

ik met m’n vragen altijd bij jou terecht. Zo georganiseerd als jij ben ik helaas niet 

geworden en ik weet nog steeds niet wat voor magnetische kracht jouw bureau had 

op mijn spullen…Dank voor de gezelligheid.

Onze enige man in de groep, Michiel. Jouw aanwezigheid in het “kippenhok” deed 

het gekakel enigszins verminderen en ik vind het knap hoe je jij je staande hield 

tussen alle vrouwen. En hoe druk je het ook had, je was altijd bereid te helpen bij een 

of andere computervraag. Ik heb ook veel zin in jouw promotie binnenkort. 

Lieve Noor. Tijdens DDW in Washington zaten wij samen op een kamer. Misschien 

was het de collectie schoenen die we beiden hadden meegebracht, onze lengte of 

onze humor, maar sinds die tijd zijn we onafscheidelijk. Lief en leed hebben we met 

elkaar gedeeld en aan een blik hebben we vaak genoeg om te snappen wat de ander 

bedoelt. Ik bewonder je enthousiasme, openheid en trouw en onze vriendschap is 

mij zeer dierbaar. Het is daarom ook niet meer dan passend dat we op dezelfde dag 

gaan promoveren. Ik vind het super dat je ook nog mijn paranimf wilt zijn en verheug 

me nu al op ons feestje! 

Lieve Rosa, mijn opvolgster in Columbus. Het voelde raar en een beetje verdrietig om 

te vertrekken maar dankzij jou bleef ik uitstekend op de hoogte van al het gebeuren 

in Ohio. Nu we niet allebei meer op de poeppoli zitten, is het altijd weer gezellig 

om je te zien als jij je dagje WKZ hebt. Ben blij zo’n goede vriendin erbij te hebben 

en maak dankbaar gebruik van mijn logeersleutel en de gastvrijheid van de familie 

Burgers. Ik vind het fijn dat jij 17 februari naast me staat.

Claire, onze koningin van de spuugpoli. Met veel enthousiasme kwam jij terug uit 

Australië, vol grootse ideeën en plannen. Ik vind het mooi om te zien hoe je aan 

deze projecten werkt, met als hoogtepunten de spuugpoli website en natuurlijk onze 

eerste motiliteits skiweekend. Verder ben je een enorme bikkel en hoop ik in de 

toekomst nog vaak met je te gaan “keten”.

Last, maar certainly not least, Babe, oftewel Babette. Wat gezellig dat jij onze 

poeppoli kwam versterken en helemaal dat je mijn buurvrouw werd! Hoewel niet 
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al onze grapjes begrepen worden, vinden wij ze gelukkig wel erg leuk. Ik waardeer 

je oprechte interesse en onze gesprekken. En met jouw gedrevenheid, weet ik zeker 

dat jij straks een prachtig boekje hebt. Straks weer collega’s?

Nu mijn tijd op de poeppoli is afgelopen, komen er een hoop nieuwe mensen binnen: 

Suzanne, Marije en Rachel, heel veel succes met jullie toekomstige projecten. Ik 

wens jullie een mooie tijd op de poeppoli!

Collega’s en oud-collega’s van het Motiliteitscentrum: Sjoerd, Laurens, Wout, Breg, 

Tamira, Hanneke, Wout, Breg, Susan, Esmerij, Willemijn, René, Wouter, Sem, 

Olaf, Oana en Sophie. Ik wil jullie bedanken voor jullie gezelligheid, de GAP borrels 

en andere uitjes. Veel succes met alle opleidingen en afronden van onderzoeken.

Lieve Aaltje, we hebben wat uren afgeklets en daarvan minstens de helft van de tijd 

in een deuk gelegen. Wij zijn volgens mij nog lang niet uitgepraat en ik verheug me 

nu al op weer een gezellig etentje. Natuurlijk mag ik het duo Sjaurens niet vergeten. 

Lieve Sjoerd, jij hebt zo je eigen grapjes en theorieën. En hoewel ik je niet altijd kan 

volgen, moet ik toegeven dat het fruit soms best goed verstopt was…. Het was een 

feestje om met jou op een kamer gezeten te hebben. Succes met de muizen! En dan 

Laurens, de “opa” van de kamer. Hoe jij het die 10 uur naast Sjoerd uitgehouden 

hebt in de auto, is me nog steeds een raadsel. Succes met je onderzoek en als je nog 

een keertje bloed nodig hebt, laat je het weten hè? Ik regel wel weer iemand. 

Lieve Breg, hoewel je het de laatste tijd steeds drukker hebt, ben je altijd erg 

betrokken en geïnteresseerd. Voor jou veel succes met jouw laatste loodjes van het 

onderzoek. Wout! Het was leuk jouw buurvrouw te zijn en elke ochtend enthousiast 

begroet te worden. Hoop dat jij ook al straks een dansje kan doen. Lieve Ramona, 

wat zouden we toch zonder jou moeten doen? Niet alleen verwen je ons regelmatig 

met een heerlijke cake maar zorg jij voor de nodige knutsel kunstwerken bij elke 

promotie. 

Collega’s van de afdeling kinder maag-darm, en leverziekten: Beste Merit, Bart, 

Angelika en Thalia, onze maandelijkse researchbesprekingen zijn niet alleen altijd 

leerzaam maar ook goed om elkaar weer eens te zien. Dank voor alle hulp en geduld 

als er weer eens een colon manometrie gedaan moest worden. Lieve Faiza, Hilda, 

veel dank voor alle hulp tijdens het draaien van de poeppoli en natuurlijk voor de 

gezelligheid. Beste Joan, ben blij dat je er weer bijna helemaal bovenop bent en 

dank voor alle brieven.

Sultans, wat een prachtige congressen maken wij met elkaar mee. Wie kan er nou 

zeggen dat ze “altijd” of in een beach house of in een luxe penthouse verblijven? Ga 

deze mooie tripjes missen en hoop er nog eentje mee te maken komend jaar. 
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I would like to thank all the doctors, nurse practitioners, nurses, managers and 

secretaries from the Department of Pediatric Gastroenterology at Columbus 

Children’s Hospital of Columbus (Nationwide Children’s Hospital). I always felt very 

welcome during my stay and think of you fondly. 

Dear Hayat, thank you for your help designing the studies and your advice. I 

appreciate that you made time me for in your busy schedule. Dear Melissa, it was 

clear from the beginning that you were somewhat more familiar with the Dutch 

because of your friendship with Maartje. But it was still a big surprise to receive 

such a beautiful Sinterklaas poem on Dec 5th. Thank you for all the good times 

and I’m sure you’ll make a wonderful nurse in the near future. Barb L., I do not 

think you were grumpy at all, or at least not all the time….Thank you for teaching 

me how to do colonic manometries and helping me out with all the other studies. 

I hope you enjoy your well deserved retirement. Dear Linda, I always enjoyed our 

conversations and admire your patience and dedication to the patients. My dear 

Mary Kay, of all the wonderful people I’ve met in Columbus, you definitely hold a 

special place in my heart. Let’s stay in touch.

Dear Naru, dr Reddy, thank you for all your input and effort on the solid state 

studies. I owe you at least one beer!

Dear fellow fellows!

I still miss our office in the corner with the great view and of course your company. 

Jaya, Tom, Brendan and Molly, good luck with your careers.

Dear Kyle, we’ve come a long way since the day that I, allegedly, stole your desk. 

I’m happy that you’re back in your beloved Colorado and wish you all the best. 

(And I’m sorry that your haiku didn’t make the cut…) Dear Des, it was a pleasure to 

have you as my neighbor and I’ve enjoyed your company and the company of you 

wonderful family. Next time you come to the Netherlands you should stay a little 

longer! Roberto, I was glad you were able to come to the Netherlands to visit. 

We had fun. I don’t think I know anyone who is so positive and full of enthusiasm 

as you, my dear friend. Checo and Marcella, my dear Mexican friends, thank you 

for all the laughs and good times we had. I promise to visit soon to admire the 

new member of the Fernàndez family. Until then, I’ll follow your lives through 

Facebook. Dear Ann, my Canadian running buddy, thanks to you we experienced 

a real American bridal shower. Come and visit soon.
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My Columbus friends, Kiwa, Linda, Julia, Herma, Tiziana, Flavia, Pierluigi, 
Atsuko, Jang, Fawn, Bryan, Eleonora. Thanks to you my life in Columbus 

did not only consist of working but was also filled with dancing, good food and 

wonderful get-togethers. Although we live miles apart, I’m sure we’ll meet again 

soon, somewhere in the world. Miss you!

Al mijn lieve vrienden, vriendinnen, neefjes en nichtjes, wat fijn dat jullie er altijd 

voor me zijn. En wat ben ik blij met dat er zulke technologieën als email en 

Skype bestaan. Zo was ik in Amerika toch nog dichtbij en op de hoogte van alle 

laatste nieuwtjes in jullie leven. Laten we snel weer leuke dingen samen doen. 

Lieve Aisha, studiegenoten, jaargenoten, oud-huisgenoten en bovenal jarenlang 

vriendinnen, ook jouw “grote dag” komt er echt ooit aan en dan zul je mij vooraan 

zien zitten. Lieve Lara en Its, fijn dat ik met al m’n verhalen bij jullie terecht kan en 

we moeten misschien maar weer snel een mooie roadtrip maken. En lieve Marije, 

ik heb mooie herinneringen aan ons bezoek aan New York en ik hoop straks echt 

meer tijd te hebben om elkaar meer te zien.

Lieve Christiaan, lief broertje, ook jij begint weer aan een nieuwe fase aan je 

leven. Ben trots op je en erg benieuwd wat jouw volgende avontuur gaat worden.

Lieve papa en mama, met jullie sluit ik mijn dankwoord af. Dankzij jullie ben ik 

geworden zoals ik ben. Dank jullie wel voor jullie onvoorwaardelijke steun en liefde.

Olivia Liem, december 2009
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Begin at the beginning and go on till you come to the end: then stop.

Lewis Carroll, Alice in Wonderland
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