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GENERAL INTRODUCTION

Epidemiology

Constipation represents a common problem in children, accounting for 3-10% of visits to 

general pediatric clinics and up to 25% of referrals to pediatric gastroenterologists.1 The 

worldwide prevalence of functional constipation in children varies from 0.7% to 29.6%, 

with this condition occurring in all pediatric age groups, from newborns to young adults.2 

The wide range in reported prevalence may be due to the use of different criteria to define 

functional constipation and to differing cultural influences about what is considered a 

normal bowel habit.3 Peak incidence occurs at the time of toilet training, with no consistent 

effect of gender on its prevalence.1,2 

Definition of constipation

From the age of 3 years, normal stool frequency varies from three stools per week 

to three stools per day.4 Between 5 years and 8 years of age, the majority of children 

have a medium-size bowel movement daily or every other day without straining or 

withholding.5 For many years, physicians, patients and parents used different definitions 

for constipation. The Rome II criteria (developed in 1999) attempted to provide a symptom-

based definition of functional childhood constipation, mostly based on expert opinion.6 

Such criteria were subsequently found to be too restrictive and were revised (between 

2004 and 2006) in the Rome III version of pediatric functional gastrointestinal disorders.7–9 

To fulfill the new Rome III criteria for functional constipation, children should have two 

or more of the symptoms depicted in Table 1. These changes in diagnostic criteria have 

resulted in 42% more children being diagnosed with functional constipation.10 

Table 1. The Rome III criteria for pediatric functional constipation8 

Two or more criteria for at least 2 months prior to diagnosis in a child                                                                       
with a developmental age of at least 4 years
- Two or fewer defecations per week 
- At least one episode of fecal incontinence per week 
- Stool retentive posturing 
- Painful or hard bowel movements 
- Large diameter stools which may obstruct the toilet 
- Presence of a large fecal mass in the abdomen or rectum 

Quality of life

Children with functional constipation report impaired Health-Related Quality of Life 

(HRQoL) in relation to physical complaints and long duration of symptoms. In about 

one third of children with constipation, symptoms continue into adulthood. When 

childhood constipation continues into adulthood, it influences HRQoL negatively with 

social consequences in 20% of these adults.11 Constipation is often associated with 

fecal incontinence, which is a source of considerable embarrassment for children, who 

must often deal with taunting by peers and punishment from frustrated parents.12 As a 

consequence, low self-esteem, depression, social withdrawal, shame, fear of discovery 
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and anger ensue. In a 2011 Dutch study, it was reported that the prevalence of behavioral 

problems in children with functional constipation was threefold to fourfold higher than 

in a general pediatric population, and that the frequency of fecal incontinence was 

associated with externalizing problems, including delinquent and aggressive behavior. 

Substantially higher rates of oppositional behavior were reported by parents of 

children with a frequency of fecal incontinence episodes of more than one per week.13 

Unfortunately, data regarding behav ioral problems in children with constipation treated 

in primary care are lacking.

Healthcare costs 

Because of its wide prevalence and chronic nature, constipation is a significant source 

of health care expenses. An analysis of three national surveys in the United States 

estimated the constipation-related health care costs in adults to be about $235 million 

in 2001.14 Mean annual costs for treatment of chronic constipation were calculated $7,522 

per patient15 and average costs of diagnostic work-up have been shown to approach 

$3,000 per patient.16 A 2011 population-based longitudinal study on the costs related 

to constipation over a 15-year timeframe reported that children with constipation from 

childhood to early adulthood had more visits to outpatient clinics and emergency 

department and more inpatient hospitalizations than matched controls.17,18 Another study 

performed in the USA, using the Medical Expenditure Panel Survey database, estimated 

that childhood constipation results in an additional cost of $3.9 billion per year.19

Pathophysiology

The pathophysiology of constipation in children is multi-factorial and remains 

incompletely understood. In a fraction of patients, constipation is secondary to a known 

organic disorder, such as anorectal malformations, Hirschsprung’s disease, neurological 

abnormalities, or an endocrine or metabolic disorder. In > 90% of children presenting with 

constipation, no obvious organic cause is found and a diagnosis of functional constipation 

is made.3 The most common etiology of functional constipation is withholding of stools, 

starting after an experience of a hard, painful, or frightening bowel movement. As a 

consequence of the withholding, the rectal mucosa absorbs water from the fecal mass, 

and the retained stools become progressively more difficult to evacuate. This leads to a 

vicious circle of stool retention in which the rectum is increasingly distended, resulting 

in overflow fecal incontinence, loss of rectal sensation and, ultimately, loss of normal 

urge to defecate.3,20,21 An association has been found between early constipation and 

difficulties with toilet training.22

Megarectum

The rectum is central to the process of defecation. It has been reported that some children 

with chronic constipation may have an increased rectal compliance, reduced rectal 

sensation or both. Accordingly,  abnormalities of rectal wall properties and/or sensorimotor 

dysfunction may conceivably lead to problems with evacuation.23 Whether the 

sensorimotor dysfunctions are primary or secondary to constipation is currently unknown. 
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Slow transit constipation

A delay in total and segmental colonic transit time has been described in a subgroup of 

children with chronic constipation.24–26 This delay might be due to dysfunction of the muscles 

of the colonic wall (resulting in non-powerful peristaltic contractions) or to dysfunction 

of the enteric nervous system (resulting in noncoordinated motor activity).27 In children, 

however, it might also be possible that delay in colonic transit time is secondary to the 

massive chronic fecal retention in the rectum.3 A reduction in the number and delayed 

maturation of interstitial cells of Cajal (ICCs) has also been suggested to have a role in 

the pathophysiology of slow transit constipation in children.28–30 Reduction of ICCs is the 

most consistent histological finding in slow transit constipation to date, although little 

is known about ICC numbers in healthy children.31 Whether the ICC changes are primary 

or secondary to chronic constipation is also unclear. Given the important role of ICCs 

in the control of motility (as pacemaker cells that generate gut peristalsis), it has been 

argued that any abnormality in the ICCs may be clinically significant.32 Abnormalities in 

the expression, density, and/or function of substance P and vasoactive intestinal peptide 

in the colonic circular muscle of children with constipation have been identified in several 

studies by immunohistochemistry.32–35 These histological findings correlated with a 

delayed colonic transit time in patients with childhood constipation.33

Genetics

Genetic predisposition may play a role in the development of childhood constipation, as 

constipation often dates back to the first months of life and many patients have a positive 

family history of constipation.34,36,37 A 2011 systematic review showed that genetic factors 

do indeed have a role, but mutations in genes specifically associated with constipation 

have yet to be found. Presence of a clinical syndrome should be investigated in familial 

cases of childhood constipation, because there are numerous of syndromes associated 

with chronic constipation.38

Brain processing 

Brain processing of visceral sensation is complex and comprises sensory, affect and 

cognitive components.39 The bi-directional communication between the gut and the 

central nervous system is called the brain-gut-axis and is increasingly recognized as 

important in functional gastrointestinal disorders (Figure 1).40 Increasing studies have 

been conducted to unravel the brain processing of visceral sensation in adults with 

functional gastrointestinal disorders using functional brain imaging techniques. Brain-

imaging literature hypothesize an abnormal brain-gut communication or abnormalities 

in signal processing of enteric nervous system as a cause for functional GI disorders in 

adults.41 Brain imaging studies are still in their infancy in pediatrics, and no information 

is available about central nervous system activation in children with functional 

gastrointestinal disorders.42 
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Associated factors

Several environmental and social circumstances have been associated with a higher 

prevalence of childhood constipation, including low consumption of fiber, positive 

family history, obesity and low level of physical activity, living in a highly-densely 

populated community and low parental education level.2,43,44 The relationship between 

behavioral problems and constipation is complex, in part because constipation can 

be both a cause and a consequence of behavioral problems.13 Constipation has been 

reported more frequently in children with specific behavioral phenotypes such as autism 

spectrum disorder.45

figure 1. Cortical modulation of homeostatic afferent input to the central nervous system. Prefrontal 
regions modulate activity in limbic and paralimbic regions, subregions of the anterior cingulate 
cortex, and hypothalamus, which in turn regulate activity of descending inhibitory and facilitatory 
descending pathways through the periaqueductal gray and pontomedullary nuclei. Activity in these 
corticolimbic pontine networks mediates the effect of cognitions and emotions on the perception of 
homeostatic feelings, including visceral pain and discomfort. Abbreviations: dlPFC = dorsolateral 
prefrontal cortex; orbFC = orbitofrontal cortex; PAG = periaqueductal gray; RVM = rostroventral 
medulla; A6, locus coeruleus; Ins = insula; Hypoth = hypothalamus; Amy = amygdala; ACC = anterior 
cingulate cortex. Reprinted with permission from Annual Reviews.40  
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Clinical evaluation and diagnostic testing

In over 95% of children presenting with constipation a diagnosis functional constipation 

is made.3 A thorough history and physical examination are essential and usually 

sufficient to rule out most organic causes of constipation.46 In general, it is not necessary 

to perform any testing before initiating treatment. Only in atypical cases with warning 

features (Table 2) or when there is no improvement with conventional therapy further 

testing is indicated.8 

Medical history 

An assessment of the stool pattern, using a defecation diary in combination with the 

Bristol stool scale or Amsterdam infant stool scale, can be used to estimate the severity 

of constipation.47,48 Knowledge of the time of the first bowel movement is important 

to discriminate functional constipation from Hirschsprung’s disease. Other important 

factors to investigate include the frequency, consistency and size of stools; whether the 

child experiences pain during defecation, presence and timing of fecal incontinence, 

stool withholding behavior, and presence of blood on the stool or the toilet paper. The 

involuntary leakage of feces may occur several times a day and, in the presence of a 

large rectal impaction, it can also occur at night.24 Stool-withholding behavior is reported 

in high percentages of constipated children.49,50 Parents describe that their children hold 

their legs and buttocks stiffly together, rise on their toes and then rock back and forth. 

In many cases, parents misinterpret this behavior as an extreme effort to pass stool. 

Patients should be asked about accompanying symptoms such as abdominal pain, loss of 

appetite, urinary tract problems, fever, nausea, vomiting, weight loss or poor weight gain, 

problems in neuromuscular development, and psychological or behavioral problems. 

Dietary history and the history of previous treatment strategies for constipation should 

be investigated. Finally, enquiries into important life events, such as death in the family, 

birth of a sibling, school problems and sexual abuse, which might contribute to the 

development of retentive behavior, are essential.46 Alarm symptoms that might be related 

to sexual abuse or organic causes of constipation are summarized in Table 2. 

 
Table 2. Warning symptoms of organic causes and sexual abuse

Organic causes: 
1. History: Passage of meconium > 48 hours after birth, bloody diarrhea, fatigue, fever,  
 bilious vomiting, eczema
2. Physical exam: failure to thrive, fever, abdominal distension, peri-anal fistula,   
 abnormal position of anus, absent anal wink, absent cremasteric reflex, decreased  
 lower extremity strength/tone/ reflex, tuft of hair on spine, sacral dimple, spina bifida 
Sexual abuse: 
1. History: smearing feces 
2. Physical exam: extreme fear during anal inspection or rectal exam, anal scars,   
 fissures, hematomas.
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Physical examination

The physical examination should include a thorough abdominal examination, perianal 

inspection and anorectal digital examination. Abdominal examination gives valuable 

information concerning accumulation of gas or feces. Perianal inspection provides 

information about the position of the anus, perianal feces, dermatitis, eczema, fissures, 

hemorrhoids and occasionally scars as sequelae of sexual abuse. Abnormalities such as 

gluteal cleft deviation may suggest the presence of lumbosacral spine abnormalities.51 

The anorectal digital examination assesses perianal sensation, anal tone, size of the 

rectum, amount and consistency of stool in the rectum, contraction and relaxation of the 

anal sphincter and presence of an anal wink.3

Laboratory tests

In general, laboratory investigation of constipated children rarely uncovers an underlying 

disease. If indicated, laboratory tests should include serologic assays for celiac disease 

and evaluation of thyroid function.46

Radiological tests

Radiological tests have only limited clinical value in the diagnosis of childhood 

constipation.  A plain abdominal X-ray is inexpensive and frequently used, but a poor 

diagnostic association has been suggested between clinical symptoms and fecal loading 

on a radiograph.52 An MRI of the spine is indicated in children with intractable defecation 

disorders presenting with neurological complaints and/or physical symptoms, suggestive 

of spinal cord abnormalities.51 A barium enema may be useful to identify anatomic 

abnormalities and detecting Hirschsprung’s disease. However, there are limited studies 

evaluating clinical utility.48 Defecography is a dynamic radiologic study that enables 

imaging during voluntary evacuation of the rectum. It gives information regarding the 

anatomical and functional changes of the anorectum.53 

Colonic transit time

There are several methods to evaluate gastrointestinal motility and measure colon 

transit time.48 The use of sitz markers is non-invasive, inexpensive and widely available. 

Colonic transit can be easily measured by the ingestion of radiopaque markers followed 

by abdominal radiographs (Figure 2). It is a useful tool to differentiate between children 

with constipation and children with functional non retentive fecal incontinence (FNRFI).8 

Colonic scintigraphy and the wireless motility capsule (WMC) are newer techniques 

to assess colonic transit. Scintigraphy involves measuring the movement of a capsule 

containing an isotope (111In of 99Tc), on gamma-camera images. The WMC is an 

ambulatory technique, which measures intraluminal pressure, temperature and pH in the 

GI tract. Colonic scintigraphy and WMC are more costly and not widely available. The 

clinical usefulness of both techniques has to be explored in children and they are still 

considered a research tool in pediatrics.54–56 
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figure 2. An abnormal colonic transit study of a constipated patient. The abdominal X-ray shows 
large amount of stool and retention of markers throughout the entire colon. 

Barostat

Barostat comprises of a highly compliant balloon that is placed in the rectum and 

connected to a computerized pressure-distending device. It can be used to measure 

rectal tone, compliance, and sensation by inflating air when outside pressure falls and to 

aspirate air when the pressure rises.48 

Manometry

Anorectal manometry

Anorectal manometry is a largely safe and noninvasive technique. It measures pressures 

in the anorectal region and investigates the function of the inter nal and external anal 

sphincters.57 Anorectal manometry is only indicated to demonstrate the presence of the 

recto-anal inhibitory reflex, which is absent in children with Hirschsprung’s disease or in 

children with anal achalasia or ultrashort segment Hirschsprung’s disease.48,58 When the 

recto–anal inhibitory reflex is absent, the diag nosis of Hirschsprung’s disease has to be 

confirmed by histochemical evaluation of the rectum, which shows absence of ganglion 

cells in the submucosal and myenteric plexus. 
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Colonic manometry

Colonic manometry enables measurement of colonic motor activity. The test is performed 

in specialized motility centers to differentiate between normal colonic motor function 

and colonic neuromuscular disorders. Changes in the intracolonic pressure due to 

lumen-occluding contractions are measured during the test. High amplitude propagating 

contractions (HAPCs) are the most recognizable feature observed during a colonic 

manometry and together with a gastrocolonic response to a meal it is a marker for normal 

colonic motility. This test is used in clinical practice to identify children who may benefit 

from surgery, such as the creation of an antegrade continence enema.59,60  

Treatment

Treatment of childhood constipation consists of a four-step approach involving education, 

disimpaction, prevention of re-accumulation of feces and behavioral therapy.46 Education 

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

functional constipation. The parents need to be counseled regarding normal frequency 

of bowel movements, the prevalence and etiology of constipation, and the prognosis. 

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 behavior. Therefore is a positive 

approach, with sometimes a rewarding system, to motivate their children very important. 

Completing a bowel diary and a toilet training for children above the developmental age 

of 4 years (3 times a day trying to defecate on the toilet for 5 minutes) are important parts 

of the treatment. 

Disimpaction

Approximately 30% of children with long-lasting functional constipation present with 

abdominal and/or rectal fecal impaction, which results in severe fecal incontinence in 

90% of the patients.61 Children who undergo disimpaction are more likely to respond 

successfully to maintenance treatment.62 Fecal disimpaction can be accomplished 

with oral, nasogastric or rectal agents. The efficacy and safety of orally administered 

polyethylene glycol (PEG) has been studied in several trials. Successful disimpaction 

occurred in 75% - 92% of the children after 3 to 6 consecutive days, with a most effective 

dose of 1.0 to 1.5 g/kg per day.63,64 All studies have shown that PEG with or without 

electrolytes is safe to administer and all adverse effects associated with PEG seem to 

be related to its osmotic laxative effect. Two pediatric studies compared the efficacy of 

different disimpaction regimens. Guest et al. showed that oral PEG with electrolytes is 

significantly more effective for disimpaction than suppositories and rectal enemas or 

manual evacuation.65 By contrast, Bekkali et al. showed in a prospective randomized 

controlled trial (RCT) that high dose of PEG orally is equally effective as enemas for fecal 

disimpaction.66
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Maintenance treatment

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

bowel movements. Regularity for a longer period of time is important to prevent recurrent 

impaction and recurrence of stool withholding behavior. This approach usually requires 

maintenance laxatives in combination with behavioral therapy over a period that can 

last for months or years. Dietary modifications and laxatives as maintenance treatment 

for constipation have been extensively investigated in adults, but pediatric data are 

limited.52,67 Placebo-controlled trials showing the effectiveness and safety of maintenance 

therapy over placebo in children with constipation are lacking. Still, the use of laxatives 

in clinical pediatric practice is widely accepted.68 Disappointingly, only 50% of all children 

followed for 6 to 12 months completely recover from constipation and are successfully 

taken off laxatives.69

Dietary interventions

Fiber

Conflicting evidence in the literature exists regarding the role of dietary fiber in the 

etiology and treatment of childhood constipation. The recommended minimum daily 

fiber intake for children older than 2 years is age in years plus 5 g.70 Several studies have 

indicated that children with constipation have a significant lower fiber intake compared 

to healthy controls71–73, but others have not supported this finding.74 The protective 

role of fiber against constipation is supposedly related to its ability to induce osmotic 

(by increasing fecal volume and softening the stool by increasing bacterial mass) and 

mechanical stimulation (pro-motility effects of products of bacterial fermentation) of 

colonic motility.75–77 However, inconsistent data exist about the role of fiber in shortening 

colonic transit time.  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.46 

Fluids

Increased fluid intake is a 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. However, literature shows no change in 

bowel habits after increasing daily fluid intake.78 This might be due to the large absorptive 

capacity of the small and large bowel.79 The lack of evidence that constipation can be 

treated by increasing fluid intake, leads to the suggestion that constipated children 

should not be forced to drink more than normal. 

Probiotics

Probiotics are being increasingly evaluated as a treatment option in the management of 

childhood constipation. Mechanisms of action by which probiotics might be beneficial 

have not been fully elucidated. One hypothesis is that dysbiosis occurs in the gut flora of 

constipated patients, which might improve after ingestion of probiotics. However, whether 

this dysbiosis is a secondary manifestation of constipation or a factor that contributes 
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to constipation is unclear.80,81 Another suggestion is that probiotics might decrease 

colonic transit time, due to a reduction in pH of the colon.80 Despite these hypotheses, 

a 2010 systematic review reasoned that no conclusive evidence exists that probiotics 

are effective in the treatment of pediatric functional constipation.82 These conclusions 

were not changed by a 2011 large double-blind RCT that investigated the efficacy of the 

Bifidobacterium lactis strain DN-173 010 in childhood constipation. Although treatment 

with the probiotic strain did increase stool frequency this increase was comparable in the 

control group.83

Oral laxatives

Available oral laxatives consist of osmotic (e.g. lactulose, PEG) and stimulant (e.g. 

bisacodyl, senna) laxatives.3 Osmotic laxatives retain water in the intestinal lumen, 

which leads to softer stools with a larger volume and improved propulsion. Stimulant 

laxatives act on the enteric nervous system to increase intestinal motility and increase 

secretion of fluids and electrolytes.84 Only two randomized controlled trials have been 

performed to compare oral laxatives versus placebo for childhood constipation.85,86 Both 

studies used PEG3350 and showed that this compound was more effective than placebo 

in increasing the number of bowel movements and reducing the number of hard stools, 

pain and straining during defecation. Several RCTs have been carried out comparing PEG 

to lactulose. All these trials have used different inclusion criteria, outcome measures, 

dosages and study designs, making it difficult to draw firm conclusions.64,87–89 A 2010 

Cochrane review concluded that PEG is superior to lactulose for the outcomes of stool 

frequency per week, form of stool, relief of abdominal pain and the need for additional 

products.90 Clearly, more studies in constipated children in primary, secondary and 

tertiary care, are necessary to determine and understand the role of the different laxatives 

available. These studies should not only compare these compounds against placebo, but 

should also evaluate the role of stimulant laxatives in combination with osmotic laxatives. 

Behavioral therapy 

Behavioral interventions, in combination with laxatives aim to reduce the level of 

emotional distress and to restore normal bowel habits by positive reinforcement. The 

effects of behavioral and/or cognitive interventions were assessed for the treatment 

of functional constipa tion in children. There is some evidence in the literature showing 

that behavioral interventions plus laxative therapy, rather than behavioral interventions 

or laxative therapy alone, improves continence.91,92 However, the advice was that 

psychological referral is only indicated in constipated children with severe emotional 

problems, scored upon validated child behavioral checklists.91

Enemas

It is well known that retrograde enemas are therapeutically effective in the treatment 

of children with a neurological disorder, including spina bifida93, but little knowledge 

exists about the role of retrograde enemas in the maintenance treatment of children 
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with chronic functional constipation. A 2009 RTC showed that application of enemas on a 

regular basis is well-tolerated in children, but had no additional benefit over conventional 

treatment with oral laxatives in the maintenance phase of treatment.94

New therapies

Several new therapies have been suggested for the treatment of constipation in adults. 

Increasing insight in the physiology of the intestinal nervous system, has led to the 

development of new classes of drugs for constipation. These drugs often target a specific 

receptor, which is known to affect intestinal function. Based on their mode of action, these 

drugs can be divided into different classes – 5-HT4 receptor agonists (e.g. prucalopride), 

chloride channel activators (e.g. lubiprostone), opioid antagonists, and neurotrophins.84,95 

With all of these agents, pediatric data are lacking and further studies are required that 

assess safety, efficacy, and tolerability.

Surgery

The majority of children with functional constipation are successfully treated with 

conventional medical therapy. However, a small group of patients have severe, refractory 

symptoms, unresponsive to intensive medical management. This particular minority may 

benefit from surgical interventions.

Antegrade enemas

The use of antegrade continence enema (ACE) has been reported as a successful 

therapeutic option for patients with long-lasting constipation when maximal 

conventional therapy is not successful. The antegrade delivery of cleansing solutions 

enables the patient to evacuate the colon at regular intervals, avoiding impaction of 

feces and reducing fecal incontinence. Since Malone first reported administration of 

ACE through an appendicostomy, many modifications have been made, with most 

recent the percutaneously inserted cecostomy button.96,97 The use of ACE in children with 

functional constipation has proven to be effective, but success rates vary between 52% 

and 92% among the different studies.98–101 All studies agree that the use of ACE leads to 

an improvement in the number of bowel movements per week, number of incontinence 

episodes and quality of life scores.102,103 Complications include development of granulation 

tissue, leakage around the tube, tube dislodgment, skin infection, and stoma stenosis. 

Rectosigmoid resection

Little experience exists about the role of rectosigmoid resection in children with 

functional constipation. Levitt et al. performed a transanal rectosigmoid resection with 

a primary colo-anal anastomosis in 15 children.104 All patients had an extreme dilated 

and hypomotile rectosigmoid with a normal-caliber descending colon. A concern with 

this procedure is the potential loss of rectal reservoir that may cause postoperative fecal 

incontinence.
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Neuromodulation

Neuromodulation is a novel therapy for patients with severe constipation. The mechanism 

of action involves direct stimulation of sacral nerves and requires percutaneous 

placement of an electrode in the third sacral foramen and implantation of a stimulating 

device under the skin in the buttocks. Sacral neuromodulation has been used with a 

reported success rate varying between 47% and 90% in adults with either constipation 

or fecal incontinence, with only minor adverse events including electrode migration 

and infection.105,106 These encouraging results were conformed in one pediatric study 

with adolescents with refractory functional constipation not responding to intensive 

conservative therapy.107 These promising results with relatively minor adverse events, 

such as pain after implantation and displacement of the leads, stress the importance of 

further studies to broaden the role of neuromodulation and to unravel the underlying 

mechanism of sacral neuromodulation. 

Follow-up

The general belief that functional constipation is self-limiting is not supported by several 

long-term follow-up studies. A systematic review found that only approximately half of all 

children with constipation followed for 6 - 12 months were doing well, off laxatives.69 The 

percentage of children who were free from complaints, regardless of laxative use, after 6 

- 12 months was 60.6%.  Among these, children treated by subspecial ists showed a higher 

recovery rate than children seen by general pediatricians. No data are available reporting 

the long-term prognosis of children with constipation treated in primary care. A large 

cohort of children with constipation who were followed for more than 10 years showed 

that good clinical outcomes, despite intensive treatment strategies, were achieved only 

by 80% of patients at 16 years of age.108 It is therefore necessary to carefully designed 

randomized trials and to uncover new and more effective interventions for children with 

constipation.
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OUTLINE Of THIS THESIS

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

including dietary interventions, behavioral therapy and laxatives. A subgroup is not 

responsive to conventional therapy and continues having complaints of constipation 

beyond puberty. These patients are a difficult and challenging group for health care 

professionals and require further investigation. This thesis sheds new light on the 

pathophysiology of severe childhood constipation, the use of different diagnostic tests 

and potential novel therapeutic options. 

Part I – Epidemiology 

Constipation is a common worldwide problem and should be considered a major public 

health issue in the pediatric population. Knowledge of its epidemiology and influences on 

quality of life is highly relevant to health care providers. Chapter 1 is a systematic review 

on the worldwide-published literature to identify the prevalence of constipation in the 

general pediatric and adult population in order to summarize its geographic, gender and 

age distribution, and associated socioeconomic factors. 

Part II - Pathophysiology

The pathophysiology of constipation in children is multi-factorial and remains 

incompletely understood. Understanding the underlying mechanisms of defecation 

disorders in children is crucial for the development of better treatment strategies. 

Children with defecation disorders often report loss of urge to defecate. To date, a clear 

explanation for this lack of sensation has never been identified. Previous studies have 

shown that the role of an increased rectal compliance is limited, but the role of the brain 

in chronic constipation has yet to be established. Therefore, we propose that cerebral 

control is impaired, with altered or diminished brain processing of rectal urge sensation. 

Functional magnetic resonance imaging (fMRI) is a technique to measure changes in 

regional cerebral activity during stimulation, and has been used in studies to unravel the 

brain processing of visceral sensation in adults with functional gastrointestinal disorders 

using. To date, fMRI in combination with rectal distension has never been performed 

in the pediatric population. In chapter 2 we compare the brain processing of rectal 

sensation in patients with intractable constipation and healthy controls. Rectal sensation 

was provoked with a pressure-controlled distension protocol by using a rectal barostat. 

Part III - Diagnostics

There are several methods to evaluate gastrointestinal motility and measure colon transit 

time. Accurate assessment of colonic motility and transit can be essential in the diagnostic 

work-up, because patients with abnormal colonic function may require different treatment 

strategies. Colonic scintigraphy is one of the techniques to assess colonic transit. It 

involves measuring the movement of a capsule containing an isotope (111In of 99Tc), on 
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gamma-camera images. The clinical usefulness of colonic scintigraphy has to be explored 

in children and is still considered a research tool in pediatrics. Colonic manometry is a 

diagnostic test that enables measurement of colonic motor activity. The test is performed 

in a few specialized motility centers, mostly situated in the United States, to differentiate 

between normal colonic motor function and colonic neuromuscular disorders on a 

segmental level. This test is used in clinical practice to identify children who may benefit 

from surgery. In chapter 3 we compared the diagnostic yield and tolerability of colonic 

manometry and colonic scintigraphy in children with severe constipation.

Defecography is a dynamic radiologic test performed during voluntary evacuation of 

the rectum, to assess the anorectal function at rest and during defecation. Although 

defecography may increase our understanding of the pelvic floor pathophysiology, 

literature in pediatric patients is lacking and fluoroscopic defecography has not yet 

proven its value in the management of children with defection disorders. In chapter 4 we 

investigated the role of fluoroscopic defecography in understanding the pathophysiology 

of defecation disorders in children and to describe its value in directing diagnostic and 

therapeutic management.

Part IV - Treatment

Approximately one-third of children with functional constipation is unresponsive to 

conventional treatment, regardless multiple available medications. Several long-term 

follow-up studies have shown that good clinical outcomes, despite intensive treatment 

strategies, were achieved only by 80% of patients at 16 years of age. It is therefore necessary 

to design randomized trials and to uncover new and more effective interventions for 

children with constipation. Prucalopride (RESOLOR®) is a selective, high-affinity 5-HT4 

receptor agonist, with enterokinetic properties. Several placebo-controlled trials in 

adults, have demonstrated that prucalopride is effective in increasing stool frequency, 

reducing constipation-related symptoms and improving quality of life. Chapter 5 contains 

a phase 3, multi-center, placebo-controlled trial, to determine the efficacy, safety, and 

tolerability and pharmacokinetics of prucalopride compared to placebo for the treatment 

of functional constipation in a pediatric population.

A small group of patients has severe, refractory symptoms, unresponsive to intensive 

medical management. This particular minority may benefit from surgical interventions. The 

use of antegrade continence enema (ACE) has been reported as a successful therapeutic 

option for patients with long-lasting constipation when maximal conventional therapy 

is not successful. Placement of a cecostomy enables delivery of antegrade enemas to 

evacuate the colon at regular intervals, avoiding accumulation of feces and reducing fecal 

incontinence. In chapter 6 we describe our 10-year experience with the administration of 

antegrade enemas in children.
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ABSTRACT

We aimed to review the published literature regarding the epidemiology of constipation 

in the general pediatric and adult population and to assess its geographic, gender and 

age distribution, and associated factors. A search of the Medline database was performed. 

Study selection criteria included: (1) studies of population-based samples; (2) containing 

data on the prevalence of constipation without obvious organic etiology; (3) in pediatric, 

adult or elderly population; (4) published in English and full manuscript form. Sixty-eight 

studies met our inclusion criteria. The prevalence of constipation in the worldwide general 

population ranged from 0.7% to 79% (median16%). The epidemiology of constipation in 

children was investigated in 19 articles and prevalence rate was between 0.7% and 29.6% 

(median 12%). Female gender, increasing age, socioeconomic status and educational 

level seemed to affect constipation prevalence. 
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INTRODUCTION

Constipation is a common problem worldwide. Because only a minority of patients suffering 

from constipation seeks healthcare, its exact prevalence is difficult to ascertain. As a 

consequence, reports of its prevalence have varied widely, ranging from 0.7% to 29.6% in 

children1 and from 2% to 35% in adults in Europe, Oceania and North America.2, 3 Constipation 

accounts for 2.5 million physician visits annually in the United States4 and it contributes 

significantly to health care financial burden, with a cost of $2757 for diagnostic work 

up per patient and $3362 per treated child per year.5, 6 Higher expenses in pediatrics 

are mainly due to more expensive outpatient, emergency room and prescription drug 

costs.6 Constipation has a significant impact on quality of life, affecting both physical 

and emotional well-being.7-12 Due to the aforementioned factors, constipation should 

be considered a major public health issue both in the pediatric and adult population 

and knowledge of its epidemiology is highly relevant to primary care providers, 

gastroenterologists and health care policy makers. 

We performed a systematic review on the worldwide-published literature to identify 

the prevalence of constipation in the general pediatric and adult population in order to 

summarize its geographic, gender and age distribution, and associated socioeconomic 

factors.

METHODS

A literature search was performed on October 2010 to identify published studies on the 

subject of epidemiology of constipation in children and adults. The Medline database was 

searched from 1966 to present, using the following medical subject heading (MeSH) terms 

‘Constipation/epidemiology’[Mesh] OR (‘Constipation’[Mesh] AND (epidemiology OR 

questionnaires OR prevalence OR incidence OR natural history OR registry)). The results 

were limited to human studies and English language publications. The title and abstract 

of all citations identified by the database were reviewed. Potentially eligible studies were 

retrieved and read in full to verify that they satisfied the following selection criteria: (1) 

studies of population-based samples; (2) containing data on the prevalence of constipation 

without obvious organic etiology; (3) in pediatric, adult or elderly population; (4) published 

in full manuscript form. Additional searches of reference lists from potentially relevant 

articles were performed to identify other studies that may have been missed initially. We 

excluded studies that had entry criteria that limited the generalizability of the findings, 

such as evaluation of only patients with specific co-morbidities or reports of individuals 

who had sought healthcare for their symptoms. Epidemiology studies reporting only 

data on normal defecation patterns were also not included. Data on study methodology 

and results were abstracted. Of each study, location, sampling strategy used to identify 

participants, sample size, response rate, age range, and definition of constipation were 

documented, if available. The overall prevalence of constipation, the gender and age 

distribution, socioeconomic factors, and co-morbidities are reported in a descriptive way.
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RESULTS

A total of 1209 citations were identified by the Medline database search. After the initial 

evaluation, 80 were judged potentially eligible. Review of the full manuscripts selected 

58 articles that met our inclusion criteria. Ten other candidate articles were identified by 

reviewing the references of the relevant articles. Thus, a total of 68 articles were included 

in our review (Table 1).13-80

Prevalence

The reported prevalence of constipation ranged widely, from 0.7% to 79%, with a median 

of 16%. There was no correlation between the sample size of study participants and 

prevalence rates (Figure 1). Several different case definitions of constipation were used in 

these studies, including self-reported constipation, Rome I, Rome II and Rome III criteria. 

In 36 studies, the participants’ self-report was the case criteria. The reported prevalence of 

constipation in these studies was 20.6%. In studies using the internationally acknowledged 

Rome I (n=10), Rome II (n=17), or Rome III (n=6) criteria, the mean prevalence rates were 

respectively 18%, 12.7% and 11%. 

Nineteen articles investigated the prevalence of constipation in children. The median 

value of the prevalence rate was 12% (0.7-29.6%). Nine articles report the prevalence of 

constipation in the elderly population. The age range in these studies was 60-101 year 

and the median prevalence rate was 33.5%. Diverse methodologies of data collection 

were used among the 68 studies. Most studies used a self-administered questionnaire 

(n=44). Other methods were face-to-face interview (n=18), telephone survey (n=4) and 

chart review (n=2).

figure 1. Prevalence of constipation in the general population versus the sample size of 
epidemiologic studies in children and adults.
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Age distribution

The relationship between age and constipation prevalence has been evaluated in a 

number of studies. A wide variation existed across these studies in how age groups were 

subdivided and categorized. Sixteen studies reported on the relationship between age 

and prevalence of constipation. Findings were variable, with 13 studies suggesting an 

increase in prevalence with age31, 34, 40, 51, 52, 57, 58, 66, 69, 71-73, 80 and 3 studies showing no effect of 

aging on constipation prevalence.30, 35, 47 Overall, data seem to indicate that constipation 

seems to become gradually more prevalent after the age of 60 years73 , with the largest 

increase after 70 years, but an increzzase from young age (18-23 year) to middle age (45-

50 year) in women has also been reported.58 Three studies concluded that there is only a 

relationship between self-reported constipation and aging, and that there is no true effect 

of aging on bowel movement frequency.63, 64, 73 Institutionalized elderly residents appear 

to be at higher risk for constipation than community living elderly72 and laxative use 

increases with age.34, 64, 68

Gender prevalence

The majority of the reviewed studies reported a predominance of females in the 

prevalence of constipation. To illustrate this association we present in Table 1 the female/

male (F/M) ratio in studies where such information is available. The F/M ratios ranged 

from 1.1 to 10, with a mean and median value of 2.1 and 1.5 respectively. Nine studies 

showed no significant relationship between gender and constipation, and one study 

showed an association between male gender and constipation with a F/M ratio of 0.9. 

Women are reported to be more likely to seek health care for their constipation and to use 

laxatives to a greater degree than men.41 Variance of gender prevalence of constipation 

in children was reported in 10 studies. Similar prevalence rates for boys and girls were 

reported in 3 articles. Six studies found a slight higher prevalence of constipation in girls 

compared to boys, with a mean F/M ratio of 1.2 and 1 article showed that boys have a 

slightly higher prevalence rate, with a F/M ratio of 0.9.

Geographic distribution

Epidemiology studies included in this review originated from North America (n=22), 

Europe (n=19), Asia (n=17), Oceania (n=5), South America (n=2), Africa (n=1) and multi-

continental (n=2) (Figure 2). The range of the prevalence rate in North America was 3.2%-

45% (median 16%), in Europe 0.7%-79% (median 19.2%), in Asia 1.4%-32.9% (median 

10.8%), in Oceania 4.4%-30.7% (median 19.7%), in South America 26.8%-28% and the 

study from South Africa showed a prevalence rate of 29.2%. The lowest prevalence 

was observed in Italy (0.7%) in a pediatric population and the highest prevalence in 

Finland (79%) among an elderly population in a geriatric long-term hospital. Because of 

different criteria used to define constipation and various ages investigated, no statistical 

comparison can be made between countries and/or continents. 
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figure 2. Geographic distribution of constipation in children and adults, presented in median 
prevalence rates.

Race differences

The influence of race on constipation prevalence is unclear. Multiple studies reported 

an increased prevalence of constipation in non-Caucasians.73, 74, 77 These studies show 

that there is a higher risk of constipation (ratio 1.4) in blacks who seem to have fewer 

spontaneous bowel movements. Other studies have not confirmed these findings and 

found no association between Black or Hispanic race and prevalence of constipation.57, 

60, 62, 65

Associated factors

Multiple associated factors for constipation in the general population have been 

identified, but there is a lack of consensus in the published literature. Only the influence 

of socioeconomic status and educational level on the prevalence of constipation was 

consistent among most of the studies. Subjects with lower income had significantly 

higher rates of constipation than their wealthier counterparts14, 34, 56, 67, 73 and an inverse 

correlation of years of (parental) education with the prevalence of constipation was 

reported in a number of studies.14, 22, 34, 40, 45, 56, 67, 73, 74 The relationship between excessive 

weight or obesity and constipation was reported in multiple studies18, 32, 51, 52, 79 and there 

was a trend towards increased prevalence of constipation in individuals with immobility 

or less self-reported physical activity.19, 34, 52, 67, 72-74, 78 Various other risk factors found to be 

associated with constipation in at least one study included low consumption of fiber, fruit 
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and vegetables,18, 19, 24, 52, 60 living in a highly densely populated community,22, 44 positive 

family history of constipation19, 24 and experiencing anxiety,49, 54 stressful life events15, 

60, 75 and depression.49, 54, 62, 74, 78 Several studies concluded that smoking and alcohol 

consumption do not correlate with the prevalence of constipation.39, 40, 44, 54, 60, 71

DISCUSSION

Based on a systematic review of the literature we found that the prevalence of constipation 

in the worldwide general population is very variable, ranging from 2.5% to 79% in adults 

and ranging from 0.7% to 29.6% in children. These rates are consistent with published 

reviews about the epidemiology of constipation in North America, Europe and Oceania.2, 

3 Our up-to-date and comprehensive review shows that prevalence rates range widely 

between countries and continents, but that in general, Asian countries seem to have a 

lower prevalence of constipation (median 10.8%), compared to North America (16%), 

Europe (19.2%) and Oceania (19.7%). This worldwide variation in prevalence rates may 

arise from factors such as diverse cultural, dietary, genetic, environmental and socio-

economic conditions and different health care systems.  There is a lack of data in the 

literature about the prevalence of constipation in developing countries, particularly in 

Africa. Obtaining more data from African countries may be particularly enlightening 

about the role of different diets on the frequency of bowel movements and the risk to 

develop constipation.  

However, the difference in prevalence may also be related solely to the lack of uniform 

definitions used to classify constipation, the variable age groups studied, and the different 

methods of data collection. More specifically, the definitions for constipation used were 

at times quite different in terms of frequency of bowel movements and associated 

symptoms making comparisons among studies rather challenging. Most of the recent 

epidemiologic studies used the Rome III criteria for functional constipation.15-17, 31, 32 The 

Rome criteria provide a definition of constipation based on objective (stool frequency, 

need for manual maneuvers to defecate) and subjective symptoms (straining, hard stool, 

incomplete bowel movements, sensation of anorectal blockage).

The Rome criteria were first modified into the Rome II criteria in 1999, and incorporated 

two new symptoms to identify individuals with obstructed defecation: anal blockage and 

need for manual maneuvers to defecate. The newest criteria exclude subjects presenting 

with loose stool episodes and IBS symptoms. The Rome II criteria were found to be too 

restrictive to be used for the diagnosis of defecation disorders in children.81 Therefore, 

they were modified substantially in 2006 into the Rome III criteria, including the reduction 

of symptom duration from 3 to 2 months82 Garrigues et al. and Pare et al. showed a 

good agreement between Rome I and Rome II criteria. 47, 55 A moderate to poor agreement 

between self-reported constipation and constipation based on Rome I and Rome II criteria 

was reported. Devanarayana et al. described a moderate agreement between Rome II and 

Rome III criteria in a pediatric population, but concluded that the Rome III criteria were 

able to diagnose constipation more comprehensively compared to the Rome II.16



Part I

42

Our study found an average self-reported prevalence of constipation of 20.6%. In studies 

using the Rome criteria the prevalence rates were respectively 18%, 12.7% and 11%. This 

disagreement between self-report of constipation and the Rome criteria may be caused 

by the discrepancy between different individuals’ definition of constipation. Researchers 

have found little correlation between physicians and patient definition.67 Most health 

care providers define constipation based on stool frequency while patients define 

constipation as a multi-symptom disorder that includes hard stools, straining, pain when 

passing a bowel movement and feeling of incomplete evacuation.53, 77, 83 There are also 

different perceptions of what a normal bowel habit is. Several studies have described the 

normal bowel movement frequency in healthy populations. Between 92% and 97% of the 

population reports a bowel frequency between 3 times per week and 3 times per day and 

an average of 69% of adults have a bowel frequency of once per day.42, 53, 57, 61, 65

The results of this review demonstrate differences in the prevalence stratified by age. It 

has been suggested that colonic transit time slows down with aging, but this is highly 

variable.84, 85 The increase in prevalence of constipation rates in elderly may reflect the 

presence of secondary causes of constipation, including illness and multiple medication 

use, which are likely to increase with age.59, 69 We did not review studies looking at the 

relationship between constipation and other chronic illnesses, but several conditions 

have been reported to be associated with a higher risk to develop constipation, including 

diabetes mellitus,86 autism,87 developmental disabilities,88, 89 rheumatoid arthritis and 

fibromyalgia [90] and neurological conditions like Parkinson’s disease,91 stroke92 and 

multiple sclerosis.93, 94

A predominance of constipation in women was frequently reported, with a median 

female/male ratio of 1.5. Most studies investigating the influence of gender on gut transit 

times in adults have shown that total gut transit is longer in females than males.95 Other 

investigators have focused on the role of female sex hormones, as women often report 

changes in bowel function during different stages of their menstrual cycle. However, 

the data are conflicting. Progesterone is thought to decrease the rate of small bowel 

and colonic transit time, contributing to constipation during the luteal phase of the 

menstrual cycle.58, 96 Others dispute the role of female hormones.97-99 Damage to the 

pelvic floor muscles and their innervations, which may occur during childbirth or during 

gynecological surgery, may also contribute to constipation in women.58 Women also have 

been reported to seek medical advice more frequently.41, 55 Between 22.3% and 48.3% of 

the population with constipation, seeks medical health care.40, 41, 46, 49, 55, 58, 61, 70, 76 Despite 

the fact that constipation affects quality of life daily, it may be hypothesized that many 

constipated people do not consider their bowel habits abnormal and believe that they 

can manage the problem by themselves. It has been reported that 19% of constipated 

individuals did not proceed with any intervention; between 39% and 79% changed their 

diet habits and 15.7% to 48% used laxatives to treat their symptom.31, 34, 41, 55, 59, 69, 75, 100
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The data reported in this review about the influence of race on constipation are scant and 

inconclusive. An increased prevalence of constipation in non-Caucasians and especially 

in blacks has been reported.73, 74, 77 A convincing explanation for race differences has never 

been articulated. Individuals of lower social, economic and educational level seem to 

have a tendency towards higher constipation rates. Bytzer et al. looked specifically at 

this association in Australian adults and found a clear trend for higher prevalence rates 

of all gastrointestinal symptoms, including constipation, in individuals of lower social 

classes.56 A possible explanation for these findings relates to the different diet habits 

and lifestyle of low socioeconomic status individuals which could have an effect on the 

risk of developing constipation. A relationship between increasing body mass index 

and lower bowel movement frequency has been reported several times in adults and 

children. The etiology of constipation in obese people is not clear. Such individuals may 

have a disordered eating pattern and less physical activity, factors which could affect 

their defecation pattern.32 Increased propulsive movements in the large intestine and 

hormonal changes during exercise have been suggested. A review article points out that 

the urge to defecate is frequently reported during and after exercise.101 Pashankar et al. 

reported a significant higher prevalence of obesity in children in the United States with 

constipation compared to a control group, both in boys and girls.102 Genetic influences 

and psychological make-up may also play a role in this association. There is a paucity 

of data about the association between anxiety and depression and constipation. Two 

possibilities have been suggested; the psychological symptoms can be a result of 

the distress associated with constipation, or constipation can be an expression of the 

depressive or anxiety disorder.54

In summary, this article systematically reviewed the literature and found that constipation 

occurs commonly worldwide. Because of its high prevalence, its substantial impact 

on the patients’ emotional and physical well-being, and its large economic burden on 

society, physicians of all levels and from all areas of interest should become intimately 

knowledgeable about this disorder. 
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A Study Date Location Population Sample 
Size (%M)

Age (years)

13 Kiefte-de Jong 2010 Netherlands birth cohort 4651 (50) 2

14 Chung 2010 South Korea
kindergarten / 
elementary school 
sample

19240 (50) 5-13

15 Devanarayana 2010 Sri Lanka school sample 2699 (50) Mean  13

16 Devanarayana 2010 Sri Lanka
adolescent school 
sample

427 (50.1) 12-16

17 Wald 2009 USA pediatric practices 1142 (50) 5-8

18 Lee 2008 China kindergarten sample 368 3-5

19 Inan 2007 Turkey primary school sample 1689 (49) 7-12

20 Saps 2006 USA school sample 48 (66.7) 8-11

21 Loening-Baucke 2007 USA general care pediatric 
clinic

482 (50) 4-17

22 Ludvigsson 2006 Sweden birth cohort 8341 2.5

23 Uc 2006 USA school sample 243 (52.3) 4-17

24 Ip 2005 China kindergarten sample 561 (53.3) 3-5

25 Iacono 2005 Italy primary care pediatric 
clinic 

2879 (51) 0-0.5

26 Loening-Baucke 2005 USA general pediatric clinic 4157 0-2

27 Miele 2004 Italy primary care pediatric 
clinic 

9660 0-12

28 Del Ciampo 2002 Brazil primary health care 
unit

313 1-10

29
de Araujo Sant’ 
Anna

1999 Brazil school sample 391 (59) 8-10

Table 1. Characteristics of epidemiology studies included in the analysis. A = pediatric studies, 
B=adult studies
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A Study Date Location Population Sample 
Size (%M)

Age (years)

13 Kiefte-de Jong 2010 Netherlands birth cohort 4651 (50) 2

14 Chung 2010 South Korea
kindergarten / 
elementary school 
sample

19240 (50) 5-13

15 Devanarayana 2010 Sri Lanka school sample 2699 (50) Mean  13

16 Devanarayana 2010 Sri Lanka
adolescent school 
sample

427 (50.1) 12-16

17 Wald 2009 USA pediatric practices 1142 (50) 5-8

18 Lee 2008 China kindergarten sample 368 3-5

19 Inan 2007 Turkey primary school sample 1689 (49) 7-12

20 Saps 2006 USA school sample 48 (66.7) 8-11

21 Loening-Baucke 2007 USA general care pediatric 
clinic

482 (50) 4-17

22 Ludvigsson 2006 Sweden birth cohort 8341 2.5

23 Uc 2006 USA school sample 243 (52.3) 4-17

24 Ip 2005 China kindergarten sample 561 (53.3) 3-5

25 Iacono 2005 Italy primary care pediatric 
clinic 

2879 (51) 0-0.5

26 Loening-Baucke 2005 USA general pediatric clinic 4157 0-2

27 Miele 2004 Italy primary care pediatric 
clinic 

9660 0-12

28 Del Ciampo 2002 Brazil primary health care 
unit

313 1-10

29
de Araujo Sant’ 
Anna

1999 Brazil school sample 391 (59) 8-10

Response 
rate (%)

Method of data 
collection

Constipation Definition Prevalence 
(%)

Prevalence 
f:M ratio

70 parent questionnaire ROME II 12 1.4:1

85.8 parent questionnaire
<3 BM/wk (a) 
Bristol stool type 1 or 2 (b)

6.7(a) 
11.8 (b)

1.4:1(a) 
1.5:1(b)

97.4 child questionnaire ROME III 15.4

92 child questionnaire ROME II (a) ROME III (b)
1.4 (a) 
4.2(b)

parent questionnaire ROME III 10

72 parent questionnaire ROME II 28.8

89.1 parent questionnaire
≥2 criteria for 8wks; <3 BM/wk, >1 
FI episode/wk, obstructive stools 
in toilet, withholding behavior, 
painful defecation

7.2 1:1

52.2 child questionnaire self report 18

chart review ≥2 criteria for 8wk; <3 BM/wk, ≥1 
FI episode/wk, obstructive stools 
in toilet, withholding behavior, 
painful defecation

22.6 1:1

54 questionnaire self report 6.5

parent questionnaire ROME II 16 1.8:1

72 parent questionnaire ROME II 29.6 1.2:1

96
prospective follow up 
pediatricians

1 BM≥ / 3 days often associated 
with crying 

17.6 1:1

 chart review ROME II 3.2

pediatrician 
questionnaire

ROME II 0.7

parent interview
≥2 major criteria or 1 major and 2 
minor criteria(*2) for > 1 month

26.8 0.9:1

child questionnaire Difficult defecation often (>3/wk) 
or sometimes (2-3/wk)

often 8 
sometimes 
20

1.1:1
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B Study Date Location Population Sample 
Size (%M)

Age (years)

30 Wald 2010 Argentina 
Columbia 
China 
Indonesia

general population 8100 ≥15

31 Papatheodoridis 2010 Greece general population 1000 (50) 15-64

32 Pourhoseingholi 2009 Iran households 18180

33 Jeong 2008 South Korea general population 1417 
(53.8)

18-69

34 Wald 2008 USA, UK, 
France, Brazil, 
Germany, 
Italy, South 
Korea

general population 13879 
(48.3)

>15

35 Chang 2007 USA general population 523 (50) 30-64

36 Murakami 2007 Japan female dietary 
students

3825 (0) 18-20

37 Adibi 2007 Iran general population 995 (52.3) 14-41

38 Johanson 2007 USA general population 24090 
(43.6)

>18

39 Lopez Cara 2006 Spain general population 408 (42.5) >50

40 Lu 2006 Taiwan general population 2018 (47.7) mean 56

41 Galvez 2006 Spain general population 349 (47.9) 15-65

42 Jun 2006 South Korea general population 1029 (50) >15

43 Choung 2006 USA general population 2718 (37) 20-98

44 Murakami 2006 Japan female student sample 2063 (0) 18-20

45 Howell 2006 Australia general population 1673 
(44.2)

25-64

46 Siproudhis 2006 France general population 7196 (48) >15

47 Garrigues 2004 Spain general population 349 (47.9) 18-65

Table 1. Continued
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B Study Date Location Population Sample 
Size (%M)

Age (years)

30 Wald 2010 Argentina 
Columbia 
China 
Indonesia

general population 8100 ≥15

31 Papatheodoridis 2010 Greece general population 1000 (50) 15-64

32 Pourhoseingholi 2009 Iran households 18180

33 Jeong 2008 South Korea general population 1417 
(53.8)

18-69

34 Wald 2008 USA, UK, 
France, Brazil, 
Germany, 
Italy, South 
Korea

general population 13879 
(48.3)

>15

35 Chang 2007 USA general population 523 (50) 30-64

36 Murakami 2007 Japan female dietary 
students

3825 (0) 18-20

37 Adibi 2007 Iran general population 995 (52.3) 14-41

38 Johanson 2007 USA general population 24090 
(43.6)

>18

39 Lopez Cara 2006 Spain general population 408 (42.5) >50

40 Lu 2006 Taiwan general population 2018 (47.7) mean 56

41 Galvez 2006 Spain general population 349 (47.9) 15-65

42 Jun 2006 South Korea general population 1029 (50) >15

43 Choung 2006 USA general population 2718 (37) 20-98

44 Murakami 2006 Japan female student sample 2063 (0) 18-20

45 Howell 2006 Australia general population 1673 
(44.2)

25-64

46 Siproudhis 2006 France general population 7196 (48) >15

47 Garrigues 2004 Spain general population 349 (47.9) 18-65

Response 
rate (%)

Method of data 
collection

Constipation Definition Prevalence 
(%)

Prevalence
f:M ratio

interview self report 16.2 2:1

interview self report (a)
ROME III (b)

14 (a)
13 (b)

1.9:1(b)

interview ROME III 2.5

78.4 interview ROME II 2.6 10:1

interview & 
questionnaire

self report 12.3 2.2:1 

73 questionnaire ROME II 18 1:1

91.6 questionnaire ROME I 26.2

95.2 questionnaire self report (a)
ROME II (b)

32.9 (a)
9.6 (b) 

3.8:1(a) 
1.5:1(b)

65.1 questionnaire ROME II 19

91.7 questionnaire <3BM/week 4.4 1.9:1

70.4 questionnaire ROME II 8.5

72 questionnaire self report (a)
ROME I    (b)
ROME II   (c)
ROME III (d)

29.2 (a)
19.2 (b)
14    (c)
20.9 (d)

28 telephone interview self report (a) 
ROME II   (b)

16.5 (a) 
9.2   (b)

2.2:1(a)

74 questionnaire self report 9.2

99.7 questionnaire self report 26

42.6 questionnaire ≥1 criteria; <3 BM/wk, hard 
or lumpy stools, straining, 
incomplete evacuation, digital 
manipulation of stools

30.7 1.4:1

72 questionnaire self report 22.4

71.4 questionnaire self report (a)
ROME I    (b)
ROME II   (c)

29.5 (a)
19.2 (b) 
14.0 (c)

2.2:1(a) 
3.2:1(b) 
4:1   (c)
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B Study Date Location Population Sample 
Size (%M)

Age (years)

48 Talley 2004 New Zealand birth cohort 929 (52.1) 26

49 Cheng 2003 China general population 3282 
(43.2)

18-80

50 Pamuk 2003 Turkey hospital personnel 369 (46.3) 18-50

51 Chen 2003 Taiwan general female 
population

1274 (0) ≥20

52 Dukas 2003 USA female nurses 62036 (0) ≥35

53 Walter 2002 Sweden general population 1610 (47.1) 31-76

54 Haug 2002 Norway general population 60998 ≥20

55 Pare 2001 Canada general population 1149 (49) ≥18

56 Bytzer 2001 Australia general population 
divided into 5 
socioeconomic 
classes, with 1st class 
the highest

8555 25-64

57 Chen 2000 Singapore general population 271 ≥16

58 Chiarelli 2000 Australia general female 
population divided 
into 3 groups by age

41724 
(14761(a), 
14070 (b), 
12893 (c)) 
(0)

18-23 (a) 
45-50 (b) 
70-75 (c)

59 Stewart 1999 USA general population 10018 (34) ≥18

60 Wong 1999 Singapore noninstitutionalized 
elderly

2454 
(42.2)

60-96

Table 1. Continued
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B Study Date Location Population Sample 
Size (%M)

Age (years)

48 Talley 2004 New Zealand birth cohort 929 (52.1) 26

49 Cheng 2003 China general population 3282 
(43.2)

18-80

50 Pamuk 2003 Turkey hospital personnel 369 (46.3) 18-50

51 Chen 2003 Taiwan general female 
population

1274 (0) ≥20

52 Dukas 2003 USA female nurses 62036 (0) ≥35

53 Walter 2002 Sweden general population 1610 (47.1) 31-76

54 Haug 2002 Norway general population 60998 ≥20

55 Pare 2001 Canada general population 1149 (49) ≥18

56 Bytzer 2001 Australia general population 
divided into 5 
socioeconomic 
classes, with 1st class 
the highest

8555 25-64

57 Chen 2000 Singapore general population 271 ≥16

58 Chiarelli 2000 Australia general female 
population divided 
into 3 groups by age

41724 
(14761(a), 
14070 (b), 
12893 (c)) 
(0)

18-23 (a) 
45-50 (b) 
70-75 (c)

59 Stewart 1999 USA general population 10018 (34) ≥18

60 Wong 1999 Singapore noninstitutionalized 
elderly

2454 
(42.2)

60-96

Response 
rate (%)

Method of data 
collection

Constipation Definition Prevalence 
(%)

Prevalence
f:M ratio

94 questionnaire
≥1 criteria in prior 12months; <3 
BM/wk, hard  or lumpy stools, 
straining, incomplete evacuation

19.9 1.3:1

73 telephone survey ROME II 14.3 1:1

48.5 interview & 
questionnaire

self report (a) 
ROME I    (b)  
<2 BM/wk or ≥2 of subjective 
symptoms (c)

29.8 (a)
39.6 (b)
31.4 (c)

1.9:1(a) 
1.3:1(b) 
1:1   (c)

99.5 interview self report (a)
<3 BM/wk or straining during 
defecation in >25% of the time 
(b)

24.5 (a)
2.7   (b)

questionnaire ≤ 2 BM / wk 5.4

80.5 questionnaire self report   (a)
 <3 BM/wk (b)

14.1(a)
3     (b)

2.4:1(a) 
2.5:1(b)

65 questionnaire self report 20.2

57 questionnaire
self report(a)
ROME I   (b)
ROME II  (c)

27.2(a) 
16.7(b)
14.9(c)

60 questionnaire ≥1 criteria; <3BM/wk, hard or 
lumpy stools, anal blockage

Average of 
9 (1st 6.3; 
2nd 8.7; 3rd 
9.6;4th 10.3; 
5th 10.2)

2.6:1

68 questionnaire < 3 BM/wk or straining and 
passing hard stools in >25% of 
the time

7.3 3.1:1

41 (a) 
54 (b)
37 (c)

questionnaire self report 14.1 (a)
26.6 (b) 
27.7 (c)

69 telephone survey ROME I 14 1.3:1

87.4 interview self report (a) 
ROME I    (b)

12   (a)
10.8(b)
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B Study Date Location Population Sample 
Size (%M)

Age (years)

61 Ho 1998 Singapore general population 706 (51.3) 21-94

62 Meiring 1998 South Africa elderly in family 
medicine clinics

367 ≥65

63 Harari 1996 USA general elderly 
population 

42375 (47) ≥18

64 Talley 1996 USA community-residing 
elderly

1375 (48) 65-101

65 Zuckerman 1995 USA new hospital 
employees

905 (34) mean 31.6

66 Talley 1993 USA general middle-aged 
white population

690 30-64

67 Wolfsen 1993 USA home-bound elderly 211 (47) mean 79

68 Heaton 1993 England general population 1892 
(44.1)

25-69

69 Campbell 1993 New Zealand community-residing  
elderly or elderly 
living in residential 
homes

782 (36.2) 70-102

70 Drossman 1993 USA households 5430 (49) ≥18

71 Stewart 1992 USA community-residing 
elderly

3166 
(32.8)

≥65

72 Kinnunen 1991 Finland Middle aged and 
elderly population (1)
home>74yr 
(2)home 41-50yr 
(3)geriatric home 
hospital 
(4)old people’s home 
(5)geriatric long-term 
hospital 

1.138 
(31.2) 
2.74 (45) 
3.78 (15) 
4.183 (28) 
5.439 (26)

mean 
1. 78.9 
2. 44.6 
3. 78.6 
4. 79.2 
5. 79.5

73 Sandler 1990 USA NHANES-I  (National 
Health and Nutrition 
Examination Survey)

15014 >12

74 Everhart 1989 USA NHANES-I 11204 
(39.4)

25-74

Table 1. Continued
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B Study Date Location Population Sample 
Size (%M)

Age (years)

61 Ho 1998 Singapore general population 706 (51.3) 21-94

62 Meiring 1998 South Africa elderly in family 
medicine clinics

367 ≥65

63 Harari 1996 USA general elderly 
population 

42375 (47) ≥18

64 Talley 1996 USA community-residing 
elderly

1375 (48) 65-101

65 Zuckerman 1995 USA new hospital 
employees

905 (34) mean 31.6

66 Talley 1993 USA general middle-aged 
white population

690 30-64

67 Wolfsen 1993 USA home-bound elderly 211 (47) mean 79

68 Heaton 1993 England general population 1892 
(44.1)

25-69

69 Campbell 1993 New Zealand community-residing  
elderly or elderly 
living in residential 
homes

782 (36.2) 70-102

70 Drossman 1993 USA households 5430 (49) ≥18

71 Stewart 1992 USA community-residing 
elderly

3166 
(32.8)

≥65

72 Kinnunen 1991 Finland Middle aged and 
elderly population (1)
home>74yr 
(2)home 41-50yr 
(3)geriatric home 
hospital 
(4)old people’s home 
(5)geriatric long-term 
hospital 

1.138 
(31.2) 
2.74 (45) 
3.78 (15) 
4.183 (28) 
5.439 (26)

mean 
1. 78.9 
2. 44.6 
3. 78.6 
4. 79.2 
5. 79.5

73 Sandler 1990 USA NHANES-I  (National 
Health and Nutrition 
Examination Survey)

15014 >12

74 Everhart 1989 USA NHANES-I 11204 
(39.4)

25-74

Response 
rate (%)

Method of data 
collection

Constipation Definition Prevalence 
(%)

Prevalence
f:M ratio

93 interview < 3 BM/wk or straining and 
passing hard stools in >25% of 
the time

4.2 2:1

questionnaire
< 3 BM/wk and/or passing hard 
stools in >25% of the time

29.2

interview self report 3.5 3.8:1

75 questionnaire ROME I 12.7 1.2:1

98.6 questionnaire ≤ 2 BM/wk and straining in >25% 
of the time

21.2

83 questionnaire self report (a)
ROME I    (b)

12.5(a)
18.3(b)

1.1:1

interview self report 45

questionnaire self report 23.9 2.1:1

91.4 interview self report (a)
1 BM/≤ 3 days (b)

19.4 (a)
4.4   (b)

66 questionnaire ROME I 3.6 2:1

interview self reported 22.6 1.6:1

interview  1BM / > 3days and difficulties in 
expelling stools

1. 38 
2. 15 
3. 29 
4. 59 
5. 79

1.  1:1 
2.  6.7:1 
3.  1.2:1 
4.  0.9:1 
5.  1:1

questionnaire self report 12.8    2.6:1

74.4 interview self report 16    2.6:1
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B Study Date Location Population Sample 
Size (%M)

Age (years)

75 Whitehead 1989 USA community-residing 
elderly

209 (33.5) ≥65

76 Gaburri 1989 Italy general population 519 adults

77 Sandler 1987 USA general young adult 
population

1128 (35) mean 23.3

78 Donald 1985 Scotland elderly population (1)
community-residing 
(2)geriatric day 
hospital

1. 111(35) 
2. 90 (25)

mean 
1. 76.3 
2. 79.1

79 Pecora 1981 Italy general population 1897 
(46.1)

6-70

80 Thompson 1980 England general population 
divided in 3 groups 
by age

301 (45.5) 17-27 (1) 
45-65 (2) 
65-91 (3)

All questionnaires are self-administered.  
*Major criteria: hard stools, fragmented stools, pain during evacuation, difficulty to evacuate, soiling; 
Minor criteria: large volume of feces, rectal bleeding, 1 BM/ ≥ 2 days

Table 1. Continued
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B Study Date Location Population Sample 
Size (%M)

Age (years)

75 Whitehead 1989 USA community-residing 
elderly

209 (33.5) ≥65

76 Gaburri 1989 Italy general population 519 adults

77 Sandler 1987 USA general young adult 
population

1128 (35) mean 23.3

78 Donald 1985 Scotland elderly population (1)
community-residing 
(2)geriatric day 
hospital

1. 111(35) 
2. 90 (25)

mean 
1. 76.3 
2. 79.1

79 Pecora 1981 Italy general population 1897 
(46.1)

6-70

80 Thompson 1980 England general population 
divided in 3 groups 
by age

301 (45.5) 17-27 (1) 
45-65 (2) 
65-91 (3)

All questionnaires are self-administered.  
*Major criteria: hard stools, fragmented stools, pain during evacuation, difficulty to evacuate, soiling; 
Minor criteria: large volume of feces, rectal bleeding, 1 BM/ ≥ 2 days

Response 
rate (%)

Method of data 
collection

Constipation Definition Prevalence 
(%)

Prevalence
f:M ratio

76 interview self report 39.5    1:1

98 questionnaire ≤ 2 BM/wk for 9months/yr or 
straining in >75% of the times

9.2

questionnaire
self report in >25% of the times

7.3

interview self report 1. 23
 2. 55

< 3 BM / wk (a) 
difficulties to expulse, feeling 
of incomplete evacuation, hard 
stools (b) 

5      (a) 
29.5 (b) 

96 interview self report 2.9 (1)
8.2 (2) 
20  (3)
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ABSTRACT

Background and Objective: The pathophysiology underlying pediatric chronic functional 

constipation (FC) is poorly understood. Children with constipation and their parents often 

report loss of sensation of urge to defecate. We suggest that the loss of rectal sensation 

is related to impaired brain processing of visceral sensory stimuli. Brain imaging data 

are lacking in both adults and children with constipation. The aim of this study is to 

investigate the cerebral activity in response to rectal distension in children with FC and in 

healthy controls (HCs). 

Methods: 15 patients with FC (range 12-18 yrs) and 15 HCs (range 18-21 yrs) participated. 

Rectal barostat was performed prior to the fMRI scan to determine the pressure 

threshold for urge sensation. Subjects received 2 sessions of 5 stimulations consisting 

of repetitions of 30 sec of rectal stimulation, followed by 30 sec of rest during acquisition 

blood oxygenation level-dependent (BOLD) fMRI. fMRI signal differences were analyzed 

using SPM8 in Matlab. Cerebral activation was defined as BOLD increase during rectal 

distension and cerebral deactivation as BOLD decrease during rectal distension. 

Results: FC patients had higher thresholds for urgency than HCs (P<0.001). The groups 

were differentiated by both activated and deactivated regions in response to rectal 

distension. FC patients showed activation in anterior cingulate cortex, dorsolateral 

prefrontal cortex, inferior parietal lobule and putamen during rectal distension. No 

activations were observed in controls. In HCs, deactivated areas were detected in the 

hippocampus, amygdala, fusiform gyrus, insula, thalamus, precuneus, and primary 

somatosensory cortex. In contrast, no regions with significant deactivation were detected 

in FC patients. 

Conclusion: Children with chronic functional constipation differ from healthy controls, 

with respect to patterns of cerebral activation and deactivation during rectal distension, 

suggesting different neural processing of rectal urge sensation in brain regions previously 

implicated in adult studies using visceral pain stimuli.
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INTRODUCTION

Approximately one-third of children with functional constipation (FC) are unresponsive 

to conventional treatment.1 Lack of knowledge about the underlying pathophysiology 

contributes to ineffective treatment strategies and often results in frustration of families 

and healthcare providers. Many children with chronic functional constipation complain 

that they have lost the sensation of urge to defecate. This usually results in infrequent 

toileting and involuntary loss of stool. Impaired peripheral rectal sensitivity has therefore 

been evaluated as a potential underlying mechanism. Rectal barostat studies have 

shown, however, that no differences in sensory function could be identified in children 

with functional constipation compared to healthy volunteers.2

The brain-gut axis can be defined as the “communication system” between the gut and 

the brain. It is now well known that bidirectional brain-gut interactions are important in 

the regulation of digestive processes, including the regulation of bowel movements.3 

Sensations arising from the gastrointestinal tract, such as urge to defecate or visceral 

pain, are transported via the enteric nervous system, the spinal cord to the cerebral 

cortex. Abnormal processing of sensory signals can occur at any level in this neural 

pathway, from the mechanoreceptors in the gut wall to the brain centers processing 

the gastrointestinal information.4 This central processing may be impaired in children 

with severe constipation who report loss of urge sensation. The importance of brain-gut 

interactions in functional gastrointestinal diseases (FGIDs) is increasingly recognized 

and most prominently studied in adults with irritable bowel syndrome (IBS) by using 

functional magnetic resonance imaging (fMRI).5 This technique is able to determine 

changes in brain activity in response to (visceral) stimuli, by measuring changes in the 

ratio of deoxyhemoglobin to oxyhemoglobin (the blood oxygen level-dependent (BOLD) 

signal).5,6 In the last decade fMRI studies have been performed in healthy volunteers and 

adult patients with IBS. Activation and deactivation of multiple cortical regions have 

been shown associated with rectal distension.7 The most consistently activated brain 

regions during visceral distension were concerned with emotional arousal, processing of 

visceral afferent information, and cognitive modulation, including the insula, the anterior 

cingulate cortex (ACC), the primary sensory cortex, prefrontal cortex (PFC) regions and 

the thalamus.8–10 Studies have indicated that IBS patients show increased brain activation 

in these brain regions in response to rectal distension relative to normal subjects. This 

may explain why patients with IBS experience more pain during visceral stimuli than 

controls and are considered hypersensitive.5,8

We suggest that the loss of rectal sensation in children with chronic functional constipation 

is related to impaired processing of sensory stimuli, which may lead to infrequent bowel 

movements and fecal incontinence. However, data are lacking in both adults and children 

with constipation using brain imaging techniques to confirm this hypothesis. Therefore 

the aim of this study is to investigate the cerebral activity in response to rectal distension 

in children with chronic constipation and in healthy controls.
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METHODS

Study subjects

Fifteen patients with chronic functional constipation (range 12-18 years), and 15 healthy 

young-adults (range 18-21 years) participated in the study. Patients were recruited from 

the department of pediatric gastroenterology. They suffered for at least 2 years from 

functional constipation, defined by the Rome III criteria.11 Healthy control subjects (HCs) 

were recruited through local advertisement and were free of any present or previous 

gastrointestinal diseases or symptoms. All participants underwent a basic medical history 

and physical examination and were free of exclusion criteria for MRI. 

Questionnaires

A standardized questionnaire was used to evaluate defecation symptoms. All study 

subjects were screened for anxiety and ADHD, since literature showed that enhanced 

attention and anxiety influenced fMRI findings in adults with functional gastrointestinal 

disorders.12,13 Symptoms were measured in the children with FC with the Dutch version 

of the Screen for Child Anxiety Related Emotional Disorders (SCARED-NL) and the ADHD 

Vragenlijst (AVL) respectively. The Dutch version of the State Trait Anxiety Index (STAI) 

and the Adults Self-Repost Scale (ASRS) were used in the HCs.  

Colonic transit time

Colonic transit time (CTT) was measured in children with constipation. A single abdominal 

x-ray was taken after daily ingestion of capsules, each containing 10 radiopaque markers, 

on 6 consecutive days. Normal maximum values for colonic transit times were 18 hrs, 20 

hrs, 34 hrs and 62 hrs for respectively the right colon, left colon, rectosigmoid and total 

colon. A total colonic time of greater than 62 hours was considered delayed.14

Barostat data acquisition

Each patient underwent rectal cleaning with enemas before the barostat study was 

performed. All medications known to affect gastrointestinal motility were discontinued 

48 hours before the barostat procedure. A standardized rectal barostat study was done 

outside of the MRI scanner, using a lubricated noncompliant polyethylene balloon with a 

maximum volume of 500 ml and a maximum diameter of 10 cm, which was introduced 

into the rectum. The barostat pump (Distender II, G&J Electronics Inc, Canada) was 

connected to a catheter with a length of 11 meters, allowing the pump to be in the control 

room away from the MRI magnet. The balloon was unfolded stepwise (30 ml per step) to 

a maximum volume of 150 ml, and then the catheter was pulled back against the pelvic 

floor. The minimal distension pressure (MDP) was defined as the pressure resulting in 

an intraballoon volume of at least 30 mL, and determined by a stepwise increase in the 

intraballoon pressure (in 1-mm Hg steps for 1 minute). Thresholds of rectal sensitivity to 

distension were evaluated using intermittent distension with steps of 3 mm Hg lasting 

1 minute and 1-minute resting intervals at MDP between steps. At every pressure step, 

the patient was asked to score sensation, using an ordinal scale ranging from 0 to 5  



chapter

2

Brain processing of rectal sensation

69

(0 = no sensation, 1 = first sensation, 2 = urge to defecate, 3 = moderate urge to defecate, 

4 = severe urge to defecate, 5 = pain). When pain occurred, the balloon was deflated 

immediately and the study was ended.

Functional MRI data acquisition

After the barostat study and a resting period, subjects were positioned inside the MRI 

scanner, and were instructed to remain still for the duration of the procedure. The subject 

was given earplugs to reduce scanner noise and a speaker and microphone allowed two-

way communication with the experimenters. Rectal distension-induced brain activation 

was measured with fMRI using distension pressures at the individual level of urge to 

defecate in the constipation patients and severe urge to defecate in the volunteers, 

as determined during the prior barostat study. In patients who did not perceive urge 

to defecate during the barostat study, we used the maximum pressure of MDP + 24 

mmHg, based on thresholds for sensation in previous barostat studies.15 The baseline 

pressure during the rest periods was set at MDP, to prevent balloon collapse. Functional 

and structural images were acquired during rectal distension on a 3-Tesla MRI scanner 

(Intera, Phillips Healthcare, Best, The Netherlands) equipped with an 8-channel SENSE 

head receive coil. A T2* weighted echo planar imaging (EPI) sequence was acquired with 

the following parameters: repetition time (TR) = 3000 ms, echo time (TE) = 30ms, flip 

angle = 90˚, SENSE factor 2.5, 112 x 109 matrix, field of view (FOV) = 220 x 220 x 131.7 mm, 

slice thickness = 3.0 mm, slice gap = 0.3 mm, voxel size = 1.72 x 1.72 x 3 mm, with 40 axial 

slices, in ascending mode covering the whole brain. In addition, a structural T1-weighted 

3D anatomical image of the whole brain was obtained (TR = 9 ms, TE = 3.6 ms, SENSE-

factor = 2.5, 256 x 255 matrix, FOV = 256 x 256 x 180 mm, 100 slices, reconstructed voxel 

size = 0.5 x 0.5 x 1 mm, sagittal slice orientation).

For the fMRI study, a block design was implemented in 2 runs in which phases of 

distension alternated with phases without distension. Each run consisted of 5 repetitions 

of 30 seconds of rectal stimulation, followed by 30 seconds of rest (Figure 1). There was a 

lag time of 7 seconds before reaching the first peak pressure after initiation of the stimuli. 

Data analysis 

Thresholds for sensation were determined from the intermittent distension protocol and 

expressed as pressure above MDP. Normal thresholds were defined as an upper limit of 

6 mmHg above MDP and 19 mmHg above MDP for first sensation and urge to defecate. 

Baseline patient data are expressed as mean. Because of data distribution, nonparametric 

tests (Mann –Witney U test) were used for comparing sensation thresholds. Significance 

was considered at P<0.05. 

For fMRI data analysis, SPM8 toolbox for Matlab version 7.14 was used. Prior to statistical 

analysis, images were pre-processed by realignment to the first scan to correct for 

inter-scan movement artifacts, normalized to the Montreal Neurological Institute (MNI) 

template, and spatially smoothed with a Gaussian filter (FWHM=8mm). Images were 
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excluded from further analysis if the realignment parameters indicated excessive inter-

scan movement (>0.6 mm).  A first level general linear model was specified for each 

subject using the previous defined block design (Figure 1), with a delay of 7 seconds. The 

computed contrasts for the second level (random effects) analysis were the differences 

between stimulation and rest periods. Effects of stimulation were first assessed for the 

groups separately. Then, group differences were assessed by directly comparing the 2 

subject groups statistically. Cerebral activation was defined as BOLD increase during 

rectal distension and cerebral deactivation as BOLD decrease during rectal distension. 

Activation maps were inspected at a statistical threshold of P<0.001 (uncorrected). 

Activated clusters that survived a cluster-based correction for multiple comparisons at 

P<0.05 were considered statistically significant. Further, regions of interest (ROIs) based 

on MNI coordinates published in a meta-analysis5 were used to restrict the search volume 

(small volume correction using a 10 ml sphere).  The study protocol was approved by the 

medical ethics committee of the Academic Medical Center and all subjects and if needed 

parents gave written informed consent prior to the study.

 
figure 1: The block design used during fMRI scans; 2 runs of 5 repetitions of 30 seconds of rectal 
stimulation, followed by 30 seconds of rest.
 

RESULTS

Subject characteristics

The patient group consisted of 8 boys and 7 girls with a mean age of 14.3 years. Whereas 

the healthy control group consisted of 6 young males and 9 young women, with a mean 

age of 20.1 years. Subjects’ clinical data are summarized in Table 1. The mean reported 

bowel movement frequency was 1.8 times per week in the patient group. Forty-seven 

percent of FC patients presented with fecal incontinence and 93% of the included patients 

complained of an impaired rectal sensation. All patients had an extensive history of 

medication use, including laxatives, enemas and oral or rectal lavage. Thirteen patients 

had a delayed colonic transit time; of whom 8 patients fulfilled the criteria of a slow 

transit constipation and 5 of an outlet obstruction.14 The remaining 2 patients had a 

normal transit time, although the study in these patients was performed while using 

medication. Anxiety scores were within the normal range for all subjects. Based on the 

ADHD screening questionnaire, 14 subjects in each groups had normal scores, whereas 1 

patient and 1 volunteer had clinically relevant ADHD scores. 
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Table 1: Subject characteristics

Constipation patients Healthy controls

Mean age (year), range 14.3 (12-18) 20.1 (18-21)

Sex
     Male
     Female

53%
47%

60%
40%

Mean duration of symptoms (year), range 7.8 (1-17) -

Mean defecation frequency / week 1.8 8.7

Presence of fecal incontinence
     Yes
     No
     If yes; mean FI episodes/ week

47%
53%
3.3 

0%
100%
-

Sensation of urge to defecate at home
     Yes, always
     Sometimes
     No, never

 
7%
53%
40%

100%
-
-

Mean colonic transit time (hours), range 94 (62-130) -

Rectal distension thresholds

Rectal stimulation and the fMRI study were well tolerated by all subjects. Assessment 

of rectal sensation prior to the fMRI study revealed a median MDP of 7.0 mmHg in 

the constipation group, and 5.0 mmHg in the healthy controls. The thresholds for first 

sensation were comparable with HCs (Table 2). Patients exhibited significantly higher 

thresholds for urgency than HCs (P<0.001). Patients had a median pressure of 18.0 mmHg 

above MDP (IQR 12-24) to provoke urge sensation, compared to a mean pressure of 9.0 

mmHg (IQR 6-9) above MDP in HCs. Four patients never experienced the sensation of 

urge during rectal distension, and a stimulation of 24 mmHg above MDP was used during 

the fMRI scans. In the HC group we used the individually determined threshold for severe 

urge to defecate to evaluate brain activity, which was at a median pressure of 33 mmHg 

above MDP (IQR 27-36). 

 
Table 2: Pressure thresholds for rectal sensation (median (25-75% IQR))

Constipated patients Healthy Controls P-value

MDP (mmHg) 7.0 5.0 0.08

First sensation (mmHg above MDP) 6.0 (3.0-6.0) 3.0 (3.0-6.0) 0.4

Urge to defecate (mmHg above MDP) 18.0 (12.0-24.0) 9.0 (6.0-9.0) <0.001

IQR= Inter Quartile Range; MDP= Minimal Distension Pressure 
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Brain response to rectal distension

The study groups were differentiated by both activated and deactivated regions in response 

to rectal distension. Patients with constipation showed BOLD increases (activation) in 

anterior cingulate cortex (ACC), bilateral dorsolateral prefrontal cortex (DLPFC), right 

inferior parietal lobule (IPL), and putamen during rectal distension compared to rest 

periods. No BOLD increases were observed in controls during rectal distension periods 

(Table 3, Figure 2). In HCs, extensive deactivated areas were detected during rectal 

distension vs. rest (higher BOLD activation during rest than distension). Significantly 

deactivated clusters included the bilateral hippocampus, amygdala, fusiform gyrus 

(FFG), posterior insular cortex, thalamus, precuneus and primary somatosensory cortex. 

In contrast, no regions with significant deactivation in response to rectal distension were 

detected in FC patients (Table 4, Figure 3). Direct statistical comparison between the study 

groups confirmed these observations (Table 3 and 4).

 
Table 3: Brain areas activated (distension > rest) during rectal distension 

Region BA x* y* z* Z-value P-value

fC patients

aMCC/ACC 24/32 -9 14 40 4.03 0.006

L DLPFC 46 -33 44 19 3.58 0.028

R DLPFC 46 30 44 34 3.57 0.024

R IPL 40 57 -34 40 3.81 ns

L putamen X -30 5 7 3.44 0.035

R putamen x 21 -5 4 3.33 0.048

Healthy controls

No significant clusters

fC patients > HCs**

aMCC/ACC 34/32 -9 14 40 3.86 0.01

R DLPFC 46 33 44 28 3.2 0.067

IPL 40 60 -34 43 3.59 ns

fC patients < HCs***

No significant clusters

*MNI coordinates. ** A between-group comparison; regions where FC patients show more 
activations compared to healthy controls.  *** A between-group comparison; regions where FC 
patients show less activations compared to healthy controls. BA=Broadman area; L=left; R=right; 
aMCC=anterior midcingulate cortex; ACC=anterior cingulate cortex; DLPFC= dorso lateral prefrontal 
cortex; IPL=inferior parietal lobule
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Table 4: Brain areas deactivated (distension < rest) during rectal distension 

Region BA x* y* z* Z-value P-value

fC patients

No significant clusters

Healthy controls

L HC/PHG/amygdala 20 -36 -25 -17 5.8 <0.001

R HC/PHG/amygdala 20 33 -13 -23 5.22 <0.001

FFG/lingual gyrus
18/19/ 
30/37

21 -40 -11 6.25 <0.001

FFG/lingual gyrus
18/19/ 
30/37

-15 -52 -11 5.53 <0.001

Posterior insula x 33 -10 13 5.09 <0.001

L thalamus x -15 -31 1 5.43 <0.001

R thalamus x 15 -31 4 5.71 <0.001

Precuneus/primary 
somatosensory cortex

5,7 3 -34 67 5.07 <0.001

fC patients < HCs**

L HC/PHG/amygdala 20/36 -36 -25 -17 5.37    0.051

R HC/PHG/amygdala 20/36 30 -28 -17 4.62 <0.001

FFG/lingual gyrus
18/19/ 
30/37

21 -40 -11 5.34 <0.001

FFG/lingual gyrus
18/19/ 
30/37

-15 -49 -11 4.8 <0.001

Posterior insula X 33 -13 10 4.16 <0.001

L thalamus X -15 -31 1 4.41 <0.001

R thalamus X 18 -31 1 4.62 <0.001

Precuneus/primary 
somatosensory cortex

5/7 6 -58 55 4.87 <0.001

fC patients > HCs***

No significant clusters

*MNI coordinates. ** A between-group comparison; regions where FC patients show less 
deactivations compared to healthy controls. *** A between-group comparison; regions where 
FC patients show more deactivations compared to healthy controls. BA=Broadman area; L=left; 

R=right; HC=hippocampus; PHG=parahippocampal gyrus; FFG=fusiform gyrus
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figure 2: Regions showing cerebral activation (distension > rest) in patients with constipation 
during rectal distension. A: aMCC/ACC (sagittal view at x = -9); B: bilateral DLPFC (coronal view at 
y = 44);  C: right IPL (coronal view at y = -34). Color bar indicates statistical T values.  

figure 3: Regions showing cerebral deactivation (distension < rest) in healthy controls during rectal 
distension. A: bilateral amygdala, hippocampus, FFG, lingual gyrus (axial view at z = -11); B: FFG 
and lingual gyrus and precuneus (red circle) (coronal view at y = -58). Color bar indicates statistical 
T values.
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DISCUSSION

The aim of this study was to identify differences in cerebral activity in response to rectal 

distension in children with functional constipation (FC) and healthy controls (HCs). The 

results of this study demonstrate that children with FC and HCs differed substantially 

in their BOLD response to rectal distension. Group analyses showed differences in 

both activations and deactivations in multiple brain regions. Children with FC showed 

activation in anterior cingulate cortex, dorsolateral prefrontal cortex, inferior parietal 

lobule and putamen during rectal distension. No such activations were observed in HCs. 

In HCs, deactivated areas were detected in the hippocampus, amygdala, fusiform gyrus, 

insula, thalamus, precuneus, and primary somatosensory cortex, whereas no regions with 

significant deactivation were detected in FC patients. 

Less than 10% of the patients included in this study, experienced normal urge to defecate 

in daily life. These patients indeed, exhibited higher thresholds of sensation of urge to 

defecate than healthy controls during rectal distension. Furthermore the thresholds for 

urge to defecate in this study population with FC were higher, median 18mmHg above 

MDP, compared to earlier studies in children with constipation (median 6mmHg above 

MDP), indicating that the patients included in this study represent a severe form of 

functional constipation.15 The significantly delayed colonic transit times found in this study 

underline the severity of symptoms in this study population as well. 

Activations

In the current study, FC patients showed activation of the anterior cingulate cortex (ACC), 

bilateral dorsolateral prefrontal cortex (DLPFC), right inferior parietal lobule (IPL), and 

putamen during rectal distension compared to rest periods. No significant activated 

regions were found in the HCs. Brain processing of rectal stimulation has been previously 

investigated in several fMRI studies in healthy adults and adult IBS patients. The reported 

activated regions in adults in these studies, however differ in certain aspects from our data. 

In accordance with our results activations in the anterior cingulate cortex (ACC), prefrontal 

cortex (PFC) regions, and putamen have been observed previously in healthy adults and 

adult IBS patients. However, activation of the insula, primary sensory cortex, and the 

thalamus as often described in the literature, were not found in our study group.5,8–10  

The most consistently reported activated brain regions during rectal distension were 

involved in emotional arousal, processing of visceral afferent information and cognitive 

modulation. The ACC forms part of the medial pain system, which is involved in assigning 

emotional valence to internal and external stimuli. It appears to be critical for integrating 

sensation with memory, allowing full appreciation and evaluation of the meaningfulness 

of the stimulus in light of previous experience.9,16 We speculate that activation of the ACC 

during rectal stimulation in FC patients is related to their long-lasting negative and painful 

experiences before and during defecation. In contrast activation of this area was not found 

in HCs, indicating that HCs don’t express an emotional response to the given stimulus.16 
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The frontal lobe is essential for attentional processes17 and has been implicated in 

planning complex cognitive behavior and decision-making, whereas the dorsal prefrontal 

cortex is especially interconnected with brain regions involved with attention, cognition 

and action. The prefrontal cortex provides cognitive evaluation of visceral sensation, 

allowing the individual to assess its quality and judge its unpleasantness.18 We speculate 

that children with FC have a more active cognitive evaluation of the rectal stimulus, 

highlighted by a more active PFC, compared to HCs, because they pay more attention to 

this unknown sensation that they normally don’t experience at home. 

The putamen is located at the base of the telencephalon and is one of the structures that 

comprise the basal ganglia. It plays a role in regulation pain related motor responses, 

memory and learned behavior. Although often mentioned in visceral stimulation studies, 

the role of the putamen in these studies is largely unknown.17 Constipated children might 

have a learned behavior during urge to defecate sensation. Active contraction of pelvic 

floor musculature during rectal sensation could lead to increased activation of putamen. 

Several hypotheses may explain the lack of observed activations in HCs. First, the given 

rectal stimulus in this study might not have been strong (intense) enough. It should be 

addressed that in the majority of the adult studies in healthy controls, the fMRI scans 

were performed during rectal pain. Due to ethical considerations we did not continue 

rectal distension to pain sensation, which might explain the differences found between 

our results and the previous studies. Silverman et al. found a lack of activation within ACC 

and PFC during non-painful stimuli, and reported activation of PFC in response to rectal 

pain in normal subjects.9 Mertz et al. also observed that only pain led to a greater activation 

of the ACC, in contrast to non-painful rectal stimuli.6 Second, the found differences could 

also be related to the conservative statistical threshold used in our study that might have 

excluded weaker activations. 

Deactivations

In contrast to children with FC, extensive deactivated areas were detected during rectal 

distension vs. rest in HCs. Significantly deactivated clusters included the bilateral 

hippocampus, amygdala, fusiform gyrus (FFG), posterior insular cortex, thalamus, 

precuneus and primary somatosensory cortex. Reports have traditionally focused 

on increases in BOLD signals, corresponding to regional brain activation, but there is 

increasing recognition of the importance of deactivations.19 Deactivated regions that 

were observed in this study are consistent with previous adult studies of response to 

rectal stimulation, suggesting that these areas often function together in processing 

visceral stimuli. Deactivation of medial temporal areas (hippocampus, parahippocamcal 

gyrus, and amygdala), precuneus and insula, in response to rectal distension have been 

described in previous studies as well.9,16,19–24 

The thalamus, hippocampus, and insula are regions of the homeostatic afferent network. 

The majority of nociceptive information entering the brain from the spinal cord is 

received by nuclei in the thalamus, which are closely linked to behavioral, spatial, and 
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memory functions.16 The insula is an important area for integration of visceral and 

somatosensory input.18,25 Furthermore, because of its role in autonomic regulation, it can 

be speculated that the insula may play a role in coordinating a viscerosomatic autonomic 

response to pain.18 These regions were also deactivated in the study by Song et al. They 

suggest that mental attention focused away from the averse stimulus (or distraction) 

lead to diminishing of the stimulus and to down regulation of activation in the insula, and 

thalamus.17 Our observations during the study support this theory. HCs might have been 

more distracted by the fMRI scan compared to patients and were possibly better able to 

divert attention away from rectal stimulation. 

The somatosensory cortex, part of the lateral pain system, is concerned primarily with 

sensory-discriminative aspects and precise spatial localisation of a pain stimulus.9 

Deactivations have also been described before and during esophageal distension 

and were explained as attentional processes, explained as ‘filtering out other sensory 

processing’.18

A particularly prominent area of deactivation was the precuneus, regarded as a key node 

of the Default Mode Network (DMN).26,27 The DMN is a brain system that contains a set 

of interacting brain areas associated with an increase in activity during resting states as 

compared to the task of interest.26 The DMN brain activity is especially associated with the 

shift from exteroceptive to interoceptive processing. The existence of DMN suggests that 

there may be specialized brain systems that underlie our abilities to mentally explore and 

anticipate future situations. Such constructive processes may be adaptive because they 

allow the brain to pre-experience upcoming events.26 As mentioned before, we observed 

a behavioral difference between the HCs and patients during the fMRI scan. The HCs were 

more relaxed during the scans and were able to reach a ‘resting state’. Children with FC 

were more nervous, and were actively aware of the rectal stimulus during the entire fMRI 

scans. This difference might translate into the deactivations of areas associated with the 

DMN in HCs, whereas these areas were not deactivated in FC patients. 

Deactivations were also found in the hippocampus and amygdala, which are sensory 

regions that are mainly involved in processing exteroceptive information. Their 

deactivation may be explained as a shift takes place from mainly exteroceptive during 

baseline rest periods to interoceptive processing during rectal stimulation.20 The 

amygdala is part of the  limbic system and performs a primary role in the processing 

of memory and emotional reactions.25 The amygdala is involved in emotional responses, 

especially fear, but is also receiving viscerosensory input.20 Deactivation of the amygdala 

may represent an adaptive response to an unavoidable noxious stimulus.20 In our study, 

the subjects were aware of the intensity and duration of the stimulus they would have to 

endure; therefore, it can be hypothesized that they developed a coping strategy to endure 

rectal uncomfortable sensation. The reduction in blood flow thus probably represents a 

central response to cope with rectal stimulation and the emotional impact associated 

with it.18,21,24
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In the study of Berman et al. deactivations were observed in the insula, amygdala 

en thalamus in response to rectal distension in both healthy men and women. It was 

demonstrated that subjects with the least anxiety had the greatest decreases.24 There is 

a well-recognized association between emotional and social factors and gut function. In 

particular, patients with constipation tend to have higher scores on scales of somatization, 

interpersonal sensitivity, anxiety and depression.28 Although anxiety disorders were 

excluded in both of our study groups, FC patients might have been more anxious for 

the stimulus during the fMRI scan, leading to less deactivation in the above-mentioned 

regions.

The interpretation of the current findings has to take several aspects of the experimental 

technique into consideration that may be responsible for the observed differences. The 

majority of the adult reports introduced pre-set identical stimuli to each subject. We chose 

to establish individually sensation threshold during a rectal barostat study directly prior 

to the fMRI scans. During the scans the subjects was asked to remain completely still 

and communication was only allowed in case of emergency. This approach was chosen 

to prevent body movement (and movement artifact on the scans) of the child during 

communication. The drawback of this method is that inspection of the rectal sensation 

during imaging was not possible, although documentation of sensation throughout the 

scans would have been useful.

The results of this study suggest a dysfunction in brain processing of rectal sensation in 

constipation children rather than leading to direct therapeutic changes in children with 

FC. However, uncovering and explaining the underlying pathophysiologic mechanism 

may help patients and their parents to understand the cause of their symptoms. It is well-

known that a subgroup of patients with severe functional constipation are unresponsive 

to oral laxative treatment and are treated with rectal enemas or colonic lavages. The 

information from this study may reassure the families and motivates them to continue 

this invasive treatment.

Some limitations of the present study need to be addressed. Differences in stimulus 

strength between the FC group and HC group in this study might have contributed to some 

extent to the observed differences. Although it seems unlikely that differences in stimulus 

strength are responsible for the widespread pattern of deactivation in controls that was 

completely absent in patients. It would have been valuable to perform supplemental 

analyses to investigate if there was a gender and age difference in brain responses during 

rectal distension within the FC group. It would also have been interesting to evaluate 

whether brain responses were different between hyposensitive FC patients who never 

experience sensation of urge to defecate, compared to normosensitive FC patients who 

do have an intact rectal sensation. Unfortunately, our current sample was not sufficiently 

powered to test these additional hypotheses. How this would influence the current results 

is unknown and should be further investigated in future research. 
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In summary, children with chronic functional constipation differ from healthy controls, 

with respect to patterns of cerebral activation and deactivation during rectal distension, 

in multiple brain regions involved in attentional functions as well as cognition, motor 

coordination, memory, emotional and sensory association. These results suggest a 

different neural processing of rectal urge sensation in brain regions previously implicated 

in adult studies using visceral pain stimuli.
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ABSTRACT

Background and Objective: In adults, colonic manometry and colonic scintigraphy 

are both valuable studies in discriminating normal and abnormal colonic motility. The 

objective of this study was to compare the diagnostic yield and tolerability of colonic 

manometry and colonic scintigraphy in children with severe constipation. 

Methods: Twenty-six children (mean age 11.4 years, 77% boys) who had received 

colonic manometry and colonic scintigraphy as part of colonic motility evaluation were 

included. Manometry was performed as per department protocol. After swallowing a 

methacrylate-coated capsule containing Indium-111, images were taken at 4, 24, and 48 

hours, and geometric centers were calculated. Results of both tests were categorized in 

3 groups: normal, abnormal function in the distal part of the colon and colonic inertia. 

Cohen’s Kappa was used for the level of agreement. Patients and parents completed a 

questionnaire regarding their experience. 

Results: Colonic scintigraphy showed normal transit time in 20%, delay in the distal colon 

in 48%, and colonic inertia in 32% of patients. Colonic manometry was normal in 40%, 

abnormal in the distal colon in 40%, and colonic inertia was diagnosed in 20%. The Kappa 

score was 0.34. All 5 patients with colonic inertia during manometry had a similar result 

by scintigraphy. Eighty-eight percent of patients preferred scintigraphy over manometry 

and 28% of parents preferring colonic manometry over scintigraphy. 

Conclusions: Colonic manometry and colonic scintigraphy have a fair agreement 

regarding the categorization of constipation. Scintigraphy is well tolerated in pediatric 

patients and may be a useful tool in the evaluation of children with severe constipation.
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INTRODUCTION

Childhood constipation is a common problem with a worldwide prevalence of 0.7% to 

29.6%.1 It has a significant effect on quality of life and contributes significantly to health 

care financial burden.2,3 Children with severe constipation not responsive to dietary, 

behavioral and medical treatment require further investigation.4 Accurate assessment 

of colonic motility and transit can be essential in the investigation, because patients 

with abnormal colonic function may require different treatment strategies.4–7 The most 

frequently used method to measure colonic transit time in children with defecation 

disorders is with ingestion of radio-opaque markers. This non-invasive and simple method 

is widely accessible and monitors the progress of ingested plastic markers through the 

colon; however, this test can be used only as a gross indicator of transit.5,6,8 Another test 

to assess colonic transit is scintigraphy, which involves the measurement of the location 

of an ingested radioisotope as it transits through the gastrointestinal tract. The colon can 

be divided into more segments than is feasible with the use of radio-opaque markers. 

Furthermore, multiple images can be obtained without increasing radiation dosage.4,5,8,9 

The use of scintigraphy was first demonstrated by Krevsky et al. in 198610 and since that 

time several methods have been used; however, normative scintigraphy data for children 

are lacking.11 Colonic manometry is another valuable diagnostic test in differentiating 

normal colonic motor function from colonic neuromuscular disorders on a segmental 

level.7,12 It allows for provocative maneuvers, and it has been found to be well tolerated 

in children;7 however, manometry requires hospital admission to place a catheter in the 

colon under endoscopic or fluoroscopic guidance.12,13 Successful catheter placement and 

maintenance in the cecum for the duration of the study is not always possible, limiting 

the information obtained about the proximal colon.13,14 Manometry is also not widely 

available, with only a few pediatric centers worldwide performing the test routinely in 

children. The primary aim of this study was to compare the diagnostic yield and tolerability 

of colonic manometry and colonic scintigraphy in children with severe constipation.

METHODS

Patients

The charts of all of the patients with longstanding intractable constipation referred for 

testing to the Motility Center at Nationwide Children’s Hospital and who had received both 

colonic manometry and colonic scintigraphy as part of their colonic motility evaluation 

were reviewed. Symptoms at the time of evaluation, results of colonic manometry and 

colonic scintigraphy, and interpretation of the findings of both tests were collected. 

Patients and their parents were asked to complete a brief questionnaire asking them 

about their experience with each study as well as their overall preference. The study 

protocol was approved by the Nationwide Children’s Hospital Institutional Review Board. 
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Manometry protocol

A clear liquid diet was recommended to all patients for at least 24 hours before the 

study. On the day before the study, patients underwent preparation for colonoscopy 

by drinking or receiving through a nasogastric catheter a balanced electrolyte solution 

containing polyethylene glycol. On the morning of the study the manometry catheter was 

placed using endoscopy with fluoroscopic control to place the tip of the catheter into the 

proximal colon. A water-perfused manometry catheter, with eight recording sites spaced 

10-15 cm apart was used. Manometric recording was started after complete recovery 

from sedation. During the study, patients were awake and required to remain in bed, 

and a trained observer was present at the bedside throughout the entire study. All of the 

motility studies included at least 1 hour of fasting and 1 hour postprandial after finishing 

a high calorie meal. The position of the catheter was confirmed with an abdominal X-ray 

after the meal. If no high-amplitude propagated contractions (HAPCs) were observed 

during fasting or in the postprandial period, bisacodyl (0.2 mg/kg, max of 10mg) was 

administrated through the central lumen of the catheter.

Manometry data analysis

Patterns of colonic motor contractions were identified visually. Contractions with an 

amplitude of at least 80 mm Hg, lasting more than 10 seconds and propagating for at 

least 30 cm, were considered HAPCs. The gastrocolonic response was defined by an 

increase in colonic motility that occurred within 30 minutes after beginning a meal.7,15,16 

The studies were categorized into 3 different groups: 1) Normal: presence of HAPCs 

and a gastrocolonic response; 2) Distal colon dysfunction: absence of HAPCs in the 

descending and/or sigmoid colon after administration of bisacodyl; and 3) Colonic inertia: 

no gastrocolonic response and no HAPCs through the entire colon after administration 

of bisacodyl.7

Scintigraphy protocol

The patient fasted the night prior to the test. A 2-cm pH sensitive capsule, containing the 

radioisotope Indium-111, was administrated by mouth. The methacrylate-coated capsule 

dissolves in the cecum. The patient received a meal in the Nuclear Medicine Department 

and the first images were obtained 4 hours after ingestion of the capsule. The patient then 

ate and drank normally, with the exception of the avoidance of caffeinated beverages 

during the study. Images were acquired at 24 and 48 hours from the time of ingestion.

Scintigraphy data analysis 

For each subject, the colon was divided anatomically into the following 4 regions 

of interest (ROI): 1) ascending colon; 2) transverse colon; 3) descending colon; 4) 

rectosigmoid colon. The stools were considered a fifth ROI. Overall colonic transit was 

quantified by the geometric center (GC) or center of radioactivity. The GC was calculated 

by multiplying the fraction (%/100) of counts in each ROI by the ROI number (1-5) and sum 

the products.9,17 The sum represents the GC at the time of image collection at 4, 24, and 
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48 hours. A low GC value indicates that a higher amount of tracer in the proximal colon, 

while a high GC value is consistent with an increased amount of tracer in the distal colon 

or with elimination in the stool. In patients with distal abnormality or functional outlet 

obstruction, progression of the tracer may be normal at the 24 hour mark, but there is 

little evacuation at the 48 hour mark. In patients with slow colonic transit, the majority of 

the tracer remains in the proximal colon throughout the entire study. Normal values are 

based on adult data from Camilleri and Zinsmeister and were considered the following: 

mean GC at 4 h = 1.2 (range 0.7 - 1.7); mean GC at 24 h = 2.7 (range 1.6 - 3.8); mean GC at 

48 h = 3.9 (range 3 - 4.8).9  

Statistical analysis 

The level of agreement between colonic manometry and colonic scintigraphy was 

assessed using Cohen’s κ statistic. The opinion and preferences of the patient and the 

parents were collected from the questionnaire, and summarized using descriptive 

statistic. A P value ≤ 0.05 was considered significant.

RESULTS

Patients

Between August 2008 and January 2011, 26 children (77% boys) with severe constipation 

unresponsive to standard medical treatment underwent both colonic manometry and 

colonic scintigraphy. The mean age of the patients was 11.4 years (6-19 years). The 

mean age of onset of defecation problems was 3 years and 9 months. Besides stooling 

difficulties, 69% of the patients reported at least one episode of fecal incontinence per 

week and 73% experienced abdominal pain regularly. At the time of referral, 50% of the 

patients used a combination of oral laxatives and retrograde enemas, 46% used only oral 

laxatives and 4% only daily enemas. 

Scintigraphy

Scintigraphy data were obtained in 25 patients. In one patient the capsule did not release 

the radioactive tracer properly and the child was therefore excluded from further analysis. 

All patients, except for one, swallowed the capsule. In the latter patient the capsule was 

placed during an upper endoscopy. In 50% of the patients colonic scintigraphy and 

manometry study were performed in the same week, whereas in the other 50% there 

was at least one week between the two studies (mean 4.5 weeks, range 1-16 weeks). The 

median GC at the 24 hour scan was 1.61 (range 0.52-4.12). The median GC at the 48 hour 

scan was 2.73 (range 0.61-4.95). Colonic scintigraphy showed normal transit time in 20%, 

delay in the distal colon in 48%, and colonic inertia in 32% of the patients (Figures1 and 2).
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figure 1: An example of a normal scintigraphy study at 24h (1a) and 48h (1b), study of a patient with 
dysfunction of distal part of the colon at 24h (2a) and 48h (2b), and study of a patient with colonic 
inertia at 24h (3a) and 48h (3b).

Manometry 

Placement and maintenance of the catheter in the right side of the colon during the entire 

colonic manometry was achieved in 52% of the patients. Colonic manometry showed 

normal motility in 40%, abnormal motility pattern in the distal colon in 40%, and colonic 

inertia was diagnosed in 20% of the patients (Figure 2).

Comparison

In 14 patients (56%) both colonic scintigraphy and colonic manometry showed similar 

results. In 8 patients with a normal manometry, scintigraphy showed a delayed transit 

time, whereas in 3 patients the manometry revealed abnormal motility in the distal colon, 

while scintigraphy showed normal transit. All 5 patients diagnosed as having colonic 

inertia by manometry had similar results with scintigraphy. The calculated sensitivity for 

scintigraphy was 0.8. The κ score was 0.34, indicating a fair agreement between the two 

studies. 

Questionnaire 

The questionnaire was completed by 25 patients. Data about overall patient and 

parental preferences demonstrated that 88% of the patients preferred scintigraphy over 

manometry. Mentioned reasons for this preference included increased comfort, less 

preparation time, lack of anesthesia and lack of catheter placement. Scintigraphy was 

preferred by 60% of parents; manometry by 28% of the parents, and 12% reported no 

difference between the two tests. Parents with a preference for manometry believed that 

it offered more detailed information and were pleased that it could be accomplished in 1 
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day versus 3 days. The variance in opinions between patients and parents for scintigraphy 

and manometry was significantly different (P = 0.02). Asked about the experience with 

both studies, 12% of patients described manometry as significantly unpleasant and 52% 

of parents expressed concerns about manometry for their child. Reasons for the reported 

difficulties and concerns with manometry included catheter placement, anesthesia risks, 

length of study, and discomfort for the child. None of the patients or parents described 

scintigraphy as unpleasant.

 

figure 2: Categorization of constipation by colonic scintigraphy and colonic manometry (k = 0.34)

DISCUSSION

This is the first study comparing the diagnostic yield and tolerability of colonic manometry 

versus colonic scintigraphy in children with severe constipation. Colonic manometry and 

colonic scintigraphy had a fair agreement regarding the categorization of constipation. 

Scintigraphy was well tolerated in pediatric patients and in the majority it was preferred 

over manometry. 

Patients with constipation who do not respond to standard dietary, behavioral, and 

medical treatments warrant further evaluation to identify the behavioral and physiologic 

components of their defecatory disorder. Patients with constipation have been traditionally 

categorized as having normal colonic function, functional outlet obstruction/ fecal 

retention, or colonic inertia / slow transit. Knowledge of the subgroup of constipation may 

help direct therapy.4,7,18–20 A patient with functional constipation and stool withholding may 

respond best to laxatives combined with dietary changes and behavioral modifications, 

whereas a patient with slow transit constipation may benefit from enemas, colonic lavage 

or a surgical intervention.4,20 The use of antegrade enemas may be indicated when there 

is an abnormality limited to distal colon or when the rectosigmoid is dilated. Segmental 

colectomies can be used when there is a motility disorder involving only a segment of the 

colon.7 
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While the use of radio-opaque markers has been the most common method used to 

assess colonic transit, it has been suggested that this method may assign markers to 

incorrect bowel segments and does not provide accurate data on transit through each 

colonic region.11,21 Also, there is a concern that indigestible solid particles do not move 

with a meal and may not be handled by the colon in the same manner as stool.22 The 

disadvantages of scintigraphy are the higher costs compared to radio-opaque markers8 

and the inconvenience of having to visit the department three days in a row for the 

acquisition of the images. Comparison of scintigraphy and transit marker studies is 

difficult because of to the different dynamics of the two methods.11 Nevertheless, there are 

a number of studies that have performed simultaneous comparison of radioisotope and 

plastic markers in healthy adult subjects. These studies show a significant difference in 

the descending colon, where more patients were diagnosed as having prolonged transit 

by scintigraphy than by plastic marker study.8,11 Comparison of scintigraphy and transit 

marker studies for the evaluation of constipation in children has not been performed.23 

Some authors argue that scintigraphy is a more reliable technique and should now 

become the criterion standard in transit studies.11,21 

Our results show that colonic scintigraphy is well tolerated in the pediatric population. 

None of the patients or parents described scintigraphy as unpleasant. Almost 90% of the 

patients and 60% of the parents preferred scintigraphy over manometry. Scintigraphy has 

been criticized for excessive radiation dose.4 The radiation dose given to a patient during 

a scintigraphy study, however, is equivalent to that of two plain abdominal x-rays – the 

same number of films often used in standard radio-opaque marker studies.4,9 There has 

also been some concern about the short duration of imaging. While there has been some 

disagreement about the time period required to assess colonic transit4,6, functional outlet 

obstruction has been found to be apparent by 24 to 48 hours, with most of the tracer 

held up in the rectosigmoid. Determining the total time to excretion would not add any 

extra useful information, so there is no need to pursue further imaging and unnecessary 

additional radiation exposure.4 

Colonic manometry is a valuable diagnostic test in providing information about colonic 

function on a segmental level;7,12 however, the availability of colonic manometry studies 

is limited to a few pediatric referral centers. Additionally, colonic manometry studies 

are described as lengthy and somewhat uncomfortable, requiring the use of general 

anesthesia for introduction of catheters.23 Therefore, the identification of children who 

would likely benefit from manometry would be helpful.23 On the other hand, during 

the manometry parents get to directly observe the motility tracing and any provocative 

manoeuvres done during the testing. After administration of bisacodyl for example many 

patients experience an urge to defecate and the observation of the child’s response to 

the urge can be enlightening for the parents who may now recognize stool withholding 

behavior that previously they had interpreted as attempts to defecate. These factors make 

manometry seem more tangible and concrete. Furthermore, during manometry testing 

there is continuous presence of nursing staff or the physician. This may be reassuring to 
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the parents as well.24,25 This is in line with the results of our study, which indicated that 

despite the expressed concerns, almost 30% of the parents preferred manometry over 

scintigraphy. All parents were indeed present during the manometry studies in our series. 

We found a fair agreement between scintigraphy and manometry and a sensitivity of 

80% for scintigraphy compared to colonic manometry. This is comparable with previous 

studies in healthy adult subjects showing a high sensitivity in the detection of motility 

disorders of the colon.9,22,26 In this study colonic scintigraphy identified more patients 

with abnormal colonic transit, while manometry categorized more patients as having 

normal colonic function. All 5 patients with manometry indicative of slow colonic 

transit, however, also had scintigraphy studies consistent with slow colonic transit. This 

suggests that scintigraphy can be used as a screening tool for patients with constipation 

to determine which patients require additional manometry testing. 

Three patients with colonic inertia on scintigraphy had normal manometry studies. 

Having a diagnosis of colonic inertia has important clinical consequences; therefore, 

we suggest that an abnormal scintigraphy study suggesting colonic inertia should be 

confirmed before any medical or surgical treatment choices will be made. In addition, 

an abnormal colonic scintigraphy even in the presence of normal colonic manometry 

may have important clinical implications that are presently unclear. Scintigraphy can also 

provide useful information regarding the proximal colon when the manometry catheter 

does not reach the proximal colon. Differences between both study results can be related 

to the fact that patients underwent preparation before colonic manometry. Second, 

stimulants are used during the study, whereas scintigraphy is done without clean-out and 

the use of stimulations. The amount of time between the two studies had no significant 

influence on disagreement between both tests. Tipnis et al. studied the colonic transit 

time measured by radio-opaque markers and colonic manometry in children with chronic 

constipation. They found a good correlation between the two study results and concluded 

that, although sensitive, oro-anal transit time was not specific for predicting whether the 

whole colon or a segment of the colon was affected by either a neuropathic or myopathic 

disease process. They concluded that transit studies may be helpful to predict which 

children should be referred for colonic manometry, and that manometric testing remains 

an important step in the evaluation of children with slow transit constipation.23 

Scintigraphy does have some limitations that warrant further discussion. There is the 

possibility of capsule malfunction, as occurred in one of our patients. A second limitation 

is that to date, normative scintigraphy data for children are lacking. There are also age 

limitations, because younger children may not be able to swallow the capsule. Variations 

in the protocol used for scintigraphy with regard to the number of ROIs as well as 

the normal values used have been described.27 Although it may not be available at all 

institutions, scintigraphy could certainly be more available than colonic manometry.

Larger scale future studies are needed to explore the use of scintigraphy in children, 

including normal pediatric GC values, possible sex and age differences such as those 
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suggested in previous studies28, the reproducibility and intra-subject variability,11 the 

influence of the use of previous medications such as stimulants and stool softeners, and 

the cost effectiveness of scintigraphy compared to radio-opaque marker studies and 

manometry. 

CONCLUSIONS

Colonic manometry and colonic scintigraphy have a fair agreement regarding the 

categorization of constipation. Scintigraphy is well tolerated in pediatric patients and 

may be a useful tool in the evaluation of pediatric patients with severe constipation. 
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ABSTRACT

Background and Objective: Defecography is a study to assess anorectal function during 

evacuation. We aimed to investigate the value of fluoroscopic defecography in directing 

diagnostic and therapeutic management in children with defecation disorders. 

Patients and Methods:  All fluoroscopic defecography studies performed (2003-2009) 

in children with defecation problems and normal anorectal motility studies were 

reviewed. Results were classified in 3 groups; 1) Normal pelvic floor function; 2) Pelvic 

floor dyssynergia: incomplete relaxation of pelvic musculature, inconsistent change 

in anorectal angle and incomplete voluntary evacuation; 3) Structural abnormality: 

excessive pelvic floor descent, with an intra-rectal intussusception, rectocele, or rectal 

prolapse. 

Results: 18 patients (13 boys, median age 9.1 years) were included. Indication for 

fluoroscopic defecography was chronic constipation in 56%, fecal incontinence in 22% 

and rectal prolapse in 22%. Defecography showed pelvic floor dyssynergia in 9 patients, 

a structural abnormality was found in 4 and defecography showed a normal pelvic 

floor function in 5 patients (28%). In 12 patients (67%) the outcome of fluoroscopic 

defecography directly influenced therapeutic management. After defecography 4 children 

(22%) were referred for anorectal biofeedback treatment, 4 children (22%) for surgery, 2 

children (11%) for an additional MR defecography; 1 patient to psychology department 

and medication was changed in 1 patient. In 6 patients (33%) the result did not change the 

management. In 9 patients (75%) the change of management was successful.  

Conclusions: Fluoroscopic defecography can be a useful tool in understanding the 

pathophysiology and it may provide information that impacts management of children 

with refractory defecation disorders. 



The value of fluoroscopic defecography in children

103

chapterchapter

4

INTRODUCTION

Defecation disorders represent a common problem in children, with one third of 

the children followed-up beyond puberty continuing to be symptomatic.1,2 The 

pathophysiology is multifactorial and remains incompletely understood. A commonly 

accepted hypothesis is that abnormalities in the function of pelvic floor muscle activity 

may lead to obstructed defecation.3–5 Children not responsive to medical treatment merit 

further investigation in order to better understand their underlying pathophysiology. 

Therefore, several imaging modalities have been proposed including abdominal x-rays 

to monitor the transit of radio-opaque markers, barium enema, and MRI of the spine.6–9 

However, pelvic floor dysfunction is hard to diagnose with the above-mentioned studies.

Defecography is a dynamic radiologic test performed during voluntary evacuation of 

the rectum, to assess the anorectal function at rest and during defecation.8,10–13 Since 

the initial description by Wallden in 1952,14 the technique has been further improved 

and simplified, but a consensus is still lacking regarding the optimal examination 

technique.13,15 Although defecography may increase our understanding of the pelvic floor 

pathophysiology, literature in pediatric patients is lacking and fluoroscopic defecography 

has not yet proven its value in the management of children with defection disorders.16,17  

This study aims to investigate the role of fluoroscopic defecography in understanding the 

pathophysiology of defecation disorders in children and to describe its value in directing 

diagnostic and therapeutic management.

METHODS

Patients

Patients were retrospectively selected based upon the following inclusion criteria: 

1) Constipation and/or fecal incontinence (FI) unresponsive to medical treatment; 2) 

Completion of clinically indicated anorectal manometry and defecography studies 

performed at Nationwide Children’s Hospital, Columbus, Ohio; 3) Age ≤ 18 year. In all 

patients, the manometry was performed without sedation, with a water perfused catheter. 

Patients with abnormal anorectal motility upon manometry, defined as the absence of an 

intact recto-anal inhibitory reflex, were excluded. The study protocol was approved by the 

Institutional Review Board of Nationwide Children’s Hospital.

Defecography

Bowel preparation was not carried out before defecography. With the patient in the 

left decubitus position, a thick, stool-like semisolid, barium paste (Anatrast, Lafayette 

Pharmaceuticals) was injected into the rectum, using a caulking gun, until the patient 

experienced an urge to defecate due to rectal distention. Once contrast was inserted, the 

patient was placed upright on a specialized radiolucent commode (Figure 1). In the lateral 

projection, spot radiographs of the anorectal region were obtained at rest, during pelvic 

floor contraction (squeeze), and at valsalva against contracted pelvic floor (straining). 

Cine images (3 frames per sec) were obtained during expulsion of contrast (defecation).   
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figure 1: The specialized radiolucent commode

Measurements

Measurements obtained during defecography were acquired according to previously 

published standards8,18,19 and included: 1) Anorectal angle (ARA): the angle between the 

axis of the anal canal and the posterior rectal wall, measured during rest and straining; 

2) Pelvic floor descent: the perpendicular distance from the anorectal junction to the 

pubococcygeal line (most inferior portion of the pubic symphysis to the last horizontal 

coccygeal joint); 3) Evacuation of the rectum; 4) Morphologic changes of the rectal wall, 

such as rectal rectocele, rectal prolapse and rectal intussusception. 

Categories

The defecography results were, according to previously published adult literature,9,15,20–23 

classified into 3 groups: 1) Normal study: ARA of 80-120˚ at rest and an increase of 20-

45˚ during straining, relaxation of the pelvic floor with a descent of 1.5-3 cm, complete 

evacuation of the rectum, and no morphological abnormalities of the rectal wall; 2) Pelvic 

floor dyssynergia: incomplete relaxation of the pelvic musculature, inconsistent change 

in the ARA (absence of change or paradoxical decrease in ARA) and incomplete voluntary 

evacuation of the rectum; 3) Structural abnormality: excessive pelvic floor descent in 

combination with a rectocele, rectal prolapse, or intrarectal intussusception.
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Data collection and analysis

Data regarding demographics, medical history and recommendations after the 

defecography study were collected from the medical charts. The defecography studies 

and the radiation dose during the study were retrospectively analyzed by one experienced 

pediatric radiologist. The estimated effective dose was calculated by multiplying the 

calculated dose area product (DAP-mGy*cm2 ) by the appropriate conversion coefficient. 

The value of the defecography in understanding the etiology of defecation disorders and 

the value in the therapeutic and diagnostic management of our patients are descriptive. 

Success of the change in management following the defecography study was defined 

as an improvement of symptoms without occurrence of complications in patients with a 

surgical intervention.

RESULTS

Demographics

A total of 18 patients were included, 13 boys and 5 girls, with a median age of 9.1 years 

(range 3-16 years). Prior to defecography, the median duration of symptoms was 6 years 

(range 1.5–10 years). The indication for defecography was long-lasting constipation in 10 

children (one of these patients had a tethered cord and another patient had an imperforated 

anus). In 4 children the indication was intractable FI (one patient had a tethered cord 

and an imperforated anus). In the other 4 patients the indication for defecography was 

recurrent rectal prolapse. In all patients, maximal medical treatment, including high dose 

of different oral laxatives, retrograde enemas, cleanouts, and behavioral interventions 

had failed. Two patients had a previous surgical intervention (cecostomy, colostomy) 

for intractable constipation. All patients had normal anorectal motility, measured with 

anorectal manometry prior to defecography. 

Defecography results

The entire study took a maximum of 15 minutes, with a median fluoroscopic time of 

1.2 min (range 0.43-5.43 min). The cooperation of 15 patients was good. In 3 children 

(3-5 years of age), there were difficulties completing the study due to age-related lack 

of cooperation. Five patients had a normal defecography study: 3 with constipation 

and 2 with FI. The defecography showed pelvic floor dyssynergia in 9 patients: 6 with 

constipation, 2 with FI and 1 patient with rectal prolapse (Table 1). All patients with 

dyssynergia had incomplete (n=5) or no relaxation (n=4) of the pelvic floor musculature. 

Five patients had incomplete evacuation of the rectum, 4 patients no evacuation of the 

rectum at all. In 4 patients defecography revealed a structural abnormality: an intra-rectal 

intussusception was seen in 3 patients and the fourth patient had a combination of an 

intussusception, rectal prolapse and anterior rectocele. Figures 2-4 depict study examples 

of the three categories.
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Table 1: Defecography results by initial indication for defecography study

Constipation fI Rectal prolapse

Normal defecography 3 2 -

Pelvic floor dyssynergia 6 2 1

Structural abnormality 1 - 3

FI = fecal incontinence

 

 

figure 2:  Normal defecation. 
10 year old boy with constipation and a history of tethered cord repair. (A) Lateral view of the rectum 
at rest demonstrates a normal anorectal angle (ARA) of 115 degrees. PCL = pubococcygeal line. 
(B) Lateral view during squeeze demonstrates normal elevation of the pelvic floor (AJR- anorectal 
junction) and decrease in the ARA to 92 degrees. (C) Lateral view during straining shows normal 
descent of the pelvic floor (AJR) and widening of the ARA. (D) Lateral view during evacuation of 
barium paste demonstrates normal funnel-shaped anorectum and widening of the anal canal (arrow). 
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figure 3: Pelvic floor dyssynergia. 
16 year old girl with chronic constipation. (A) Lateral view of the rectum at rest shows a normal ARA 
of 82 degrees. (B) Lateral view during attempted defection demonstrates paradoxical decrease in 
anorectal angle (ARA) to 58 degrees. The patient is unable to evacuate barium paste.

 
figure 4: Rectal prolapse.
9 year old boy with a history of rectal prolapse. (A) Normal lateral view of the rectum at rest. (B) 
Lateral view of the rectum during defecation demonstrates full thickness anterior wall intussusception 
(arrow) and narrowing of the anal canal (double arrow). (C) Lateral view at termination of defecation 
demonstrates rectal prolapse (arrows).

Management change

Figure 5 depicts the change in diagnostic or therapeutic management based on the 

defecography result. In 6 patients the result of the defecography did not change the 

management. In 12 patients the outcome of defecography directly influenced clinical 

management. Four patients were referred for anorectal biofeedback treatment, three 

with pelvic floor dyssynergia, and one with a normal study. Four patients underwent 

surgical treatment following the defecography. A cecostomy was placed for the treatment 

of constipation in 2 patients. One patient underwent a rectosigmoidectomy (Altemeier 
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procedure) for rectal prolapse, and one patient received peri-anal Thiersch sutures. Two 

patients were referred to a specialized center for additional MR defecography, due to 

inconclusive results on the fluoroscopic defecography. In the first patient the fluoroscopic 

defecography study showed an incomplete relaxation of the pelvic floor musculature 

and a narrow anal canal. The additional MR defecography revealed an enterocele, which 

was managed conservatively. In the second patient an anterior rectocele, large anterior 

intussusception, rectal prolapse, and a narrow anal canal were seen on the fluoroscopic 

defecography. The MR defecography showed overall weakness of the pelvic floor, with 

a significant rectal prolapse, sigmoidocele, and cystocele. This patient was treated 

surgically with the Frijkman Goldberg procedure (abdominal sutured rectopexy with 

sigmoid resection). One patient was referred to the psychology department, because 

of major depressive disorder. In one patient, the prior described medication to treat 

constipation was changed, following a normal defecography study. In 9 out of the 12 

patients the change in management was successful, after a median follow-up time of 12.5 

months (range 1-50 months). There was improvement of symptoms and no complications 

in the patients with a surgical intervention. In 3 patients the change of therapy was not 

successful, and symptoms did not improve. All three patients presented initially with 

constipation. Two were initially referred for biofeedback, and in one the management did 

not change after defecography. After a mean time of 9 months, all 3 patients received a 

cecostomy for delivering antegrade enemas.  

figure 5: The change in management based on the defecography result. 

*cecostomy, **1 peri-anal Thiersch sutures, and 1 resection of prolapse
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Radiation 

The mean radiation exposure during the defecography studies was 3.55 mSv per patient, 

with a median of 2.32 mSv and a range between 0.11 and 10.86 mSv.

DISCUSSION

Defecography can be performed to evaluate anorectal and pelvic floor function in children 

with defecation disorders not responding to medical treatment. In our study population 

of 18 children, fluoroscopic defecography demonstrated pelvic floor dyssynergia in 50%, 

a structural abnormality was found in 22%, while 28% of the subjects had a normal 

defecography study. The defecography findings led to a change in clinical management 

in 67% of the patients. In 75% of those symptoms improved as a consequence of the 

changes made after the defecography. These results suggest that defecography may be 

a useful diagnostic tool to understand the pathophysiology of defecation disorders in 

children and that defecography may direct medical or surgical treatment in a selected 

subgroup of children with refractory constipation. 

Despite controversies regarding clinical relevance and the advice that results should be 

interpreted with caution,24 defecography remains the only dynamic method, that visually 

evaluates the process of defecation.17,25 The strength of fluoroscopic defecography is 

that it allows assessment of the rectal function with the patient in sitting position during 

the procedure, to achieve a more physiological defecation.26,27 Defecography has been 

considered a relatively simple and inexpensive procedure that can provide valuable 

information about dynamics of the anorectal system.28 A combination of defecography 

with anorectal manometry has been suggested for the diagnostic workup of children with 

severe, intractable constipation.29 

We divided the study patients into three groups. The main indication for defecography 

was long-lasting severe constipation. The other indications were intractable FI and rectal 

prolapse. It should be noted that this study group represents a skewed population. The 

patients had symptoms for many years and had failed multiple medical treatments. 

Four patients from this study population were referred for biofeedback treatment after 

pelvic floor dyssynergia was identified on defecography. In 2 patients biofeedback was 

successful, whereas in 2 patients biofeedback had no benefit. Paradoxical contraction or 

failure to relax the pelvic floor during attempts to defecate is described as pelvic floor 

dyssynergia and commonly observed in children with constipation.30 

Biofeedback training (BFT) can be used in these children to teach them how to tighten 

and relax their perianal muscles in order to pass bowel movements more efficiently. A 

recently published Cochrane review, however, concluded that there is no evidence that 

biofeedback training adds any benefit to conventional treatment in the management of 

childhood constipation.31 This is in contrast with data in adults with constipation and 

dyssynergic defecation, where biofeedback was effective and superior to laxatives.32 

Because BFT has been considered a relatively well tolerated treatment and available in 

most hospitals, it can be worth trying BFT in children before considering more radical 
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treatment options. In this study group, patients in whom BFT was not successful had more 

severe evidence of dyssynergia compared to patients in whom BFT was successful. Thus, 

BFT might be considered when the patient has more subtle dyssynergia characteristics 

during defecography. Secondly, cooperation with biofeedback training is essential. 

So it is very important that the physician discusses the treatment with the patient and 

parents and estimates if the (especially younger) patient will be cooperative during BFT. 

It is certainly possible that only a small subgroup of pediatric patients benefits from 

biofeedback and that tests not commonly performed, such as defecography may aid the 

clinician to identify such patients.

We found defecography to be well tolerated in the majority of patients. In this series 

the cooperation of patients was good and patients only experienced some discomfort 

during the filling of the rectum with contrast paste, due to rectal distension. We had 

difficulties completing the study in three children. In order to perform a defecography 

in a child, it is essential that the patient is cooperative and relaxed26. The minimum age 

when a defecography study is feasible has been debated, but the current opinion is that 

defecography is feasible starting at the age of 4 years or when the child has had at least 

one to two years of toilet training.13 It has been stated that patients’ embarrassment at 

the setting of the study may inhibit normal defecation of the contrast material.24 Literature 

is lacking regarding the psychological burden associated with defecography in pediatric 

patients. However, Deutekom et al. report that the burden for defecography was low in 

adults and comparable with other endo-anal function tests.33 

One of the disadvantages of defecography is the radiation exposure. We found that 

a wide range of radiation dose was used in our case series, with a mean and median 

exposure of respectively 3.55 and 2.32 mSv during the defecography studies. In order 

to put these data in perspective, it should be noted that the dose due to background 

radiation is 3 mSv/year, the radiation dose during a chest X-ray is 0.2 mSv, and a 

barium enema is two to three times that of defecography.13,34 Radiation dosage can 

be kept as low as reasonably achievable by careful attention to measures of radiation 

protection, using pulsed fluorography as sparingly as possible and using a special 

radiolucent commode. Although the radiation exposure is relatively high, the risk may 

be considered acceptable in children with severe, intractable constipation, when the use 

of defecography may impact treatment and may avoid other equally invasive diagnostic 

tests or therapeutic procedures.34 In recent years, MR defecography has been proposed 

as an alternative technique to provide insight into pelvic floor and rectal function.35–37 

Advantages of MR defecography are the absence of radiation exposure, the superior 

soft tissue visualization, and the global view of the other compartments. However, MR 

defecography, and especially open MR devices that allow sitting position, is limited in 

availability, and more expensive than fluoroscopic defecography.19,35,36,38 Wherever MR 

defecography is available such test should have the preference, due to his advantages 

compared to fluoroscopic defecography. Referring a patient to a center with the capability 

to perform an MR defecography may be appropriate in some patients with inconclusive 

fluoroscopic defecography results.
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Prior studies in adult patients with defecation disorders are inconclusive regarding the 

value of fluoroscopic defecography in clinical decision-making. Some investigators 

reported that defecography had substantial diagnostic and therapeutic benefits and 

was useful to establish a definitive diagnosis in 43–53% of cases.39,40 In another study, 

defecography had an overall accuracy of 83.3%, and was stated to be a reliable tool in 

clinical decision making in constipated patients.41 In contrast, inconsistent methodology, 

wide interobserver variations in the measurements of defecography parameters and 

problems in interpretation have been reported as well.13,16,24,39,42 The variation between 

observers in the measurement of the ARA is due to the fact that some investigators 

favor the use of the central axis of the rectum, whereas others prefer referring to the 

posterior rectal wall to determine the ARA.15,26,42,43 In our study the ARA was defined as 

the angle between the axis of the anal canal and the posterior rectal wall. Regarding 

the inconsistent methodology, a variety of different contrast mediums are used for 

defecography. The texture of the barium paste aims to replicate the consistency of stool.13 

Although there is no consensus regarding the type of the barium paste among different 

hospitals, altering the viscosity of the barium contrast medium used for defecography 

does not seem to substantially affect the subsequent radiographic findings.44 Evaluation 

of defecography requires experience in the method. It has been advised that studies 

should only be performed in centers where there are a sufficient number of patients.25 No 

specific recommendation regarding the minimum of studies that has to be performed has 

been described in the literature. In this study, defecography studies were all performed 

and analyzed by one pediatric radiologist. 

This study had several limitations. First, this was a retrospective study. Second, patients 

were selected from a tertiary referral center, a factor that might have resulted in selection 

bias. A limitation of the technique used in this study, was the lack of pre-contrast filling 

of the small bowel, and the lack of vaginal marking for location. These limitations may 

limit diagnostic capabilities. To compare results and improve diagnostic reproducibility in 

future research, it would be important to develop normal pediatric values for defecography 

measurement and to standardize definitions and techniques.

In conclusion, this study suggests that fluoroscopic defecography can be a useful tool 

in understanding the pathophysiology of defecation disorders and it may provide 

information that impacts the management of children with refractory defecation disorders. 
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ABSTRACT

Background and Objectives: Prucalopride is a selective, high-affinity, 5-HT4 receptor 

agonist, with gastrointestinal prokinetic properties. The aim of this multicenter, 

randomized, placebo-controlled, double-blind, phase 3 trial (NCT01330381) was to 

evaluate the efficacy and safety of prucalopride in children with functional constipation 

aged ≥ 6 months to < 18 years.

Methods: Children were enrolled based on the Rome III criteria for functional constipation. 

They received prucalopride (≤ 50kg: 0.04 mg/kg oral solution; > 50 kg 2 mg tablet) or 

placebo once daily for 8 weeks. The primary efficacy endpoint was the proportion of 

patients with an average of ≥ 3 spontaneous bowel movements (SBM) per week, and 

≤ 1 fecal incontinence episode per 2 weeks in children who had acquired toileting skills, 

calculated over weeks 5–8 (responders). Endpoint data were collected from daily e-diaries 

and questionnaires completed by children and their parents. Adverse events, clinical 

laboratory values, and electrocardiograms (ECGs) were also monitored.

Results: Efficacy and safety were assessed in 213 (106 prucalopride, 107 placebo) children. 

Their age distribution was: 25% < 4 years; 50% 4–< 12 years; and 25% ≥ 12–< 18 years. 

Their mean age was 8.3 years (SD 4.6 years); 55.4% were female. At baseline, 62.3% of 

those in the prucalopride group and 55.1% of those in the placebo group had a history of 

fecal incontinence, and 60.4% and 55.1% of those in the prucalopride and placebo groups, 

respectively, had a history of ≤ 1 SBM/week on average. The proportion of responders 

was similar in both treatment groups (prucalopride 17.0%; placebo 17.8%). No statistically 

significant difference in the primary efficacy endpoint was seen when stratified by sex, 

age group or country. No significant differences were observed between prucalopride 

and placebo in the secondary efficacy endpoints, including patients’ satisfaction with 

treatment and their perception of disease severity.  Overall improvements in PedsQL 

score from baseline to week 8 were similar in the prucalopride and placebo groups. The 

incidence of treatment-emergent adverse events (TEAEs) was similar in the prucalopride 

(69.8%) and placebo groups (60.7%). The most common (> 10%) TEAEs in the prucalopride 

group were headache, pyrexia, abdominal pain and vomiting. There were no clinically 

meaningful changes in clinical chemistry, hematology, urine analysis or ECG parameters.

Conclusions: Prucalopride, although generally well tolerated, was not more effective than 

placebo in children with functional constipation. 
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INTRODUCTION

Constipation is a common problem in childhood, with an estimated worldwide 

prevalence of between 0.7% and 29.6% in the general pediatric population.1 In the 

majority of children, constipation is characterized by infrequent painful defecation, large 

stools, fecal incontinence (FI) and abdominal pain. The pathophysiology underlying 

functional constipation is multifactorial, and remains incompletely understood.2 Chronic 

constipation is associated with impaired health-related quality of life (HRQoL)3,4 with 

many children needing long-lasting treatment; however, despite treatment, up to 25% 

of children continue to have constipation beyond puberty.5 The treatment of functional 

constipation in children consists of a combination of education, behavioral modification 

and oral laxatives. Despite the widely accepted use of laxatives, clinical evidence of their 

efficacy and safety in children is limited.6 

Prucalopride (Resolor®), a dihydrobenzofurancarboxamide derivative, is a selective, high-

affinity 5-HT4 receptor agonist with enterokinetic properties. Prucalopride is approved in 

the EU for the symptomatic treatment of chronic constipation in adult women for whom 

laxatives fail to provide adequate relief.7,8 Prucalopride stimulates colonic motility by 

increasing high-amplitude propagated contractions (HAPCs) and is believed to accelerate 

colonic transit in healthy volunteers and adult patients with constipation.9-11 Several 

placebo-controlled trials in adults have demonstrated that prucalopride is effective in 

increasing stool frequency, reducing constipation-related symptoms and improving 

HRQoL.12-17 Moreover, prucalopride is well tolerated by patients without serious side 

effects. The high affinity and selectivity for 5-HT4 receptors differentiates prucalopride 

from previous-generation compounds, such as cisapride and tegaserod, by minimizing 

the potential for target-unrelated side effects. Concerns relating to adverse cardiovascular 

effects led to market withdrawal of cisapride and tegaserod.18,19

To date, one open-label pilot study has investigated the effect of prucalopride in children.20 

After 8 weeks of treatment, constipation-related symptoms were improved in 55% of 

patients, including an increase in bowel movement frequency and a reduced frequency 

of FI. At least one adverse event was reported in 70% of children, with most being of mild 

or moderate severity; no serious adverse events were reported. In addition, no relevant 

changes in vital parameters or ECG recordings were observed. In this phase 3, multicenter, 

placebo-controlled trial we aimed to determine the efficacy, safety, and tolerability of 

prucalopride compared with placebo for the treatment of functional constipation in a 

pediatric population aged ≥ 6 months to < 18 years.

METHODS

Study design

A multicenter, randomized, double-blind, placebo-controlled, phase 3 trial was conducted 

from April 2011 to March 2013 at 33 centers throughout Europe. This study consisted of 

an 8–17-day run-in period, an 8-week double-blind treatment period, and a 16-week open-

label treatment period (Figure 1). After screening, eligible patients entered a run-in period 

that comprised 1 week of control measurements for the documentation of constipation 
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symptoms, followed by fecal disimpaction with an oral laxative or an enema. In cases 

where proscribed medication was used at screening, intake was stopped, and the run-in 

period extended by 1 week to allow for wash out.

This study was conducted in accordance with the International Conference on 

Harmonization of Good Clinical Practice (ICH), the principles of the Declaration of Helsinki, 

as well as applicable local ethical and legal requirements. The protocol was reviewed and 

approved by the ethical committees of all participating centers. Written informed consent 

was obtained and signed by each child’s legal guardian and by the investigator prior to 

the initiation of any study procedures. Assent was obtained for children aged older than 

6 years. The study was designed by Shire, and the academic principal investigator (MB) 

participated in the development of the study design and protocol. Data gathering and 

analysis were performed by a clinical research organization (CRO) under the responsibility 

of Shire. The authors vouch for the completeness and veracity of the data and the data 

analysis. 

Study population

Children aged ≥ 6 months and < 18 years old with a confirmed diagnosis of functional 

constipation based on the Rome III criteria were eligible for inclusion. Functional 

constipation was defined as two or fewer spontaneous bowel movements (SBMs) per 

week together with at least one of the following symptoms during the previous month 

(for patients aged < 4 years) or the previous 2  months (for patients aged ≥ 4 years): 

≤ 1 episode of FI per week (after the acquisition of toileting skills); history of retentive 

posturing or excessive volitional stool retention; history of painful or hard bowel 

movements; history of large diameter stools; or presence of a large fecal mass in the 

rectum. A bowel movement was considered spontaneous when it was not preceded 

within 24 hours by the intake of an oral laxative agent or the use of an enema. The 

following were used as exclusion criteria: presence of specific underlying causes of 

defecation disorders, such as Hirschsprung’s disease, spina bifida occulta, cystic fibrosis, 

gastrointestinal malformations, or significant developmental delays that were associated 

with musculoskeletal or neurological conditions affecting the gastrointestinal tract. 

Patients were also ineligible for inclusion if constipation was secondary to endocrine, 

metabolic, neurological, organic, or autoimmune disorders, or to surgery or drugs. 

Children with clinically significant cardiac, vascular, liver, pulmonary, or psychiatric 

disorders, severe renal insufficiency, HIV infection, AIDS, hepatitis B, hepatitis C, or 

clinically significant abnormalities of hematology, urinalysis or blood biochemistry at 

screening were also excluded. Patients with known lactose intolerance for whom it was 

expected that low doses of lactose could lead to diarrhea, or those who were known to 

have an allergy to one of the investigational drugs or its excipients, were also excluded. 

Patients who were breast-fed during the study or who used any investigational drug within 

the 30 days preceding screening were also excluded. Children and/or their parent(s) or 

legally authorized representative(s) were instructed not to change the lifestyle or diet 

of the patient, including exercise levels or fiber intake. If applicable, parents were also 

instructed to continue with toilet training during the study. 
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Randomization and dosing

Participants were randomized 1:1 to placebo or prucalopride. Randomization was 

stratified by country and age (≥ 6 months to < 4 years;  ≥ 4 to < 12 years; and ≥ 12 to < 

18 years). It was planned to enroll a minimum of 30% of the total number of patients 

from either sex, and at least 15% of the total from each age group. Children weighing 

≤ 50 kg received either prucalopride or placebo at a dose of 0.04 mg/kg body weight 

once daily (oral solution of prucalopride succinate equivalent to 0.4 mg/mL prucalopride). 

After 4 weeks of treatment, the dose could be increased or decreased for each patient 

individually based on the presence of safety or tolerability concerns and/or a treatment 

response. The dose was increased to 0.06 mg/kg in cases where there were no safety 

concerns and there was insufficient response. The dose was decreased to 0.02 mg/kg in 

cases where there were safety/tolerability concerns (e.g. diarrhea) that were likely related 

to treatment with the investigational product and where the patient was a responder. 

Children who underwent dose adjustment remained on that dose for the remaining 

4 weeks of the double-blind treatment period. Patients weighing > 50 kg received either 

placebo or a 2 mg prucalopride tablet once daily. No dose adjustments were allowed for 

those receiving the tablet formulation. Irrespective of body mass, the maximum dose 

per intake was 2 mg prucalopride or placebo. The preferred daily dosing schedule was 

1–3 hours before evening meals. 

Patients who completed the 8-week double-blind treatment period and wished to continue 

treatment were re-randomized 1:1 to receive, without a washout period, 16 weeks of open-

label treatment with prucalopride or active control (polyethylene glycol [PEG] 4000) to 

evaluate long term safety and tolerability. Randomization was stratified by the preceding 

treatment (placebo or prucalopride), country, and age group. For children randomized to 

prucalopride, dosing was set by body mass as measured at the start of the double-blind 

treatment period. No dose adjustments were permitted during the open-label treatment 

period. Patients assigned to the active control group received 4–20g of PEG 4000 once 

daily before the evening meal based upon their age (4 g for ≥ 6 months to < 1 year; 8 g 

for ≥ 1 year to < 4 years; 12 g for ≥ 4 years to < 8 years; 20 g for ≥ 8 years to < 18 years). 

figure 1: Trial design PLA = placebo; PRU = prucalopride; PEG = polyethylene glycol
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Concomitant medication 

Laxatives and agents that influence bowel habits were not permitted to be used during the 

study and the use of these medications had to be stopped prior to the start of the run-in 

period. If the patient did not have a bowel movement for three or more consecutive days, 

they were allowed to take 5 mg bisacodyl (one tablet), or 7.5 mg/mL sodium picosulfate 

droplets (one droplet per 5 kg body mass) for rescue purposes. If the standard dose of the 

rescue medication was insufficient, an increase in dose was allowed after discussion with 

the investigator. If no bowel movements were subsequently passed, an enema or oral 

agent could be administered to remove the impaction. The rescue medication (excluding 

enemas) was provided by the study sponsor.

Efficacy endpoints 

The primary objective was to evaluate the efficacy of prucalopride compared with 

placebo for the treatment of functional constipation in a pediatric population. Efficacy 

was evaluated by comparing the proportion of responders in the prucalopride group with 

that in the placebo group (as calculated over weeks 5–8 of the double-blind treatment 

period). A patient was defined as a responder if their mean SBM frequency was ≥ 3 times 

per week and their mean number of FI episodes per 2 weeks was ≤ 1 episode (FI was 

only taken into account in children after the acquisition of toileting skills). Secondary 

endpoints included SBM frequency, FI frequency, retentive posturing or excessive 

volitional stool retention, pain during defecation, stool consistency, and abdominal 

pain. Other secondary endpoints were use of rescue medication, HRQoL, and safety and 

tolerability of prucalopride treatment.

Efficacy assessments

E-diary

From the start of the run-in period through to the end of the double-blind treatment 

period, patients and/or their parent(s) or legally authorized representative(s) recorded in 

daily e-diaries the timing of bowel movements, stool consistency (rated using the Bristol 

Stool Scale), presence of painful defecation (rated on a six-point scale), passing of a large 

diameter stool, number of FI episodes, presence of abdominal pain (rated on a six-point 

scale), and the presence of retentive posturing or excessive volitional stool retention. 

Date and time of intake of the study drug, rescue medication and date and time of each 

toilet training (if applicable) were also recorded. During the open-label treatment period, 

the patient or parent reported whether the investigational product was taken on the paper 

medication intake form daily. 

Subject global assessment

At screening, baseline, week 2, week 4, week 8, week 16 and week 24, the severity of 

constipation over the past 2 weeks was recorded using a five-point scale (0=absent, 

4=very severe) and the global evaluation of treatment efficacy was also noted (0=not 

at all effective, 4=extremely effective). At week 24 or upon early discontinuation, the 
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patient and/or their parent(s) or legally authorized representative(s) reported treatment 

convenience using a five-point scale (–2 =not at all convenient/very difficult, 2=very 

convenient/very easy). 

Questionnaires

The HRQoL of each patient was evaluated at the end of the run-in period and at weeks 

8 and 24, or upon discontinuation, using the Pediatric Quality of Life Inventory Generic 

Core Scales Version 4.0 (PedsQL) and the PedsQL Gastrointestinal Symptoms Module 

(GI module). These are validated questionnaires that include parent proxy-reports for 

toddlers (2–4 years), young children (5–7 years), children (8–12 years), and adolescents 

(13–18  years), 21–25 and child self-report forms for young children (5–7 years), children 

(8–12 years), and adolescents (13–18 years). The questionnaires contain items on Physical 

Functioning (8 items), Emotional Functioning (5 items), Social Functioning (5 items), and 

School Functioning (5 items for children ≥  5 years old; 3 items for toddlers). 

Safety and tolerability assessments

Electrocardiograms (ECGs), systolic and diastolic blood pressure, pulse rate, and 

temperature were recorded at screening, and at weeks 0, 8 and 24. ECGs were recorded to 

measure the RR, PR, QRS, and QT intervals, as well as heart rate. Physical examinations, 

including pregnancy testing for female patients who were of childbearing potential, were 

performed at screening, weeks 0, 8 and 24. Weight and height information were recorded 

at all visits; Tanner stages were recorded at week 0 and week 24 only. Blood samples for 

biochemistry/hematology and a urine sample for urinalysis were taken at screening and 

at weeks 8 and 24. All adverse events (AEs) experienced by the patient were recorded and 

defined as mild (no disruption of normal daily activities), moderate (affected normal daily 

activities) or severe (inability to perform daily activities). A serious AE was defined as any 

untoward medical occurrence that at any dose resulted in death, was life-threatening, 

resulted in persistent or significant disability/incapacity, required inpatient hospitalization 

or led to prolongation of hospitalization. Safety was monitored by an independent data 

safety monitoring board throughout the entire study.  

Statistical analysis

It was calculated that 97 patients per treatment group would be sufficient to detect a 

difference of at least 20% in response rate between prucalopride and placebo with a 5% 

level of significance and a power of 80%. To take into account the possibility of insufficient 

e-diary data or discontinuations, the sample size was set to 105 patients in each group, 

leading to a planned total of 210 randomized children for the study. After approximately 

70 children had completed the double-blind treatment period, a formal interim analysis 

was performed and results were evaluated by an independent data safety monitoring 

board in order to decide whether a general dose adjustment for the open-label treatment 

period was required.
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The primary efficacy analysis was performed on the full analysis set, which included all 

patients who were randomized and used the investigational product at least once. In 

the primary analysis, placebo was compared with prucalopride regardless of the dose; 

dose titrations at week 4 were analyzed in the secondary analysis. The secondary analysis 

consisted of analysis of the different prucalopride dose groups versus placebo over the 

second half of the double-blind treatment, applying a Bonferroni correction for multiple 

comparison tests to control the family-wise error rate. 

The per-protocol set was used for a sensitivity analysis with the primary endpoint. The 

per-protocol set was a subpopulation of the full analysis set, excluding all patients who 

stopped treatment with the investigational product before day 37, or who had a protocol 

violation that had the potential to affect efficacy and/or safety results. 

For categorical and binary data, frequencies and proportions were tabulated descriptively. 

For inferential statistics on binary data, the Cochran–Mantel–Haenszel test (controlled 

for stratification factors [country and age group]) was used. For continuous parameters, 

both the actual values and the changes from baseline were tabulated descriptively. For 

inferential statistics, treatment comparisons were performed by means of an analysis of 

covariance (ANCOVA) model, including treatment, country, and age group as factors and 

baseline score as a covariate. Time-to-event data were analyzed descriptively by means 

of a Kaplan–Meier curve. For inferential statistics, the log-rank test (controlled for country 

and age group) was used.

The safety analysis was performed on the safety set, which included all patients who 

were randomized and used the investigational product at least once. Safety parameters 

included AEs, clinical laboratory variables, vital signs, ECG variables, and physical 

examinations. For each safety parameter, the last non-missing value collected before the 

first dose of investigational product was used as baseline for all analyses of that safety 

variable. Descriptive statistics were generated for all safety variables. 

RESULTS

Enrollment

Of the 304 patients who were screened (Figure 2), 89 were excluded as screening failures 

(74 did not meet inclusion criteria, 9 withdrew consent, 4 experienced an AE, and 2 were 

not compliant with trial requirements). Overall, 215 patients were randomized: 107 to 

the prucalopride group and 108 to the placebo group. Two patients withdrew consent 

prior to investigational product dosing and as a result, the safety population included 213 

children (106 in the prucalopride group and 107 in the placebo group). Randomization 

was stratified by country and age in order to have a balanced number of patients from 

each country and age group in both treatment groups. The per-protocol set excluded 55 

patients who stopped treatment with the investigational product before day 37 or who 

had a protocol violation that had the potential to affect efficacy and/or safety. The majority 

of patients in both treatment groups completed the double-blind treatment period 
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(prucalopride 89.7%; placebo 93.5%). The most common reason for withdrawal in both 

treatment groups was withdrawn consent. A total of 197 (92%) patients completed the 

double-blind treatment period and entered the open-label treatment period, 98 were re-

randomized to prucalopride and 99 to PEG. The discontinuation rate in the PEG treatment 

group was 18.2%, compared with 10.2% in the prucalopride treatment group.

figure 2: Study flow and disposition of patients
PRU = prucalopride, PLA= placebo, DBTP=Double-blind Treatment Period, OLTP=Open-label Treatment 
Period
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Table 1: Demographic and Baseline Data

Prucalopride Placebo

Tablet 

N=22

Solution 

N=84

Total 

N=106

Tablet  

N=27

Solution  

N=80

Total  

N=107

Age (years), mean (SD) 14.9 (2.0) 6.6 (3.3) 8.3 (4.5) 14.7 (2.3) 6.1 (3.0) 8.2 (4.7)

Age group, n (%)

    <4 years 0 27 (32.1) 27 (25.5) 0 26 (32.5) 26 (24.3)

    4 to <12 years 1 (4.5) 51 (60.7) 52 (49.1) 2 (7.4) 52 (65.0) 54 (50.5)

    12 to <18 years 21 (95.5) 6 (7.1) 27 (25.5) 25 (92.6) 2 (2.5) 27 (25.2)
BMI (kg/m2), mean 

(SD)
23.8 (5.9) 16.0 (2.1) 17.6 (4.5) 22.5 (2.7) 16.0 (2.6) 17.6 (3.9)

Sex, n (%)

    Female 17 (77.3) 43 (51.2) 60 (56.6) 16 (59.3) 42 (52.5) 58 (54.2)

    Male 5 (22.7) 41 (48.8) 46 (43.4) 11 (40.7) 38 (47.5) 49 (45.8)

Race, n (%)

    White 20 (90.9) 81 (96.4) 101 (94.3) 27 (100.0) 75 (93.8) 102 (95.3)

    Black 2 (9.1) 1 (1.2) 3 (2.8) 0 3 (3.8) 3 (2.8)

    Not allowed to ask 0 2 (2.4) 2 (1.9) 0 2 (2.5) 2 (1.9)

Country

    Hungary 6 (27.3) 33 (39.3) 39 (36.8) 5 (18.5) 30 (37.5) 35 (32.7)

    The Netherlands 11 (50.0) 14 (16.7) 25 (23.6) 16 (59.3) 10 (12.5) 26 (24.3)

    Poland 2 (9.1) 21 (25.0) 23 (21.7) 1 (3.7) 22 (27.5) 23 (21.5)

    United Kingdom 2 (9.1) 8 (9.5) 10 (9.4) 1 (3.7) 9 (11.3) 10 (9.3)

    Belgium 1 (4.5) 3 (3.6) 4 (3.8) 2 (7.4) 2 (2.5) 4 (3.7)

    Germany 0 1 (1.2) 1 (0.9) 2 (7.4) 4 (5.0) 6 (5.6)

    France 0 2 (2.4) 2 (1.9) 0 2 (2.5) 2 (1.9)

  Italy 0 2 (2.4) 2 (1.9) 0 1 (1.3) 1 (0.9)
Duration of symptoms 

(years), mean (SD)

SBMs/wk, mean (SD)

FI episodes/2wks, 

mean (SD)

Severity of 

constipation, n (%)

   Mild

   Moderate

   Severe

   Very severe

8.4 (5.5)

0.7 (0.7)

7.1 (15.2)

1 (4.5)

3 (13.6)

9 (40.9)

9 (40.9)

3.4 (3.1)

0.9 (0.9)

21.4 (40.5)

1 (1.2)

14 (16.7)

40 (47.6)

29 (34.5)

4.4 (4.2)

0.8 (0.9)

18 (36.6)

2 (1.9)

17 (16.0)

49 (46.2)

38 (35.8)

7.0 (5.6)

1.0 (1.0)

7.6 (15.2)

1 (3.7)

9 (33.3)

8 (29.6)

9 (33.3)

3.2 (2.6)

1.1 (1.0)

28.8 (80.1)

3 (3.8)

7 (8.8)

33 (41.3)

37 (46.3)

4.2 (3.9)

1.1 (1.0)

22.7 (68.5)

4 (3.7)

16 (15.0)

41 (38.3)

46 (43.0)

SD=standard deviation; N= number of subjects; BMI=body mass index; FI= fecal incontinence; 
SBMs= spontaneous bowel movements



Efficacy and safety of prucalopride in children with constipation

129

chapter

5

Demographic and baseline characteristics

Patient demographics and baseline characteristics are summarized in Table 1. Slightly 

more female (55.4%) than male (44.6%) children were enrolled; this distribution was 

similar in both treatment groups. The mean (SD) age of patients was 8.3 (4.5) years in 

the prucalopride group and 8.2 (4.7) years in the placebo group. Approximately 25% of 

patients were younger than 4 years, 50% were aged 4–12 years and 25% were older than 

12 years. Baseline disease characteristics were well balanced between treatment groups. 

Patients had a mean duration of constipation of 4.4 years in the prucalopride and 4.2 years 

in the placebo group. A majority of patients in each treatment group had ≤ 1 SBM/week 

(60.4% in the prucalopride group and 55.1% in the placebo group). The presence of FI 

was similar between groups with 62.3% of children in the prucalopride treatment group 

and 55.1% in the placebo group reporting at least one FI episode per week. Overall, the 

majority of children (81.7%) had severe or very severe constipation, a history of excessive 

volitional stool retention (61.0%), painful or hard BMs (85.9%), a history of presence of 

a large fecal mass in the rectum (79.7%), and a history of large diameter stools (79.3%). 

Over half of all patients (63.4%) had never had toilet training (consisting of at least three 

5-minute visits to the toilet in a silent relaxed atmosphere after each meal). At baseline, 

64.8% of children had rectal fecal impaction. 

Study medication

In total, 57 patients receiving prucalopride solution and 60 receiving placebo solution 

increased their dose to 0.06 mg/kg, and only 1 patient in each group decreased their dose 

to 0.02 mg/kg after 4 weeks of double-blind treatment. Concomitant medication use was 

balanced across the treatment periods (66.7% of patients in the double-blind treatment 

period and 65.5% of patients in the open-label treatment period). The most commonly 

used medications in the double-blind and open-label periods were paracetamol (30% and 

21.3%, respectively) and ibuprofen (9.4% and 6.1%, respectively). Based on e-diary data, 

compliance was 93.2% in the prucalopride treatment group and 90.5% in the placebo 

treatment group in the double-blind treatment phase. In the open-label treatment period 

the mean compliance was, based on the data from the medication intake form, 96.6% in 

the prucalopride group, and 95.4% in the PEG group.  

Primary efficacy endpoint

A similar proportion of patients in the prucalopride (17.0%) and placebo (17.8%) treatment 

groups met the primary responder definition (i.e. they had an average of ≥ 3 SBMs per 

week and no more than 1 FI episode per 2 weeks during weeks 5–8 of the double-blind 

treatment period [P = 0.90]; Figure 3). No differences were found for the primary efficacy 

endpoint when comparing prucalopride (tablet 13.6%; solution 17.9%) and placebo (tablet 

18.5%; solution 17.5%) formulations. 

Results from the sensitivity analysis on the per-protocol set were consistent with the 

full analysis set (P = 0.78). Subgroup analyses of the primary endpoint by country, dose 

group, age group and sex did not reveal any significant differences (data not shown). The 
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prucalopride treatment group had a higher proportion of responders than the placebo 

treatment group when evaluating the entire 8-week double-blind treatment period 

(prucalopride 14.3%; placebo 8.4%; Figure 3) and during weeks 1–4 of the double-blind 

treatment period (prucalopride 13.3%; placebo 10.3%); however, the difference between 

treatment groups was not statistically significant for either analysis period (P = 0.06 and 

P = 0.21, respectively).

Post-hoc analyses did not show significant difference in outcome between patients with 

or without a history of retentive posturing. In patients with a history of withholding 

behavior or retentive posturing, 17.7% in the prucalopride group were defined as a 

responder compared with 11.8% in the placebo group (P = 0.40). In patients with no 

history of retentive posturing or withholding behavior, 16.3% were responders in the 

prucalopride group compared with 28.2% in the placebo group (P = 0.58). 

figure 3: The primary efficacy endpoint in the Full Analysis Set 

Secondary efficacy endpoints

Secondary endpoints were similar in the prucalopride and placebo treatments groups 

(Table 2). There was no significant difference between groups in improvement in number 

of SBMs, number of FI episodes, stool consistency, pain during defecation, abdominal 

pain or the overall use of rescue medication. A similar proportion of patients in both the 

prucalopride (29.2%) and placebo (35.5%) treatment groups had an average of ≥ 3 SBMs 

per week during double-blind treatment period 2. An identical proportion of patients 

(43.0% in both the prucalopride and placebo treatment groups) experienced ≥ 1 episode 

of FI per 2 weeks during the second two weeks of the double-blind treatment period. The 

median time to the first SBM after the first intake of trial medication was not statistically 

different between both groups (67 hours in the prucalopride group and 100 hours in the 

placebo group, P = 0.38).

At the on treatment assessment, the percentage of patients rating their constipation 

severity as severe or very severe was comparable between the prucalopride (43.7%) 

and placebo (48.6%) treatment groups, compared with 82.1% and 81.3% at baseline, 

respectively. Analysis did not show significant difference in distribution of severity 

between treatment groups at baseline (P = 0.27) and during double blind treatment 
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period 2 (P = 0.16).  The percentage of patients considering their constipation treatment 

to be quite effective to extremely effective was higher in the prucalopride group than 

the placebo group (36.9% vs. 23.3%), but analysis did not reveal significant difference 

in distribution of effectiveness (P = 0.47). At the end of the open-label treatment period, 

28.0% of patients on PEG rated their constipation as severe to very severe compared 

with 40.2% of patients on prucalopride (P = 0.0003); 67.7% of patients on PEG rated their 

treatment as quite effective to extremely effective compared with 39.2% of patients taking 

prucalopride (P < 0.0001). The percentage of subjects considering their constipation 

treatment at the end of the open-label treatment period to be quite or very convenient 

was 82.4% on prucalopride and 76.7% on PEG.

Table 2: Secondary Efficacy Endpoints 

Endpoint Prucalopride Placebo P-value

Mean of ≥3 SBMs/wk (n, %) 31 (29.2) 38 (35.5) 0.35

No of SBM/wk
   Mean at baseline (SD)
   Mean change from baseline (SD)

0.84 (0.87)
+1.5 (2.35)

1.06 (1.03)
+1.03 (1.78) 0.16

Mean of ≥1 FI episode/2 wks (n, %) 40 (43.0) 40 (43.0) 0.52

No of FI episodes/2 wks
   Mean at baseline (SD)
   Mean change from baseline (SD)

18.0 (36.6)
-8.7 (36.9) 

22.7 (68.5)
-13.9 (64.9) 0.60

Stool consistency [1-7]*
   Mean at baseline (SD)
   Mean change from baseline (SD)

3.2 (1.42)
+0.6 (1.41)

3.4 (1.54)
+0.1 (1.17) 0.02

Mean level of defecation pain [0-5] 
   Baseline (SD)
   Change from baseline (SD)

2.0 (1.53)
-0.6 (1.36)

2.1 (1.47)
-0.4 (1.19) 0.06

Mean level of abdominal pain [0-5] 
   Baseline (SD)
   Change from baseline (SD)

(1.25)
-0.2 (0.76)

(1.33)
-0.3 (0.94) 0.89

Mean no of overall rescue medication 
use 
Baseline (SD)
Change from baseline (SD)

1.47 (1.28)
-0.29 (1.20)

1.64 (1.48)
-0.39 (1.36) 0.87

* 7-point Bristol Stool Scale for children
N= number of subjects; SD = standard deviation; SBMs = spontaneous bowel movements

The changes in overall PedsQL scores were comparable between prucalopride and 

placebo. On a scale of 0–100, with higher scores indicating a better quality of life, the 

mean (SD) total score on the child self-report questionnaire was 76.4 (16.17) in the 

prucalopride group and 75.1 (16.48) in the placebo group. Mean (SD) total scores on 

the parent proxy-reported questionnaire were 79.6 (17.58) and 76.3 (17.56), respectively. 

During the open-label treatment period, changes in HRQoL parameters were generally 

comparable between prucalopride and PEG. The mean (SD) scores on the child self-

report questionnaire were 81.4 (16.05), 74.8 (14.33), 76.3 (15.43), and 75.8 (17.24) for the 

prucalopride–prucalopride, prucalopride–PEG, placebo–prucalopride, and placebo–PEG 
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treatment sequences, respectively. Mean (SD) scores on the parent proxy-reported 

questionnaire were 79.7 (18.66), 78.6 (18.84), 80.5 (16.80), and 80.3 (16.61), respectively. 

The correlation between parent proxy-reported and child self-reported PedsQL 

questionnaires was high, with a Pearson correlation of 0.81 for the total score in the 

double-blind treatment period and 0.77 in the open-label treatment period. Analysis of 

the changes from baseline of the PedsQL questionnaire showed no differences in either 

treatment period between prucalopride, placebo and PEG in child or parent reports. 

Safety

During the double-blind treatment period, treatment-emergent adverse events (TEAEs) 

were reported by a similar proportion of patients in the prucalopride treatment group 

(69.8%) and the placebo treatment group (60.7%). During the double-blind treatment 

period, the prucalopride treatment group (21.7%) had a higher proportion of patients with 

a TEAE on day 1 than the placebo treatment group (3.7%). The most common TEAEs on 

day 1 were headache, nausea and vomiting. After day 1, TEAEs were reported by a similar 

proportion of patients in the prucalopride (62.3%) and placebo (57.9%) groups. Overall, 

during the open-label treatment period, the prucalopride and PEG treatment groups had 

a similar proportion of patients with a TEAE (64.3% vs. 61.6%). The most frequently (> 5%) 

reported TEAEs in both treatment periods are summarized in Table 3; the most common 

(based on > 10% in any one treatment group) were headache, pyrexia, abdominal pain, 

diarrhea and vomiting.

Table 3: Most Frequent (>5%) Treatment-emergent Adverse Events

Preferred Term, n (%)

Double-blind Treatment Period Open-label Treatment Period 

Prucalopride  
N=106

Placebo 
Total N=107

Prucalopride
N=98

PEG
Total N=99

Subjects with ≥1 TEAE 74 (69.8) 65 (60.7) 63 (64.3) 61 (61.6)
Headache 17 (16.0) 9 (8.4) 3 (3.1) 7 (7.1)

Pyrexia 15 (14.2) 3 (2.8) 5 (5.1) 7 (7.1)

Abdominal pain 14 (13.2) 13 (12.1) 9 (9.2) 12 (12.1)

Vomiting 15 (14.2) 5 (4.7) 10 (10.2) 5 (5.1)

Nausea 10 (9.4) 6 (5.6) 4 (4.1) 1 (1.0)

Viral infection 6 (5.7) 5 (4.7) 4 (4.1) 4 (4.0)

Cough 6 (5.7) 2 (1.9) 4 (4.1) 6 (6.1)

Diarrhea 6 (5.7) 5 (5.6) 3 (3.1) 12 (12.1)

Nasopharyngitis 3 (2.8) 2 (1.9) 6 (6.1) 5 (5.1)

Pharyngitis 3 (2.8) 6 (5.6) 5 (5.1) 4 (4.0)

Bronchitis 2 (1.9) 7 (6.5) 5 (5.1) 3 (3.0)

Upper respiratory 
tract infection 2 (1.9) 5 (4.7) 5 (5.1) 5 (5.1)

Constipation 2 (1.9) 3 (2.8) 8 (8.2) 2 (2.0)

N=number of subjects with data; PEG=polyethylene glycol; TEAE=treatment-emergent adverse event
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Five patients in the prucalopride treatment group reported a total of nine  serious 

TEAEs, and two patients in the placebo treatment group reported a total of three serious 

TEAEs (Table 4). Five  of the 12 serious TEAEs were considered by the investigator to 

be related to the investigational product; for all five, treatment with the investigational 

product continued, in 4 after drug interruptions. No fatal TEAEs occurred during this 

study. Two patients in the double-blind treatment period (one in each treatment group) 

permanently discontinued treatment due to TEAE. Five patients (four in the prucalopride 

treatment group and one in the PEG treatment group) experienced serious TEAEs during 

the open-label treatment period, although all were considered to be unrelated to the 

treatment (Table 4). Two children in the open-label treatment period (both in prucalopride 

treatment group) permanently discontinued treatment due to a TEAE.

Table 4: Summary of Serious Treatment-emergent Adverse Events (Safety Population)

Preferred Term, n(%)

Double-blind Treatment Period Open-label Treatment Period

Prucalopride
N=106

Placebo
N=107

Prucalopride
N=98

PEG
N=99

Subjects with ≥1 
serious TEAE 5 (4.7) 2 (1.9) 4 (4.1) 1 (1.0)

Abdominal pain 1 (0.9) 1 (0.9) 0 1 (1.0)

Constipation 0 1 (0.9) 2 (2.0) 0

Vomiting 1 (0.9) 0 1 (1.0) 0

Diarrhea 1 (0.9) 0 0 0

Nausea 1 (0.9) 0 0 0

Appendicitis 1 (0.9) 0 0 0

Pneumonia 1 (0.9) 0 0 0

Dizziness 1 (0.9) 0 0 0

Syncope 1 (0.9) 0 0 0

Anxiety 1 (0.9) 0 0 0

Viral infection 0 0 1 (1.0) 0

Contusion 0 0 1 (1.0) 0

Proctalgia 0 0 0 1 (1.0)
Anorectal discomfort 0 1 (0.9) 0 0

N=number of subjects; PEG=polyethylene glycol; TEAE=treatment-emergent adverse event 

During the double-blind and open-label treatment periods, changes in clinical chemistry, 

hematology, and urinalysis parameters from normal to abnormal were minimal and 

similar between treatment groups. During the double-blind treatment period, no patients 

in the prucalopride treatment group experienced TEAEs related to clinical laboratory 

abnormalities. In the open-label treatment period, there were 13 patients with 19 TEAEs 

related to clinical laboratory abnormalities in the prucalopride treatment group, and 

11 patients with 16 TEAEs related to clinical laboratory abnormalities in the PEG treatment 

group. None of the TEAEs related to clinical laboratory abnormalities were considered 

serious, and none led to discontinuation of use of the investigational product. Changes 

over time in physical examination results, and vital signs were comparable between 
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treatment groups. The majority of patients were in Tanner stage I during the double-blind 

and open-label treatment periods and all pregnancy test results were negative throughout 

the study. The TEAEs related to vital sign abnormalities were non-serious, mild to 

moderate in severity, and did not result in discontinuation of investigational product use. 

Mean ECG changes from baseline to final on-treatment assessment are summarized in 

Table 5. The proportion of patients who experienced changes from normal at baseline 

to abnormal at the final on-treatment assessment was minimal and similar in the 

prucalopride and placebo groups for pulse rate, PR interval and QRS interval. No patients 

had a change in QTcB or QTcF interval from ≤ 450 msec at baseline to > 480 msec at 

the final on-treatment assessment. In the double-blind treatment period, a similar 

proportion of patients in each treatment group had a change in QTcB interval from  

≤ 450 msec at baseline to 450–480 msec at final on-treatment assessment (prucalopride 

8.9%, placebo 6.9%). During the double-blind treatment period, there were no changes in 

QTcF interval from baseline to the final on-treatment assessment; all children had a QTcF 

interval of ≥ 450 msec at baseline and at final on-treatment assessment. In the open-label 

treatment period, a similar proportion of patients had a change in QTcB interval from ≤ 450 

msec at baseline to 450–480 msec at final on treatment assessment (prucalopride 11.5%; 

PEG 10.6%). In the open-label treatment period, one  patient, from the PEG treatment 

group, had a change in QTcF interval from ≤ 450 msec at baseline to 450–480 msec at 

the final on-treatment assessment. No patients in the prucalopride treatment group had 

an ECG-related TEAE in the open-label treatment period. All of the ECG-related events 

were non-serious, mild in severity, and did not lead to discontinuation of investigational 

product.

Table 5: Mean Electrocardiogram Changes from Baseline to Final On-treatment Assessment 

Mean (SD) Double-blind Treatment Period Open-label Treatment Period

Prucalopride 
N=91

Placebo
N=102

Prucalopride
N=87

PEG 
N=86

Heart rate (beats/min) -3.3 (12.80) +0.4 (14.28) -3.8 (15.45) -1.5 (14.29)

PR interval (msec) -1.1 (13.60) +2.1 (21.77) -4.4 (14.31) +0.5 (13.10)

QRS interval (msec) +0.3 (8.07) +0.5 (8.92) +1.4 (9.27) -0.1 (9.69)

QT interval (msec) +0.5 (20.42) +1.1 (22.52) +6.7 (25.92) +4.4 (23.56) 

QTcB interval (msec) -6.1 (25.94) +2.8 (24.37) -0.3 (29.30) +3.7 (22.95) 

QTcF interval (msec) -3.5 (20.17) +2.1 (18.49) +2.3 (22.73) +4.1 (19.11) 

N=number of subjects; SD=standard deviation; PEG=polyethylene glycol; QTcB=QT interval corrected 
according to Bazett’s formula; QTcF=QT interval corrected according to Fridericia’s formula; 
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DISCUSSION

In this multicenter, double-blind, placebo-controlled trial in pediatric patients fulfilling 

the Rome III criteria of constipation, no significant difference was found in the proportion 

of responders (≥ 3 SBMs/week and ≤ 1 FI episodes per 2 weeks) between treatment with 

prucalopride (17.0%) or placebo (17.8%). In addition, subgroup analyses of the primary 

endpoint by country, dose group, age group, sex and history of retentive posturing did 

not reveal any meaningful trends.

The primary endpoint in this study, ≥ 3 SBMs/week and ≤ 1 FI episodes/2 weeks, was 

carefully chosen as a clinically meaningful measure to evaluate the efficacy of therapy in 

children with constipation. In contrast to studies in adults with constipation, the majority 

of children have infrequent defecation accompanied by FI as result of their rectal fecal 

impaction; therefore, efficacy of treatment will not only lead to an increase in defecation 

frequency, but also to a decrease in the number of episodes of FI. A surprisingly low 

proportion of children successfully responded to prucalopride (17.0%, compared with 

17.8% for placebo). By comparison, a well-designed, multicenter, placebo-controlled trial 

comparing PEG 3350 with placebo for childhood constipation showed a success rate of 

greater than 70% in the PEG group versus 42% in the placebo group.26 Comparison between 

these studies is difficult due to the differences in study design (treatment period of only 

2 weeks in the PEG study) and the difference in the primary endpoint used (response to 

treatment was defined as ≥ 3 bowel movements in the second week of the PEG study). 

Moreover, a majority of the responding children in the earlier study still experienced FI at 

the end of the treatment period, which in the current study would have defined them as 

non-responders. Another well-designed study in children fulfilling the Rome II criteria for 

constipation, comparing PEG 3350 to lactulose and using the same primary endpoint as 

in the present study, showed success rates of 56% and 29%, respectively.27 It is unclear 

why the response rate to prucalopride is lower than the response rate to PEG in this 

earlier study, since the current study was also performed in a tertiary center, suggesting 

a similar study population. Although the working mechanism of prucalopride is different 

to that of PEG 3350, prucalopride has been shown to be effective in increasing stool 

frequency and reducing constipation-related symptoms in adults. 

The difference in efficacy of prucalopride between adults and children indicates that 

childhood constipation differs considerably from constipation in adults.28 It is known that 

in a majority of children functional constipation is caused by the voluntary withholding of 

feces due to fear of painful defecation. Once the child has experienced the painful passage 

of hard stool, he or she attempts to avoid the expected discomfort by exercising voluntary 

withholding. In contrast, voluntary withholding of stools is not a contributing factor in the 

onset or maintenance of constipation in adults.28 In the current study population, 61% of 

participants had a history of excessive volitional stool retention, which may have played a 

role in the difference in the primary efficacy results compared with adult studies. Indeed, 

previous research has suggested that prucalopride might accelerate transit through the 
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gastrointestinal tract in constipated patients without rectal evacuation disorder.10 This may 

indicate that prucalopride might be less successful in patients with an outlet obstruction 

compared with those with slow transit constipation. 

Similar to a placebo-controlled study of prucalopride in adults with constipation, 29% of 

the pediatric patients receiving prucalopride in the present study had a mean of ≥ 3 SBMs/

week after 8 weeks of treatment;12 however, the proportion of patients with ≥ 3 SBMs/week 

in the placebo group was 35% compared with only 12% in the adult study. It is unclear 

why there is discrepancy in the placebo responses between children and adults.12,16 As in 

adults, the placebo effect in functional gastrointestinal disorders is substantial.29 There 

may be a significant role for behavior modification, including toilet training and positive 

parental reinforcement, in explaining the high placebo response rate in children.26 In the 

current study, toilet training in combination with keeping an e-diary may also have been 

involved in the high success rate observed in the placebo group; likewise, the high level 

of expectancy of children and their parents participating in this study and the frequent 

contacts between the doctors and patients may also have contributed to the outcomes in 

the placebo group.30

In contrast with other studies, the current study demonstrated that children treated with 

prucalopride had no improvements in their perception of the severity of their constipation 

symptoms compared with placebo-treated patients. At the end of the treatment period, 

patients treated with prucalopride rated the efficacy of their study medication similarly 

to patients who had received placebo, and patients from both treatment groups reported 

similar improvements in measures of HRQoL. It is known from previous studies that 

general wellbeing and HRQoL are lower among constipated patients than in healthy 

controls.3,4 A cohort study of young adults with a history of functional childhood 

constipation compared HRQoL in this population with that of healthy peers. While HRQoL 

was similar in both groups, unsuccessful clinical outcome at adult age (patients with 

continuing constipation-related symptoms) was associated with lower HRQoL.4 This 

suggests that improvement of constipation-related complaints consequently leads to 

improvements in HRQoL and general wellbeing. In contrast with our results, several adult 

studies showed that prucalopride significantly improved the severity of symptoms and 

HRQoL in severely and chronically constipated patients compared with placebo.12,13,15–17,31 

This is consistent with the significant difference in efficacy between prucalopride and 

placebo treatment in adult studies.

In accordance with earlier trials in adults and children, prucalopride was generally 

well tolerated by the pediatric patients.12,16,20,32 The incidence of TEAEs was comparable 

among the treatment groups, except for headache, pyrexia, vomiting, abdominal 

pain and diarrhea; these differences probably reflect the serotonergic (headache) and 

enterokinetic (gastrointestinal AEs) properties of prucalopride. The majority of AEs was 

mild to moderate in severity and occurred mainly during the first day of treatment. There 

were no clinically relevant changes over time in laboratory parameters, urine analysis or 

vital signs. 
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Prucalopride has a high affinity and selectivity for 5-HT4 receptors; its affinity for 5-HT4 

receptors is at least 150 times higher than for other receptors.12 Non-selective 5-HT4 

receptor agonists, such as cisapride and tegaserod, have been associated with adverse 

cardiovascular effects. In the current study, no clinically relevant changes in ECG 

parameters were observed in patients taking prucalopride. No patient in any treatment 

group had a shift in QTcB or QTcF interval from ≤ 450 msec at baseline to > 480 msec at 

the final on-treatment assessment. The ECG findings reported in this study are consistent 

with previous studies in adult patients and healthy volunteers.

In the current study, outcomes for PEG treatment related to constipation severity and 

efficacy of treatment were generally better than those for prucalopride during the open-

label treatment period. In contrast with the better outcomes in the PEG group compared 

with the prucalopride group, a higher incidence of early withdrawals occurred in the 

PEG treatment group than the placebo group (18.2% vs. 10.2%). During the open-label 

continuation, good safety and tolerability profiles were maintained for up to 16 weeks. 

This is in accordance with a follow-up study in adults, which demonstrated satisfaction 

with bowel function maintained for up to 18 months of treatment with prucalopride.32

The strengths of this study were the multinational composition of the study population, 

the large patient sample (including a range of age groups), the placebo-controlled 

design, the use of the Rome III criteria for pediatric constipation, and the well-defined 

primary endpoint, which permits drawing firm conclusions regarding the effectiveness 

of prucalopride and placebo in children with constipation. A potential limitation of the 

present study was that it was conducted in secondary and tertiary care centers, thus 

reflecting a more severely affected patient population. This precludes applying the results 

to the general population of constipated children.

In conclusion, current guidelines for treatment of constipation in children recommend a 

combination of education, behavioral therapy and the use of laxatives; however, well-

designed, placebo-controlled trials that support efficacy of pharmacological agents in 

pediatric patients are limited. This large, multicenter, placebo-controlled trial showed that 

prucalopride, although generally well tolerated, was not more effective than placebo in 

pediatric patients with constipation. This is in contrast to its efficacy in adults, and is 

supportive of a need for more effective drugs to treat childhood constipation. 
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ABSTRACT

Objective: To describe a single-center, 10-year experience with the use of antegrade 

enemas. 

Methods: Retrospective analysis of 99 patients treated with antegrade enemas at 

Nationwide Children’s Hospital. 

Results: Study subjects (median age 8 years) were followed for a mean time of 46 

months (range 2-125 months) after cecostomy placement. Seventy-one patients had the 

cecostomy placed percutaneously and 28 by surgery. Thirty-five patients had functional 

constipation and 64 patients an organic disease (spinal abnormalities, cerebral palsy, 

imperforate anus, Hirschsprung’s disease). While using antegrade enemas 71% became 

symptom-free, in 20 subjects symptoms improved, in 2 symptoms did not change and 

in 7 symptoms worsened. Poor outcome was associated with surgical placement of the 

cecostomy (P < 0.001), younger age (P = 0.02), shorter duration of symptoms (P = 0.01), 

history of Hirschsprung’s disease (P = 0.05), cerebral palsy (P = 0.03), previous abdominal 

surgery (P = 0.001), and abnormal colonic manometry (P = 0.004). In 88%, successful 

irrigation solution included use of a stimulant laxative and subjects who used a stimulant 

did significant better (P <0.001) than subjects who started without a stimulant. In 13 

patients the cecostomy was removed 49.7 months after placement without recurrence of 

symptoms. Major complications occurred in 12 patients and minor complications in 47. 

Conclusions: Antegrade enemas represent a successful and relatively safe therapeutic 

option in children with severe defecatory disorders. Prognostic factors are identified.



Antegrade enemas in children

145

chapterchapter

6

INTRODUCTION

Chronic constipation and fecal incontinence (FI) are common problems in children and 

affect all age groups. These problems are socially disabling for the patient and the patient’s 

family and have a major influence on the quality of life. Functional constipation is the most 

common chronic defecation disorder in children and is responsible for 3% - 5% of visits 

to general pediatricians and up to 25% of visits to pediatric gastroenterologists.1 Chronic 

constipation and fecal incontinence can also be related to congenital abnormalities, 

including anorectal malformations, Hirschsprung’s disease and spina bifida. Traditional 

treatments include dietary modifications, use of oral and/or rectal laxatives, retrograde 

enemas, and behavioral techniques.2 Despite these intensive medical and/or psychosocial 

treatments, the clinical outcome is not uniformly satisfactory.3 The antegrade continence 

enema (ACE) has been reported as a possible therapeutic option for defecation disorders 

when maximal conventional therapy is not successful.4-6 Placement of a cecostomy 

enables delivery of antegrade enemas to evacuate the colon at regular intervals, 

avoiding accumulation of feces and reducing FI. First described by Malone et al. in 

1990, the principle of the ACE initially involved forming a continent appendicostomy 

through which the cecum could be intermittently catheterized for administration of an 

ACE.7 Since that time, several surgical modifications have been proposed, including 

the percutaneaous colonoscopic cecostomy8, with the most widely used technique now 

being the percutaneously inserted cecostomy button.4,9,10 The ACE has been widely used 

with significant success. The purpose of this study is to describe our 10-year experience 

with the administration of antegrade enemas in children.

METHODS

We performed a retrospective analysis of 99 patients (57 boys and 42 girls) who received 

a cecostomy between January 2000 and June 2010 for administration of antegrade 

enemas at Nationwide Children’s Hospital, Columbus, Ohio. We identified the patients in 

our hospital data warehouse, using Current Procedural Terminology codes. All patients 

had been followed by a pediatric gastroenterologist with a special expertise in intestinal 

motility. The frequency of clinic visits depended on the clinical well-being of the patient. 

The medical records were reviewed and data regarding their medical history, symptoms, 

irrigation regime, complications and clinical outcome were obtained and analyzed.

Placement of cecostomy

The cecostomy was performed either percutaneously by an interventional radiologist or 

surgically with an open technique. A complete description of the two techniques is beyond 

the scope of this article, but it was performed as described previously.5 Pre-procedural 

protocol included a liquid diet for 48 hours and an inpatient colonic cleanout with an 

inpatient colonic cleanout with polyethylene glycol-3350. Glucagon hydrochloride was 

administered intravenously before the procedure to inhibit colonic peristalsis. A triple 

prophylactic antibiotic regimen (metronidazole, gentamicin and ampicillin) was given to 
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all patients before and after the procedure. Antibiotics were administrated intravenously 

1 hour before and were continued for 48 hours after the procedure. Oral metronidazole 

was continued for 7 days after the procedure. Analgesia was given as needed. The tube 

was flushed twice daily with 10 ml normal saline until the antegrade irrigations were 

started 10-14 days after the placement. Six weeks after the procedure the temporary 

8.5-F, Dawson-Mueller catheter was exchanged for a Chait Trapdoor catheter (both from 

Cook Medical Inc, Bloomington, Indiana) or a MIC-Key button (Medical Innovations 

Corp Framingham, Massachusetts). The choice of tube was made by the patient and the 

patient’s family together with the radiologist or surgeon. All patients were advised to 

have their tube changed every 6-12 months. 

Clinical outcome 

The clinical outcome after using antegrade enemas was classified in 4 groups: 1) 

Full success, if the patient became totally symptom free; 2) Partially successful, if the 

symptoms improved; 3) No difference, if the pre-existing symptoms persisted; and 4) 

Failure, if the patient’ symptoms worsened and the cecostomy had to be removed. This 

outcome was based on the number of weekly bowel movements, number of weekly 

FI episodes, number of hospital visits for disimpaction, number of oral medications 

and complications, obtained from the clinical notes and letters in the medical charts. 

Complications were defined as major if it required admission in the hospital or surgical 

intervention. Other complications were defined as minor.

Statistical analysis

Numeric variables were described by their median, minimum and maximum values. 

Categorical variable were described by their proportion. The effect of categorical variables 

(sex, co-morbidity, indication for the procedure, technique of the procedure, previous 

abdominal surgery, result of colonic manometry) on the outcome were tested using 

Pearson’s χ² test (or Fisher exact test when required). The effect of numeric variables 

(age, duration of symptoms) on the outcome was tested using the Kruskal-Wallis test. 

To analyze the difference in age between the 4 outcome groups a post-hoc analysis 

was performed with Dunn’s multiple comparison test. A P-value < 0.05 was considered 

statistically significant. All tests were run on SPSS for windows (version 17.0, SPSS Inc, 

Chicago,Illinois). This study was approved by the Institutional Review Board of Nationwide 

Children’s Hospital. 

RESULTS

Population

The median age of the 99 patients at the time of the procedure was 8 year (range 2-22 year; 

Table 1). They were followed for a mean time of 46 months after the procedure, ranging 

from 2-125 months. Sixty-five children had a history of lifelong symptoms, in the other 34 

subjects the mean duration of symptoms at time of the procedure was 5.9 years, with a 
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mean age of 2 year at the start of the symptoms. Fifty-four patients had been previously 

hospitalized at least once for fecal disimpaction. The main indication for the procedure 

was chronic constipation (n=29), fecal incontinence (n=14), and both symptoms (n=56). 

Thirty-five patients fulfilled the Rome III criteria for functional constipation. The other 64 

patients, had an organic cause of their symptoms, including spinal abnormalities (n=29), 

cerebral palsy (n=8), Hirschsprung’s disease (n=8), imperforate anus (n=7), imperforate 

anus combined with tethered spinal cord (n=7), mental retardation (n=2), hypothyroidism 

(n=1), cystic fibrosis (n=1), and anal achalasia (n=1).

 
Table 1. Patient demographics (n = 99)

Sex
   Male
   Female

57
42

Median age at placement (range) 8 year (2-22 year)

Median follow up time (range) 46 months (2-125 months)

Presenting symptom
   Constipation
   Fecal incontinence
   Constipation + fecal incontinence

29
14
56

Diagnosis
   Functional constipation
   Spinal abnormalities
   Cerebral palsy
   Hirschsprung’s disease
   Imperforate anus
   Imperforate anus + tethered cord
   Other

35
29
8
8
7
7
5

Placement
    Percutaneous by IR 
    Surgical
  
    Cecostomy
    Appendicostomy

71
28

95
4

Prececostomy interventions

In all patients maximal medical treatment, including high dose of different oral laxatives, 

retrograde enemas, cleanouts, and behavioral interventions had failed. Table 2 summarizes 

the extensive diagnostic workup, which had been performed in all patients before the 

radiological or surgical intervention. All investigations were part of routine clinical care. 

Colonic manometry was done in 84 patients (normal motility in 49%, abnormal motility 

in distal colon in 44%, colonic inertia 7%), anorectal manometry in 72, barium enema in 

72 and colonic transit time study (sitzmarkers or radionuclide scintigraphy) in 32. The 

placement of the tube was performed percutaneously by an interventional radiologist 

(IR) in 71 patients while an open surgical approach was used in the other 28 patients. In 

95 patients a cecostomy was created and in the other 4 patients an appendicostomy was 
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done. Open surgery was chosen in patients who had previous abdominal and/or pelvic 

surgery (n=17), in those who also needed a vesicostomy (n=7), in whom the percutaneous 

approach had failed (n=3) and in one patient with an abnormal position of the cecum. 

There was no significant difference in organic causes between the patients receiving the 

cecostomy percutaneously or surgically. 

 
Table 2. Preprocedural diagnostic work up

Test n

Colonic manometry 84

Barium enema 72

Anorectal manometry 72

Colonic transit time 32

Spinal MRI 29

MRI pelvic floor 6

Defecography 6

Antegrade enema

Postoperative irrigation regimens, including enema type and volume were individually 

based. The enemas were administered initially on a daily basis in all children. Polyethylene 

glycol and normal saline solutions were most commonly used. The majority of the patients 

(76%) started the irrigations with the use of a stimulant (bisacodyl or glycerine) as an 

addition to the enema. The median dose of bisacodyl was 5 mg for patients ≤10 years old 

and 7.5 mg >10 years old. Glycerine was given in a median dose of 37.5 ml. A total of 64% 

of patients had a stable dose during the follow up time and the rest had to increase their 

dose at least once. Enema volume varied from 100 ml to 1000 ml, with the administration 

taking a median time of 7 minutes (range 1-60 minutes). Complete evacuation occurred 

within 1 hour of enema administration in 74% of the patients. Twenty-seven patients 

required the additional use of oral laxatives while receiving the antegrade enemas. 

Outcome

After using daily antegrade enemas 71% of the patients achieved full success and 

became symptom-free. In 20% of the patients symptoms improved significantly, but they 

experienced occasional fecal incontinence. Two patients did not experience a difference in 

the symptoms and in 7 patients the use of antegrade enemas failed. In the 7 patients with 

ineffective colonic wash outs, the stoma was closed after a median time of 7 months; 5 

children ultimately required colostomy placement, in 2 patients this happened after a hemi-

colectomy; one patient underwent a multi-organ transplant and 1 patient was successfully 

treated with oral laxatives after closure of the cecostomy. Factors associated with poor 

outcome are surgical placement of the cecostomy (P < 0.001), history of Hirschsprung’s 

disease (P = 0.05), history of cerebral palsy (P = 0.03) and previous abdominal surgery 

(P = 0.001). The median age of children who became symptom free was 10 years (range 
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2-22), whereas the median age of children with unsatisfactory results was 6 years (range 

3-18). Although the age distribution is significantly different in the 4 different outcome 

groups (P = 0.02), post-hoc analysis shows that there was no significant difference in the 

median age within the 4 groups. Children with abnormal colonic manometry before the 

procedure had a significant worse outcome vs. patients with normal colonic motility (P = 

0.004). In 88% of the patients the most successful irrigation solution included a stimulant 

laxative and subjects who started with a stimulant in the irrigation solution did significant 

better (P <0.001) than those subjects who started without a stimulant. Outcome was not 

associated with sex, indication (chronic constipation, fecal incontinence, or both) for the 

procedure, presence of behavioral problems and there was no significant difference in 

outcome between patients presenting with functional or organic cause for their symptoms 

(P = 0.2). Thirteen patients discontinued the use of antegrade enemas with removal of the 

cecostomy at a median of 48 months after beginning treatment because of perceived lack 

of need for further irrigations. This group includes 9 children with functional constipation 

and 4 patients with an organic cause for their symptoms (2 spinal abnormalities, 1 

cerebral palsy, 1 hypothyroidism). Ninety-two percent of the children continued being 

symptom-free and did not redevelop constipation and/or FI, after a mean follow up time 

of 24 months after closure. One patient had to replace her cecostomy, because of relapse 

of constipation. At the time of our review, 25 patients were progressively being weaned 

from the daily use of antegrade enemas without recurrence of symptoms.

Complications

Complications were reported in a 59 patients (Table 3). The majority (n = 47) only 

experienced a minor complication; including growth of hypertrophic granulation tissue, 

leakage around the site and skin infection. All these problems were successfully treated 

on an outpatient basis and did not require surgical intervention. Granulation tissue 

was treated with local silver nitrate and 12 patients were treated with oral antibiotics 

for a superficial skin infection around the cecostomy site. Twelve patients experienced a 

major complication, which required hospital admission or a surgical intervention. Those 

problems included post-procedural peritonitis, abscess and/or fistula development, 

prolapse or stenosis of the cecostomy, and intestinal obstruction. None of these adverse 

events led to discontinuation of antegrade enema use. No difference was found in 

occurrence or number of complications between patients who received their cecostomy 

percutaneously by IR and surgically.
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Table 3. Complications

Complication n

No
Yes
    Major 
    Minor 

40
59
12
47

Granulation tissue 41

Leakage 21

Infection 12

Fistula 4

Abscess 4

Bleeding 4

Peritonitis 3

Prolapse 2

Nausea 2

Stenosis 2

* Several patients had both major and minor complications

DISCUSSION

This study confirms that antegrade enemas are a successful therapeutic option in children 

with severe, treatment resistant constipation and/or fecal incontinence. After using daily 

antegrade enemas, 91% of the patients had a satisfactory outcome, with 71% becoming 

symptom-free. In the other 20% of the patients symptoms improved significantly. This is 

consistent with earlier reported success rates (65%-89%) in children with either functional 

or organic constipation refractory to other treatments.4,11-17 The failure rate of this therapy 

in our population (7%) was also comparable to 3 other studies reporting failure rates 

between 10% and 31%.10,15,16 On a positive side, 13% of our patients discontinued the 

use of enemas without recurrence of symptoms, in accordance with the literature (6%-

15%).15,16 The reason why patients continue being symptom free after discontinuing the 

use of ACE cannot be elucidated by our study, but might be the result of resolution or 

improvement of colon dilatation, attributable to keeping the colon constantly devoid of 

stools. Other possible explanations could be related to resolution of child’s behavioral 

problems after experiencing easy, pain-free defecations for several months, ability to 

recognize the urge to defecate more easily after elimination of chronic stool stasis in the 

rectum or maturation of the enteric nervous system over time.

Our study differs on several points from other reports. Our outcome was based on data 

accrued during all follow-up visits, compared to other studies where the physician’s 

or parent’s opinion during a single questionnaire was decisive. Our study population 

included children with a wide variety of etiologies. In contrast to most reports, this study 

includes a significant number of patients with functional constipation. This study describes 

the largest population of children with a percutaneously created cecostomy, with 71% of 
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children in whom a percutaneous cecostomy button was inserted by IR and only in a 

minority of patients a surgical approach was used. The outcome in patients with open 

surgical placement and previous abdominal surgery was found to be significantly worse 

in this study. It is possible that having a previous abdominal surgery identifies a group 

of patients with more severe colonic dysfunction or more proximal gut co-morbidity. 

We did not find a difference in prevalence of complications in patients after surgery or 

percutaneous placement. In a study of Sidiqui et al. percutaneously placed ACEs had a 

higher incidence of major complications, compared to surgical placements.16 Cascio et 

al. compared complications and outcome of ACE and cecostomy button. Outcomes were 

comparable, although patients with ACE experienced more major complications.10 Wong 

et al. reported fewer complications after a laparoscopic-assisted insertion compared to 

open-surgical placed cecostomy.6 The frequency of irrigations and the use of stimulant 

laxatives are different in our center compared to other reports. The enemas were 

administered on a daily basis in all children and 76% started with a laxative added to the 

irrigation fluid. In 88% the most successful irrigation solution included use of a stimulant 

laxative and the subjects who started with a stimulant in their irrigation solution did 

significantly better than subjects who started without a stimulant. 

Post-hoc analysis showed a trend towards older children having a better outcome 

after using ACE, but this observation did not achieve statistical significance. A possible 

explanation may be that the most severe cases started using antegrade enemas at a 

younger age; hence they were more likely to have a less successful outcome. Interestingly, 

Christison-Lagay et al. described an opposite trend where older patients had more 

unsatisfactory outcome.18 We found that patients with a history of Hirschsprung’s disease 

or cerebral palsy had a poorer outcome. Di Lorenzo et al. have reported that 33% of 

patients with Hirschsprung’s disease have an abnormal colonic manometry after surgery. 

This generalized poor motility might explain why patients with a history of Hirschsprung’s 

disease may benefit less from using antegrade enemas.19 Patients with Hirschsprung’s 

disease also have often an extensive surgical history and our results suggest that 

children with previous abdominal surgery have a poorer outcome. Patients with cerebral 

palsy represent a particularly challenging group of patients to treat, with multiple 

factors contributing to the constipation (e.g., dietary factors, multiple medications with 

an adverse effect on motility, poor cognition). All these factors may contribute to the 

suboptimal response to the antegrade enemas. We confirmed that colonic manometry 

results can be helpful in predicting the outcome after cecostomy. Children with colonic 

dysmotility before the procedure are less likely to benefit from use of antegrade 

enemas and normal colonic response to bisacodyl predicts favorable outcome. This is 

consistent with the report of Jaffray et al. and with van den Berg et al. who studied the 

predictive value of colonic manometry before cecostomy placement.15,20 Christison-Lagay 

et al. did not found manometry testing helpful in predicting the outcome of the use of 

ACE.18 Although the majority of patients only experienced a minor complication, 12 % 

of the patients experienced a major complication at some point. This is accordance to 

other reports.4,6,10,11,14,16,21,22 Complication rates in this report are also comparable with 
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complication rates of gastrostomy tube placement (22.5-73% of minor maintenance 

problems, and 17.5% of major complications), which is commonly used in children, 

widespread accepted and generally perceived to be safe.23-26 The main limitation of the 

study includes its retrospective design. We also did not formally evaluate the difference 

in quality of life after the use of the antegrade enemas. 

In conclusion, we showed in a large and diverse group of patients with a long follow-

up that antegrade enemas are a viable therapeutic option in children with severe 

constipation and/or FI. Over 90% of our patients were successfully treated with ACE, with 

71% becoming symptom-free. A sub-group of patients may be weaned from the daily use 

of antegrade enemas without recurrence of symptoms. It may be advisable to deliver the 

ACE on a daily base and to add a stimulant laxative to the irrigation fluid. 
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Constipation represents a common worldwide problem in children. In > 90% of children 

presenting with constipation, no obvious organic cause is found and a diagnosis of 

functional constipation (FC) is made. Most common symptoms of FC include infrequent 

bowel movements, painful and hard stools, fecal incontinence and withholding behavior. 

Children with FC report impaired health-related quality of life in relation to physical 

complaints and long duration of symptoms. The underlying pathophysiology of childhood 

constipation is multi-factorial, remains poorly understood, which makes treatment of 

these patients challenging. Patients with severe, refractory constipation are often referred 

to specialized centers for further diagnostic testing. Therapy options are limited and are 

largely based on experience rather than evidence. Therefore, the focus of this thesis is 

to unravel the pathophysiology, to improve diagnostic strategies and to discover new 

treatment options for childhood constipation. 

Part I - Pathophysiology

Chapter 1 contains a systematic review of the published literature regarding the 

prevalence of constipation in the general pediatric population. This review shows that 

the worldwide prevalence rate of pediatric functional constipation varied between 0.7% 

and 29.6%, with a median of 12%. Female gender, increasing age, socioeconomic status 

and educational level seemed to affect the constipation prevalence. The wide range in 

prevalence may be due to the different methods of data collection and the variety of 

definitions used for FC in the different studies. To date, the Rome III criteria are the most 

commonly used criteria to define pediatric functional gastrointestinal disorders. These 

criteria are currently under revision and will be renewed, based on new insights in the 

literature, into the Rome IV criteria and will be available in 2015. Hopefully these new 

criteria will be used in future projects to better study the prevalence of constipation. 

Several genetic and environmental factors have been suggested in chapter 1 to affect 

the development of constipation. Currently, there is a clear lack of data regarding the 

prevalence of constipation in developing countries, in particular African countries, and 

need to be studied further. New studies are currently conducted to elucidate factors 

associated with pediatric FC, including behavioral problems (e.g. ADHD) and living in 

war-effected areas. 

Part II - Pathophysiology

The pathophysiology of constipation in children is multi-factorial and remains incompletely 

understood. The most common etiology of functional constipation is withholding of stools, 

frequently starting after an experience of a hard, painful, or frightening bowel movement. 

This leads to a vicious circle of stool retention in which the rectum is increasingly 

distended, resulting in overflow fecal incontinence and loss of rectal sensation. Children 

with severe chronic constipation often report loss of sensation of urge to defecate, which 

can’t be explained by previous studies. In chapter 2 we hypothesize that the loss of rectal 

sensation is related to impaired brain processing of rectal stimulation. Brain-imaging 

data are, however, lacking in both adults and children with constipation. Therefore we 
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investigated the cerebral activity in response to rectal distension in children with FC and 

in healthy controls. The results show that patients with and healthy controls differed 

substantially with respect to patterns of cerebral activation and deactivation during rectal 

distension. The differences in BOLD response were observed in multiple brain regions 

implicated in attentional functions as well as cognition, motor coordination, memory, 

emotional and sensory association. These results suggest a different neural processing of 

rectal urge sensation in brain regions previously implicated in adult studies using visceral 

pain stimuli. The results of this study may support a dysfunction in brain processing of 

rectal sensation in constipation children rather than leading to direct therapeutic changes 

in children with FC. However, uncovering and explaining the underlying pathophysiologic 

mechanism may help patients and their parents to understand the cause of their 

symptoms and to reassure the families and motivates them to continue with the current 

often invasive and long-lasting treatment. 

Part III - Diagnostics

A minority of patients has, despite intensive therapy, persisting symptoms and need 

further diagnostic testing. Colonic manometry provides information about colonic motor 

function on a segmental level; however, the availability of colonic manometry studies is 

limited to a few pediatric referral centers. Therefore, would it be helpful to identify who 

would likely benefit from manometry. Colonic scintigraphy involves the measurement of 

the location of an ingested radioisotope as it transits through the gastrointestinal tract 

and is more widely available compared to manometry. In adults, colonic manometry and 

colonic scintigraphy are both valuable studies in discriminating normal and abnormal 

colonic motility. In chapter 3 we compared the diagnostic yield and tolerability of colonic 

manometry and colonic scintigraphy in children with severe constipation. Colonic 

manometry and colonic scintigraphy had a fair agreement regarding the categorization 

of constipation. Scintigraphy was well tolerated in pediatric patients and in the majority 

it was preferred over manometry. The results of chapter 3 suggest that scintigraphy can 

be used as a screening tool for patients with constipation to determine which patients 

require additional manometry testing. Scintigraphy offers potential advantages (e.g. 

more accessible, no need for anesthesia) over colonic manometry in children, but larger-

scale studies are needed to explore the use of scintigraphy in children. Points of interest 

should include developing normal pediatric values, possible sex and age difference, the 

reproducibility and the cost-effectiveness of scintigraphy.

Fluoroscopic defecography can be performed to evaluate anorectal and pelvic floor 

function in children with severe defecation disorders not responding to medical treatment. 

Prior studies in adult patients are inconclusive regarding the value of fluoroscopic 

defecography in clinical decision-making. In chapter 4 we describe that results of 

defecography in children can be categorized in 3 groups: 1) normal study, 2) pelvic floor 

dyssynergia and 3) structural anatomical abnormalities. The defecography findings in our 

study population led to a successful change in clinical management in the majority of 

patients. To compare results and improve diagnostic reproducibility in future research, 
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it is important to develop normal pediatric values for defecography measurement and 

to standardize definitions and techniques. Drawbacks of defecography are that need for 

cooperation of the patient, which can be difficult in young, frightened children and the 

radiation exposure of the patient during the study. In recent years, MR defecography has 

been proposed as an alternative technique to provide insight into pelvic floor and rectal 

function. However, MR defecography and especially open MR devices that allow sitting 

position, is still limited in availability. 

A broad set of diagnostic tools is currently available for childhood constipation, but their 

diagnostic utility in the work up of children with severe symptoms remains unclear. 

Besides MR defecography, several other new diagnostic tools are becoming available, 

including high-resolution colonic manometry and the wireless motility capsule. Future 

studies should explore their clinical usefulness in children with defecation disorders. 

Part IV - Treatment

The treatment of children with chronic constipation can be challenging and may lead 

to disappointing results for children, parents and health care professionals. Thus, it is 

crucial to investigate and be familiar with treatment modalities that go beyond traditional 

and standard care. A potential new drug for treatment of constipation is prucalopride. 

Prucalopride is a selective, high-affinity, 5-HT4 receptor agonist, with gastrointestinal 

prokinetic properties. Chapter 5 contains a multicenter, randomized, placebo-controlled, 

double-blind phase 3 trial to evaluate the efficacy and safety of prucalopride in children 

with functional constipation aged ≥ 6 months to < 18 years. The results showed that, in 

contrast with adult data, prucalopride was not more effective than placebo in children with 

FC. Although prucalopride was generally well tolerated and safe, no significant difference 

was found in the proportion of responders between treatment with prucalopride (17.0%) 

or placebo (17.8%). These results implicate that although a drug seems promising in 

adults, large randomized controlled trials are necessary to be able to make an accurate 

recommendation in children. The difference in success might be due to a different 

underlying pathophysiological mechanism present in children compared with adults, 

most likely withholding behavior. Prior studies have also shown that there is a significant 

placebo effect of treatment in children. Meanwhile, placebo-controlled trials in children are 

often questioned, due to ethical considerations. Although, this study demonstrates how 

important it is to compare new agents to placebo. There remains a need for development 

of effective and well-tolerated drugs given the fact that a subgroup of children fails to 

achieve successful clinical outcome with the current available treatment options. Multi-

center cooperation remains essential in future studies to retrieve a sufficient patient 

sample size. Upcoming research on lubiprostone, another potential new laxative drug 

that has been effective in adults with constipation, will hopefully be successful in children 

with constipation as well.

A small group of patients is unresponsive to intensive medical management and this 

particular minority may benefit from surgical interventions. The antegrade continence 

enema (ACE) has been reported as a possible therapeutic option for defecation disorders 



163

Summary, discussion, future perspectives

when maximal conventional therapy is not successful. It involves a surgical procedure 

that enables antegrade delivery of an enema through a cecostomy to clean out the colon 

at regular intervals, avoiding accumulation of feces and reducing fecal incontinence 

episodes. In Chapter 6 we describe our 10-year experience with the administration of 

ACE in children. Results confirm that antegrade enemas are a viable therapeutic option 

in children with severe constipation, as symptoms of infrequent, painful defecation 

and fecal incontinence episodes improved with the use of ACE. A sub-group of patients 

were weaned from the daily use of ACE without recurrence of symptoms. The reason 

why patients continue being symptom-free after discontinuing the use of ACE cannot 

be elucidated by our study, but might be the result of resolution or improvement of 

colon dilatation, attributable to keeping the colon constantly devoid of stools. Other 

possible explanations could be related to resolution of child’s behavioral problems 

after experiencing easy, pain-free defecations for several months, ability to recognize 

the urge to defecate more easily after elimination of chronic stool stasis in the rectum, 

or maturation of the enteric nervous system over time. Although increasing use of ACE 

worldwide, there is no consensus regarding the recommended frequency of ACE, the 

type of irrigation fluid and the addition of a stimulant laxative to the irrigation fluid. 

Future research is necessary to develop a uniform protocol for the use of ACE in children.  

In summary, this thesis provides new insights in pathophysiologic mechanisms that are 

responsible for chronic constipation; new insights in current available diagnostic tools 

and new treatment options for childhood constipation. Future studies are needed to 

further elucidate these issues. 
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Obstipatie is een veel voorkomend wereldwijd probleem bij kinderen. In >90% van de 

kinderen die zich presenteert met obstipatie, wordt er geen organische oorzaak gevonden 

en wordt de diagnose functionele obstipatie gesteld. De meest voorkomende symptomen 

van functionele obstipatie zijn een onregelmatige stoelgang, pijnlijke en harde ontlasting, 

fecale incontinentie en ophoudgedrag. Kinderen met functionele obstipatie hebben een 

verminderde kwaliteit van leven als gevolg van langdurig lichamelijke klachten. Het 

onderliggende pathofysiologische mechanisme van obstipatie op de kinderleeftijd is 

multifactorieel en tot op heden nog niet volledig bekend, wat de behandeling van deze 

patiënten compliceert. Patiënten met ernstige, onbehandelbare obstipatie worden vaak 

verwezen naar een gespecialiseerd centrum voor verdere aanvullende diagnostiek. De 

huidige behandelopties zijn gelimiteerd en grotendeels gebaseerd op ervaring in plaats 

van op wetenschappelijk bewijs. Daarom focust dit proefschrift zich op het ontrafelen van 

de pathofysiologie, op het verbeteren van diagnostische strategieën en op het ontdekken 

van nieuwe behandel mogelijkheden van obstipatie op de kinderleeftijd.

Deel I – Epidemiologie

Hoofdstuk 1 bevat een systematische review van gepubliceerde literatuur over de 

prevalentie van obstipatie in de algemene pediatrische populatie. Dit review laat zien dat 

de wereldwijde prevalentie van functionele obstipatie op de kinderleeftijd varieert tussen 

0.7% en 29.6%, met een mediaan van 12%. Vrouwelijk geslacht, toenemende leeftijd, 

socio-economische status en educatie niveau lijken invloed te hebben op de prevalentie 

van obstipatie. De grote variatie in prevalentie wordt mogelijk veroorzaakt door de 

verschillende methodes van data verzameling en de verschillende gebruikte definities 

van functionele obstipatie in de includeerde studies. Tot op heden zijn de Rome III criteria 

de meest gebruikte criteria om pediatrische functionele gastro-intestinale ziektebeelden 

te definiëren. Deze criteria zijn momenteel onder revisie en zullen op basis van nieuwe 

inzichten in de literatuur worden vernieuwd in de Rome IV criteria in 2015. Hopelijk 

zullen deze nieuwe criteria in toekomstige studies worden gebruikt om de prevalentie 

van obstipatie meer uniform te kunnen onderzoeken. In hoofdstuk 1 wordt gesuggereerd 

dat verscheidene genetische en omgevingsfactoren invloed hebben op het ontstaan van 

obstipatie. Momenteel is er een gebrek aan data over de prevalentie van obstipatie in 

ontwikkelingslanden, met name Afrikaanse landen. Dit moet in de toekomst verder worden 

bestudeerd. Nieuwe studies worden momenteel uitgevoerd om factoren die betrokken 

zijn bij pediatrische functionele obstipatie op te helderen, zoals gedragsproblematiek 

(bijvoorbeeld ADHD) en de invloed van wonen in een oorlogsgebied.   

Deel II – Pathofysiologie

De pathofysiologie van obstipatie bij kinderen is multifactorieel en niet volledig bekend. 

De meest voorkomende etiologie van functionele obstipatie is het ophouden van 

ontlasting, vaak volgend op een ervaring van pijnlijke, harde ontlasting, wat leidt tot angst 

tijdens de stoelgang. Dit leidt tot een vicieuze cirkel van retentie van ontlasting waarbij 

het rectum toenemend uitzet, wat resulteert in overloop diarree en het verliezen van 

rectale sensatie. Kinderen met ernstige chronische obstipatie geven vaak een gebrek aan 
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aandrang gevoel voor ontlasting aan, wat tot op heden nog niet verklaard kan worden. In 

hoofdstuk 2 onderzoeken we de hypothese dat het verlies van rectale sensatie gerelateerd 

is aan een verminderde hersenverwerking van rectale stimulatie. Tot op heden zijn er geen 

beeldvormende studies van het brein bij zowel kinderen als volwassen met obstipatie. 

In deze studie onderzoeken we cerebrale activiteit na rectale distensie bij kinderen met 

obstipatie en gezonde controles. De resultaten laten zien dat patiënten met obstipatie 

en gezonde controles substantieel verschillen in de patronen van cerebrale activatie en 

deactivatie tijdens rectale distensie. De verschillen in BOLD respons werden geobserveerd 

in verschillende hersengebieden die betrokken zijn bij aandachtstaken, cognitie, motor 

coördinatie, geheugen, emotionele en sensorische associatie. Deze resultaten suggereren 

een andere verwerking van rectaal aandrang gevoel in hersen regio’s die eerder 

beschreven zijn in volwassen studies met viscerale pijn stimuli. De resultaten van deze 

studie ondersteunen mogelijk een dysfunctie in hersen verwerking van rectale sensatie 

in kinderen met obstipatie. De resultaten leiden echter waarschijnlijk niet tot een directe 

therapeutische verandering voor kinderen met functionele obstipatie. Hoewel, het 

ontdekken en uitleggen van het onderliggende mechanisme helpt mogelijk patiënten 

en hun ouders om de oorzaak van de symptomen te begrijpen, om de families gerust 

te stellen en om ze te motiveren om door te gaan met de huidige, vaak invasieve, en 

langdurige behandeling.

Deel III – Diagnostiek

Een minderheid van patiënten heeft, ondanks intensieve therapie, aanhoudende 

symptomen en aanvullende diagnostiek nodig. Colon manometrie geeft informatie over 

de motor functie van het colon op een segmentaal niveau. De beschikbaarheid van colon 

manometrie studies is gelimiteerd tot enkele gespecialiseerde verwijscentra. Daarom zou 

het nuttig zijn om voorafgaand te kunnen bepalen welke patiënten waarschijnlijk voordeel 

zouden hebben van een colon manometrie. Colon scintigrafie meet de locatie van een 

ingeslikte radioisotoop en de voortgang van het isotoop door het maag-darm stelsel. 

Colon scintigrafie is in meer centra beschikbaar dan colon manometrie. In volwassenen 

zijn zowel colon manometrie als colon scintigrafie waardevolle onderzoeken in het 

onderscheiden van normale en abnormale colon motiliteit. In hoofdstuk 3 vergelijken we 

de diagnostische waarde en verdraagzaamheid van colon manometrie en colon scintigrafie 

in kinderen met ernstige obstipatie. Colon manometrie en colon scintigrafie lieten een 

redelijke overeenkomst zien wat betreft de categorisering van obstipatie. Scintigrafie werd 

goed verdragen in pediatrische patiënten en de meerderheid prefereerde dit onderzoek 

over manometrie. De resultaten van hoofdstuk 3 suggereren dat scintigrafie gebuikt kan 

worden als een screening om te bepalen welke patiënten een aanvullende manometrie 

nodig hebben. Scintigrafie biedt potentiele voordelen (bv meer beschikbaar, geen 

anesthesie nodig) ten opzichte van colon manometrie in kinderen, maar grootschaligere 

studies zijn nodig om het gebruik van scintigrafie in kinderen te onderzoeken. Belangrijke 

aandachtgebieden zijn het inwikkelen van normaal waarden voor kinderen, mogelijke 

invloeden van geslacht en leeftijd, de reproduceerbaarheid van de test en kosteneffectiviteit 

van scintigrafie. 

Samenvatting, discussie, toekomst perspectieven
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Fluoroscopische defecografie kan worden gebruikt om de anorectale en bekkenbodem 

functie te onderzoeken in kinderen met ernstige defecatie stoornissen, die niet reageren 

op therapie. Eerdere studies in volwassenen waren niet sluitend over de waarde van 

fluoroscopische defecografie in klinische besluitvorming. In hoofdstuk 4 beschrijven we 

dat defecografie uitslagen in kinderen onderverdeeld kunnen worden in 3 groepen: 1) 

normale studie, 2) bekkenbodem dyssynergie en 3) structurele anatomische afwijkingen. De 

defecografie bevindingen in onze studie populatie leidde in het merendeel van de kinderen 

tot een succesvolle verandering in het klinisch beleid. Om resultaten beter te kunnen 

vergelijken en om de reproduceerbaarheid te verbeteren in toekomstige studies, is het 

belangrijk om pediatrische normaal waarden voor defecografie metingen te ontwikkelen 

en om definities en de techniek te standaardiseren. Nadelen van defecografie zijn dat de 

coöperatie van de patiënt noodzakelijk is, wat lastig kan zijn in jonge angstige kinderen. 

Een ander nadeel is de blootstelling van de patiënt aan straling tijdens het onderzoek. 

In de afgelopen jaren is MR defecografie voorgesteld als een alternatieve techniek om 

inzicht te krijgen in de bekkenbodem en anorectale functie. Maar, MR defecografie en met 

name open MR apparaten die het mogelijk maken om in zittende positie te meten, zijn erg 

gelimiteerd beschikbaar. 

Een breed spectrum aan diagnostische middelen zijn momenteel beschikbaar voor 

obstipatie bij kinderen, maar hun diagnostische toegevoegde waarde in de work-up van 

kinderen met ernstige klachten blijft onduidelijk. Naast MR defecografie, zijn meerdere 

andere nieuwe diagnostische methodes recentelijk ontwikkeld, inclusief hoog-resolutie 

colon manometrie en de draadloze motiliteit capsule. Toekomstige studies zullen hun 

klinische waarde voor kinderen met defecatie stoornissen moeten ontdekken.

Deel IV – Behandeling

De behandeling van kinderen met chronisch obstipatie kan een uitdaging zijn en leiden 

tot teleurstellende resultaten voor kinderen, ouders en artsen. Het is dus cruciaal om 

nieuwe behandelmethodes te onderzoeken. Een potentieel nieuw geneesmiddel voor de 

behandeling van obstipatie is prucalopride. Prucalopride is een selectieve 5-HT4 receptor 

agonist met hoge affiniteit en gastro-intestinale prokinetische eigenschappen. Hoofdstuk 

5 bevat een multicenter, gerandomiseerde, placebo-gecontroleerde, dubbelblinde fase 3 

studie. Het doel van deze studie was om het effect  en de veiligheid van prucalopride te 

onderzoeken in kinderen met functionele obstipatie in de leeftijd van ≥6 maanden tot <18 

jaar. De resultaten laten zien dat, in tegenstelling tot literatuur in volwassen patiënten, 

prucalopride niet effectiever was dan placebo in kinderen met functionele obstipatie. 

Ondanks dat prucalopride over het algemeen goed verdragen werd en veilig was, werden 

er geen significante verschillen gevonden in het aantal ‘responders’ tussen de groepen die 

behandeld werden met prucalopride (17.0%) of placebo (17.8%). Deze resultaten impliceren 

dat ondanks een medicijn veelbelovend lijkt in volwassenen, grote gerandomiseerde studies 

noodzakelijk zijn om accurate aanbevelingen te kunnen doen in kinderen. Het verschil is 

succes wordt mogelijk veroorzaakt door een verschillend onderliggend pathofysiologisch 

mechanisme bij kinderen in vergelijking met volwassenen, wat hoogst waarschijnlijk 

ophoudgedrag is. Eerdere studies hebben ook aangetoond dat er een significant placebo-
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effect is tijdens de behandeling van kinderen. Ondertussen worden placebo-gecontroleerde 

studies bij kinderen vaak bekritiseerd, vanwege ethische overwegingen. Maar deze studie 

laat zien hoe belangrijk het is om nieuwe geneesmiddelen te vergelijken met placebo. 

Er blijft behoefte aan het ontwikkelen van effectieve, verdraagzame medicamenten, 

omdat er een subgroep van kinderen onsuccesvol behandeld kan worden met de 

huidige beschikbare behandelopties. Samenwerking van meerdere centra is essentieel 

in toekomstige studies om toereikende groepsgroottes te bewerkstelligen. Aankomend 

onderzoek naar lubiprostone, een ander potentieel nieuw geneesmiddel dat effectief is bij 

volwassenen met obstipatie, zal hopelijk ook succesvol zijn bij kinderen met obstipatie.

Een kleine groep patiënten reageert niet op intensieve medicamenteuze behandeling 

en heeft mogelijk voordeel van een chirurgische interventie. Antegrade klysma’s zijn 

beschreven als een mogelijke therapeutische optie voor defecatie stoornissen als maximale 

conventionele therapie niet succesvol is. Het bevat een chirurgische procedure die het 

mogelijk maakt om klysma’s antegrade te geven door een cecostomie. Hiermee kan het 

colon op gereguleerde momenten gespoeld worden, waardoor ophoping van feces wordt 

voorkomen en fecale incontinentie wordt verminderd. In hoofdstuk 6 beschrijven we 

onze ervaring, gedurende 10 jaar, met het toedienen van antegrade klysma’s bij kinderen. 

Resultaten bevestigen dat antegrade klysma’s een waardevolle therapeutische optie zijn 

bij kinderen met ernstige obstipatie. In deze studie populatie verbeterden symptomen van 

infrequente en pijnlijke ontlasting en fecale incontinentie met het gebruik van antegrade 

klysma’s. Bij een deel van de patiënten kon het dagelijks gebruik van antegrade klysma’s 

worden afgebouwd, zonder dat klachten terugkeerden. De reden waarom patiënten 

symptoom-vrij blijven na het stoppen van antegrade klysma’s kan niet worden verklaard 

met deze studie, maar komt mogelijk omdat de uitzetting van het colon verbetert doordat 

fecale impactie in het colon wordt voorkomen. Andere mogelijke verklaringen kunnen 

gerelateerd zijn aan het verdwijnen van ophoudgedrag en andere gedragsproblemen, 

nadat het kind gedurende maanden gemakkelijke ontlasting heeft, zonder pijn. Daarnaast 

kan het aandranggevoel voor ontlasting beter worden herkend na het verwijderen van 

chronische fecale impactie in het rectum, of kan het uitrijpen van het enterale zenuwstelsel 

een rol spelen. Ondanks dat antegrade klysma’s toenemend wereldwijd worden gebruikt, 

is er geen consensus over de frequentie van antegrade klysma’s, het type irrigatie vloeistof 

en het toevoegen van een stimulans aan de vloeistof. Toekomstige studies zijn nodig om 

een uniform protocol te ontwikkelen voor het gebruik van antegrade klysma’s in kinderen.

Samenvattend geeft dit proefschrift nieuwe inzichten in het pathofysiologisch mechanisme 

dat verantwoordelijk is voor chronische obstipatie, nieuwe inzichten in de huidig 

beschikbare diagnostische middelen en nieuwe behandel mogelijkheden voor obstipatie 

op de kinderleeftijd. Toekomstig onderzoek is noodzakelijk om deze kwesties verder op te 

helderen. 

Samenvatting, discussie, toekomst perspectieven
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