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General introduction 

GENERAL INTRODUCTION

Childhood constipation

Constipation is a common problem in childhood. Children are considered to have functional 

constipation once organic causes such as anatomical or neurological abnormalities and 

endocrine or metabolic disorders are ruled out. Functional gastrointestinal disorders refer 

to problems in gastrointestinal function, in the absence of identifiable organic pathology. 

Several mechanisms seem to contribute to the development of functional constipation in 

children, many of which are still unknown.1

Precise data on childhood constipation are difficult to obtain, in part due to different 

definitions used. In order to improve the understanding and treatment of constipation, 

consensus on definitions is essential. A team of experts therefore attempted to characterize 

functional defecation disorders for both clinical and research purposes. The first pediatric 

Rome II criteria for functional constipation 2 were found to be difficult to use in clinical 

practice.3 The Rome III criteria were proposed recently and describe several functional 

gastrointestinal disorders including functional constipation in infants/toddlers and children 

older than 4 years.4,5 Criteria for functional constipation in children younger and older 

than 4 years of age differ only in duration of symptoms, which is 1 month or 2 months, 

respectively. To fulfill the Rome III criteria for functional constipation, children should have 

2 or more of the following symptoms: 1) two or fewer defecations per week, 2) at least 

one episode of fecal incontinence per week, 3) stool retentive posturing, 4) painful or hard 

bowel movements, 5) presence of a large fecal mass in the rectum or 6) large diameter 

stools that may obstruct the toilet. 

The Rome III criteria also describe infant dyschezia as a functional defecation disorder 

in infants. This condition is defined as at least 10 minutes of straining and crying before 

successful passage of soft stools in otherwise healthy infants of less than 6 months.5 

Infants presenting with this condition are not considered constipated. However, parents 

are frequently extremely concerned about the effort a child seems to require to pass a 

bowel movement. When a physician is not familiar with infant dyschezia, these children are 

frequently treated or referred for functional constipation. 

It has been estimated that 3% of children presenting at a pediatric clinic in the United 

States have constipation 6 and 10-25% of patients in a pediatric gastroenterology clinic 

are referred for evaluation and treatment of constipation.7-9 In our tertiary center for 

pediatric gastroenterology in the Netherlands, approximately 45% of the referrals are due 

to defecation disorders.1 Although these numbers are not based on carefully designed 

epidemiologic studies, they are indicative of the great impact of childhood constipation 

on health care. It has been commonly believed that functional constipation is mainly a 

problem in young children from Western populations and that it occurs less in developing 

countries. In addition, based on the gender distribution of clinical trials it is suggested 

that constipation is most common in boys.10-13 However, the exact worldwide prevalence 
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of childhood constipation and its gender and age distribution remains just a matter of 

speculation. 

In approximately 50% of constipated children, the onset of functional constipation dates 

to the first year of life.14-16 This often coincides with the transition from breast milk to infant 

formula or the introduction of solid food.5 Some children develop constipation from birth, 

starting with delayed passage of meconium (i.e. > 48 hours after birth). In preterm and low 

birth weight infants, this delay might reflect impaired maturation of colonic or rectal motor 

functions.17 

‘Retentive posturing’ is probably the major cause for the development and/or persistence 

of childhood constipation.18 When a child experiences the urge to defecate, he or she 

crosses or holds the legs stiffly together to forcefully contract the pelvic and gluteal 

muscles. This posture is typically described for toddlers, however infants with functional 

constipation sometimes present similarly. Causes of stool withholding behavior are: 1) the 

previous production of a large, hard and painful stool, 2) presence of anal fissures, 3) a 

primary (oppositional) behavioral mechanism, 4) not taking time to go to the toilet and 

5) the resistance to go to another toilet than their own.19 Difficulties with toilet training 

are also associated with childhood constipation.20,21 Constipation may then occur as a 

consequence of a struggle between children and their parents.22 It is, however, unclear 

whether difficulties with toilet training are the result or the cause of constipation.23 

Fecal incontinence (i.e. involuntary loss of fecal contents) often occurs in childhood 

constipation as a consequence of rectal fecal impaction. Children are often brought to 

medical attention at school-age,24 while symptoms already existed for a long period of 

time, and were never treated adequately. Long-term fecal retention eventually might 

lead to accumulation of a large fecal mass and development of a dilated rectum. Altered 

elasticity may result in decreased rectal tone and decreased rectal contractility with 

possible contribution to delayed evacuation of feces.25 Then, the primary reason the child 

cannot pass bowel movements may no longer be withholding behavior but impaired rectal 

function. Recently, Voskuijl et al. reported that the distensability (compliance) of the rectum 

was higher in children with functional constipation when compared to healthy children.26 

This means that the rectum has a higher capacity and larger stool volumes are needed to 

trigger rectal sensation. While this parameter of rectal function is abnormal in the majority 

of children with severe constipation, the clinical relevance of rectal compliance has not yet 

been investigated. 

Slow transit constipation has been described as a subtype of constipation27, which occurs 

predominantly in young women.28,29 The main symptom of these patients is low defecation 

frequency. Diagnosis of slow transit constipation is generally based on patient’s symptoms 

and colonic transit studies, using radio-opaque markers with abdominal radiographs.30,31 A 

pediatric study suggests existence of slow transit constipation in children.32 Of 94 children 

with constipation, 24 (26%) had a significant delayed colonic transit time. More than 70% 

of these children had rectal fecal impaction at intake.32 Rectal fecal impaction is considered 

10



General introduction 

to delay the colonic motor activity in the more proximal colon.33 Thus, the question remains 

whether delayed colonic transit time in these children is a true dysfunction of the colon or 

a result of rectal fecal impaction. To allow direct recording of the colonic motor function, 

colonic manometry studies can be performed, to distinguish normal form abnormal large 

bowel motility.34

Treatment of children with constipation begins with demystification, education and a 

non-accusatory approach by physician and parents. It should also be stressed that the 

progress is often gradual and irregular with periods of improvement and deterioration.35 

The medical treatment generally consists of rectal disimpaction followed by maintenance 

therapy with oral and/or rectal laxatives.36 For fecal disimpaction rectal enemas or a 

high dose of polyethylene glycol (1.5 gr/kg/day) have been used successfully.37,38 Several 

oral laxatives can be given for maintenance therapy, including osmotic laxatives, such 

as lactulose and polyethylene glycol, or stimulant laxatives, such as bisacodyl or senna.1 

Polyethylene glycol has now emerged as the laxative of choice for many pediatricians. 

Some children might also have a positive response to additional psychological treatment 

and behavioral therapy.39 Referral to a mental health specialist is indicated in children who 

fail intensive medical treatment and in those with severe emotional or social problems. For 

details regarding therapeutic regimen of childhood constipation I refer to a review written 

by Benninga et al.36

Despite high doses of laxatives and behavioral therapy, a substantial group of children 

remains symptomatic. This lack of clinical improvement is frustrating for the children and 

their families who remain confronted with a condition that may dramatically affect daily 

activities. Surgical treatment, such as appendicostomy, cecostomy, colostomy, segmental or 

total colonic resection may be recommended in those children unresponsive to conventional 

treatment.40-43 The least invasive surgical procedures are appendicostomy and cecostomy. 

These procedures enable antegrade delivery of a cleansing solution via the abdominal wall 

directly into the colon to avoid accumulation of feces and reduce fecal incontinence. A 

colonic manometry study is frequently performed prior to surgical interventions to evaluate 

the colonic motor function. For details on colonic manometry testing I refer to chapter 

6 of this thesis. Cecostomies have been recommended for patients with normal motility 

or dysmotility limited to the distal colon.40,44 However, the predictive value of colonic 

manometry studies on the clinical outcome of cecostomies has not yet been clarified. 

Childhood constipation is often regarded as a trivial symptom that will gradually 

disappear. However, the general belief that children “will just grow out of it” has never been 

demonstrated while the opposite is frequently described. Previous research on children 

with functional constipation shows a cure rate of approximately 45% after 6 months of 

intensive medical and behavioral treatment.10 Long-term follow-up studies show that half 

of the patients remain constipated after 5 years.11 Symptoms of constipation persist into 

adolescence 10 and adulthood (Bongers et al. unpublished data) in 30% of the patients. The 

underlying mechanism of such intractable constipation is largely unknown. It is undoubtedly 
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a multi-factorial disorder in which both behavioral problems and abnormalities in colorectal 

function interact to generate the symptoms. While many patients with intractable 

constipation develop symptoms of constipation before their first birthday, sparse data exist 

on the outcome of infants with constipation. Some infants or older children who continue 

to have defecation problems during adequate treatment are suspected of having motility 

disorders such as Hirschsprung’s disease or allied disorders. 

Colonic neuromuscular abnormalities in children with defecation disorders
The clinical spectrum of intestinal neuromuscular disorders includes many, mostly 

uncommon, conditions. Hirschsprung’s disease (HD) is probably the most common and 

best characterized motility disorder in children. It is a developmental disorder of the enteric 

nervous system (ENS) characterized by the absence of ganglion cells from the distal rectum 

to a variable length of the colon. The impaired intrinsic nervous system causes intestinal 

obstruction in infancy or severe chronic constipation in childhood.45 HD usually presents 

in the neonatal period with constipation, abdominal distension and vomiting. When 

unrecognized, HD will lead to a severe clinical condition with enterocolitis, toxic megacolon 

and even death. Contrast enema, anorectal manometry and rectal suction biopsies are the 

most common tests used in the diagnostic work-up of HD. A prospective study has been 

performed to compare the accuracy of these tests.46 The presence of a transition zone in 

a contrast barium enema is a critical feature to suspect HD. The sensitivity and specificity 

of barium enema were 76% and 97%, retrospectively. Anorectal manometry assesses 

the recto-anal inhibition reflex at rectal distention. Failure to trigger this reflex indicates 

HD. Anorectal manometry has a reasonable accuracy (sensitivity=83%; specificity=93%), 

however results are often inconclusive in infants due to crying and movement artifacts. 

Rectal suction biopsies are evaluated for the absence of ganglion cells in the submucosal 

plexus and elevated acetyl cholinesterase (AchE) activity. This test shows the highest 

sensitivity and specificity (93% and 100%) with a low incidence of inconclusive tests.46 The 

gold standard however, remains the full-thickness biopsy in which the myenteric plexus can 

be examined for the absence of ganglion cells. Patients with HD are treated with surgical 

(pull-through) resection of the aganglionic bowel and takedown of the ganglionic bowel 

close to the anus to preserve sphincter function. Unfortunately, surgical reconstruction 

does not always lead to normal gastrointestinal function in all children.47-49 It has been 

described that 26% of the children with HD have functional constipation as underlying 

cause of persisting symptoms.50 In other children, symptoms may be due to impaired 

structure or function of the ganglionated bowel. Forceful colonic contractions propagating 

into the neorectum have been described in 31%, abnormal colonic motility patterns in 37% 

and a hypertensive internal anal sphincter in 7% of children with HD.50

Chronic Intestinal Pseudo-obstruction (CIP) is a severe disabling disorder characterized 

by repetitive episodes or continuous symptoms and signs of bowel obstruction, 

including radiographic documentation of a dilated bowel with air-fluid levels in the 
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absence of a mechanical obstruction.51 CIP is composed of a heterogeneous group of 

enteric neuromuscular disorders, varying in symptom severity, genetics, pathophysiology 

and histopathology. No sign or symptom is pathognomonic of CIP and the diagnosis is 

usually based on a combination of clinical presentation, physical findings, radiological and 

manometric investigations.52 Manometry and histopathology might be helpful to confirm 

the diagnosis, but are not absolutely necessary.52 In CIP patients, several histopathological 

abnormalities have been reported in the intestinal smooth muscle (visceral myopathy),53 

the ganglia (visceral neuropathy)54 or both.55 

Colonic neuromuscular disorders form a heterogeneous group of conditions, among 

which CIP is a commonly described phenotype and Hirschsprung’s disease (HD) represents 

the best characterized condition. A subgroup of children with constipation is unresponsive 

to conventional treatment. In these children, a number of abnormalities such as delayed 

colonic transit and impaired colonic motility have been described.34,56 Although patients 

with intractable constipation are still considered to suffer from constipation of “idiopathic” 

nature, increasing data exist in such patients on the presence of neuromuscular changes. 

To unravel the underlying mechanism(s) of intractable constipation, affected children often 

undergo extensive diagnostic work-up with negative results. Rectal biopsies are frequently 

obtained to identify neuromuscular disorders. Unfortunately, with the current routine 

staining techniques (AchE and H&E), recognizable pathology, other than HD, is uncommon. 

Other staining techniques need to be performed in order to identify possible abnormalities 

in enteric neurons or intestinal smooth muscle. Also, the underlying pathophysiologic 

mechanism might involve a disturbed transmission between the enteric nervous system and 

smooth muscles, in which the interstitial cells of Cajal (ICC) play a central role. Distribution 

or absence of ICC has been associated with a variety of gastrointestinal motility disorders, 

including HD,45 CIP 57 and slow transit constipation.58-61 Also in a pediatric patient with 

colonic dysmotility, a complete absence of ICC has been found.62 

Colonic manometry is listed among the tests to be performed in children with HD, 

CIP and intractable constipation.63,64 When abnormal contraction patterns are seen 

during colonic manometry studies, neuromuscular disorders are suspected. It is unknown 

whether abnormal findings on colonic manometry studies indeed coincide with or predict 

the presence of specific histopathological changes in neurons and/or intestinal smooth 

muscle. 
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OUTLINE OF THE THESIS

Children with severe functional constipation unresponsive to conventional management 

form a challenging group of patients for pediatric health care professionals. Symptoms such 

as defecation difficulties, abdominal pain and fecal incontinence dramatically affect their 

quality of life. Physicians are puzzled by the lack of response to treatment strategies which 

are successful in the vast majority of constipated children. This thesis focuses on those 

children affected by intractable constipation and aims at elucidating possible underlying 

pathophysiologic mechanisms and at suggesting novel therapeutic options. 

Part one – Epidemiology and follow-up
Chapter 1 is a systematic review of the published literature in which we assess the 

worldwide prevalence, incidence, natural history and co-morbid conditions of functional 

constipation in children.

Most children presenting at our tertiary outpatient clinic have symptoms for a long 

period of time. Previous long-term follow-up studies show that approximately one third 

of the children remains constipated up to adolescence and young adulthood and in most 

of them symptoms originate from their first year of life. Despite the high prevalence of 

constipation in infants, scarce outcome data are available for this group of patients. In 

chapter 2 we therefore perform a follow-up study to determine the outcome in infants 

with functional constipation. 

Part two – Rectal barostat
Research studies with the use of barostat (pressure-controlled distention) have increased 

our knowledge of the pathophysiology of functional gastrointestinal disorders. Chapter 3 

is a review of rectal barostat techniques and illustrates the different findings in pediatric 

patients with functional gastrointestinal disorders. 

Using barostat testing it has been found that children with constipation have a higher 

rectal distensibility (compliance) when compared to healthy children. Due to the higher 

compliance these children need larger stool volumes to trigger the urge to defecate, 

which might result in a low defection frequency and passage of large and painful stools. 

A change in rectal compliance has been proposed as an important pathophysiological 

mechanism of childhood constipation. In order to evaluate the clinical relevance of this 

new mechanism, we performed two barostat studies. In chapter 4, rectal compliance is 

compared among adolescents with functional constipation, adolescents recovered from 

childhood constipation and healthy children. We hypothesized that children recovered 

from childhood constipation who are symptom free for at least 4 years have a normal 

rectal compliance. In chapter 5 we report on a prospective longitudinal study to assess the 

prognostic role of rectal compliance on clinical outcome of childhood constipation. Rectal 

function and clinical parameters were measured before and after 1 year of standardized 
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treatment in children who suffered from severe functional constipation for longer than 2 

years. We hypothesized that children with increased rectal compliance are less likely to 

achieve good clinical outcome. 

Part three – Colonic manometry
Colonic manometry enables direct measurements of colonic motor activity and is used 

in specialized pediatric gastrointestinal clinics to differentiate normal from abnormal colonic 

motility. Chapter 6 consists of a review on the clinical indications of colonic manometry 

studies in pediatric patients. Practical instructions on how to perform the studies and the 

method of interpretation are also described. The placement of colonic manometry catheters 

has traditionally required the use of colonoscopy guided by fluoroscopy. In chapter 7 we 

describe our experience with a new technique of colonic manometry catheter placement 

using primary fluoroscopic guidance. 

Some children with abnormal colonic contraction patterns and severe constipation are 

suspected of having colonic neuromuscular disorders. In chapter 8 we evaluate whether 

abnormal contraction patterns coincide with histological changes in enteric nervous system 

or intestinal smooth muscle. Colonic specimens from surgical resections and full-thickness 

biopsies were obtained from a cohort of children with severe defecation disorders. All 

patients underwent colonic manometry prior to surgery. Investigated colonic specimens are 

from same colonic segments studied by both manometry and immunohistochemistry. 

Part four – Treatment
Placement of a cecostomy is emerging as a promising therapeutic option for children 

with intractable defecation disorders. The surgery enables antegrade delivery of a cleansing 

solution via a tube inserted through the abdominal wall into the cecum to clean out the colon 

at regular intervals. In chapter 9 we describe our experience with the cecostomy procedure 

in a cohort of children with defecation disorders secondary to functional constipation, 

imperforate anus and spinal abnormalities. Surgical and radiological placements techniques 

are compared and clinical outcome parameters are presented. In chapter 10 we evaluate 

the value of colonic manometry studies in deciding whether cecostomy placement is a 

useful therapeutic option for children with intractable defecation disorders. A cohort of 

children who had a colonic manometry study prior to cecostomy placement are evaluated 

to asses the predictive value of colonic manometry on clinical outcome with cecostomy.
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ABSTRACT

Objectives

A systematic review of the published literature was performed to assess the prevalence, 

incidence, natural history and co-morbid conditions of functional constipation in children. 

Methods

Articles were identified through electronic searches in Medline, Embase, Cochrane Central 

Library, Cinhal and PsychInfo databases. Study selection criteria included: 1) epidemiology 

studies of general population, 2) on the prevalence of constipation without obvious organic 

etiology, 3) in children from 0-18 years old and 4) published in English and full manuscript 

form. 

Results

Eighteen studies met our inclusion criteria. The prevalence of childhood constipation in the 

general population ranged from 0.7% to 29.6% (median 8.9; inter quartile range 5.3-17.4). 

The prevalence of constipation defined as defecation frequency of < 3/week varied from 

0.7% to 29.6% (median 10.4; inter quartile range 1.3-21.3). Identified studies originated 

from North-America (n=4), South America (n=2), Europe (n=9), the Middle-East (n=1) 

and Asia (n=2). Variance of gender specific prevalence was reported in 7 studies and 5/7 

studies reported no significant difference between boys and girls. The age group in which 

constipation is most common could not be assessed with certainty. Socioeconomic factors 

were not found to be associated with constipation. 

Conclusion

Childhood constipation is a common problem worldwide. Most studies report similar 

prevalence rates for boys and girls. Large epidemiologic studies with the use of generally 

accepted diagnostic criteria are needed to define the precise prevalence of constipation. 
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INTRODUCTION

Constipation is the most common digestive complaint in the general population, both 

in adults and children, leading to 2.5 million physician visits annually in the United States 

and medication costs of many hundreds of million dollars.1;2 Of all the physician specialist 

visits because of constipation, 15% were consults to a pediatrician.1 It has been estimated 

that 3% of children presenting at a pediatric clinic in the United States had constipation 3 

and 10-25% of patients in a pediatric gastroenterology clinic were referred for evaluation 

and treatment of constipation.4-6 In a tertiary center for pediatric gastroenterology in the 

Netherlands, approximately 45% of the consults are due to defecation disorders.7 Although 

these numbers are not based on carefully designed epidemiologic studies, they are indicative 

of the great impact of childhood constipation on health care. 

A key problem in research regarding childhood constipation is the lack of a generally 

accepted definition for pediatric constipation. Constipation is often interpreted differently 

by patients and physicians.8 In children it is difficult to define constipation, because the 

physician often relies on the symptom interpretation by parents. Recently, several definitions 

for childhood constipation have been proposed for clinical and research purposes. The 

ROME II criteria, defined by a group of experts, described a spectrum of pediatric defecation 

disorders including infant dyschezia, functional constipation, functional fecal retention and 

functional non-retentive fecal soiling.9 The ROME II criteria of pediatric functional constipation 

are the following: at least 2 weeks of 1) scybalous, pebble like or hard stools for a majority 

of stools, 2) firm stools 2 or less times per week and 3) no evidence of structural, endocrine 

of metabolic disease.9 The North American Society of Gastroenterology and Nutrition 

(NASPGHAN) defined constipation as a delay or difficulty in defecation, present for 2 weeks 

or more, and sufficient to cause significant distress to the patient.10 The most recent criteria 

for functional constipation in children were described by the Paris Consensus on Childhood 

Constipation Terminology (PACCT) group, which read: a period of 8 weeks with at least two 

of the following symptoms; defecation frequency < 3/week, fecal incontinence frequency 

>1/week, passage of large stools that clog the toilet, palpable abdominal or rectal fecal 

mass, stool withholding behavior or painful defecation.11

Functional constipation occurs in all pediatric age groups, from newborns to young 

adults and its severity may vary from mild and short-lived to severe and chronic with fecal 

impaction. Fecal incontinence is often the result of rectal fecal impaction, when fecal 

material overflows the large fecal mass. The pathophysiology of childhood constipation 

is probably multi-factorial. Genetic predisposition, low socioeconomic status, inadequate 

daily fiber intake, insufficient fluid intake and immobility have been proposed as factors 

leading to constipation. The most frequent cause in children is development of withholding 

behavior after experiencing a painful or frightening evacuation.7 It has been commonly 

believed that functional constipation is mainly a problem in Western populations and that 

it occurs less in developing countries. We performed a systematic review on the worldwide 
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published literature on the epidemiology of functional constipation in children to summarize 

the existing knowledge about its prevalence, geographic, gender and age distribution and 

associated socioeconomic factors.

METHODS

Search strategy
A comprehensive literature search was performed on January 2006 to identify publications 

on the subject of epidemiology of constipation in children. The Medline, Embase, Cochrane 

Central Library, Cinhal and PsychInfo databases were searched using the following terms in 

Mesh and text word; constipation AND (epidemiology studies OR questionnaires OR registry 

OR epidemiology [subheading] OR prevalence OR incidence OR natural history OR prognosis) 

AND (infants OR newborn OR child OR adolescent), with restrictions for human studies. 

Study selection
Titles and abstracts were reviewed of all citations identified by the database search. 

Studies concerning defecation patterns, toilet habits, urinary complaints and abdominal pain 

in addition to constipation were identified as potential eligible for the systematic review. 

Potentially eligible studies were retrieved and reviewed in full to verify the following selection 

criteria; 1) epidemiology studies of birth cohort, school based and general clinic samples, 

2) containing data on the prevalence of constipation without obvious organic etiology, 3) 

children from 0-18 years old and 4) published in English and full manuscript form. 

Epidemiology studies reporting only data on normal defecation patterns or fecal 

incontinence in children not presenting the prevalence of “constipation” were not included 

in this systematic review, but are addressed in the discussion. 

Case definition for the diagnosis of constipation
Studies with heterogeneous criteria for constipation were included in the review. 

Based on the criteria, these studies were subdivided in the following categories; category 

A) reference to the ROME II criteria 9 or defecation frequency < 3/week, category B) 

unspecified symptoms of constipation, including infrequent defecation, hard stools, fecal 

incontinence, difficult or painful passage of stools, and category C) not defined. 

Data extraction and analysis
Eligible studies were reviewed and data were extracted from original text or tables. Of 

each study the location, population, sample size, response rate, age range and methods 

of data collection were documented. The overall and gender specific prevalence, age 

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

Literature search
A total of 1670 citations were identified by the literature search. After the initial 

evaluation 79 were judged potentially relevant. After a complete review 18 articles met our 

inclusion criteria (Table 1).12-29

Prevalence
The prevalence of childhood constipation among all studies varied from 0.7% to 29.6% 

(median 8.9; inter quartile range 5.3-17.4). The prevalence of constipation defined as 

defecation frequency of < 3/week (category A) varied from 0.7% to 29.6% (median 10.4; 

inter quartile range 1.3-21.3).12-17 Figure 1 shows that there is no correlation between the 

sample size of respondents and prevalence rates. The lowest prevalence (0.7%) was found 

in the study with the largest number of respondents (n=9660) from multiple pediatric 

clinics in Italy, evaluated in a 3 month period.15

Figure 1. Prevalence of chronic constipation in children versus the sample size of epidemiologic studies.

Diverse methodologies of data collection were used. Most studies (n=12) utilized a 

standardized questionnaire filled out by the parents, subjects or both. Different criteria were 

used to define chronic constipation. In 6 studies, a defecation frequency of <3/week was 

included in the criteria (category A).12-17 Three of these studies 13-15 used the internationally 

acknowledged ROME II criteria.9 Two studies 13;22 referred to the NASPGHAN criteria.10 

The other studies used definitions of constipation which contained several (unspecified) 

symptoms of constipation (category B).18-25 One of these studies included in the definition 

fecal incontinence frequency and the passage of large amounts of feces every 7-30 days, 

without mentioning the defecation frequency.18 Four studies did not use preset criteria but 
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Table 1. Epidemiology of childhood constipation

Study Date Location Population Sample 
size 

Response 
rate (%)

Percentage 
of males

Age range 
(years) 

Method of data 
collection

Constipation definition Duration of 
constipation

Prevalence 
(%)

Male 
Prevalence (%)

Female 
Prevalence (%)

A Iacono12 1999 Italy Birth cohort 2879 96 51 0-0.5 Prospective follow-up  
pediatricians

1 bm / ≥ 3 days often associated with crying 17.6 17.3 17.9

Loening-Baucke13 2000 - ‘03 USA General Pediatric Clinic 4157 0-2 Retrospective chart 
review

NASPGHAN 10 or ROME II 9 > 2 weeks 3.2

Ip14 2003- ‘04 Hong Kong Kindergarten sample 561 72 68 3-5 Parent questionnaire ROME II 9 > 2 weeks 29.6 21 32

Miele15 April - June 
1999

Italy Primary Care 
Pediatrician

9660 0-12 Prospective 
Pediatricians 
questionnaire

ROME II 9 > 2 weeks 0.7

Kajiwara16 2002 Japan School sample 5282 76 51 7-12 Parent/subject 
questionnaire

Bm <3/week 18.5 13.2 24.2

Kokkonen17 2004 Finland School sample 404 96 51 10-11 Parent questionnaire Bm <3/week > 6 months 1.5

B Corazziari18 2005 Italy General Pediatric Clinic 2680 94 50 0-12 Parent/subject 
interview

Fecal inconinence ≥ 2/week, passage of large 
amount of feces every 7-30 days, abdominal/rectal 
fecal mass

2.6

del Ciampo19 1996 - ‘97 Brazil Primary Health 
Care Unit

313 1-10 Parent interview  ≥ 2 major symptoms / 1 major + 2 minor* > 1 month 26.8 26.1 27.6

Roma20 1999 Greece General population 1893 74 2-14 Parent and child 
interview

≤ 3 bm/week OR hard stools and painful 
defecation

> 2 month 15.0

Roma-Gannikou21 1999 Greece General population 1932 49 2-14 Parent and child 
interview

≤ 3 bm/week OR hard stools and painful 
defecation 

> 2 month 6.0 6.4 5.7

Uguralp22 2003 Turkey School sample 1377 92 51 5-9 Parent questionnaire Delay of defecation frequency (1/day) or difficult 
passage of  hard, dry or unusual large stools 
(NASPGHAN10)

> 2 weeks 12.4 12.9 11.9

de Araújo Sant’ 
Anna23

1993 Brazil School sample 391 59 8-10 Subject questionnaire Difficult defecation often (>3/week) or sometimes 
(2-3/week)

often: 8 
sometimes: 
20

Pecora24 1981 Italy General Population 359 68 6-12 hard/small stools, difficult or incomplete 
defection.

16.7

Bakwin25 1971 USA Twin pairs study 676 51 Parent questionnaire Consistent infrequent and difficult passage of 
hard stools

8.7 8.7 8.7

C Blum26 2004 USA General Pediatric Clinic 378 93 17 - 19 mo Prospective follow-up 
phone interview 

Parental self-report and treated by pediatrician 17.3

Issenman29 1983 - ‘85 Canada Birth cohort 215 95 54 22 mo + 40 mo Phone interview Parental self-report 6.5^

Yong27 1998 United Kingdom School sample 211 43 4-11 Parent questionnaire Parental self-report: constipation at some time, 
duration of 1-6 months or > 6 months

at some time:      
1-6 months: 
> 6 months:

34 
2.8^ 
4.7^

Kalo28 1996 Saudi Arabia School sample 640 97 50 6-16 Parent questionnaire Parental self-report 9.1
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only parental self-report to assess constipation (category C).26-29 Of all 18 studies, 8 studies 

included in the criteria the duration of symptoms varying from > 2 weeks 13-15;22, > 1 month 
19;27, > 2 months 20;21 to > 6 months.17;27 Three studies reported the prevalence of acute or 

temporary constipation in addition to the prevalence of chronic constipation.17;23;27 Among 

British parents, 34% reported that their child had suffered from constipation at some time 

in their life. The duration of symptoms was less than 1 week in 64% of these children. The 

prevalence of children with symptoms of constipation for 1-6 months was 2.8% and > 6 

months was 4.7%.27

Age distribution
Iacono et al. reported that the mean age at diagnosis of constipation in infants was 

33 ± 27 days.12 The onset of constipation occurred within the first year of life in 46.9%19 

and 50.2% 21 of the affected children. Another study reported the mean age of onset of 

defecation disorders to be 2.1 ± 1.8 years.15 

Six studies reported the distribution of constipation prevalence for age (Figure 

2).13;16;21;22;27;29 One study evaluated the prevalence of constipation in the age categories 

between 2-14 years. A significant higher prevalence was found in children 4 years old.21 

In other studies, an increased prevalence of constipation was found in children 2 years old 

when compared to 1 and 3 year olds.13;29 The highest prevalence (35.4%) was reported in 

5-6 year old children, which had a significantly higher prevalence when compared to older 

children.21;22

Gender specific prevalence
Variance of gender prevalence of constipation was reported in 7 studies (Table 

1).12;14;16;19;21;22;25 Two Asian studies found a significant higher prevalence of constipation in 

girls compared to boys. This was found in children between 3-5 and 7-12 years of age.14;16 

Five other studies reported similar prevalence rates for boys and girls, with the age of these 

children varying from 0-14 years.12;19;21;22;25 Two studies reported no significant difference 

between girls and boys, without giving the raw prevalence data.13;23

Geographic distribution
Epidemiology studies included in this review originated from North-America 

(n=4),13;25;26;29 South America (n=2),19;23 Europe (n=9),12;15;17;18;20-22;24;27 the Middle-East 

Table 1. Summary of the epidemiology studies included in the analysis. Based on the criteria, studies are 
subdivided in the following categories; A) reference to the ROME II criteria9 or defecation frequency < 3/
week, B) unspecified symptoms of constipation, including infrequent defecation, hard stools, difficult or painful 
passage of stools, and C) not defined. 
^ = calculated from raw data; bm = bowel movement frequency; mo = months
* No illness or medication with predisposition to constipation; major symptoms = dry stools, fragmented stools, 
pain during defecation, difficulty to evacuate, fecal soiling; minor symptoms = large volume of feces, evacuation 
interval ≥ 2 days, bleeding, delay in beginning evacuation.
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(n=1)28 and Asia (n=2).14;16 The lowest prevalence of chronic constipation was found in Italy 

(0.7%)15 and the highest prevalence in Hong Kong (29.6%).14 Due to different criteria of 

constipation and various ages, no comparison can be made between countries. Prevalence 

data for the continents Africa and Australia are lacking.

 

Co-morbid factors
Urinary problems were significantly more frequent in children with constipation.16;21;22;28 

Among constipated children, 11.3% - 21.6% had also functional urinary incontinence.16;22 

In twins with constipation no significant association was found with functional urinary 

incontinence.25 One study reported no significant difference in the frequency of fecal 

incontinence in constipated compared to non-constipated children (19% vs. 14%).23 Another 

study found among constipated children significantly more secondary fecal incontinence 

compared to non-constipated children (25% vs. 0.4%).21 

Associated factors 
One study discussed the different factors associated with the onset of constipation 

as reported by 72 parents. Forty-four percent of the parents indicated that a change in 

formula or diet was the cause of constipation in their child. Fear of pain with defecation 

was reported by 30%, period of illness or hospitalization by 21% and problems related to 

toilet training by 14% of the parents.27 Iacono et al. found a significant lower percentage 

of breast-fed infants in the constipated group.12 

Two studies reported data about the possible association between fiber intake and 

constipation in children.20;29 Roma et al. found that children with constipation, compared 

to control subjects had a significant lower mean daily intake of fiber in all age groups.29 

Parents of toddlers reported no correlation between constipation and fiber intake.20 The 

Figure 2. Age distribution of the prevalence of childhood constipation.
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prevalence of constipation was 30.3% in obese children 6-12 years old compared to 14.2% 

in normal weight children.24

A study of 338 twin pairs showed that the concordance of constipation was almost 4 

times higher in monozygotic twins than in dizygotic twins (70% vs. 18%).25 When parents 

were constipated the chance for their child to be affected was 6-12 times higher than when 

parents did not have constipation.25 Roma et al. showed that a positive family history for 

constipation in parents or siblings was reported in 62.5% of the children with constipation, 

versus 30.3% in non-constipated children.20;21 The prevalence of constipation in children 

was 48.5% if both parents were constipated, 10.3% if one parent and 3.4% if no parent 

was affected.21

Three studies reported data on the association between socioeconomic status and 

constipation. The prevalence of constipation was unrelated to self-reported economic status, 

social class, place of residence, marital status, parental education or profession.12;21;22

DISCUSSION

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

constipation in children is very variable ranging from 0.7% to 29.6% with a median of 8.9%. 

The large variation in prevalence may be due to the variation in sample size and different 

methods of data collection. In addition, obtaining precise data about prevalence is challenging, 

because of the lack of uniform definitions used to classify constipation. Some studies used 

internationally accepted criteria such as the ROME II 9 and NASPGHAN 10 criteria.13;13-15;22 

Others designed their criteria based on previous literature or their own preference, which 

often included defecation frequency, stool consistency and painful defecation.12;16;17;19-25 The 

four studies which used parental self-report to assess constipation might be less informative, 

because it is unlikely that parents have comparable notions regarding constipation or about 

what constitutes normal bowel habits in children.26-29

According to the International accepted criteria, defecation frequency of less than 

3/week is one of the key factors of childhood constipation.9-11 Studies which classified 

constipation as a frequency of bowel movements of < 3/week were analyzed separately. 

Surprisingly, the prevalence rates of these studies varied widely from 0.7% to 29.6% with 

a median of 10.4%, 12-17 suggesting that the lack of uniform criteria is only one of several 

factors responsible for the heterogeneous epidemiologic data. Even when using the same 

definitions within the same country and studying similar populations, different prevalence 

rates of constipation were reported.20;21 

The difference in duration of symptoms needed for the diagnosis of constipation may also 

have contributed to the variance in prevalence. The prevalence of 34% reported by British 

parents seems impressive; however 64% of the children had only constipation for less than 
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1 week.27 The variance in prevalence remained large among studies which evaluated similar 

duration of symptoms.13-15;22

Several studies have been reported on the normal bowel movement frequency in healthy 

infants and children. Studies from Europe showed that infants have a mean of 4 stools per 

day, which gradually declines to 1.4 at 3 years.30;31 Among children between 1 to 4 years 

old, 96% had a defecation frequency within the range of 3 times a day to once every other 

day.32 After 2-4 years of age the frequency of bowel movements remains unchanged.18;30 A 

study from Thailand showed comparable results. Thai infants had 3.3 bowel movements per 

day during the newborn period with a decrease to 1 per day at 4 years of age.33 Ninety-five 

percent of Nigerian children between 6 months and 5 years of age had bowel movements 

1 to 3 times per day.34 

The peak age for the onset of childhood constipation and the age category in which 

constipation is most common could not be assessed with certainty. Possibly, constipation 

in different age categories has various etiologies. Approximately half of the affected 

children develop constipation within the first year of life.19;21 The transition from breast to 

formula feeding was considered a possible cause of constipation in this age group.12;27 Dry 

and hard stools may cause painful defecation resulting in fear of defecation and chronic 

constipation.35 High prevalence rates were reported in children of 5-6 years old (35.4%)22, 

3-5 years of age (29.6%)14 and in children with a median age of 3.5 (range 1-10) years 

(26.8%).19 Also, constipation was found to be significantly more prevalent in children 2 

and 4-5 years old. 21;22;13;29 These prevalence data suggest the highest prevalence to be 

around the pre-school age. The time of toilet training is thought to be a critical period in 

which constipation may occur. Difficulties with toilet training are associated with childhood 

constipation.36;37 It is, however, unclear whether difficulties with toilet training are the 

result or the cause of constipation.38 

Conflicting data about the gender ratio in the occurrence of constipation have been 

reported. Some outcome studies have reported a higher number of constipated boys 

compared to girls.39-42 A study in children younger than 4 years found a 1:1 ratio 43 and 5 

of 7 studies included in this review found no difference between the prevalence in boys and 

girls.12;19;21;22;25 A significant higher prevalence of constipation in females, within the age 

range of 7-12 years and 3-5 years was found in 2 Asian studies.14;16 In adults, women are 

more likely to be constipated than men.44 In pediatric epidemiology studies, no trend towards 

a higher prevalence of constipation in older girls was found. A convincing explanation for 

the difference in gender ratio found in the large outcome studies was never provided. It 

has been suggested that a difference in seeking medical advice between genders may play 

a role in the prevalence variation.39 In outcome studies a large number of included patients 

had fecal incontinence,39;40;42 a condition which is known to be more prevalent in boys.45-48 

Epidemiology studies exclude this bias in population and may reflect a more realistic gender 

ratio than the clinical trials.
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Fecal incontinence is a common symptom of childhood constipation. Only 1 of the 

evaluated studies included the presence of fecal incontinence as one of the constipation 

criteria. In this study, the prevalence of fecal incontinence was 2.2% in children older than 

4 years.18 In previous reported literature, the prevalence of functional fecal incontinence in 

children above 4 years varied between 1-4%.45-49 It is, however, unknown whether fecal 

incontinence in these children was associated with constipation or occurred as a primary 

entity, the so-called functional non-retentive fecal incontinence.11 

Constipation in children seems to be a common problem worldwide. Although the 

prevalence varies widely, no evidence was found for the common belief that functional 

constipation occurs less in non-Western societies. A drawback of the study is that only 

English language articles were included in this review. In the literature search several non-

English articles were identified, including Danish 52, Brazilian 53;54, Polish 55 and Russian 56 

manuscripts. Only from the Danish article we could retrieve data by correspondence with the 

first author. In a school based sample of 849 children between 9-12 years old a prevalence of 

constipation (defined by the ROME II criteria9) of 3.2% was found.52

A study from Sumatra showed a much higher prevalence of children presenting in a 

pediatric gastroenterology clinic with diarrhea compared to constipation.57 In pediatric 

gastroenterology clinics in Chili, functional constipation has become the most common 

presenting symptom, while 20 years ago, during worse socio-economic times, the major 

problem was chronic diarrhea.58 Sparse data exists on the relation between socioeconomic 

status and childhood constipation. In adults, constipation has been found to be more 

prevalent in individuals with a lower socioeconomic status.2;59 Geographic distribution of 

constipation in the United States showed a higher constipation rate in rural states when 

compared to people in the metropolitan areas.60 This trend could not be confirmed by 

pediatric epidemiology studies which found no association between constipation and 

socio-economic factors.12;21;22

It is has been shown that chronic constipation has frequently a great impact on the 

child’s emotional well-being and is associated with impaired quality of life.61 Long-term 

follow-up studies showed that one third of the children with chronic constipation remain 

constipated into adolescence, despite intensive therapeutic managements.39

In summary, this study systematically reviewed the literature available and found that 

childhood constipation occurs commonly worldwide. Large epidemiologic studies with the 

use of generally accepted diagnostic criteria are needed to define the precise prevalence 

of constipation and its associated socio-economic factors. The high prevalence of this 

condition worldwide justifies investment of resources and educational campaigns directed 

to its prevention and optimal treatment. 
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ABSTRACT

Objective

Approximately 40% of constipated children have symptoms starting in their first year of 

life. Sparse data exist about follow-up of infants with severe functional constipation. The 

aim of the study was to describe the clinical course of severe functional constipation in 

early childhood.

Methods

Eligible patients were children suspected of Hirschsprung’s disease who developed 

constipation (defecation frequency <3 per week and/or painful defecation and/or use of 

laxatives) in their first year of life. In all patients Hirschsprung’s disease was excluded by 

ano-rectal manometry and rectal suction biopsy.  Follow-up data were obtained through 

a standardized questionnaire. Success was defined as a period of at least 4 weeks with ≥3 

painless bowel movements per week. 

Results

A total of 47 patients (60% boys; median age 3.5 months) participated to the study. Six 

months after initial evaluation, 69% of the children were recovered. After initial success, a 

relapse occurred in 15% of the children within 3 years.  A duration of symptoms <3 months 

before referral correlated significantly with better outcome.

Conclusion

Most infants with severe constipation evaluated at a tertiary center are recovered after 

6 months. Early therapeutic intervention may beneficially contribute to the resolution of 

constipation.
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INTRODUCTION

Estimates of the prevalence of constipation in children vary from 0.3% to 8%.1 Childhood 

constipation is often regarded as a trivial symptom that will gradually disappear. However, 

the general belief that children “will just grow out of it” has never been substantiated. In 

approximately 40% of constipated children symptoms originate during their first year of 

life.2,3 A rare cause of constipation in these children is Hirschsprung’s disease. In infants 

suffering from severe constipation a diagnostic evaluation for Hirschsprung’s disease is 

often undertaken. Based on typical symptoms and exclusion of organic causes most children 

are eventually diagnosed as having functional constipation. Several mechanisms seem to 

contribute to the development of childhood functional constipation, many of which are still 

unknown.4 

Infants with constipation typically present with a defecation frequency of less than 3 

times a week, accompanied by straining and crying.  Some of these infants may have fecal 

impaction upon physical examination.1 The “Rome II criteria” describe infant dyschezia as 

the most common functional defecation disorder in infants.5 This condition is defined as 

at least 10 minutes of straining and crying before a successful passage of soft stools in 

otherwise healthy infants of less than 6 months.5 Other Rome II diagnoses for functional 

defecation disorders in children are functional constipation and functional fecal retention 

and apply to older children.5 The population reported in this study best fits the age group 

of infant dyschezia, but because this entity has never been validated and the term “infant 

dyschezia” is not widely used or understood, we will use in this study the more generic 

term of functional constipation. Also this study included children who presented with 

constipation in the first 12 months of life, a period that exceeds the 6 months mentioned in 

the definition of infant dyschezia.

Previous research on children with functional constipation shows a cure rate of 

approximately 30% after 6 months of intensive medical and behavioral treatment.6 Longer 

follow-up studies show that half of the patients remain constipated after 5 years 7 and in 

30% of the children symptoms of constipation persist into young adulthood.6 Despite the 

high prevalence of constipation in infants, scarce outcome data are available in this group of 

patients. The present study was designed to asses the outcome in children with functional 

constipation severe enough to require referral to a specialist to rule out Hirschsprung’s 

disease.

PATIENTS AND METHODS

Subjects 
Patients referred between 1999 and 2003 to the tertiary outpatient gastroenterology 

clinic of the Academic Medical Center, with a suspicion of having Hirschsprung’s disease 
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and in whom constipation had started during the first year of life constituted the subjects 

of this study. Hirschsprung’s disease was excluded by ano-rectal manometry and rectal 

suction biopsy in all children. In order to be eligible for this study, patients had to fulfill 

one of the following criteria for constipation: 1) defecation frequency <3 times a week; 2) 

painful defecation; 3) use of laxatives. Children suffering from other organic causes, such 

as gastrointestinal malformations, spinal abnormalities, cerebral palsy, and children with a 

known diagnosis of cow’s milk allergy were excluded from the study. Only children who 

were less than 3 years old at time of the initial referral to the gastroenterology outpatient 

clinic were considered eligible for this study. This research was approved by the medical 

ethical committee of the Academic Medical Center. 

Treatment
After the diagnostic evaluation of Hirschsprung’s disease was completed, parents were 

given a thorough explanation of childhood constipation, including the absence of an 

organic cause, the possible behavioral component and the different therapeutic options 

available. We recommended elimination of the fecal impaction, when present, with 

enemas (sodiumducosate sorbitol or sodiumlaurylsulfoacatate) followed by the use of an 

adequate dose of oral laxatives (lactulose 2 ml/kg/day or polyethylene glycol 0.5 gr/kg/

day). Treatment was generally managed by the primary care physicians according to our 

recommendations and their own preference. 

Follow-up and data collection
Follow-up data were obtained by telephone using a standardized questionnaire. The 

questionnaire addressed the time of first passage of meconium, defecation frequency, stool 

consistency, straining and crying during defecation passage, bloody stools, the existence of 

fissures, age of onset of constipation, use of laxatives, past medical and family history and 

developmental benchmarks. Parents were asked to recall the clinical status of their child at 

the age of 6 months, 1, 2, 3 and 4 years. At these different ages the number of months from 

presentation to the gastroenterology clinic to follow-up was calculated and categories of 

follow-up periods were plotted (3, 6, 9, 12, 18, 24 and 36 months). In addition to the clinical 

status at the specified ages, data about relapse were obtained within these time intervals. 

Definition of clinical outcome
In order to assess clinical outcomes, 3 categories were defined.  “Successful outcome” 

was defined as a period of at least 4 weeks with ≥3 bowel movements per week, without 

pain during defecation and without the use of oral or rectal laxatives (category 1). The 

second category of children had “success while using laxatives” (category 2), whereas the 

last group did not fulfill the clinical criteria for success (“unsuccessful outcome”), whether 

with or without the use of laxatives (category 3). A relapse was defined as a period of 

at least 4 weeks in which bowel movement frequency had decreased to <3 per week or, 
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because of increasing symptoms, laxatives had to be reintroduced, after a period of either 

“successful outcome” or “success while using laxatives”. 

Statistical analysis 
Non-parametric (Mann-Whitney U) and χ2 statistics were used to test differences for 

baseline characteristics between boys and girls. For each of the fixed time points of follow-

up, the distribution of patients over the three possible categories of clinical outcome was 

computed. The frequency and timing of initial success was presented in a Kaplan Meier 

curve without adjustment for the discrete nature of the follow-up. A log rank test was 

used to evaluate the prognostic value of predefined factors on time until first success. The 

following factors were examined: sex, age of onset, total period of symptoms before intake 

and total duration of treatment before presentation. Binary logistic regression models were 

used to examine the relation between predefined baseline factors and the probability of a 

good clinical outcome after one year of follow-up. The following factors were examined: 

sex, age of onset, total period of symptoms before intake and total period of treatment 

before intake, defecation frequency at presentation, prematurity at birth, delayed passage 

of meconium, positive family history. Continuous variables were dichotomized using the 

median as the cut-off value. 

RESULTS

Patient characteristics
A total of 99 children less than 3 year old with constipation that had started during the 

first year of life were referred to our tertiary outpatient clinic for diagnostic evaluation of 

Hirschsprung’s disease. In 26 of these children Hirschsprung’s disease was confirmed, 7 

children did not meet the criteria for constipation and 13 suffered from other diseases: 2 

patients had cow’s milk allergy, 5 had chromosomal defects, 4 had intestinal malformations 

and 2 children had been previously treated with a colostomy. 

A total of 53 children were eligible for the study. Of 53 patients, 6 patients were lost to 

follow-up (11%) as contact information could not be retrieved. The baseline characteristics 

were compared between patients in the study and those lost to follow-up; no significant 

difference between these groups was found. 

The clinical baseline characteristics of the remaining 47 patients (60% boys) are presented 

in table 1. The median age of onset of constipation was 9 days and the median age at 

presentation to the clinic was 3.5 months. No significant difference was found between 

boys and girls concerning clinical characteristics at enrollment.
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Clinical outcome during follow-up 
The median duration of follow-up was 20 (range 6 – 52) months. Different types of laxatives 

were used during the treatment period, including lactulose (n=25), polyethylene glycol (n=5), 

bisacodyl (n=2), and enemas (sodiumducosate sorbitol or sodiumlaurylsulfoacatate) (n=7). 

At 6 months of follow-up, 69% of the patients achieved success without using laxatives 

(category 1) and 8% met the criteria for success but were still using laxatives (category 

2) (figure 1). A relapse of constipation after initial clinical success occurred in 15% of the 

children within the 3 year follow-up period. Within 3 months, 18% of all patients reached 

their first successful period without using laxatives (category 1) (figure 2). This percentage 

Table 1. Characteristics at time of presentation to the gastroenterology clinic (n=47)

Male gender - no. (%) 28 (60)

Age - median (25th-75th percentiles) months 3.5 (2.0-13.5)

Age of onset - median (25th-75th percentiles) months 0.3 (0.0-1.5)

Period of symptoms - median (25th-75th percentiles) months 3.0 (1.2-9.2)

Period of treatment - median (25th-75th percentiles) months 1.8 (0.5-5.8)

Defecation frequency per week - median (25th-75th percentiles) 2 (0-7)

Defecation frequency <3 times per week - no. (%) 27 (57)

Straining during defecation  - no. (%) 36 (77)

Crying during defecation - no. (%) 23 (49)

Bloody stools - no. (%) 5 (11)

Use of  laxatives - no. (%) 28 (60)

Use of rectal stimulans - no. (%) 8 (17)

Delayed passage of meconium - no. (%) 24 (52)

Onset due to change to formula - no. (%) 4 (9)

Positive family history - no. (%) 15 (32)

Prematurity - no. (%) 11 (23)

Rectal anal inhibition reflex - no. (%) 42 (90)

Anal resting pressure - median (25th-75th percentiles) mmHg 31 (25-40)

Figure 1. The distribution of patients over 3 defined 
clinical outcome categories at different times of follow-
up. The numbers on top of each bar show the number 
of subjects available for follow-up at that time.
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increased to 54% at 6 months of follow-up. Thereafter, the increase in success rate was 

considerable slower, reaching a cumulative percentage of 70% after 3 years. 

Prognostic factors for success
Two factors were significant in the analysis of the time needed to achieve “successful 

outcome” (category 1). Children suffering from constipation for less than 3 months before 

presentation to the gastroenterology clinic achieved earlier initial success. Seventy-nine 

percent of these children were successful without using laxatives at 6 months of follow-

up, in contrast to 32% of the children with more than 3 months of complaints (p<0.002) 

(Figure 3). Those children treated less than 2 months before presentation reached first 

success without using laxatives earlier than children who were treated with oral or rectal 

laxatives for more than 2 months, (84% vs. 36%, p<0.002) at 6 months of follow-up. 

Gender and age of onset of constipation were not associated with success.

Figure 2. Cumulative percentage of children achieving 
at least one period of successful clinical outcome 
(category 1) during follow-up.

Figure 3. Cumulative percentage of children achieving 
successful clinical outcome (category 1) during follow-
up, divided by duration of symptoms before intake 
(p=0.002).
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In regression models examining prognostic factors for success at one year, the same 

factors described earlier were significantly related to success. After one year of follow-up, 

successful outcome without using laxatives occurred more often in children with less than 

3 months of symptoms (RR 2.5, 95% CI 1.1–3.7) and children with less than 2 months 

of treatment (RR 2.4, 95% CI 1.2-4.8). Gender, age of onset of symptoms, defecation 

frequency, prematurity at birth, delayed passage of meconium, positive family history were 

not associated with successful outcome.

No difference was found between the anal resting pressures of patients with successful 

outcome (category 1) or unsuccessful outcome (p=0.095).

DISCUSSION

We evaluated the outcome of infants who in their first year of life had onset of 

constipation severe enough to raise the suspicion of Hirschsprung’s disease. Sixty-nine 

percent of these children were recovered within 6 months. This proportion reached 77% if 

we included patients with normal defecation but still using laxatives. 

Comparison of our results with previous studies is hampered by the lack of standardized 

definitions for functional constipation in infants and the difference in age distribution 

among studies. Patients described in this study are younger than those in earlier studies 

and a high percentage of the children were born premature and had delayed passage of 

meconium. Passage of meconium later than 24 hours post partum in full term children is 

an alarm symptom of Hirschsprung’s disease and an indication for diagnostic evaluation.4 

The association between delayed passage of meconium and the development of functional 

constipation in children is unknown. We did not find an association in our population 

between this finding and the outcome of constipation. 

It is suggested that most infants with functional constipation fit the phenotype of infant 

dyschezia. It is proposed but not empirically demonstrated that this entity occurs when 

neonates fail to coordinate increased intra abdominal pressure with relaxation of the pelvic 

floor. Symptoms are thought to resolve spontaneously within a few months when improved 

muscle coordination is achieved. Using our criteria of constipation in infants we were unable 

to diagnose or rule out infant dyschezia in the study patients. However, all patients were 

referred to a tertiary hospital and were suspected of Hirschsprung’s disease, which makes 

infant dyschezia in our population with severe constipation less likely. Different definitions 

for functional constipation may be required to discriminate between the defecation 

disorders in infants. 

A success rate of 59% was found after 1 year of follow-up. In previous outcome 

studies, comparable results were found in older children with constipation. The median 

age at presentation of patients described in those reports ranged from 1 to 8 years.1,6-8 

In those studies 47% to 59% of the patients were considered successfully treated after 1 
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year.6-9 Van Ginkel et al. did not find an association between duration of symptoms and 

worse outcome but reported the onset of constipation before the age of one year as a 

poor prognostic sign.6 Our study seems to contradict that observation, since all children 

developed symptoms within their first year of life and the clinical outcome was similar to 

that previously described in older children. In fact, the younger population appeared to 

experience earlier success than older children. In older children only 31% were recovered 

after 6 months 6 compared to 69% in our population.

During the total follow-up period only 15% of the patients with an initial success 

experienced a relapse of constipation. A 10-year follow-up study of constipation in children 

showed a much higher relapse rate. Fifty percent of the children had at least one relapse 

within the first 5 years after initial success.6 Possibly, the relapse rate in our patients will 

increase with a longer period of follow-up. In addition, many children in our population 

were not yet toilet-trained at the end of follow-up, and it is known that toilet training is a 

critical period when many children become constipated.10 Statistical analysis on prognostic 

factors for relapse was not performed in this study, because the number of patients with a 

relapse was considered too small.

Children with shorter duration of symptoms had a significantly better outcome. The 

negative association between longer durations of symptoms and good clinical outcome 

might indicate that therapeutic intervention in an early phase of constipation is more likely 

to be beneficial. Poor prognostic outcome found in children with a period of treatment with 

laxatives longer than 2 months before enrollment is probably related to a longer period of 

symptoms with inadequate treatment. As a consequence of repeated painful defecations 

and accumulation of feces in the rectum, children may develop stool withholding behavior,1 

leading to a vicious cycle which might contribute to worse outcome. Long standing rectal 

dilatation leads to physiologic changes of the anorectum such as reduced rectal sensation 

and loss of rectal wall elasticity (i.e. increased compliance).11,12 One can speculate that 

these rectal abnormalities are responsible for the chronicity of constipation.

A drawback of this study is that the data were collected retrospectively based on 

recalled information provided by the parents. However, an earlier study in children with 

constipation showed fair agreement between recalled and recorded data regarding the 

defecation pattern of children.13 We have no reliable information about the specific doses 

of the different types of medication, oral and/or rectal used by the parents. Firstly, we 

experienced that parents had difficulties recalling the exact dose of the medication used. 

Secondly, many parents tend to use variable doses of the medications dependent on the 

defecation patterns of their child. Therefore we could not evaluate the efficacy of specific 

treatments. The general treatment advice in our clinic includes initial disimpaction, if 

needed, followed by the use of oral laxatives. As previously reported, education to parents 

about childhood constipation might also have played a role in the success of therapy.14 The 

good clinical outcome of children entering our outpatient clinic with a symptom history of 
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less than 3 months might also reflect a heightened attention of caretakers towards their 

children’s constipation. 

In conclusion, this is the first study evaluating the outcome of functional constipation 

in infants. These data may not be generalized to the general pediatric care setting where 

less severe forms of constipation may be encountered. We found that a number of patients 

remain constipated for a prolonged period of time, requiring continuing treatment and 

long term follow-up. Early therapeutic intervention beneficially contributes to the outcome 

of constipation in infants.
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ABSTRACT

Children and adolescents with chronic defecation disorders and chronic abdominal pain, 

without obvious organic etiology, form a challenging group of patients for pediatric 

health care professionals. The pathophysiologic mechanisms underlying such functional 

gastroenterology disorders (FGD) are poorly understood. Research studies with the use 

of barostat have aimed to increase our knowledge in this area. Barostat testing allows 

defining visceral hyper- or hyposensitivity, contractility and compliance of the gut. This 

review focuses on rectal barostat studies performed in children with abdominal pain, 

constipation and fecal incontinence. 
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INTRODUCTION

Gastrointestinal disorders, such as functional abdominal pain and functional constipation 

occur commonly in children.1,2 Since the etiology and pathophysiology of these disorders 

are largely unknown and no specific diagnostic test exists, such conditions are generally 

perceived as diagnosis of exclusion. Over the last decade, research studies have been 

performed to unravel the pathophysiologic mechanisms of functional gastrointestinal 

disorders (FGD). Disturbances in sensation and motor function have been associated 

with symptoms of abdominal pain, constipation and fecal incontinence. Barostat studies, 

introduced by Azpiroz and colleagues in 1985,3 have provided new information on muscle 

tone, compliance and sensitivity of the gastrointestinal tract in both adults and children. 

This review focuses on the rectal barostat test and illustrates the different findings in 

children with defecation disorders. Findings in children with functional abdominal pain 

using a gastric barostat will be discussed briefly.

Anorectal physiology
Normal anorectal function relies on the interaction between the autonomic, somatic and 

enteric nervous systems, rectal wall, pelvic floor muscles and anal sphincters.4,5 The anal 

sphincter complex consists of two components, the internal and external anal sphincter. 

The internal anal sphincter is tonically contracted and generates 80% of the anal resting 

pressure.6 This smooth muscle is innervated by the enteric nervous system (myenteric and 

submucousal plexus) of the rectal wall and is not under voluntary control. Stimulation of 

the mechanoreceptors in the rectal wall by distension activates the intramural inhibitory 

neurons, leading to relaxation of the internal sphincter, the so-called recto-anal inhibitory 

reflex.7 The external sphincter is innervated by the pudendal nerve, arising from S2-S4 

and is under voluntary control. The perception of the urge to defecate occurs upon rectal 

distension and when defecation is not desirable, the external sphincter contracts to postpone 

defecation. The external sphincter remains contracted until the rectal wall has adapted to 

the increased rectal volume and the urge to defecate disappears. Also, contractions of the 

puborectal muscle provide an anorectal angle of approximately 90 degrees, thus impeding 

the passage of solid stool. Viscoelastic properties of the rectum allow accommodation to 

intraluminal material. Rectal compliance is described as the capacity to stretch (expand) 

in response to an imposed force and is defined as the volume-pressure curve.8 Altered 

rectal compliance may result in enhanced or diminished rectal tone, either of which may 

contribute to disturbed rectal function. It has been hypothesized that increased compliance 

results in decreased rectal tone and decreased rectal contractility with possible contribution 

to delayed evacuation of feces 9 and decreased rectal compliance might lead to frequent 

defecation and fecal incontinence.10 Actual defecation occurs with increased abdominal 

pressure and rectal contractions, simultaneous relaxation of the pelvic floor, including the 

anal sphincters and flattening of the anorectal angle.4
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Visceral sensation
The physiology of visceral sensation is complex and the relationship between symptoms 

and sensorimotor dysfunction remains unclear. In the last decade extensive research 

has been performed to broaden current understanding. Sensations arising from the 

gastrointestinal tract are transported via afferent neural pathways to the dorsal horn of 

the spinal cord. The information is transported via the spinothalamic tract to the thalamus 

or reticular formation. When the sensory input is transferred to the cortex, sensations such 

as urge to defecate or abdominal pain are perceived.11 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.12 Emotional and 

psychological factors are believed to influence the perception of visceral sensation.13

Heightened visceral perception has been described as hypersensitivity, hyperalgesia and 

allodynia. Hypersensitivity refers to increased scores of symptoms (including pain) in response 

to a standard stimulus. In practice this is assessed by measurements of threshold volumes 

or pressures for first sensation or pain. Hyperalgesia refers to increased pain sensation in 

response to a certain stimulus. Allodynia is noted when a stimulus which was previously 

not perceived as painful, becomes painful.14 Hypersensitivity is now widely considered to 

play an important role in the development of symptoms in FGD characterized by chronic 

abdominal pain,15 and hyposensitivity of the rectum has been proposed as a relevant factor 

in the etiology of chronic constipation16-18 and fecal incontinence.19,20 Several research 

studies using the barostat technique have been performed to elucidate these hypotheses. 

BAROSTAT SYSTEM

The barostat is an electromechanical computer-driven air pump used to measure tone, 

compliance and sensation of hollow organs.3,8 The principle of the barostat is to maintain 

a constant pressure in an intraluminal bag; the system inflates air when the pressure falls 

below the selected level, and when the pressure increases, the system automatically aspirates 

air. Changes in volume of air within the bag provide an indirect measure of the capacity to 

expand, contraction and relaxation of the hollow organ in the gastrointestinal tract. 

A different technique such as manometry is frequently used to evaluate the motility of 

the gastrointestinal tract. Although this technique is useful to measure contraction patterns 

and sphincter function it is less adequate in measuring visceral sensation and changes 

in tone. The compliance of hollow organs and the difference in organ size significantly 

influences the threshold for sensation measured by volume changes without correction 

for pressure.14,21 These shortcomings in measuring visceral sensation can be avoided by 

assessment of sensation using pressure controlled distension. The barostat has therefore 

emerged as a valuable tool in evaluating muscle tone, compliance and thresholds for 

sensation.8,15,22,23 Research studies have been performed in animal models, adults and in 
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children with FGD. Different segments of the gastrointestinal tract have been evaluated, 

including the stomach, small bowel, colon and anorectum. 

INDICATION

Abdominal pain
Chronic abdominal pain without obvious organic etiology in children is subdivided 

in different clinical syndromes. It was originally described as recurrent abdominal pain 

(RAP) when at least three episodes of abdominal pain, severe enough to affect activities, 

occurred over a period at least three months.24 In 1999, experts in the field of pediatric 

gastroenterology divided recurrent abdominal pain in different functional disorders based 

on symptomatology.25 Five categories are now recognized of which only three will be 

discussed in this manuscript; functional dyspepsia (FD), functional abdominal pain (FAP) 

and irritable bowel syndrome (IBS).25 FD refers to pain or discomfort centered in the upper 

abdomen and is characterized by fullness, early satiety, bloating, nausea, retching or 

vomiting. FAP and IBS refer to a period of at least 12 weeks of pain in the lower abdomen. 

The main difference between FAP and IBS is that there is an absence of accompanying 

symptoms in children with FAP, whereas in children with IBS, pain is accompanied by 

changes in defecation frequency or symptoms related to defecation. Gastric and rectal 

barostat studies have been performed to determine whether these differences in clinical 

presentation could be validated by finding differences in underlying pathophysiological 

mechanisms. 

Experience with the use of gastric barostat in children is limited, since this procedure is 

invasive, time consuming and uncomfortable. Di Lorenzo et al. demonstrated that patients 

with RAP had lower pain thresholds in the stomach than children with IBS and controls.26 

In the same study, rectal barostat studies showed significant lower pain thresholds upon 

rectal distension in IBS compared to RAP patients. Both patient groups had significant lower 

pain thresholds compared to controls. The results of this study suggest that children with 

RAP have more generalized visceral hypersensitivity, whereas children with IBS are more 

vulnerable to rectal hypersensitivity.26 Using a rectal barostat, Van Ginkel et al. also showed 

significantly lower thresholds for pain upon rectal distension in children with IBS in contrast 

to children with FAP.27 These data suggest that the FAP and IBS can be discriminated not 

only by their difference in symptoms, but also by the presence of different degrees of 

rectal hypersensitivity. Furthermore, a lack in contractile response after a meal was found 

in children with IBS, but not in children with FAP, suggesting that changes in contractile 

activity may also be involved in the pathogenesis of IBS.27

Whether visceral sensation is mediated by wall tension, pressure or volume receptors 

is unclear.14 A lower rectal compliance was found in patients with IBS when compared 

to controls.27 This means that rectal distension with low volumes results in a higher wall 
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pressure, which might lead to increased pain sensation. Di Lorenzo et al. reported a normal 

compliance in the stomach and rectum in patients with abdominal pain.26 Further research 

is still required to elucidate this issue. 

Gastric barostat studies in adults with FD have suggested that impaired gastric 

accommodation in response to a meal is an underlying mechanism for some of their 

symptoms.28 No gastric barostat studies have been performed on children with FD however, 

less invasive studies with single-photon emission computed tomography (SPECT) showed a 

reduced gastric volume response to feeding and an increase in post-prandial symptoms in 

adolescents with FD.29

It should be emphasized, that in patients with abdominal pain the perceptual response 

might be modulated by psychological factors.13 However, no association was found 

between the occurrences of lower thresholds for pain and anxiety or depression scores in 

pediatric patients with RAP and IBS.26

Constipation
Pediatric constipation (PC) is diagnosed when at least two of the following criteria are 

present for 8 weeks: defecation frequency <3 per week; ≥1 fecal incontinence episodes 

per week; passage of large amounts of stool, presence of fecal impaction, withholding 

behavior and painful defecation.30

Impaired rectal sensation (hyposensitivity) was thought to be one of the main 

pathophysiological mechanisms in adults and children with constipation. A recent 

pediatric rectal barostat study showed that rather than impaired sensitivity, increased 

rectal compliance was the most prominent finding in children with PC.31 Using a pressure-

controlled protocol, 58% of 69 patients had increased rectal compliance (figure 1) and 

only 10% had impaired rectal sensation. Although sensation was not disturbed, larger 

balloon volumes were required to initiate the urge to defecate in patients with PC. This 

can be related to the clinical symptoms of PC, a condition in which patients have longer 

intervals between defecations and frequently produce large diameter stools. A barostat 

study in adults with constipation showed that 47% of patients with rectal hyposensitivity 

had increased compliance. In the other half of patients a normal compliance was found. 

The loss of sensation was suggested to be related to a true impairment of the sensory 

pathway.32 This finding indicates that in the evaluation of rectal function both rectal 

compliance and sensitivity should be measured simultaneously. When high volumes are 

required to initiate sensation, a barostat study is able to differentiate between abnormal 

compliance and hyposensitivity. 

It is often assumed that increased rectal compliance and loss of sensation occur as 

result of long-lasting accumulation of feces in the rectum. Voskuijl et al. questioned this 

hypothesis by finding no difference in rectal compliance between patients with or without 

fecal impaction at physical examination.31 Alternatively, abnormal rectal compliance and 

rectal sensory impairment may be a primary cause of constipation. Rectal sensation evoked 
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Figure 1. Example of a rectal barostat study in a patient with increased rectal compliance. The balloon volume 
increases rapidly at low pressure steps and no volume equilibration is reached.

by rectal distension is important in the process of defecation, because the urge to defecate 

is associated with an increase in rectal tone and with triggering of contractile activity 

proximal to the fecal mass.33 

Barostat studies could not identify rectal compliance as a prognostic factor for recovery 

in patients with PC, since abnormal compliance was also found in a number of recovered 

patients.34 The question whether the loss of anorectal function is reversible and exists 

primarily or develops secondary to constipation remains unclear and should be further 

investigated with longitudinal studies. 

Functional non-retentive fecal incontinence
The symptom-based diagnosis of functional non-retentive fecal incontinence (FNRFI) 

is defined by defecation into places and at time inappropriate to the social context, in 

the absence of structural or inflammatory disease and in the absence of fecal retention 

occurring in children with developmental age older than 4 years.25 

Previous anorectal manometry studies failed to identify abnormalities in children with 

FNRFI.35-37 Recently performed rectal barostat studies found no difference in rectal 

sensation and rectal compliance in 19 FNRFI patients compared to healthy volunteers,31 

suggesting, that FNRFI is a different clinical entity compared to childhood constipation. 

METHODS OF RECTAL BAROSTAT PROCEDURES IN CHILDREN

Equipment
An international working group has provided detailed description of guidelines for 

barostat procedures in adults.8 Different computer-driven barostat systems are available on 

commercial basis. The barostat-computer may be programmed to measure volume changes 
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at fixed pressure or pressure changes at fixed volume and time sequences of increases and 

decreases in pressure or volume. Safety features include overpressure sensors and volume 

sensors that prevent overfilling. 

A non-compliant polyethylene balloon (similar to a thin sandwich-bag) is sealed in a 

spherical shape and fixed on the tip of a silicone catheter. This catheter consists of a pressure 

line (internal diameter 0.8 mm) separated from an inflation line (internal diameter 2 mm).8 For 

rectal barostat in children above 8 years of age, the balloon has a maximum capacity of 500 

ml. Before and after each procedure the balloon should be checked for air leakage. 

Preparation 
Physiological: Crucial in the performance of the barostat study is the cooperation of the 

child who should be able to relate onset of symptoms and describe their severity and location. 

Therefore an age minimum of 6-8 years is required. Children and their parents should be 

given an ample explanation of the procedure and equipment. The help of a qualified nurse is 

essential during the study. This assistance optimizes cooperation of the child during the study 

and minimizes response bias and artifacts. 

Physical: All medication known to affect gastrointestinal motility (e.g. laxatives, prokinetics) 

and sensation (e.g. pain medication) should be discontinued at least 24 hours prior to the 

procedure. As it is likely that the gastrointestinal tract can be sensitized by enemas, it is 

important to perform the barostat procedure with minimal bowel preparation. In our 

experience with healthy volunteers, children with chronic abdominal pain, IBS and FNRFI, the 

procedure can be performed without bowel preparation. If on physical examination, stool is 

present in the rectum, the subject should try to defecate before proceeding with the study. 

In the majority of constipated children it is not possible to perform a barostat study without 

bowel preparation. Enemas are therefore recommended on the day prior to the procedure. 

Protocol
Rectal barostat studies are performed with the patient lying in left lateral position.  The 

lubricated balloon is placed without the use of endoscopy. The balloon is unfolded by a 

stepwise volume increase. Then the inflated balloon is pulled back against the pelvic floor 

to verify its position. 

After a period of equilibration with a deflated balloon, the minimal distension pressure 

(MDP) is determined by stepwise increasing intra-balloon pressures (1 mmHg per step for 1 

minute). The MDP is defined as the pressure resulting in an intra-balloon volume of at least 

30 ml while at the same time the influence of breathing on the volume is visible. This pressure 

threshold is associated with an abrupt rise in intra-balloon volume in the majority of cases. 

Different distension protocols testing sensation thresholds have been described.8 In 

children it is important that the procedure is as short as possible and, obviously, not painful. 

It is not ethical to continue the procedure when pain is experienced and the reliability 

of the procedure will steeply decrease after the experience of pain, inducing a response 
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bias. Therefore, a simple intermittent “staircase” procedure is recommended, with pressure 

steps of 2-3 mmHg above MDP and 1 minute of rest (MDP) in between. A scale from 0-5 

can be used to record severity of different symptoms (pain, urgency, bloating etc.). If pain 

is produced the balloon is quickly deflated. In order to prevent response bias the specific 

distension protocol should not be explained to the child and the computer screen should be 

turned away from the child during the procedure. 

Analysis
Annotation of patient’s movements during the study by placing markers on the tracing is 

crucial for the analysis of the study. It is also important to record the child’s behavior during 

the test. A child who exhibit withholding behavior (stiffening and crossing legs) when rectal 

contractions occur, suggest a behavioral cause for the child’s symptoms. 

Thresholds for first sensation, urge to defecate and pain are determined from the 

intermittent distension protocol and expressed as pressure above MDP. Volumes to 

trigger these sensations are also reported. The compliance is calculated using a non-

linear mixed-effect model for fitting the volume-pressure curves of each individual.38 The 

volume-pressure curves are constructed by expressing the mean volume of the last 15 

seconds (when equilibration of the volume is reached) of each consecutive pressure step. 

The normal values of rectal compliance and sensation thresholds in healthy children are 

reported in table 1. 

Table 1. Normal values in healthy children (age 12.7±2.6 years) 31

Pressure - median (5th - 95th percentile) Volume (mean±SD)

Compliance 16 ml/mmHg (12-20)

First sensation 3 mmHg above MDP (0-6) 39±22 ml

Urge to defecate 6 mmHg above MDP (0-19) 82±38 ml

Threshold for pain 20 mmHg above MDP (9-39) 197±89 ml

Therapy
The barostat studies have not yet led to direct therapeutic changes in children with FGD. 

However, uncovering and explaining the underlying pathophysiologic mechanism may help 

patients and their parents to understand the cause of their symptoms. This information 

may reassure the families and diminish the demand for further medical investigation.

59



CONCLUSION

The barostat represents an important new and promising tool in the evaluation of 

gastric and rectal function in children with FGD. Visceral hypersensitivity and increased 

rectal compliance have been identified using barostat studies in children with chronic 

abdominal pain and functional constipation, respectively. These findings might play a role 

in discriminating different FGD entities in children. At this time, the clinical applications of 

the barostat are still limited and restricted to experienced groups. Its role as a diagnostic 

tool has yet to be established. 
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ABSTRACT

Objectives

A subgroup of children with functional constipation (FC) is unresponsive to conventional 

treatment. Abnormal rectal function due to increased distensibility (compliance) might be 

an underlying mechanism of therapy resistant FC. We hypothesize that rectal compliance is 

normal in patients who are successfully recovered from FC (RC). 

Methods

A pressure-controlled intermittent distension protocol (barostat) was performed in FC 

patients (11-18 years) and RC subjects, free of symptoms for at least 4 years, and healthy 

volunteers (HV). Rectal compliance was calculated using a non-linear mixed-effect model 

for volume-pressure curves. 

Results

Forty-seven FC patients, median (range) age of 12 (11-17) years, and 20 RC subjects, 15 

(11-18) years, were studied and compared to 22 HV, 14 (8-16) years. The median (5th–95th 

percentile) rectal compliance in HV was 16 (12-20) ml/mmHg. FC patients had a median rectal 

compliance of 25 (13-47) ml/mmHg and RC 20 (12-35) ml/mmHg, which was significantly 

higher compared to HV (p<0.001 and p=0.003). RC had lower rectal compliance when 

compared to FC (p=0.02). Forty-five percent of RC subjects had a rectal compliance above 

the upper limit of normal (>95th percentile of HV), which was significantly less compared to 

75% of FC patients (p=0.02). 

Conclusion

While rectal compliance in recovered subjects is lower when compared to constipated 

adolescents, almost half of the recovered subjects showed an increased rectal compliance. 

The role of rectal compliance in therapy resistant functional constipation seems limited, 

because recovery is possible despite an increased rectal compliance. 
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INTRODUCTION

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

to conventional treatment.1,2  Persistence of constipation has a harmful effect on emotional 

well being, social- and family life of affected children.3-5 Lack of knowledge about the 

underlying pathophysiology contributes to ineffective treatment strategies and often results 

in frustration and dissatisfaction of families and physicians. 

Previous studies reported inconclusive data on the relation between anorectal function 

parameters and clinical outcome of FC in children. Despite clinical recovery, high anal resting 

pressure and decreased relaxation of the internal anal sphincter continued to be abnormal.6-8 

In addition, while rectum and sigmoid contractility improved during and after treatment, 

no difference in contractility was found between recovered and non-recovered patients.9 

Loening-Baucke reported a relation between the inability to defecate water filled balloons 

and treatment failure.4,10 Other studies found no predictive value for recovery using balloon 

expulsion tests.8,11 Using biofeedback training no relation between successful outcome and 

normalization of abnormal defecation dynamics could be identified in children.12,13 This 

suggests that other mechanisms play a more significant role in refractory childhood FC. 

Using volume-controlled distension, previous studies reported that larger rectal balloon 

volumes were needed to trigger rectal sensation in children with constipation,14,15 possibly 

due to impairment of the sensory pathway. It is now clear that visceral perception relies 

on wall pressure or tension and not on the volume of the organ.16 Using the barostat 

technique, pressure-controlled distension can be performed and rectal volume and pressure 

can be measured simultaneously. In addition to sensitivity thresholds, other rectal wall 

properties can be determined, such as wall tone and the capacity to stretch upon pressure 

stimulus (compliance).17 In an earlier barostat study we showed that rectal compliance 

was significantly higher in children with FC.18 As we failed to demonstrate abnormalities in 

visceral sensation, increased rectal compliance may be an important underlying mechanism 

in childhood constipation. Increased rectal compliance may also contribute to the lack of 

response to conventional therapy. If so, one would expect a normal rectal compliance 

in patients recovered from constipation. The aim of this study was to evaluate rectal 

compliance in adolescents with constipation and adolescents recovered from constipation 

and to compare their rectal function to controls. 

MATERIALS AND METHODS

Subjects
Group 1 consisted of 47 adolescents (11-18 years) who suffered from functional 

constipation (FC) for at least 2 years. FC was defined by at least 2 of the following 4 



criteria: 1) defecation frequency <3 per week, 2) fecal incontinence episodes ≥2 per week, 

3) passage of large diameter stools that may obstruct the toilet and 4) palpable abdominal 

or rectal mass on physical examination.19 Children with an organic cause of constipation, 

including Hirschsprung’s disease, muscle disorders, prior recto-anal surgery, spina bifida, 

mental retardation or hypothyroidism were excluded from the study. Group 2 consisted of 

20 adolescents recovered from constipation (RC). RC subjects were previously diagnosed 

with FC based on above described criteria and were now free of symptoms for at least 4 

years.  RC subjects were recruited from our patient cohort which we contact on a yearly 

basis to assess the long term outcome of childhood FC. Clinical success of RC subjects 

was defined as ≥3 bowel movements per week, no episodes of fecal incontinence, no 

large diameter stools and no use of laxatives. A symptom free period of 4 years was 

chosen because occurrence of relapse was found to be unlikely at 4 years after recovery.2 

Group 3 consisted of 22 healthy volunteers (HV) (i.e. friends, siblings, classmates) without 

gastrointestinal complaints and a defecation frequency of ≥3 per week, no episodes of 

fecal incontinence and no large diameter stools. A similar standardized questionnaire was 

used in all groups to evaluate defecation pattern and gastrointestinal symptoms. 

Rectal barostat
The barostat procedure was performed as previously reported.18 A non-compliant 

polyethylene balloon with a maximum volume of 500 ml was connected to a computer-

driven barostat device (Synectics Visceral Stimulator; Synectics, Netherlands). The balloon 

was fixed on a silicone catheter with an outside diameter of 4 mm and an inside diameter 

of 3 mm, allowing an air flow of 38 ml/sec. The balloon was checked for leakage before 

each study. Pain medication and all medication known to affect gastrointestinal motility 

were discontinued 48 hours before the barostat procedure. FC patients received bowel 

preparation consisting of 3 rectal enemas (120 ml sodium-diocthylsulfosuccinate and 

sorbitol) on 3 consecutive evenings before the day of the study. The subjects were placed 

in the left lateral position. Before insertion of the balloon, rectal digital examination 

was performed to check if the rectum was empty. The lubricated balloon was manually 

introduced into the rectum. 

Prior to the pressure-controlled distension protocol, the balloon was unfolded by stepwise 

volume increase (30 ml) until a volume of 150 ml was reached. The inflated balloon was then 

pulled back against the pelvic floor. After deflation and a 15 minute period of equilibration, 

the minimal distension pressure (MDP) was determined by stepwise increasing the intra-

balloon pressure (1 mmHg). MDP was defined as the pressure resulting in an intra-balloon 

volume of at least 30 ml and at which volume changes to breathing could be identified. 

Determination of MDP was followed by a rectal adaptation period of 15 minutes.

Rectal compliance and rectal visceral sensation were determined from an intermittent 

distension protocol with 3 mmHg steps to a maximum of 39 mmHg above MDP, lasting 1 

minute with intervals of 1 minute at MDP. At each pressure step, the mean balloon volume 
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over the last 15 seconds was recorded. The adolescent was asked to score sensation when 

the selected pressure was reached and after 30 seconds. An ordinal scale from 0-5 was 

used to score sensation: 0=no sensation, 1=first sensation, 2=urge to defecate, 3=moderate 

urge to defecate, 4=severe urge to defecate, 5=pain.17 When pain occurred during the 

protocol or maximal balloon volume (500 ml) was reached, the balloon was immediately 

deflated and the study was ended.  

The study protocol was approved by the medical ethical committee of the Academic 

Medical Centre. All subjects and/or parents gave informed consent.

Analysis 
Volume-pressure curves were constructed using the mean volume of the last 15 seconds 

of each of the consecutive pressure steps. Rectal compliance was calculated using a non-

linear mixed-effect model for fitting the volume-pressure curves of each individual.20,21 This 

analysis was performed as previously reported.18 

Thresholds for first sensation, urge to defecate and pain were determined from the 

intermittent distension protocol and expressed as pressure above MDP. When individuals 

did not report urge or pain during the protocol, or the maximal balloon volume was 

reached before the end of the study, the highest pressure value was assigned (i.e. 39 

mmHg above MDP). 

Rectal compliance and sensation thresholds above the 95th percentile of HV were 

considered abnormal. Due to the distribution of data, non-parametric tests (Kruskal-Wallis 

and Mann-Whitney U) were used to compare rectal compliance and sensation thresholds 

between groups. The Chi-square test and Fisher’s exact test were used to compare the 

number of patients in each group, who showed abnormal rectal compliance and threshold 

for first sensation, urge and pain. The correlation between duration of symptoms and 

duration of recovery and rectal compliance was assessed by Spearman’s rho. Differences 

were considered statistically significant when the p-value was less than 0.05.

RESULTS

Subject characteristics
Twenty-two HV subjects, 11 (50%) male, were studied and compared to 20 RC subjects, 

14 (70%) male and 47 FC patients, 31 (66%) male. The median (range) age of HV subjects 

at time of the barostat study was 14 (8-16) years. RC subjects were 15 (11-18) years and 

FC patients were 12 (11-17) years old. RC subjects were significantly older compared to HV 

and FC patients (p<0.001, Mann-Whitney U). No difference in median (range) age at onset 

of constipation was found between FC and RC patients, 4 (0-10) vs. 4 (0.5-6) years. The 

median duration of symptoms of FC patients was 8 (2-15) years.  At time of the barostat 

procedure, RC subjects were recovered for a median (range) of 7 (4-11) years. 



The median (range) defecation frequency per week in FC patients was 1 (0-6) and was 

significantly lower compared to HV, 7 (7-7) and RC subjects, 7 (3-10), (both p<0.001, Mann-

Whitney U). Thirty-nine FC patients (83%) had a defecation frequency of <3 per week 

and 36 (77%) had episodes of fecal incontinence ≥2 per week. The presence of large 

diameter stools was reported by 34 (72%) FC patients. At initial clinical evaluation, rectal 

fecal impaction was present in 22 (47%) FC patients.

Rectal compliance
The median (5th–95th percentile) rectal compliance was 16 (12-20) ml/mmHg in HV, 

20 (12-35) ml/mmHg in the RC group and 25 (13-47) ml/mmHg in FC patients. FC and 

RC patients had a significantly higher rectal compliance compared to HV (p<0.001 and 

p=0.003, Mann-Whitney U) (figure 1). RC patients had a significant lower rectal compliance 

compared to FC patients (p=0.02, Mann-Whitney U). Significantly more FC patients had a 

rectal compliance above the upper limit of normal (>20 ml/mmHg) when compared to 

RC subjects, 35 (75%) vs. 9 (45%), (p=0.02, Chi-square, 95% CI 0.09-0.84). Among FC 

patients, 11 (23%) had severely increased compliance (>31 ml/mmHg) compared to 1 (5%) 

RC subject (p=0.09, Fisher’s exact, 95% CI 0.21-1.44).  

Figure 2 shows that a longer duration of symptoms is not related to higher rectal 

compliance in FC patients (Spearman Rho coefficient 0.27, p=0.07). No relation could be 

identified between the time of recovery and rectal compliance in RC subjects (Spearman 

Rho coefficient 0.06, p=0.81).

Figure 1a. Rectal compliance in HV, RC and FC;* p < 0.05, ** p < 0.001.

Rectal sensation
No differences in MDP were found between the 3 groups. The pressure thresholds 

for first sensation, sensation of urge to defecate and rectal pain were also not different 

between the 3 groups (table 1). In HV, the median (5th-95th percentile) threshold for first 

sensation was 3 (0-6) mmHg above MDP, with 6 mmHg above MDP as the upper limit of 
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normal. One (5%) HV, 2 (10%) RC and 6 (13%) FC patients had threshold for first sensation 

above the normal range (NS). The threshold for urge to defecate was 6 (0-19) mmHg above 

MDP in HV, with 19 mmHg (95th percentile) above MDP as the upper limit of normal. 

One (5%) HV, none of the RC group and 1 (2%) FC patient and had thresholds for urge 

to defecate above the upper limit of normal (NS). Significant higher intra-balloon volumes 

were needed to trigger urge to defecate in FC and RC patients when compared to HV 

(p=0.001 and p=0.02, Mann-Whitney U). The threshold for pain was 20 (9-39) mmHg 

above MDP in HV, with 39 mmHg (95th percentile) above MDP as the upper limit of normal. 

The sensation of pain was not reached up to distension with 39 mmHg above MDP by 2 

(9%) HV, 4 (20%) RC subjects and 6 (13%) FC patients (NS).

Figure 2. Higher duration of symptoms is not related to higher rectal compliance in FC patients (Spearman Rho 
coefficient 0.27, p=0.07).  

Figure 1b. Mean rectal compliance curves for HV, RC and FC



Table 1. Pressure thresholds for rectal sensation  

Median (5th - 95th percentile) Healthy volunteers Constipated patients Recovered subjects p-value*

MDP (mmHg) 4 (1-7) 5 (2-10) 4 (2-13) 0.14

First sensation (mmHg above MDP) 3 (0-6) 3 (0-6) 3 (0-6) 0.55

Urge to defecate (mmHg above MDP) 6 (0-19) 6 (2-18) 6 (3-12) 0.62

Pain (mmHg above MDP) 20 (9-39) 27 (9-39) 27 (12-39) 0.08

*Kruskal Wallis test

DISCUSSION

Normal rectal function relies on the interaction between sensory innervation, rectal 

wall properties, pelvic floor muscles and anal sphincters.22 Abnormalities in any of these 

factors could result in defecatory problems. Recently, increased compliance of the rectal 

wall has been proposed as an essential mechanism underlying pediatric constipation.18 We 

hypothesized that recovery from childhood constipation is associated with a normal rectal 

compliance. Recovered adolescents had a lower rectal compliance when compared to FC 

patients and less RC subjects had an increased rectal compliance. However, in almost half 

of the recovered patients rectal compliance was above the normal range. No barostat 

was performed in the RC group at time of symptoms, it is therefore uncertain whether 

rectal compliance improved over time in RC subjects. Alternatively, RC subjects could have 

had normal or moderately increased compliance before treatment and were thereby able 

to achieve clinical success. Only 1 RC subject had a rectal compliance above 31 mmHg, 

while this was frequently found in FC patients. Severely increased rectal compliance may 

be a more important pathophysiological finding than moderately increased compliance. 

The rectal function may not be disturbed enough when rectal compliance is moderately 

increased, explaining why RC subjects with moderately increased compliance were clinically 

symptom free. Whether patients with severely increased rectal compliance are less likely 

to recover from FC should be further investigated in prospective longitudinal studies. 

In addition, those studies might be able to verify whether increased rectal compliance 

improves when adequately treated. 

Approximately one third of children with FC who are referred to a tertiary center remain 

constipated despite intensive therapy.2 A relapse rate of 50% was observed in those children 

within the first year after recovery.2 Abnormalities in rectal function were suggested to be 

responsible for persistent complaints and relapses.6 However, increased rectal compliance 

seems to play a limited role in this, since RC subjects with increased rectal compliance were 

recovered and had not experienced relapses for over 4 years. 

It is often assumed that long-lasting fecal stasis leads to dilatation and altered elasticity 

of the rectum.23 Increased rectal compliance was found in 75% of adolescents with 

FC. Previously, the presence of rectal fecal impaction was not related to higher rectal 
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compliance.18 A physical examination to identify fecal impaction gives only a random 

indication of stool retention in the rectum. While our patients suffered from FC for longer 

than 2 years with a median of 8 years, a longer duration of symptoms could not be identified 

as a factor contributing to increased rectal compliance. This argues against a causative 

relation between long-term constipation and increased rectal compliance. 

In accordance with previous studies, no evidence for rectal sensory impairment was 

found in adolescents with FC.18 High rectal balloon volumes were needed to trigger rectal 

sensation due to increased rectal compliance and not due to impaired sensitivity.24 

The current study aligns itself with previous studies which, did not show a clear relation 

between successful outcome of childhood constipation and normalization of disturbed 

anorectal parameters.6-8,12-14 The pathophysiology of FC is most likely multi-factorial. 

Defecation difficulties can result from abnormal function of different factors involved, 

including the colon, rectum and the sphincter complex.25 Some children and adolescents 

with delayed colonic transit also show abnormal defecation dynamics,26,27 suggesting that 

different physiologic abnormalities may co-exist in pediatric FC. In addition, behavioral 

components are likely to play a significant role in the development and persistence of 

childhood constipation.28 Thus, it is difficult to identify specific factors involved in recovery. 

Future studies should ideally focus on multiple factors related to recovery.

In conclusion, rectal compliance in recovered subjects is lower when compared to 

patients with constipation, however almost half of the recovered adolescents showed 

a rectal compliance above the normal range. The role of increased rectal compliance in 

therapy resistant functional constipation seems limited, because despite increased rectal 

compliance patients recovered from functional constipation. Prospective longitudinal 

studies are required to assess the exact role of rectal compliance on recovery.
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ABSTRACT 

Objectives

Increased rectal compliance has been proposed as a pathophysiologic mechanism of 

pediatric functional constipation (FC), possibly playing a role in outcome. We hypothesize 

that rectal compliance improves when rectal fecal impaction is avoided with regular use of 

enemas. 

Methods

A prospective longitudinal study was conducted on children (age 8-18 years) with FC for 

≥2 years. Pressure-controlled rectal distensions were performed at baseline and after one 

year with an electronic barostat. Baseline rectal compliance was subdivided in 1) normal, 

2) moderately increased or 3) severely increased. Patients were randomized to conventional 

therapy (CT) or rectal enemas in addition to conventional therapy (ECT). Clinical success was 

defined as ≥3 defecation/week and fecal incontinence <1/week irrespective of laxative use. 

Results

Baseline measurements were performed in 101 children, mean age 11.0±2.1 years. Rectal 

compliance was normal (<20 ml/mmHg) in 36%, moderately increased (20-30 ml/mmHg) in 

40%, and severely increased (≥31 ml/mmHg) in 24% of the patients. Rectal compliance at 

baseline was higher in patients with rectal fecal impaction (p<0.0001). Rectal compliance 

categories showed similar success rates after 1 year: 1) 42%, 2) 41% and 3) 40%. A 2nd 

barostat study was performed in 80 children (37 CT and 43 ECT). Rectal compliance had 

not changed significantly from baseline to one year in the CT and ECT groups. In addition, 

rectal compliance showed no significant difference from baseline to one year in patients 

with successful or unsuccessful outcome.

Conclusion

The regular use of enemas to avoid rectal fecal impaction does not lead to improvement of 

rectal compliance in children with longstanding FC. Increased rectal compliance does not 

contribute to treatment failure in FC. 
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INTRODUCTION

The majority of patients with pediatric FC have mild symptoms which are successfully 

treated with oral laxatives. On the other hand, previous studies showed that after one year, 

41% to 57% of children referred to tertiary centers are unresponsive to intensive medical 

and/or behavioral therapy.1-5 

Several studies have been conducted to unravel the underlying mechanisms of intractable 

functional constipation (FC) in childhood. Anorectal manometry studies showed that half 

of the constipated children contract their external anal sphincter during an attempt to 

defecate.6 A large randomized controlled trial showed, however, that normalization of 

defecation dynamics with biofeedback training was not associated with recovery from FC.6 

Other studies also failed to identify a relation between treatment failure and anorectal 

parameters, including high anal resting pressure, reduced relaxation of internal anal 

sphincter,7-9 impaired rectal balloon expulsion 9,10 and normalization of recto-sigmoid 

contractility.11 The role of these anorectal parameters in the pathophysiology of intractable 

FC is therefore questionable. 

Recently, an increased capacity of the rectum (compliance) has been proposed as 

essential mechanism of childhood FC.12 In children with increased rectal compliance, larger 

balloon volumes were needed to trigger urge to defecate.12 It was suggested that increased 

rectal compliance contributes to low defecation frequency and passage of large diameter 

stools, two symptoms frequently reported by children with FC.

It is unknown whether increased rectal compliance is a primary cause of FC or, as often 

assumed, it occurs secondary to long-term fecal stasis. If increased rectal compliance is 

indeed a secondary event, we hypothesize improvement of compliance by preventing fecal 

accumulation in the rectum with regular use of enemas. In addition, we hypothesize that 

successful outcome of FC is accompanied by normalization of rectal compliance. In a recent 

cross-sectional study, we showed that rectal compliance was lower in patients who were 

successfully recovered from FC compared to patients with FC. However, half of recovered 

subjects still had a rectal compliance above the normal range (unpublished data). In that 

study we were unable to establish whether rectal compliance had improved in recovered 

subjects. A prospective longitudinal study was therefore designed to investigate the role of 

increased rectal compliance on recovery. 

MATERIALS AND METHODS

Subjects 
Children between 8-18 years old who suffered from FC for at least 2 years and who 

were unresponsive to first line treatment were eligible for enrollment. Pediatric FC was 

defined by at least 2 of the following criteria: 1) spontaneous defecation frequency <3 per 
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week, 2) fecal incontinence episodes ≥2 per week, 3) passage of large diameter stools that 

may obstruct the toilet and 4) palpable abdominal or rectal mass on physical examination.13 

One week prior to entry, a diary was completed in which bowel movements and fecal 

incontinence episodes were recorded. At intake, a standardized interview was conducted 

to determine defecation pattern and defecation related behavior. Abdominal and rectal 

examination was performed to evaluate the presence of fecal impaction. Children with 

organic causes of constipation, including Hirschsprung’s disease, muscle disorders, prior 

recto-anal surgery, spina bifida, mental retardation or hypothyroidism were excluded from 

the study. This study protocol was approved by the medical ethical committee of the 

Academic Medical Centre. All subjects and/or parents gave written informed consent.

Rectal barostat 
At baseline and after one year a barostat test was performed as previously reported.12 

Pain medications and all medications known to affect gastrointestinal motility were 

discontinued 48 hours prior to the test. All patients received a bowel preparation consisting 

of 3 rectal enemas (120 ml sodium-diocthylsulfosuccinate and sorbitol) on 3 consecutive 

days prior to the study. A non-compliant polyethylene balloon with a maximum volume of 

500 ml was connected to a computer-driven barostat device (Synectics Visceral Stimulator; 

Synectics, Netherlands). The balloon was fixed on a silicone catheter with an outside 

diameter of 4 mm and an inside diameter of 3 mm, allowing a flow of air of 38 ml/

sec. Before and after each study, the balloon was checked for leakage. The subjects were 

placed in the left lateral position. Before insertion of the balloon, rectal digital examination 

was performed to check if the rectum was empty. The lubricated balloon was introduced 

manually into the rectum. 

Prior to the pressure-controlled distension protocol, the balloon was unfolded by 

stepwise volume increase (30 ml per step) until a volume of 150 ml was reached. The 

inflated balloon was then pulled back against the pelvic floor. After deflation and a 15 

minute period of equilibration, the minimal distension pressure (MDP) was determined 

by stepwise increasing the intra-balloon pressure (1 mmHg steps of 1 minute). MDP was 

defined as the pressure resulting in an intra-balloon volume of at least 30 ml at which 

volume changes to breathing could be identified. Another 15 minute period with a deflated 

balloon was added to allow for rectal adaptation. Rectal compliance and rectal sensation 

were determined from an intermittent distension protocol with step-wise increases of 3 

mmHg to a maximum of 39 mmHg above MDP, lasting 1 minute with intervals of 1 minute 

at MDP. When pain occurred during the protocol or when maximal balloon volume (500 

ml) was reached, the balloon was immediately deflated and the study ended. 

Rectal compliance
Volume-pressure curves were constructed using the mean volumes of the last 15 

seconds of the consecutive pressure steps. Rectal compliance was calculated using a non-
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linear mixed-effect model for volume-pressure curves.14,15 This analysis was performed as 

previously reported.12

 Rectal sensation
At every pressure step the child was asked to score sensation when the selected pressure 

was reached and after 30 seconds. An ordinal scale from 0-5 was used to score sensation: 

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

4=severe urge to defecate, 5=pain.16 Thresholds for first sensation, urge to defecate and pain 

were expressed as pressure above MDP. When individuals did not report urge or pain during 

the protocol, or the maximal balloon volume was reached before the end of the study, the 

highest pressure value was assigned (i.e. 39 mmHg above MDP). Normal ranges of pressure 

thresholds for sensation were applied from barostat studies in healthy children.12

Clinical assessment
Computerized randomization (stratified by age and gender) was used to assign 

patients to conventional treatment (CT) or to rectal enemas in addition to conventional 

treatment (ECT). CT included demystification, bowel diary, toilet training and oral laxatives 

(polyethylene glycol 0.5 g/kg). Children randomized to ECT received CT plus 3 rectal 

enemas (120 ml sodium-diocthylsulfosuccinate and sorbitol) per week for the first 3 months 

and this frequency was then reduced by 1 enema per week every 3 months. Outpatient 

clinic visits were scheduled for all children at 2, 4, 6, 12, 26, 39 and 52 weeks. Clinical 

success was defined as ≥3 bowel movements per week and <1 fecal incontinence episode 

per week irrespective of laxative use. 

Statistical Analysis
Baseline characteristics of study subjects were analyzed in a descriptive way. To assess 

rectal compliance in relation to symptoms at intake and clinical success, patients from 

both treatment groups were combined. Rectal compliance at baseline was divided in 3 

categories: 1) normal (<95th percentile of healthy children12), 2) moderately increased (>95th 

percentile of healthy children to <75th percentile of FC patients), and 3) severely increased 

(≥75th percentile of FC patients). Clinical parameters, including age at onset, duration of 

symptoms, defecation frequency, fecal incontinence frequency were categorized in order 

to assess the relation between these parameters and rectal compliance using Kruskal-Wallis 

tests. To evaluate whether rectal compliance was higher in patients with nighttime fecal 

incontinence, passage of large diameter stools and rectal fecal impaction, Mann Whitney U 

tests were used. Changes in rectal compliance after one year of treatment were assessed 

by Wilcoxon signed ranks tests for patients in different treatment groups and for patients 

with successful and unsuccessful outcome. Difference in sensation thresholds between 

successful and unsuccessful patients were assessed by Mann-Whitney U test. The clinical 

efficacy of different treatment strategies will not be addressed in this study.
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RESULTS

Subjects 
Between October 2001 and November 2005, 102 children met the inclusion criteria for 

FC and were enrolled in the study. One patient withdrew from the study due to anxiety, 

before baseline barostat measurement was performed. Baseline characteristics of 101 study 

subjects are presented in table 1. 

Fifty patients were randomized to conventional treatment (CT) and 51 patients to rectal 

enemas in addition to conventional treatment (ECT). After 2 weeks, 2 patients from the 

CT group switched to ECT due to a lack of treatment response and these children were 

therefore analyzed in the ECT group. After one year, 87 children completed the randomized 

controlled trial (41 CT and 46 ECT). Reasons for study withdrawal included protocol violation 

(n=2), referral for psychological therapy (n=3), lack of motivation to complete the study 

(n=4) and 5 children were lost to follow-up. Seven children refused a second barostat due 

to anxiety. A second barostat study was performed in 80 children (37 CT and 43 ECT). 

Table 1. Subject characteristics (n=101)

Male gender - number (%) 66/101 (65)

Age at baseline - mean ± SD years 11.1 ± 2.1 

Age at onset constipation - mean ± SD years 3.9 ± 2.3

Duration of symptoms - mean ± SD years 7.1 ± 3.0 

Defecation frequency / week - median (25th - 75th percentile) 1.5 (0.5-2.5)

Defecation <3 /week - number (%) 87/101 (86)

Fecal incontinence frequency / week - median (25th - 75th percentile) 7.0 (3.0-12.8)

Fecal incontinence ≥2 /week - number (%) 85/101 (84)

Large amount of stools - number (%) 73/101 (72)

Rectal fecal impaction - number (%) 49/97 (47)

Withholding behavior - number (%) 41/101 (41)

Baseline rectal compliance in relation to clinical parameters
Median (25th-75th percentile) rectal compliance at baseline was 22.5 (17.9-30.5) ml/

mmHg. Rectal compliance was normal (<20 ml/mmHg) in 36% of the patients, moderately 

increased (20-30 ml/mmHg) in 40%, and severely increased (≥31 ml/mmHg) in 24% of 

the patients. Table 2 shows baseline rectal compliance in relation to clinical parameters. 

No difference in rectal compliance was found among all the different categories except 

for rectal fecal impaction, identified upon rectal examination, which was related to higher 

rectal compliance (p<0.0001). 
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Rectal compliance in relation to clinical outcome
After one year of intensive therapy, 36/87 (41%) patients were considered successfully 

treated. Among patients with unsuccessful outcome, 19/51 (37%) had a defecation 

frequency <3/week and 43/51 (84%) had fecal incontinence ≥1/week. Patients in the different 

baseline rectal compliance categories showed similar success rates (normal compliance 42%, 

moderately increased compliance 41% and severely increased compliance 40%). 

Change in rectal compliance from baseline to 1 year
In the CT group, a trend of increasing rectal compliance was seen from baseline to one 

year, median 5th-95th percentile, from 23 (12-48) to 25 (11-61) ml/mmHg (p=0.08, Wilcoxon 

signed ranks test), figure 1. No significant change in rectal compliance from baseline to one 

year was identified in the ECT group, from 21 (11-43) to 23 (11-42) ml/mmHg (p=0.85, 

Wilcoxon signed ranks test). 

Figure 2 shows the rectal compliance at baseline and one year for the 3 baseline rectal 

compliance categories in successfully and unsuccessfully treated patients. In the 3 categories, 

rectal compliance had not changed significantly after one year in both the groups.

Table 2. Baseline rectal compliance in relation to clinical parameters (n=101)

Percentage of 
patients 

Median (5th-95th) rectal 
compliance  (ml/mmHg)

p-value

Age at symptom onset:  <1 year 19 19 (10-48) 0.54*

1-4 years 52 23 (11-49)

>4 years 29 23 (9-43)

Duration of symptoms: 2-5 years 26 22 (9-42) 0.43*

5-8 years 40 22 (11-49)

>8 years 35 23 (10-48)

Defecation frequency: <1/week 30 23 (11-48) 0.85*

1-2/week 55 22 (11-43)

≥3/week 16 23 (9-44)

Fecal incontinence: <1/week 14 19 (11-48) 0.11*

1-7/week 31 23 (10-47)

7-14/week 38 22 (12-42)

>14/week 18 32 (11-45)

Fecal incontinence: daytime 56 22 (8-47) 0.13**

day- and nighttime 34 25 (11-49)

Large amout of stool: present 73 22 (9-47) 0.24**

not present 28 24 (11-49)

Rectal fecal impaction: present 47 28 (15-47) <0.0001**

not present 53 20 (11-36)

*Kruskal-Wallis; **Mann-Whitney U
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Rectal sensation
At baseline, in 15 patients, thresholds for first sensation were above the normal range.12 

Abnormal thresholds for urge to defecate were found in 5 and pain was not reported 

up to distension with 39 mmHg in 12 of the patients. Four children scored pain below 

the 5th percentile of healthy children.12 Similar success rates were found for patients with 

normal or abnormal sensation thresholds. Table 3 shows that thresholds for sensation, 

measured during the 2nd barostat test, were similar in patients with successful outcome 

and unsuccessful outcome. 

Figure 1. Rectal compliance (ml/mmHg) at baseline and after one year of conventional treatment (CT), p=0.08, 
and rectal enemas in addition to conventional treatment (ECT), p=0.85. 

Table 3. Thresholds for sensation - median (5th - 95th percentile)

successful outcome unsuccessful outcome p-value*

MDP (mmHg) 6 (2-9) 6 (2-10) 0.21

First sensation (mmHg above MDP) 3 (0-12) 0 (0-6) 0.24

Urge to defecate (mmHg above MDP) 6 (0-18) 3 (0-16) 0.23

Pain (mmHg above MDP) 21 (6-39) 18 (6-39) 0.99

*Mann-Whitney U

DISCUSSION

Despite intensive therapy, a subgroup of pediatric patients with FC has  symptoms 

persisting up to adolescence and young adulthood.1 The study data argue against the 

hypothesis that increased rectal compliance plays an important role in refractory FC. 

Children with normal rectal compliance at baseline had similar clinical outcome as patients 

with severely disturbed distensibility of the rectal wall. 

Previous pressure-controlled rectal distension studies showed that patients with increased 

rectal compliance needed larger stool volumes to trigger the urge to defecate.12 In the 

defecation process, the rectum provides a reservoir and when filled with feces it gives rise 
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to sensation of urge to defecate and rectal contractions are subsequently initiated.17 It was 

therefore suggested that an outsized rectal reservoir due to increased rectal compliance, 

would result in an inability to pass bowel movements on a regular basis.18 Low defecation 

frequency and large diameter stools at intake were found not to be related to higher rectal 

compliance in our study cohort. Increased rectal compliance seems therefore not to play a 

crucial role in the etiology of these symptoms in constipated children. 

Figure 2. Rectal compliance (ml/mmHg) at baseline and at one year in patients with successful and unsuccessful 
outcome. Rectal compliance does not significantly change from baseline to one year; A: p=0.15, B: p= 0.09, C: 
p=0.70, D: p=0.63, E: p=0.16, F: p=0.48. 
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Current concepts on childhood constipation suggest stool withholding behavior 

to be involved in the development of childhood constipation.19 Children may postpone 

defecation as a consequence of repeated pain before or during defecation. Denial of rectal 

sensation, laziness or disobedience may also play a role in withholding behavior.20 It has 

been suggested that withholding behavior results in accumulation of feces in the rectum 

and eventually leads to dilatation and altered distensibility of the rectal wall. In our patients, 

rectal fecal impaction was indeed related to higher rectal compliance. In order to avoid 

chronic rectal fecal stasis, half of the patients received rectal enemas on a regular basis in 

addition to oral laxatives. Contrary to our hypothesis, this invasive treatment strategy had 

no positive effect on rectal compliance. Increased rectal compliance had not normalized 

despite intensive treatment and clinical improvement and it remains unclear whether 

increased rectal compliance is a secondary result or a primary cause of FC. 

In accordance with previous studies in children with severe FC, no relation was identified 

between the total duration of symptoms and rectal compliance.12,21 Since no change in 

rectal compliance was identified after one year, one could also suggest that increased 

rectal compliance is an irreversible abnormality of the rectal wall. However, since increased 

rectal compliance is not related to treatment failure it may merely be an epiphenomenon. 

Most patients were considered unsuccessfully treated after one year because they 

persisted to have fecal incontinence while their defecation frequency normalized. At 

baseline no significant relation could be identified between fecal incontinence episodes and 

rectal compliance. This was in accordance with previous studies in adults 22 and in children 

with functional non-retentive fecal incontinence.12 Fecal incontinence occurs in FC mainly 

in the presence of fecal impaction, either as overflow diarrhea or as stool leakage from 

the rectum as feces approach the anus. Many pediatric FC patients continue to experience 

fecal incontinence episodes even after successful disimpaction. It is unlikely that impaired 

function of the anal sphincter underlies such fecal incontinence episodes, since previous 

anorectal manometry studies showed normal function of the anal sphincter in children 

with FC as well as in children with functional non-retentive fecal incontinence.21,23-25 In 

addition, abnormal thresholds for rectal sensation seem not to play a role in functional 

fecal incontinence in children. In accordance with previous data,12 we showed that only 

a small number of FC patients have sensory thresholds above the normal range. No 

differences in rectal sensitivity thresholds were identified between patients with successful 

and unsuccessful clinical outcome. The underlying mechanism of fecal incontinence in the 

absence of rectal fecal impaction remains therefore unknown. 

A clear relation between achieving successful outcome of childhood constipation 

and normalization of disturbed anorectal parameters has never been identified.6-9,26,27 

Nevertheless, identification and understanding of underlying physiologic abnormalities 

in patients with FC is probably crucial in developing rational, rather than empirical or 

symptomatic treatment strategies and further efforts should be made to unravel such 

abnormalities.  
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In conclusion, although increased rectal compliance is found in the majority of children 

with long-lasting FC, rectal compliance seems to bear no relation to treatment failure. 

Despite one year of intensive therapy and clinical improvement, increased rectal compliance 

persisted. Thus, increased rectal compliance seems not to play a crucial role in the 

pathogenesis of pediatric FC. Although, rectal enemas may be used for initial disimpaction, 

our data show that rectal enemas are ineffective in improving rectal compliance.
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INTRODUCTION

A relatively small group of children with constipation has severe symptoms unresponsive 

to medical and behavioral treatment. The lack of improvement is frustrating for the children 

and their families who remain confronted with a condition that dramatically affects daily 

activities. Physicians are puzzled by the lack of response to treatment strategies which 

are successful in the vast majority of constipated children. Such dissatisfaction may lead 

to a sense of mistrust by the health care providers who hold the patients responsible 

for lack of compliance with treatment. This produces a sense of abandonment in the 

families who perceive that they are not taken seriously enough. Part of the difficulty in 

dealing with children affected by disorders of defecations lies in the fact that behavioral 

problems and physiologic abnormalities often coexist in creating the symptoms. Pediatric 

gastroenterologists are not always comfortable in uncovering and discussing psychological 

disturbances. Therefore, children with constipation or fecal incontinence unresponsive to 

conventional treatment usually undergo an extensive diagnostic work-up resulting in series 

of normal or negative results. Endoscopic investigations often confirm that the colon ‘looks’ 

normal, radiologic tests show that there are no anatomic defects, but little understanding 

is obtained on how the colon ‘works’. Indeed, among the gastrointestinal organs the motor 

functions of the colon has been traditionally the least understood.1 Techniques have now 

been developed to allow recording of colonic motor function in order to acquire information 

about normal and abnormal large bowel motility. Throughout the past 15 years, colonic 

manometry has gone from a research tool available in only a few specialized motility centers 

to a diagnostic test used by many pediatric gastroenterologists in the USA. Its value in the 

pediatric clinical setting has been reported more than a decade ago.2,3 Colonic manometry 

has now been listed among the tests to be employed in the evaluation of children with 

severe and intractable constipation to discriminate normal colonic motility (present in most 

children with functional constipation) from abnormal colonic motor function.4,5 

PHYSIOLOGY OF THE COLON

The main colonic functions are: 1) absorption of water, electrolytes, bacterial metabolites 

and short-chain fatty acids, 2) salvage of carbohydrates and bile salts by absorption, 3) 

propulsion of bowel contents to the distal segment, 4) storage of feces until defecation is 

(socially) convenient and 5) rapid emptying of the rectosigmoid during defecation.6 

The colon can be subdivided in two functional segments, the right and the left colon.7 

The right colon (cecum and ascending colon) plays a major role in water and electrolyte 

absorption and fermentation of undigested sugars. The left colon (descending colon, 

sigmoid colon and rectum) is predominantly involved in forming a reservoir until reflexes 

activate contractions to propel and evacuate stool.
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The colon is innervated by a complex interaction of intrinsic (enteric nervous system) 

and extrinsic (autonomic nervous system) nerves. Three extrinsic nerve systems supply the 

large intestine, the vagus, the mesenteric nerves and the pelvic nerves. The enteric nervous 

system consists of two major ganglionated plexuses, the myenteric and the submucosal 

plexus. Ganglia in these plexuses contain ganglion cells and glial cells surrounded by nerve 

fibers. In the intermyenteric zone between the longitudinal and circular muscle layers is the 

myenteric plexus situated. Interstitial cells of Cajal (ICC) which are involved in controlling 

the electrical rhythm of the intestine and have been described as intestinal pacemakers.8,9 

They are located around ganglia in the myenteric and submucosal plexus, as well as in the 

muscle layers.10 

The movement of fecal material from cecum to rectum is a slow process, occurring over 

days. Colonic motility is characterized by propagating and non-propagating contractions. 

These non-propagating contractions, such as low-amplitude-segmental contractions, move 

bowel content in a retrograde or antegrade direction and hereby mix and shift luminal 

contents over short distances permitting adequate absorption. Powerful peristaltic waves 

arise over a substantial length of the colon. These events are also called high amplitude 

propagating contractions (HAPC) and occur on average 6 times per day in older individuals.11 

In healthy adults, an increasing number of HAPC is found after awaking in the morning and 

after ingestion of a meal.12 Significantly more HAPC occur in children younger than 4 years 

when compared to older children.13 HAPC originate commonly in the proximal colon and 

propagate through the distal sigmoid colon. Generally, HAPC increase in frequency in the 

Figure 1. Colonic manometry recordings; A: 2 clusters of HAPC, propagating from the proximal to the distal 
colon. Due to technical reasons, channel 6 is not recording contractions; B: 2 clusters of LAPC propagating from 
ascending to descending colon. 
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period just preceding the act of defecation.14 Propagating contractions with amplitude of 

<50 mmHg are defined as low amplitude propagating contractions (LAPC). The function 

of LAPC is poorly understood. Relative to their magnitude, they are likely to achieve lesser 

propulsive movement of intraluminal contents. It has been reported that they are involved 

in the transport of liquid and gas.15

The only cyclic motor activity of the colon occurs distal to the rectosigmoid junction, as a 

rectal motor complex (RMC), which mostly occurs at night. The function and origin of RMC 

is not completely understood, but it has been reported to be triggered by propagating 

contractions of the proximal colon.16,17 It has also been postulated that RMC acts as a 

braking mechanism, to prevent flow of colonic contents into the rectum during sleep.16

MANOMETRY 

Almost 20 years ago, the first 24-hour recording of physiologic colonic motility was 

reported.18 Previous methods of indirect measurement of colonic motility prior to that 

involved the passage of radio-opaque markers19 and barium.20 Colonic transit studies 

using scintigraphy also provide objective data regarding colonic movement of fecal 

material.21 The use of manometric catheters within the large bowel has now further 

increased our understanding of colonic motor function. Changes in intracolonic pressure, 

resulting from lumen-occluding contractions of the colonic muscle can be detected using 

manometric techniques. 

INDICATION

Based on guidelines published by the North American Society for Pediatric 

Gastroenterology, Hepatology, and Nutrition, colonic manometry is now listed among 

the tests to be performed in children with constipation unresponsive to conventional 

medical and behavioral management.5 It is performed to evaluate whether there is 

a colonic motility disorder contributing to patient’s symptoms. In children with chronic 

intestinal pseudo-obstruction (CIP), colonic manometry is used to investigate whether 

this syndrome involves the colon.22 In children with Hirschsprung’s disease or colorectal 

malformations who continue to be symptomatic after corrective surgery, the relationship 

between motor abnormalities and symptoms can be characterized.4,23 Sometimes colonic 

diversion or resection is recommended in children with intractable constipation to improve 

their quality of life. In these children colonic manometry should be performed prior to 

surgery to evaluate which region of the colon has abnormal function. Another surgical 

treatment that is becoming increasingly popular for children with intractable constipation 

involves the creation of an appendicostomy or a cecostomy for antegrade irrigation of the 
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colon. Colonic manometry may also be useful in predicting clinical outcome with antegrade 

colonic irrigation. Prior to intestinal transplantation, colonic manometry is often used to 

evaluate whether the colon should be kept at time of transplantation.4 

METHODS OF COLONIC MANOMETRY PROCEDURES IN CHILDREN

Equipment
Most manometric catheters used in children are water-perfused and have 8 recording 

sites radially oriented. The distance between recording sites varies between 5-15 cm. The 

choice of which catheter to use depends on the length and the region of the colon one 

wants to investigate. The catheter is perfused with distilled water using a pneumohydraulic 

infusion pump with an infusion rate of 0.15 ml/minute. Care is taken in monitoring the 

total amount of water infused in the colon of very young children who may be at risk of 

water intoxication. The catheter is connected to external transducers and a polygraph with 

computer software which shows an online display of the study. The recording sites of the 

catheter have radio-opaque markers. Thus, the position of catheter and the recording sites 

can easily be evaluated by radiology. 

A different type of catheter, known as “solid-state catheter” with embedded transducers, 

can be used in an ambulatory (and theoretically more physiologic) setting. These transducers 

are only rarely used for colonic manometry studies in children. In adults, solid-state 

transducers measured similar motility patterns compared to water-perfused catheters.24 

Preparation
Most children undergo colonic manometry in an inpatient setting. The choice of 

performing colonic manometry in an inpatient or outpatient setting depends on the child’s 

age, clinical condition, and ease of achieving satisfactory colon cleansing, which is often 

a challenging task in individuals who are severely constipated. One or two days prior to 

the study, the child begins a clear liquid diet and receives a polyethylene glycol based 

solution administered either orally or through a nasogastric tube. When necessary, rectal 

enemas are given to achieve optimal bowel cleansing. It should be mentioned that the 

most physiologic way of testing the colonic function would be in a non-prepared colon. It 

is, however almost impossible to place the catheter in a stool filled colon, and therefore 

most catheters are placed in a cleansed colon. Previously, no difference has been found 

between motor activity of uncleansed and cleansed colons in healthy volunteers.25 

Placement 
Several methods have been described for placement of the manometry catheter, via an 

antegrade (nasal/oral/colostomy), a retrograde approach or both. The placement of colonic 

manometry catheters in children is traditionally accomplished under anesthesia in a retrograde 
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fashion by use of colonoscopy. When the endoscope reaches the desired colonic site, a 

guidewire is passed through the biopsy channel of the endoscope under fluoroscopic control.3 

Then the endoscope is withdrawn and previously insufflated air is suctioned. The central lumen 

of the water-perfused manometry catheter is advanced over the guidewire. Once the tip of 

the catheter has reached the desired location, the guidewire is withdrawn. The manometry 

catheter is then carefully fixed to patient’s buttock and leg with adhesive tape. 

The catheter can also be placed in tandem with the colonoscope.6,26 Several methods 

can be used to carry the catheter along with the endoscope, such as a biopsy forceps, 

snare, or just a string which is attached to the tip of the catheter. 

In reality, even after aggressive colon cleansing, formed stools are often found in severely 

constipated children at the time of the catheter placement, making it often arduous to 

place the catheter in the ascending colon. 

Protocol
When patients have recovered from sedation or general anesthesia, a few hours or 

the day after the placement procedure, manometry studies are started. Since little motor 

activity occurs during sleeping, it is important that the child is fully awake during the entire 

test. First, the position of the catheter is verified by a plain abdominal radiograph. Then, 

colonic motility is recorded during at least 1 hour of fasting. The gastrocolonic response 

is tested for at least 1 hour after administration of a meal. The type and size of the meal 

should be adjusted according to patient’s age and preference (at least 20 kcal/kg or 1000 

kcal; > 30% kcal from lipids).4 Especially in children with a motility disorder of the upper 

gastrointestinal tract, it is sometimes difficult to evaluate the gastrocolonic response, 

because the amount of food the child is able to eat might not be sufficient and the colonic 

motor response might be delayed. Drug stimulation with bisacodyl (0.2 mg/kg, max 10 mg, 

diluted with 0.9% NaCl) is used if no HAPC are observed during fasting or post-prandially. 

Bisacodyl is infused through the central lumen of the catheter and recording is continued 

for at least 40 minutes or until the catheter is expelled. In patients with abnormal studies, a 

second abdominal radiograph should be performed before removal of the catheter in order 

to confirm the position of the catheter. 

Pediatric colonic manometry studies last usually 3-6 hours, a duration which is well 

tolerated by the majority of children. In adults, more physiologic studies lasting 24 hours 

have been performed. Provocation tests are useful because there is a great inter-individual 

variability in colonic motility. By challenging the colon with medications or food intake, a 

clear difference between patients groups can be detected and diagnostic confidence might 

be improved. 

Interpretation
The analysis of colonic manometry studies has been performed in both quantitative and 

qualitative way. The presence of features of normal motility and the absence of abnormal 
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motility should be assessed. Markers of normal colonic motility include the presence of 

HAPC and a gastrocolonic response to a meal (i.e. increased motility index).3 Younger 

children show more frequent HAPC compared to older children and adults, especially 

during the first 30 minutes after a meal.13 Most investigators agree that HAPC are easily 

visually identifiable due to their high amplitude, long duration and propagation. However, 

many different criteria have been used to define HAPC.6 In pediatric studies HAPC are 

usually defined as contractions with an amplitude of at least 60 mmHg, duration of ≥ 10 

seconds and propagating over at least 30 cm. While most tracing analyses are performed 

visually, De Schrijver et al. reported a method of fully automated analysis. The need for 

automated analysis mainly relates to 24-hour studies, which may require a very time 

consuming evaluation.27

Due to variety in shape, duration and frequency of normal colonic contractions, 

abnormal motility patterns are difficult to identify. When HAPC do not occur during the 

study, the presence of the following characteristics has been proposed as abnormal: 1) only 

low amplitude contractions, 2) only non-propagating (simultaneous) contractions, and 3) 

absence of contractions. The most severe form involves the complete (or almost complete) 

absence of colonic contractions, a finding which has been associated with colonic inertia.28 

Some patients show a regional dysmotility and normal HAPC in the other segment. This 

abnormality involves usually the distal colon. Abnormalities limited to the proximal colon 

are rarely found,29 although much more information is available regarding the distal part 

of the colon, because the proximal part of the colon is at times difficult to reach. This is 

especially true in children who have been constipated for many years and who are likely to 

have a tortuous and dilated colon.

HAPC induced by bisacodyl occur usually within several minutes and are identical to 

spontaneous HAPC.30 Often, cramping and urge to defecate accompany the presence of 

Figure 2. HAPC in proximal colon and low amplitude 
simultaneous contractions in the distal colon.
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HAPC. Absence of a motor response to bisacodyl provocation has been proposed as an 

essential characteristic of an inert colon.31,32

Colonic manometry studies in children with repaired imperforate anus or Hirschsprung’s 

disease have shown HAPC propagating into the neorectum.23,33 Normally, HAPC propagate 

only up to the sigmoid colon. The frequent occurrence of HAPC in the rectum has been 

suggested to lead to fecal incontinence in these children. In addition, in adults with fecal 

incontinence, an exaggerated motor activity of the rectum has been reported.34 This 

finding contradicts the proposed role of the rectal motor complex as colonic gatekeeper, 

preventing fecal flow from the colon into the rectum.16 It is not known if the absence or 

increased occurrence of RMC in children is diagnostic of abnormal colonic function. 

Based on studies of the small bowel in patients with CIP, weak or absent colonic 

contractions are classified as myopathic features and simultaneous or disorganized 

contractions as neuropathic features.3,35 This classification of colonic manometry studies 

has never been validated by evaluating colonic histopathology. 

Special attention should be given to the child’s symptoms and behavior during manometry 

testing. A child showing a withholding posture with the legs crossed and buttock stiffly 

contracted in response to the presence of propagated colonic contractions should be 

interpreted suggestive of a behavioral (withholding) underlying disorder. 

Misinterpretation of colonic manometry studies may occur under several circumstances. 

A partially onto itself coiled catheter will record contractions that seem to have both 

antegrade and retrograde direction. When the catheter is completely coiled in the rectum 

only low-amplitude and simultaneous contractions are identified. Therefore, the position of 

the catheter should be evaluated using radiology when studies appear to be abnormal. Low 

amplitude and simultaneous contractions in the absence of HAPC are frequently found in 

dilated colonic segments. One could question whether it is useful to perform manometry 

studies in dilated colons. Since, due to the large diameter of the colon the recording sides 

are possibly unable to detect the actual contractions. Manometry combined with barostat 

measurement may overcome this problem by evaluating phasic contractions and colonic 

wall tone at the same time.36 On the other hand, one could assume that motor patterns 

not-detected by standard manometry catheters are equally unlikely to provide effective 

contractions, thus making the information accrued at the time of manometry still meaningful. 

Currently, no validated method exists to determine colonic dilatation in pediatric patients. 

Plain abdominal radiograph,37 barium enema,38 abdominal ultrasound, rectal barostat 39 or 

colonoscopy 40,41 have been used to determine rectal or colonic dilatation.  

Therapy
Uncovering the underlying mechanism of the child’s symptoms is an important reason 

for performing colonic manometry studies. Results of the studies should be explained 

thoroughly to the child and parents in order to diminish the demand for further medical 

investigation. No prospective or controlled studies have been performed to evaluate the 
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clinical value of colonic manometry. However, it is proposed that colonic manometry 

findings may be used to decide whether therapeutic changes should be made. Pensabene 

et al. reported that 88% of the 98 parents believed that the therapeutic suggestions made 

based on colonic manometry, performed in a specialized motility center, had been helpful 

in improving their child’s health.42 

A normal colonic response to bisacodyl indicates intact function of the colon. Medical 

treatment with stimulant laxatives, such as bisacodyl, may then be considered. Patients with 

HAPC into the neorectum can be treated with anticholinergics or loperamide which reduce 

the amplitude and the frequency of HAPC.23 When impaired colonic motility is identified, 

surgical management, such as appendicostomy, cecostomy, colostomy, segmental or total 

colonic resection may be recommended.37,40,43,44 In patients with intractable constipation, 

approximately one year after colonic diversion the colonic dilatation and motor function 

normalized.37 Surgery is often performed in patients with Hirschsprung’s disease with 

persistent complaints of constipation after corrective surgery of the aganglionic segment.23 

Surgical management may, however, not only be considered in children with a suspicion 

of colonic neuromuscular disorders, but also in children with severe functional constipation 

with normal colonic motility.43 When symptoms are severe enough to diminish the patient’s 

quality of life and do not respond to conventional medical and behavioral therapy, surgical 

treatment may be justified. 

CONCLUSION 

Manometry studies have expanded the knowledge on normal and abnormal colonic 

function. When clinicians are faced with challenging patients with severe defecation 

disorders, colonic manometry provides a tool to better understand the underlying 

pathophysiology. Although the exact etiology of the patient’s symptoms can not always 

be clarified, a provocative test with bisacodyl is generally able to discriminate normal 

from abnormal motility. In children with Hirschsprung’s disease, CIP, imperforate anus 

and functional constipation, colonic motility testing has the potential to direct therapeutic 

management. Since the interpretation of colonic manometry studies is difficult, its clinical 

use may only account for specialized motility centers. Colonic manometry is an invasive 

procedure, it should therefore only be performed in those patients with symptoms severe 

enough to impact the child’s social or physical well-being which are unresponsive to 

extensive therapeutic strategies.
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ABSTRACT

Objectives

The purpose of this study was to describe our experience with a new technique of colonic 

manometry catheter placement using fluoroscopic guidance.

Methods

Between 2000 and 2004, 44 colonic manometry catheters were placed with primary 

fluoroscopic guidance in 38 patients (25 male, median age 7, range 0.4-31 years) with 

severe defecation disorders. Fourteen colonoscopic placements were reviewed to compare 

the different procedures. 

Results

Manometry catheters were inserted through the rectum (16), cecostomy (9), ileostomy 

(2) and colostomy (17). Placements through diverted colons were successful in 24/28 

(86%). Insertion through the rectum was successful in 10/16 (63%) of fluoroscopic 

guided placement vs. 12/14 (86%) of colonoscopic placements (p=0.23). Significantly 

longer fluoroscopic exposure was required for fluoroscopic placement when compared to 

colonoscopic (p=0.004). 

Conclusion

Placement of colonic manometry catheters with primary fluoroscopic guidance is feasible 

in children. An important disadvantage of the fluoroscopic methodology is the prolonged 

fluoroscopic exposure time. 
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INTRODUCTION

Colonic manometry is used in children with intractable defecation disorders to evaluate 

colonic function.1,2 It discriminates normal colonic motility from neuromuscular disorders, 

and hence has been proposed as a guide for medical and surgical management in children 

and adults.3,4 The placement of colonic manometry catheters has traditionally required the 

use of colonoscopy guided by fluoroscopy. The catheters are placed in the proximal colon 

with the aid of a guidewire passed through the biopsy channel of the endoscope,5 or in 

tandem with the colonoscope.6,7 Children with a suspicion of a generalized motility disorder 

undergo comprehensive evaluation of the gut motor function including small bowel and 

colonic manometry studies. Antroduodenal manometry catheters are generally placed 

using primary fluoroscopic guidance, by intervention radiology (IR).  We began to attempt 

inserting colonic manometry catheters by IR when the child needed both antroduodenal 

and colonic manometry evaluation. Both catheters could then be placed during the same 

test session. Encouraged by the initial success of those placements, we then realized that 

IR constituted also a potentially advantageous way to insert the colonic catheters through 

cecostomies and appendicostomies, which often do not accommodate a colonoscope. In 

addition, colons that have been diverted are often inflamed 8, 9 and in these circumstances 

colonoscopies are frequently associated with bleeding and risk of perforation. IR placement 

of colonic manometry catheters was perceived to be more suitable in those children. 

The purposes of this study are to report our experience with the new technique of 

colonic manometry catheter placement by IR using primary fluoroscopic guidance, and to 

determine the advantages and disadvantages of IR placement compared to conventional 

colonoscopic placement. 

METHODS

After obtaining approval from the Institutional Review Board, a retrospective review was 

conducted on 44 consecutive colonic manometry catheters placed by IR at a single large 

Children’s Hospital between 2000 and 2004. In addition, 14 consecutive colonoscopic 

placements were reviewed to compare the two placement techniques. 

Radiologic placement 
Colonic preparation consisted of administration of a polyethylene glycol based solution 

(Golytely, Braintree Laboratories Inc, Braintree, MA) through a nasogastric tube and/or 

rectal enemas when indicated.  Intravenous sedation with Pentobarbital (3-7 mg/kg) and 

Fentanyl (1-3 μg/kg) was administered to all patients. A directional catheter (4 or 5 Fr 

angled Glidecath, Boston Scientific, Natick, MA)  was advanced through the rectum or 

stoma with a Bentson guidewire (diameter 0.035 inches; Cook Inc, Bloomington, IN) under 



direct fluoroscopic visualization, and manipulated through the colon as far as possible.  In 

addition, a 5 Fr 50 cm long sheath (Cook Inc, Bloomington, IN) was often used. A contrast 

solution (Cysto-Conray II, Tyco, St. Louis, MO) was used to define the direction of the 

bowel loops and air was insufflated to distend the colon. After removing the Bentson wire, 

a 260 cm exchange guidewire (diameter 0.035 inches; Cook Inc, Bloomington, IN) was 

advanced and the catheter was removed.  Over the exchange wire, the central lumen of 

the water-perfused manometry catheter (Mui scientific, Mississauga, Ontario, Canada) was 

advanced (figure 1). The catheter was either placed in a retrograde fashion through the 

rectum or through a stoma in antegrade or retrograde direction, depending on the location 

of the stoma. 

Figure 1. IR placement, A: Tip of the directional catheter and the guidewire is positioned in the cecum, 
B: Colonic manometry catheter with radio-opaque recording sides is advanced over the guidewire and the tip of 
the catheter is positioned in the cecum.

Colonoscopic placement
The same colonic preparation as described above was used. Under general anesthesia 

a colonoscopy was performed. When the colonoscope reached the desired site, a 

guidewire (diameter 0.035 inches, Cook Inc, Bloomington, IN) was introduced through 

the biopsy channel of the colonoscope under fluoroscopic control. Then the colonoscope 

was withdrawn and the insufflated air was suctioned. The central lumen of the same 

water-perfused manometry catheter used for the IR placement was advanced over the 

guidewire. Once the tip of the catheter had reached the desired location, the guidewire 

was withdrawn. 
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Statistical analysis
Patient’s demographics and placement success rates were plotted in a descriptive way. 

Placements were considered successful when at least the hepatic flexure was reached 

by retrograde intubation or the sigmoid colon was reached by an antegrade approach 

via a stoma. Comparison between the radiologic placement through the rectum and 

colonoscopic placements was analyzed by non-parametric tests (Mann Whitney U) and 

Fisher’s exact tests. 

RESULTS

Between 2000 and 2004, 44 colonic manometry catheter placements were performed 

by IR on 38 patients (25 boys, median age 7, range 0.4-31 years) with severe defecation 

disorders. The underlying conditions of these patients included idiopathic constipation 

(n=16), Hirschsprung’s disease (n=11), spinal abnormality (n=8), and imperforate anus (n=3). 

From December 2004 to March 2005 colonic manometry catheters were placed by use of 

a colonoscope in 14 consecutive patients (7 boys, median age 11, range 3-16 years), with 

underlying conditions including idiopathic constipation (n=11), pseudo-obstruction (n=1), 

Hirschsprung’s disease (n=1) and spinal abnormality (n=1). 

When IR was used, 16 manometry catheters were inserted through the rectum, 9 

through a cecostomy, 2 through an ileostomy and 17 though a colostomy. Twenty-eight 

patients underwent catheter placements through a stoma. Eleven patients had in addition 

to a catheter through the stoma another catheter placed through the rectum. In 4 patients,  

2 catheters were placed in different directions through the stoma. No complications 

occurred during the procedures. An antroduodenal manometry catheter was placed during 

the same procedure in 12 patients.  

The fluoroscopic exposure time of patients in whom an antroduodenal manometry 

catheter was placed in addition to colonic catheters was excluded from analysis. IR 

placement of only colonic manometry catheters in non-diverted colons were performed 

with a median fluoroscopic exposure time of 17 minutes (range 1-27 minutes). In diverted 

colons, the median fluoroscopic exposure time of placing 1 catheter was 11 (2-25 minutes) 

and of placing 2 catheters in two directions was 20 (1-30 minutes). No significant difference 

was found among these values.  

Catheter placement by IR was found to be successful in 34/44 (77%) procedures. 

Antegrade placement was successful through a cecostomy in 8/9 and an ileostomy in 2/2. 

Reasons for failure included the presence of an excessive amount of feces (n=3), tortuosity 

or dilatation of the colon (n=3) or the use of a catheter too short to reach the desired 

segment (n=1). The reason for failure was not reported in 3 cases.  No difference was 

found between the success rate of placements in children with or without diverted colons 



(p=0.34). Also, patient’s age (p=0.72) and different underlying conditions (p=1.00) were 

not significantly related to successful placement. 

Figure 2 shows the location of the catheters reached by IR placement through the rectum 

(n=16) and the colonoscopic placements (n=14). The cecum was reached significantly more 

often with the colonoscopic method (p=0.004; OR 13.2; 95% CI 2.1-82.5). IR placement 

through the rectum was successful in 10/16 (63%) of the attempts vs. 12/14 (86%) with 

the use of colonoscope (p=0.23). In children with idiopathic constipation success rates 

were 3/6 (50%) and 9/11 (82%) of IR and colonoscopic placements, respectively (p=0.28). 

IR placement required a significantly longer fluoroscopic exposure time when compared to 

colonoscopic placement (p=0.004) (table 1). No difference could be found between the 

fluoroscopic exposure time of IR placement in children younger and older than 8 years at 

Figure 2. Positions of the manometry catheter tip reached with rectal IR and colonoscopic placement in non-
diverted colons.

Table 1. Catheter placement through rectum

Radiologic (n=16) Colonoscopic (n=14) p-value

Age at placement - years (range) 8 (4-20) 11 (3-16) 0.262

Successful placement - n (%) 10 (63) 12 (86) 0.158

Fluoroscopic exposure time - minutes (range) 18 (1-33) 1.4 (0.2-4) 0.001

Table 2. Direct cost of procedures (US $)

Colonoscopic placement IR placement 

Perioperative 213 0

Anesthesia 1097 24

Medical / Surgical Nursing Unit 85 416

Pharmacy 734 104

Radiology 3 661

Gastroenterology 38 0

Other 53 0

Total $2.223 $1.205 
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time of placement (p=0.48). The median (range) fluoroscopic exposure time for successful 

IR and colonoscopic placements was 14 (1-20) and 1.2 (0.2-4) minutes, respectively. Table 

2 shows the direct cost for both procedures. These costs reflect the variable and fixed 

components of equipment, sedation and labor.  It does not include administrative expenses 

or physician charges. The ratio of total costs is approximately 1:2 (IR: colonoscopic).

DISCUSSION

The technique of placing colonic manometry catheters by IR is relatively simple and 

is successful in most pediatric cases. Standard IR techniques for catheter and guidewire 

maneuvering were used for placement of the colonic manometry catheters. Colonic 

manometry represents a test which may be required in patients of all ages and in patients 

with variable diagnoses. Based on this report, no ideal patient group could be identified 

for IR placement, because no relation could be found between age or different underlying 

conditions and success rate of catheter placement. Some patients with severe motility 

disorders, and anorectal or spinal abnormalities have a stoma. Initially, radiologic placements 

were performed in this patient group, because the ostomy may not accommodate the 

colonoscope. This is particularly true in the presence of appendicostomies or cecostomies 

which have a diameter smaller than the outer diameter of smallest colonoscope, but large 

enough to allow the use of guidewires. Placing a catheter through a colostomy, in either a 

retrograde or antegrade fashion, requires fewer flexures and curves to be negotiated and 

may be better suited for a radiologic placement. This report shows that IR placement is also 

a useful method for retrograde catheter insertion through the rectum in patients with both 

diverted or non-diverted colons. 

No significant difference in successful placements, i.e. reaching at least the hepatic flexure 

with the tip of the catheter, could be found between colonoscopic and IR techniques. 

Also, in a small group of patients without organic causes for their constipation (idiopathic 

constipation) and without diverted or resected colonic segments, no difference in success 

was found. In order to evaluate total colonic motility it is ideal to place the catheter 

throughout the colon with the tip in the cecum.  The colonoscopically assisted method 

was more effective in advancing the catheter tip in the most proximal site (cecum) than 

the IR placement (86% vs. 31%). The transverse colon was reached rather frequently with 

IR placement. It is unknown whether therapeutic management based on colonic motility 

findings varies when the catheter is placed throughout the entire colon or only in its more 

distal part. Motility disorders affecting only the proximal colon have been described,10 

although they are rare. 

Pediatric diagnostic colonoscopic procedures are occasionally performed under conscious 

sedation according to patients and physicians preferences.11 Although conscious sedation 

is sufficient in many cases, it provides only suboptimal sedation in others. Therefore in the 



recent years, pediatric gastroenterologist have evolved towards a more child-friendly sedation 

for interventional endoscopies. Many centers in the United States, including our Institution, 

have transitioned to general anesthesia for all pediatric colonoscopies.12 Risks and costs 

related to general anesthesia were non-existent with IR placements, which used sedation 

rather than anesthesia. Recovery from sedation may be faster; thereby the manometry 

study can be started sooner after IR placement. When general anesthesia is used, often the 

manometry study begins on the day after placement in order to minimize the possible effect 

of anesthetic drugs on motility. Delaying the motility study is associated with the possibility 

that the catheter becomes misplaced or is expelled before the test starts.  

Significantly higher fluoroscopic exposure time was needed for IR placement of colon 

catheters when compared to colonoscopic placement. Catheters were placed in the 

ideal position by IR within a median of 14 minutes of fluoroscopic exposure time. While 

radiation exposure should be minimized to as low as reasonably achievable (ALARA), this 

method of insertion can better be justified in children with diverted colons. Diverted colons 

are often inflamed 9 and have thin walls that can increase the risk of perforation during 

colonoscopy.  In this scenario, the use of IR may constitute a safer alternative.  Reduced 

cost and avoidance of general anesthesia constitute other advantages related to the use 

of IR. Obviously, safety measures should be employed when performing IR placement of 

manometry catheters in order to minimize radiation exposure.13 Low radiation fluoroscopic 

techniques and appropriate shielding should be used, and the physician should be well 

trained in radiation safety. Additionally, it may be valuable to establish fluoroscopic time 

limitations in these procedures. Positioning of antroduodenal manometry catheters is 

generally performed under fluoroscopic guidance by IR, and the radiation exposure is 

accepted in this setting.14 When a generalized intestinal motility disorder is suspected, both 

the antroduodenal manometry catheter and colonic manometry catheter can be placed by 

IR during the same procedure using only one sedation.  

An advantage of colonoscopic placements is that the clinician is able to rule out mucosal 

abnormalities7 and assess colonic dilatation.3,4 When the colonic preparation before 

placement is insufficient and the colon remains filled with feces, IR placement is more likely 

to fail. The use of colonoscopy makes it possible to proceed around formed stool and liquid 

stool may be flushed out. 

In summary, for placement of colonic manometry catheters the fluoroscopic technique is 

feasible and often successful in children of various ages and different underlying conditions. 

This technique may be particularly advantageous in children with stomas. An important 

disadvantage is the longer fluoroscopic exposure required for IR placements. Therefore, 

in children with non-diverted colons the colonoscopic placement of colonic manometry 

catheters should be the method of first choice. 
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ABSTRACT

Objectives: 

Colonic manometry aims at identifying colonic neuromuscular disorders. The current study 

evaluates the relationship between colonic manometry findings and the colonic enteric 

nervous system (ENS), interstitial cells of Cajal (ICC) and smooth muscle changes. 

Methods: 

Colonic specimens from surgical resections or full-thickness biopsies were assessed 

from a cohort of children who underwent colonic manometry testing prior to surgery. 

Colonic manometric patterns were subdivided in high amplitude propagating contractions 

(HAPC), low amplitude propagating contractions (LAPC), absence of contractions and 

low amplitude simultaneous contractions (LASC). Immunohistochemistry was performed 

to identify abnormalities of the ENS (neuron specific enolase, calretinin, neurofilament, 

synaptophysin, tyrosine hydroxylase, S-100 and glial fibrillary acidic protein). Distribution 

of ICC was assessed by CD117 and smooth muscle layers were examined by alpha smooth 

muscle actin and gamma muscle specific actin.

Results: 

Study subjects included patients with Hirschsprung’s disease (n=4), chronic intestinal 

pseudo-obstruction (n=1) and idiopathic intractable constipation (n=8) with a median age 

(range) of 5 (1-18) years at time of manometry testing. Thirty-seven ganglionic segments 

were studied. Abnormalities in the myenteric plexus were recognized in segments of all 

manometry groups, and no differences could be identified when comparing segments 

with and without HAPC. In LAPC segments, significantly more abnormalities in submucosal 

ganglia were found compared to segments with HAPC (p=0.008). All segments showed an 

abnormal ICC plexus and no statistical difference could be identified between the 4 groups 

(p=0.08). Homogeneous expression of smooth muscle actin was found in all segments and 

no signs of smooth muscle degeneration or fibrosis were seen. 

Conclusion: 

In this cohort studied, we were unable to classify specific manometric findings as reflective 

of myopathic or neuropathic abnormalities in patients with motility disorders. Caution 

should be used when predicting the type of neuromuscular disorder based on colonic 

manometry.
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INTRODUCTION 

Colonic manometry aims at identifying colonic neuromuscular disorders and is 

increasingly performed in children and adults with severe intractable constipation.1,2 Current 

interpretation of colonic manometry is mainly based on extrapolations from recordings 

of the small bowel of patients with chronic intestinal pseudo-obstruction (CIP). Weak or 

absent colonic contractions have been proposed to be due to muscular defects of the colon 

and uncoordinated contractions of normal amplitude to be associated with neuropathic 

changes.3,4 

Colonic neuromuscular disorders form a heterogeneous group of conditions, among 

which CIP is a commonly described phenotype and Hirschsprung’s disease (HD) represents 

the best characterized condition. In CIP patients, several histopathological abnormalities 

have been reported in intestinal smooth muscle (visceral myopathy),5 ganglia (visceral 

neuropathy)6 or both.7 An abnormal distribution of ICC has also been found in these 

patients.8 In HD patients reduced numbers of ICC have been identified in aganglionic 9 and 

ganglionic colonic segments.10 

Although patients with intractable constipation are still considered to suffer from 

constipation of ‘idiopathic’ nature, recent studies have identified abnormalities of the 

colonic enteric nervous system (ENS) in such patients. Morphological changes or reduced 

numbers of ganglia cells and/or glial cells,11-14 abnormal nerve fiber density in the circular 

muscle layer 15 and a reduced number of ICC 11,12,16,17 have been recognized. In addition, 

colonic smooth muscle defects of patients with slow transit constipation have been 

reported.18,19 All these changes may have a negative effect on colonic motor activity. To 

date, scarce data are available on the correlation between colonic manometric findings and 

histopathological  results. We performed colonic histopathological studies in patients who 

underwent colonic manometry testing and hypothesized that specific changes in ENS, ICC 

and smooth muscles were associated with distinct colonic motor findings. 

MATERIALS AND METHODS

Subjects
Colonic specimens from surgical resections and full-thickness biopsies were obtained 

from a cohort of children with severe defecation disorders. Patients with spinal and 

anorectal malformations or metabolic disorders were not included in this study. All patients 

underwent colonic manometry prior to surgery. Surgical and pathology reports were 

reviewed to identify the colonic sites from which specimens were taken. Plain abdominal 

radiographs performed during manometry testing were used to verify the region of the 

colon studied by manometry. Chart review was performed to collect clinical data, including 

age at surgery, clinical condition prior to surgery and type of surgery performed. 



Colonic manometry
Colonic manometry studies were performed according to previously reported 

protocols.20,21 Water-perfused colonic manometry catheters were placed with the use of 

a colonoscope and fluoroscopic guidance or by interventional radiology alone.22 Catheters 

consisted of 8 recording sites with radio-opaque markers spaced 10-15 cm apart. Colonic 

motor activity was recorded for at least 1 hour during fasting, 1 hour post-prandially and at 

least 40 minutes after intraluminal infusion of bisacodyl (0.2 mg/kg, max 10 mg).  Colonic 

manometry studies were reanalyzed by two investigators (MvdB and CDL) blinded to 

the clinical data and histopathologic findings and patterns of colonic contractions were 

identified by qualitative analysis. Gastrocolonic response was defined as an increase in 

colonic motor activity within 30 minutes after beginning a meal.23 High amplitude 

propagating contractions (HAPC) were defined as contractions with an amplitude of at least 

60 mmHg, duration of ≥ 10 seconds and propagating over at least 20 cm. HAPC occurred 

Figure 1. Colonic manometry recordings; A: 2 clusters of HAPC, propagating from the proximal to the distal 
colon. Due to technical reasons, channel 6 is not recording contractions; B: 2 clusters of LAPC propagating from 
ascending to descending colon; C: Complete absence of contractions; D: HAPC in proximal colon with LASC in 
the distal colon. 
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spontaneously during fasting or post-prandially or were initiated by bisacodyl. When HAPC 

were not seen at any time during the study, the motor activity was considered abnormal 

and contraction patterns were classified as low amplitude propagating contractions (LAPC), 

absence of contractions or low amplitude simultaneous contractions (LASC) (figure 1). 

Immunohistochemistry
Colonic specimens were reviewed by H&E to evaluate the presence of the submucosal 

and myenteric plexes and smooth muscle layers. Formalin-fixed, paraffin-embedded tissues 

were cut 4 μm thick. The antibodies used for immunohistochemistry are reported in table 1. 

An automated immunostainer (Ventana Benchmark XT, Tucson, AZ) was used to perform 

stains. All were titrated on positive control tissues as per protocols for clinical diagnostic 

use. Negative controls included non-immune sera from rabbit or mouse. 

Slides were reviewed by two investigators (MvdB and ML) blinded to the clinical data 

and manometric findings. Neuron specific enolase (NSE) was used to determine the 

distribution of ganglia and nerve fibers in the myenteric plexus (MP) and submucosal plexus 

(SP) - including internal submucosal plexus (ISP), intermediate submucosal plexus (IMSP) 

and external submucosal plexus (ESP). When the majority of SP ganglia were situated in 

ESP and ISP and the minority in IMSP, with few nerve fibers, this was considered a normal 

distribution. The presence of nerve fibers in muscle layers was also assessed by NSE. 

Glial fibrillary acidic protein (GFAP) expression was scored as 0=normal, 1=increased or 

2=severely increased. The presence of ICC in the intermyenteric zone was documented as 

0=absent, 1=occasional, 2=reduced or 3=normal. The outer longitudinal muscle layer (OL) 

and the inner circular muscle layer (IC) were examined for homogenous stain expression 

by alpha smooth muscle actin (SMA) and gamma muscle specific actin (MSA). In addition, 

MSA was used to determine whether the MP was embedded within the IC and OL. 

Table 1. Antibodies used to evaluate ganglion cells, glia cells, ICC and smooth muscle layers. 

Antibody Clone Species Source Dilution Marker

NSE E27 Mouse monoclonal Ventana Prediluted Ganglion cells & nerve fibers

Synaptophysin Polyclonal Rat polyclonal Ventana Prediluted Synaptic vesicles & nerve fibers

Calretinin Polyclonal Rat polyclonal Cell Mark Prediluted Subset of ganglion cells & nerve fibers

TOH 1B5 Mouse monoclonal Vector Lab 1:50 Subset of nerve fibers within ganglia

NF 2F11 Mouse monoclonal Ventana Prediluted Nerve fibers

S-100 Polyclonal Rat polyclonal Ventana Prediluted Glial cells (schwann cells)

CD 56 123C3.D5 Mouse monoclonal Ventana Prediluted Glial cells (schwann cells)

GFAP Polyclonal Rat polyclonal Ventana Prediluted Glial cells

CD 117 (c-kit) Polyclonal Rat polyclonal Cell Mark Prediluted ICC 

SMA 1A4 Mouse monoclonal Cell Mark Prediluted Smooth muscle 

MSA HHF35 Mouse monoclonal Cell Mark Prediluted Smooth muscle 



Analysis
Patient characteristics are presented in a descriptive way. Colonic manometry analysis 

was similarly performed in patients with HD, CIP and constipation. Patients with different 

diagnosis were combined and subgroups were made based on colonic manometry findings. 

Changes in ENS, ICC and smooth muscle layers are documented for the 4 manometry groups. 

Histopathologic findings of subgroups of abnormal colonic manometry (LAPC, absence 

of contractions and LASC) were each compared to histopathology found in the normal 

manometry group (HAPC). For statistical analysis, Fisher’s exact tests (2-sided) were used. 

Differences in histopathologic abnormalities in colonic regions with or without a gastrocolonic 

response to a meal were compared using the Fisher’s exact test. Scoring of GFAP and ICC 

were compared among the 4 colonic manometry groups by Kruskal-Wallis tests. 

Table 2. Description of patients and their clinical course.

no. Sex Medical history Main symptoms Onset - yrs Indication colonic manometry Age at colonic 
manometry - yrs

Clinical course (age)

1 M HD; colonic atresia Birth evaluation prior to colostomy 
takedown 

1.9 colostomy proximal colon (1 mo); colostomy takedown and 
Soave pull-through (1.9 yr)

2 F longsegment HD Birth evaluation prior to  ileostomy 
takedown

1.4 ileostomy (4 day); ileostomy takedown and Soave pull-
through (1.5 yr)

3 M HD recurrent enterocolitis Birth persistent symptoms after 
resection aganglionic segment

2.8 Soave pull-though (8 day); redo Soave pull-through (3 yr) 

4 F HD constipation; fecal incontinence Birth persistent symptoms after 
resection aganglionic segment

6.6 colostomy sigmoid (5 wk); Soave pull-through (6 mo); 
Duhamel pull-through (7 yr)

5 F CIP, albinism, malrotation constipation; abdominal pain; abdominal 
distension

14 treatment failure, rule out colonic 
dysmotility

16.5 ileostomy + full-thickness biopsy (16.7 yr)

6 F uretrocele constipation;  abdominal distension 1 treatment failure 4.9 cecostomy (4 yr); ileostomy (4.2 yr); full-thickness biopsy 
(5.2 yr); resection left colon and end ostomy (5.6 yr)

evaluation prior to ileostomy 
takedown 

5.3

7 M gastro-oesophageal reflux constipation; abdominal distension Birth treatment failure 2.8 colostomy descending colon + full-thickness biopsy (2.8 yr)

8 M Crohn’s disease constipation; vomiting 10 treatment failure 11.5 full-thickness biopsy (11.6 yr)

9 F constipation; fecal incontinence 11 treatment failure 18 resection left colon (18.3 yr)

10 M constipation Birth treatment failure 7.5 appendicostomy (7.6 yr); resection distal colon (8.5 yr)

11 F constipation; abdominal distension Birth treatment failure 2.5 Malone stoma + full-thickness biopsy (3 yr)

12 M constipation; fecal incontinence Birth poor stoma output 4.4 sigmoid colostomy (3 yr); colostomy takedown and 
Duhamell pull-through (4.6 yr)

13 M constipation; fecal incontinence Birth treatment failure 4.7 colostomy transverse colon (4.7 yr); colostomy takedown 
and Soave pull-through (5.3 yr)
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RESULTS

Study subjects included patients with HD (n=4), CIP (n=1) and idiopathic intractable 

constipation (n=8). Table 2 summarizes the medical history, indication to perform colonic 

manometry and clinical course of the patients studied. The median age (range) at time of 

manometry studies was 5 (1-18) years and the interval between colonic manometry studies 

and surgery was 4 (0-12) months. 

Thirty-seven colonic specimens were obtained from surgeries following colonic 

manometry testing. These specimens were taken from colonic regions which were studied 

by manometry, specifically from the sigmoid colon 11 (30%), descending colon 18 (49%), 

transverse colon 6 (16%) and ascending colon 2 (5%). Table 3 shows colonic manometry 

findings in these regions. HAPC were found in 4 patients with idiopathic intractable 

constipation. In 3 of these patients an abnormal contraction pattern was identified in the 

more distal colon. Most proximal colonic segments (88%) showed HAPC or LAPC, while 

in distal colonic segments an absence of contractions or LASC was predominantly found 

(86%). One patient refused to eat, therefore the gastrocolonic response could not be 

Table 2. Description of patients and their clinical course.

no. Sex Medical history Main symptoms Onset - yrs Indication colonic manometry Age at colonic 
manometry - yrs

Clinical course (age)

1 M HD; colonic atresia Birth evaluation prior to colostomy 
takedown 

1.9 colostomy proximal colon (1 mo); colostomy takedown and 
Soave pull-through (1.9 yr)

2 F longsegment HD Birth evaluation prior to  ileostomy 
takedown

1.4 ileostomy (4 day); ileostomy takedown and Soave pull-
through (1.5 yr)

3 M HD recurrent enterocolitis Birth persistent symptoms after 
resection aganglionic segment

2.8 Soave pull-though (8 day); redo Soave pull-through (3 yr) 

4 F HD constipation; fecal incontinence Birth persistent symptoms after 
resection aganglionic segment

6.6 colostomy sigmoid (5 wk); Soave pull-through (6 mo); 
Duhamel pull-through (7 yr)

5 F CIP, albinism, malrotation constipation; abdominal pain; abdominal 
distension

14 treatment failure, rule out colonic 
dysmotility

16.5 ileostomy + full-thickness biopsy (16.7 yr)

6 F uretrocele constipation;  abdominal distension 1 treatment failure 4.9 cecostomy (4 yr); ileostomy (4.2 yr); full-thickness biopsy 
(5.2 yr); resection left colon and end ostomy (5.6 yr)

evaluation prior to ileostomy 
takedown 

5.3

7 M gastro-oesophageal reflux constipation; abdominal distension Birth treatment failure 2.8 colostomy descending colon + full-thickness biopsy (2.8 yr)

8 M Crohn’s disease constipation; vomiting 10 treatment failure 11.5 full-thickness biopsy (11.6 yr)

9 F constipation; fecal incontinence 11 treatment failure 18 resection left colon (18.3 yr)

10 M constipation Birth treatment failure 7.5 appendicostomy (7.6 yr); resection distal colon (8.5 yr)

11 F constipation; abdominal distension Birth treatment failure 2.5 Malone stoma + full-thickness biopsy (3 yr)

12 M constipation; fecal incontinence Birth poor stoma output 4.4 sigmoid colostomy (3 yr); colostomy takedown and 
Duhamell pull-through (4.6 yr)

13 M constipation; fecal incontinence Birth treatment failure 4.7 colostomy transverse colon (4.7 yr); colostomy takedown 
and Soave pull-through (5.3 yr)



assessed. An increased motor activity in response to a meal was absent in 28/33 (85%) 

colonic regions. 

Table 3. Colonic manometry findings per colonic region - n (%)

Ascending 
(n=2)

Transverse 
(n=6)

Descending 
(n=18)

Sigmoid 
(n=11)

High amplitude propagating contractions 0 2 (33) 4 (22) 0

Low amplitude propagating contractions 2 (100) 3 (50) 0 0

Absence of contractions 0 1 (17) 7 (39) 2 (18)

Low amplitude simulataneous contractions 0 0 7 (39) 9 (82)

Immunohistochemistry and colonic manometry
In the sigmoid colon of HD patient no. 1, NSE showed an absence of ganglia and 

presence of hypertrophic nerves. In this segment a complete absence of calretinin positive 

nerve fibers was seen. This segment showed an absence of colonic contractions on colonic 

manometry.  Further results included 36 ganglionic colonic segments which were studied 

by immunohistochemistry and colonic manometry. No inflammatory infiltrate was identified 

in MP of studied segments. A summary of histopathological abnormalities found in each 

colonic manometry group is presented in table 4. 

Abnormalities in MP ganglia and glial cells were recognized in all manometry groups and 

no statistical differences were found when compared to segments with HAPC. Abnormalities 

in ganglia included reduced number of ganglia (HD patient no. 4), NSE negative staining 

of ganglion cells (CIP patient no. 5 and patient no. 11) (figure 2a), rare ganglia in the 

MP (patient no. 8), and small ganglia (patient no. 9). Patient no. 6 showed occasional 

ganglion cells in the lamina propria of the descending colon, in which spontaneous HAPC 

were identified. One year after placement of an ileostomy, this abnormality was still seen, 

and in addition patchy lesions in ganglia of the MP were identified. At that time, the 

descending colon showed only LASC and the clinical condition of this patient deteriorated. 

Reduced NF was only seen in one segment with LASC, this segment also showed reduced 

expression of calretinin. No abnormalities were identified using synaptophysin. Ganglia of 

the MP were found outside the intermyenteric zone (i.e. situated in the IC or OL) in several 

segments of all manometry groups. Fifteen of 23 (65%) segments without a gastrocolonic 

response showed ganglia located outside the intermyenteric zone vs. 0/4 segments with 

gastrocolonic response (p=0.03, 95% CI 0.45-0.99) (figure 2b). A normal distribution of SP 

ganglia was seen in segments with HAPC and all segments with LAPC showed abnormal 

SP ganglia (p=0.008, Fisher’s exact). No differences were identified with respect to SP 

ganglia in segments with or without gastrocolonic response. 

The nerve fibers within the IC muscle were absent in one segment with LASC and were 

considered normal in all other segments. 
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Table 4. Histopathological changes per colonic manometry finding

HAPC (n=6) LAPC (n=5) Absence (n=9) LASC (n=16)

Abnormal MP ganglia (NSE) 2/6 (33) 1/5 (20) 1/9 (11) 6/10 (38)

Abnormal SM ganglia (NSE) 0/5 (0)* 5/5 (100)* 2/4 (50) 5/15 (33)

MP ganglia outside intermyenteric zone (SMA) 2/6 (33) 2/5 (40) 3/5 (33) 10/15 (63)

Reduced TOH positive fibers (TOH) 1/6 (17) 3/5 (60) 0/9 (0) 4/16 (25)

Abnormal glial cells (S-100 / CD56) 1/6 (17) 2/5 (40) 0/9 (0) 3/16 (20)

Gliosis (GFAP) 3/6 (50) 1/5 (20) 5/9 (56) 5/16 (31)

Absence of ICC (CD 117) 2/6 (33) 1/5 (20) 7/9 (78) 6/16 (38)

* Fisher’s exact test HAPC vs. LAPC p=0.008. Comparson of HAPC vs. absence of contractions and LASC showed 
no significant diffrences.  

Figure 2. A: NSE negative ganglion cells (arrow), B: ganglion is situated within the outer 
longitudinal muscle layer (OL), MSA, C: presence of numerous reactive glial cells strongly positive 
for GFAP, D: absence of ICC plexus in the intermyenteric zone and around ganglion (original 
magnification x20). 

Abnormalities in glial cells were identified by reduced staining with S100 or CD56 and 

were found in one HD patient (no. 4) and in one patient with constipation (no. 11). No 

difference in GFAP grading was found between the 4 manometry groups (p=0.30, Kruskall-

Wallis test). Gliosis (severely increased expression of GFAP) was identified in 3 segments 



which showed spontaneous HAPC (figure 2c), and was also frequently seen in segments 

with abnormal motility patterns (table 4). 

All segments showed an abnormal ICC plexus (figure 2d). Figure 3 shows that the 

mean (SEM) score of CD117 was highest in HAPC segments and lowest in segments with 

an absence of contractions, however, no statistically significant difference between the 

4 groups was found (p=0.08, Kruskall-Wallis test). Absence of ICC plexus was found in 

78% of segments with absence of colonic contractions, however, no statistical significance 

was found when compared to segments with HAPC (p=0.14, 95% CI 0.69-70.74) (table 

4). Scoring of ICC was not different between segments with or without a gastrocolonic 

response (p=0.15, Mann Whitney U test). 

All segments showed homogeneous expression of SMA and MSA in both muscle layers. 

Unremarkable muscle morphology was found in all specimens investigated, with no signs 

of smooth muscle degeneration or fibrosis. 

Figure 3. Mean (SEM) score of ICC 
in different motor patterns (p=0.08, 
Kruskall-Wallis).

DISCUSSION

Colonic manometry studies are currently performed in order to identify or exclude 

colonic neuromuscular disorders in children with severe defecation disorders.1,2 While 

abnormal contraction patterns are frequently identified, the interpretation of these findings 

and their etiology is largely unknown. This study assessed the histopathological changes 

in enteric nervous system (ENS), Interstitial cells of Cajal (ICC) and smooth muscle of 

colonic segments which were previously evaluated by colonic manometry and found poor 

correlation between manometry and histopathology findings.

Impaired peristaltic function due to non-propagating or disorganized colonic contractions 

may be explained by a disrupted colonic neuronal circuit, consisting of ganglia with ganglion 

cells, nerve fibers and glial cells. In the current study, however, non-propagating contractions 

were associated with morphological changes in ganglia only in approximately 30% of the 

segments. Well-organized colonic contractions of low amplitude have been suggested to 

122



Colonic dysmotility and histopathology

8

123

be due to impaired smooth muscle contractility. However, we showed that LAPC were 

associated with changes in SP plexus and not with smooth muscle defects. The most severe 

form of colonic dysmotility, known as colonic inertia, has been associated with a complete 

absence of contractions.24 Since CIP patients with small bowel visceral myopathy had 

previously shown an absence of colonic contractions, such manometric finding had been 

suggested to be reflective of a colonic myopathy.3 No visceral myopathies were identified in 

our study cohort. In contrast, morphological changes in both ENS and ICC were identified 

in patients with an absence of colonic contractions. Inflammatory infiltration of myenteric 

ganglia 25 and a complete absence of ICC 26 in the colon have previously been described 

in two case reports with an absence of contractions on colonic manometry. Indeed, in 

our cohort of patients the ICC plexus appeared most severely disturbed in segments with 

an absence of contractions, however, possibly due to the small sample size studied, no 

statistically difference was found versus segments with HAPC. 

The pacemaker property of ICC regulating the transmission between the ENS and smooth 

muscle has become more apparent in recent years.27,28 Neuronal malformations may be 

associated with concomitant alterations of ICC,12,29 which possibly also have a negative 

impact on smooth muscle contractility. Due to the frequent coexistence of alteration in 

ENS, ICC and smooth muscle contractility, it may be impossible to conclusively distinguish 

intestinal neuropathy from intestinal myopathy. 

The current study has some shortcomings, in both manometric and histopathological 

assessments. Presence of HAPC at any time during the study was considered as indicative 

of normal colonic motility, irrespective of the number of HAPC. Patients with a single HAPC 

may be different from patients with a higher number of HAPC. Moreover, colonic manometry 

only measures changes in intracolonic pressure, resulting from phasic contractions and at 

10-15 cm intervals 30 and other types of contractions, such as tonic contractions, are not 

detected using the traditional manometric devices. Possibly, in patients with HAPC showing 

ENS abnormalities, these other contraction patters were disrupted. In addition, by using 

surgical reports and abdominal radiographs, the location of resected or biopsied colonic 

regions and those studied manometrically could only be determined by approximation, and 

may not coincide completely. 

Numerous quantitative methods to evaluate the ENS and ICC have previously been 

reported, however until now no standardized method has been developed. Many aspects 

contribute to the difficulty in assessing the ENS and ICC in a standardized manner. Wedel 

et al. reported that ICC density in control individuals overlap with slow-transit constipated 

patients.12 Regional variation in ICC has also been found in colonic specimen of control 

subjects with non-obstructing colonic cancer.31 In pediatric research another limitation exists 

in evaluating ICC, since their expression diminishes with age making it difficult to compare 

patients of various ages.32 It is also known that the distribution of ganglia and nerve cell 

bodies in the MP declines along the large intestine 33 and decreases with age.34 In addition, 

the size of the enteric ganglion is not uniform and is influenced by tissue preparation and 



varies from section to section.6 Factors that affect neuronal and ICC counts include stretch 

and shrinkage of the tissues, caused by distention or fixation. Allowing for these limitations, 

we choose not to perform quantitative methods to evaluate the distribution of ENS and 

ICC, but mainly focused on the morphological appearance. It is therefore, possible that 

only dramatic neuronal changes were detected, while subtle (quantitative) alterations were 

missed. This could have lead to an under-diagnosis of neuronal anomalies. 

In the segments we studied, no evidence could be found for possible myopathic 

changes based on actin stains. Previously, in a cohort of patients with HD and slow transit 

constipation, actin stains were unable to identify abnormalities in colonic smooth muscle 

layers, while novel smooth muscle markers (such as smoothelin and histone deacetylase 8) 

showed deficiencies in smooth muscle contractile cells.18 Future studies should therefore 

include these new markers when evaluating possible abnormalities in intestinal smooth 

muscle. 

This study shows that besides HD and CIP, other colonic neuronal disorders may exist in 

children with severe intractable constipation. The etiology of these disorders has not been 

clarified and it is unknown whether the abnormalities in ENS and ICC occur as a primary cause 

or as a secondary result of long standing constipation or obstructive symptoms. It is, however, 

important to recognize the existence of such disorders in these patients, since different 

therapeutic regimen or prognosis could be associated with different type of disorders. 

At this time, no standard method exists to identify colonic neuromuscular disorders in 

patients with severe constipation. While colonic manometry is used as a tool to direct 

therapeutic management in patients unresponsive to conventional treatment,1,35,36 no 

therapeutic decisions can be made based on histopathological findings alone. The clinical 

and manometric findings must therefore rest on their own merits, and an absence of 

histopathologic changes should not be used to alter that interpretation. 

In conclusion, this is the first study correlating colonic manometry findings with 

histological examination of the colon. Based on these results we were unable to classify 

specific manometric findings as myopathic or neuropathic features. Caution should be used 

when predicting the type of neuromuscular disorder based on colonic manometry.
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ABSTRACT

Objective

Administration of antegrade enemas through a cecostomy is a therapeutic option for 

children with severe defecation disorders. The purpose of this study is to report our 4-

year experience with the cecostomy procedure in 31 children with functional constipation 

(n=9), Hirschsprung’s disease (n=2), imperforate anus (n=5), spinal abnormalities (n=8) and 

imperforate anus in combination with tethered spinal cord (n=7). 

Methods

Data regarding complications, antegrade enemas used, symptoms and quality of life were 

retrospectively obtained. 

Results

Placement of cecostomy tubes was successful in 30/31 patients. Soiling episodes decreased 

significantly in children with functional constipation (p=0.01), imperforate anus (p<0.01) 

and spinal abnormalities (p=0.04). Quality of life improved in patients with functional 

constipation and imperforate anus. No difference in complications was found between 

percutaneous and surgical placement. 

Conclusion

Use of antegrade enemas via cecostomy improved symptoms and quality of life in children 

with a variety of defecation disorders.
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INTRODUCTION

Constipation and fecal incontinence affect several groups of patients, in particular those 

with gastrointestinal neuromuscular disorders, such as anorectal and spinal anomalies.1 In 

these children and in a subgroup of children with functional constipation, intensive medical 

and/or psychosocial treatment may not always result in successful clinical outcome. In 

patients with imperforate anus the combination of impaired function of the anal sphincters, 

poor reservoir function and colonic contractions propagating into the neo-rectum make 

treatment of fecal incontinence particularly challenging.1

The antegrade continence enema (ACE) has been reported as a therapeutic option for 

defecation disorders when maximal conventional therapy is not successful. This surgical 

procedure enables antegrade delivery of an enema to clean out the colon at regular intervals, 

avoiding accumulation of feces and reducing soiling episodes. Since the preliminary report 

in 1990 by Malone et al.,2 the ACE has been used increasingly in children with spinal 

abnormalities, Hirschsprung’s disease and functional constipation. Less information is 

available about the benefit of using a cecostomy in children with imperforate anus. 

The original surgical procedure, regarding the use of the appendix as conduit for Malone 

antegrade continence enema (MACE), has undergone many technical modifications 

to improve outcome in the management of fecal incontinence.3 Recently, use of a 

percutaneously inserted cecostomy tube has been proposed for the management of 

defecation disorders.4 Compared to the MACE, significantly fewer complications were 

reported after cecostomy placement.5

The purpose of this study is to report our 4-year experience with 2 different techniques 

of the cecostomy procedure and to compare the clinical outcome of cecostomy in children 

with defection disorders secondary to functional constipation, imperforate anus and spinal 

abnormalities.

METHODS

Patient population
Between 1999 and 2003, 31 children (boys 58%) received a cecostomy at Columbus 

Children’s Hospital. The median age at the time of cecostomy placement was 8 (range 

3 -18) years with a median weight of 21 (range 12–105) kg. The indications for creation 

of the cecostomy were constipation (n=7), fecal soiling (n=9), or a combination of both 

(n=15). Underlying conditions included functional constipation (n=9), Hirschsprung’s 

disease (n=2), imperforate anus (n=5), imperforate anus combined with tethered spinal 

cord (n=7) and spinal abnormalities (n=8). Spinal anomalies included tethered cord and 

myelomeningocele. 
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Placement of cecostomy
After a colonic clean-out, perioperative parenteral antibiotics (metronidazole 10 mg/kg, 

gentamicin 2.5 mg/kg, ampicillin 20 mg/kg) were given. The placement of the cecostomy 

tube was performed percutaneously by an interventional radiologist in 16 patients. An open 

surgical approach was used in the other 15 patients. The following tubes were inserted; 

Chait (n=8) (Cook Inc, Bloomington, IN, USA), 6 MIC-Key (n=11) (Medical Innovations 

Corporation, UT, USA) and Corpak (n=2) (Viasys Healthcare Medsystems, Wheeling, IL, 

USA). The decision to proceed with either the surgical or radiologic placement of the 

cecostomy was based on parental preference and on the feasibility of the radiologic 

approach, with no loops of bowel overlying the cecum on a barium enema. 

Percutaneous approach
The percutaneous placement was performed as previously described.4 An abdominal 

ultrasound was used to identify the organs and vessels which are interposed between the 

expected puncture site and the cecum, and the position of the inferior epigastric vessels. 

An enema tip was placed in the rectum and air instilled to identify the cecum. Glucagon 

was administered intravenously for bowel paralysis. A 21 gauge needle was advanced into 

the cecum with fluoroscopic guidance. After advancing a sheath, suture anchors were 

deployed to secure the cecum. Standard techniques were then used to advance an 8 Fr 

drain into the cecum. The catheter was secured using the sutures from the anchors which 

were tied through two holes made in a Molnar disc attached to the catheter.

Surgical approach
The surgical approach was used in most patients with a right lower quadrant incision 

overlying the cecum. A small incision was placed in the anterior cecum after a purse string 

suture secured the full-tickness bowel wall. The catheter was inserted into the cecum from 

a separate stab wound, and the bowel was affixed to the anterior abdominal wall with 

sutures. 

Intravenous antibiotics were continued for 48 hours after the surgical procedure. The 

patients were allowed to drink when bowel sounds returned, and the diet was advanced as 

tolerated. Oral metronidazole was continued for seven days after discharge. 

To secure patency, the tube was irrigated twice daily with 10 ml water until the antegrade 

irrigation was started two weeks after the procedure. 

Clinical outcome
Outcome measures were obtained by interviewing the parents to determine 1) 

complications, 2) type of antegrade enemas used, 3) effectiveness of treatment and 4) 

quality of life. A standardized questionnaire was used to obtain data about the time taken 

to evacuation after antegrade washout, the type and volume of enema solution used and 

the child’s health status before and after the cecostomy placement. Pre-cecostomy data 
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were obtained retrospectively during the same interview. Bowel movement and fecal 

soiling frequency, number of medications, number of physician visits related to defecation 

problems, number of hospital admissions for disimpaction, number of missed school days 

per month and quality of life were recorded. Frequency of bowel movements was scored 

as 1: <5 bowel movements/week, 2: 5/week to 3/day and 3: >3/day. Soiling frequency was 

scored as 1: none, 2: occasional, 3: few episodes per week, 4: few episodes per week to 

daily and 5: constantly. Quality of life was assessed by scoring limitations of activity (none, 

mild, moderate and severe), global health score and global emotional score (poor, fair, 

good, very good and excellent).

Statistical analysis
Outcome measures were analyzed in all the patients and in 3 subgroups; functional 

constipation (n=9), imperforate anus (n=12) and spinal abnormalities (n=8). The patients 

with imperforate anus in combination with tethered cord were included in the group of 

imperforate anus. Baseline characteristics were analyzed in a descriptive way. The Mann-

Whitney U and Chi-square tests were used to examine the relation between the type of 

cecostomy procedure and tube and the presence of complications. Wilcoxon non-parametric 

test was used to analyze the difference of clinical factors before and after cecostomy 

placement. A p-value of <0.05 was considered significant. 

This study was approved by the Institutional Review Board of Children’s Hospital of 

Columbus. 

RESULTS

Pre-cecostomy interventions
In all patients a maximal medical treatment, including high dose of different oral laxatives, 

retrograde enemas, suppositories and clean-outs, had failed. Diagnostic evaluation included 

anorectal manometry in 90%, magnetic resonance imaging (MRI) of the spine in 84%, 

rectal biopsy in 32%, contrast enema study in 94% and colonic manometry in 84% of all 

patients. In patients with imperforate anus anorectal manometry revealed a median anal 

resting pressure of 24 (range 13-41) mmHg. 

Twelve out of 13 children with a tethered spinal cord had undergone detethering 

surgery prior to cecostomy placement, without improvement of the defecation disorders. 

Tethered cord was identified as lipoma or low conus on MRI.  Detethering surgery included 

laminotomy with the section involving filum terminale to release the spinal cord followed 

by reconstruction of lamina to avoid orthopedic deformity.
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Antegrade enema
The cecostomy was successfully placed in 30/31 patients. One patient needed surgical 

exploration immediately after percutaneous placement of the tube due to dilatation of 

the tract and pneumoperitoneum. A second cecostomy tube was then successfully placed 

surgically. The enemas were administered on a daily basis in 25/31 children. Phosphate 

solutions (median 0.5-1.0 ml/kg) followed by normal saline (median 10-15 ml/kg) were 

used in most children (19/31). Other colonic irrigants were polyethylene glycol, mineral 

oil, saline or bisacodyl diluted with saline. Complete evacuation of stools with antegrade 

enemas was achieved in 94% of the children within 60 minutes from the administration of 

the antegrade enemas.

Clinical outcome in general population
The median time of follow-up was 11 (range 1 to 46) months after the cecostomy placement. 

Median episodes of fecal soiling decreased from constant soiling before cecostomy to no 

soiling post-cecostomy (p<0.001). The bowel movement frequency improved significantly 

from a median of <5/week to 5/week-3/day at the time of follow-up (p=0.03). No patient 

required admission for disimpaction. Health care use decreased from a median of 5 to 2 

visits/year (p<0.001) and number of medications from 3 to 1/day (p<0.001). 

Quality of life in general population
Global health score and global emotional score from all subjects are shown in figure 

1. Before cecostomy placement approximately 60% of the patients reported their global 

health as poor to fair. With the use of antegrade enema, this percentage decreased to 

19% (p<0.01). The median global emotional score improved from fair to good (p<0.01). 

Limitations in activity due to soiling decreased significantly from a median of moderate to 

none (p<0.01). The percentage of children without activity limitations increased from 26% 

to 58% (p<0.05) (figure 2). 

Figure 1. Global health score (GHS) and global 
emotional score (GES) pre- and post-cecostomy; n=31 
(both p<0.01).
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Clinical outcome in subgroups
We divided the patient population into three subgroups. Table 1 presents baseline 

characteristics and clinical outcome in children with functional constipation, imperforate 

anus and spinal abnormalities before and during the use of antegrade enemas. In all groups, 

episodes of soiling, number of medications and physician visits were significantly decreased. 

The number of patients with imperforate anus who reported constant soiling, decreased 

from 7/12 pre-cecostomy to 0/12 post-cecostomy (p<0.01). In the group of functional 

constipation the frequency of bowel movements was significantly increased at time of follow-

up (p<0.01). Children with imperforate anus had normal frequency of bowel movements 

prior to cecostomy placement and no difference was found post-cecostomy. In each group, 

children missed fewer school days but without a statistically significant difference.

Quality of life in subgroups
Global health score and global emotional score from different subgroups are reported 

in table 1. In the groups of constipation and imperforate anus global health and emotional 

score significantly improved with the use of antegrade enemas. Limitations of activity due to 

defecation disorders were also reduced significantly in these patient groups. In children with 

spinal abnormality, quality of life scores were not significantly improved post-cecostomy. 

Complications
Complications were reported in a total of 26 patients (84%). These complications included 

leakage around the tube (42%), dislodged tubes (26%) and granulation tissue at the site (68%). 

Sixteen children had two or more complications. No major complications such as perforation, 

stoma stenosis, or stoma prolapse occurred. No difference was found in occurrence or number 

of complications between percutaneous placement and surgical intervention. No difference 

regarding complications was found between MIC-Key and Chait tubes.

Approximately half of the patients reported pain during irrigation. With the use 

of phosphate solution, pain during irrigation occurred in 11/19 children. Three children 

used only normal saline; no pain during irrigation was reported in these children. Except 

for normal saline, no difference was found among the different enema solutions in the 

occurrence of abdominal pain.

Figure 2. Limitations of activity pre- and post-
cecostomy placement; n=31 (p<0.01).
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DISCUSSION

This study confirms that the use of antegrade enemas through a cecostomy represents 

an effective means to treat fecal incontinence and/or constipation refractory to medical 

management. Symptoms of defecation disorders in children with different underlying 

etiologies improved significantly after a cecostomy was created. In addition, there was a 

benefit on the patients’ physical activity, healthcare use and general well-being. 

We subdivided our patient population into three groups, children with functional 

constipation, imperforate anus and spinal abnormalities. All children with a combination 

of imperforate anus and tethered spinal cord underwent detethering surgery prior to 

cecostomy placement. These children were included in the imperforate anus group because 

we considered the altered anorectal anatomy due to anorectal abnormalities more important 

in the pathophysiology of fecal incontinence than the possible impaired rectal function 

secondary to spinal abnormalities. Defecation problems did not improve after detethering 

surgery in our children. This finding is of limited value since we might be dealing with a 

selective patient group, in which detethering surgery failed and therefore a cecostomy was 

indicated in these patients. Rosen et al., reported a high success rate of detethering surgery 

in constipated children with spinal abnormalities detected with spinal MRI.7 

Many children with a surgically corrected anorectal malformation continue to suffer from 

fecal incontinence,8 resulting in limited social interactions and impaired development of 

self-esteem.9 These patients may experience psychiatric and psychosocial dysfunction into 

puberty and adulthood.10 In order to prevent such consequences it is desirable to shorten 

the duration and to decrease the severity of their abnormal defecation. Lee at al. reported 

a favorable outcome using a cecostomy in infants with imperforate anus.11 In our study the 

Table 1. Baseline characteristics and clinical outcome pre- and postcecostomy. 

Constipation   (n=9) Imperforate Anus (n=12) Spinal abnormalities (n=8)

Onset of symptoms (number) since birth (5/9) since colostomy closure (12/12) since birth (4/8)

Median age at cecostomy placement - yrs 12 (range 3-16) 5 (range 3-11) 9 (range 4-18)

Median time of follow up - months 11 (range 1-45) 11 (range 1-27) 13 (range 4-46)

all values in median pre post p-value pre post p-value pre post p-value

Bowel movement frequency <5/wk 5/wk-3/day <0.01 5/wk-3/day 5/wk-3/day ns <5/wk 5/wk-3/day ns

Soiling frequency constant none 0.01 constant occasional <0.01 occasional none 0.04

Number of medications 4 1 0.01 2 0 <0.01 3 1 0.02

Number of physician visits / year 6 2 <0.01 4 2 0.05 4 1 0.04

Number of admissions for disimpaction 4 0 <0.01 1 0 0.04 1 0 ns

Number of missed school days / month 8-10 days 1-3 days ns 8-10 days 1-3 days ns 11-13 days 1-3 days ns

Global health score poor good 0.01 fair good 0.03 fair good ns

Global emotional score poor good 0.01 fair good 0.01 fair good ns

Limitations of activity moderate mild <0.01 moderate none 0.02 mild none ns
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soiling frequency decreased significantly in this category of patients. Also, the general health 

and emotional score improved, emphasizing that children with imperforated anus can be 

efficiently managed with regular antegrade colonic washouts through a cecostomy. 

Antegrade enemas in the children with functional constipation resulted in a significant 

increase in defecation frequency, reduction of soiling frequency and improvement of quality 

of life. A previous study on cecostomy placement in 12 patients with severe functional 

constipation revealed similar outcome.12 Curry et al. reported a lower success rate (39%) 

after ACE placement in patients with functional constipation compared to 73% for all 

other underlying conditions.13 The more favorable outcome in our series and the series 

of Youssef et al.12, is most likely related to careful patient selection and pre-cecostomy 

evaluation. Colonic manometry was used in all children with functional constipation to 

exclude previously undiagnosed intestinal neuromuscular disorders 14 and to determine 

the response to a colonic stimulant such as bisacodyl. A normal response to provocative 

testing in the proximal colon might predict a favorable response to the use of antegrade 

enemas. Further clinical research is required to substantiate the predictive value of colonic 

manometry on the outcome of cecostomy.

Although the study of Youssef et al. evaluated a comparable patients group with 

functional constipation,12 an advantage of our study is that patients with imperforate anus 

and spinal abnormalities were included. Another difference with that study is the technique 

of placement, which was surgically in 11 and percutaneously in 1 patient. In our study we 

compared these different techniques in terms of outcome and complication rates.

A positive outcome of the use of antegrade enemas in patients with spinal abnormalities 

was previously reported with a success rate of approximately 70%.13,15 Our data in these 

patients showed a significant decrease in fecal incontinence. Quality of life in this patient 

Table 1. Baseline characteristics and clinical outcome pre- and postcecostomy. 

Constipation   (n=9) Imperforate Anus (n=12) Spinal abnormalities (n=8)

Onset of symptoms (number) since birth (5/9) since colostomy closure (12/12) since birth (4/8)

Median age at cecostomy placement - yrs 12 (range 3-16) 5 (range 3-11) 9 (range 4-18)

Median time of follow up - months 11 (range 1-45) 11 (range 1-27) 13 (range 4-46)

all values in median pre post p-value pre post p-value pre post p-value

Bowel movement frequency <5/wk 5/wk-3/day <0.01 5/wk-3/day 5/wk-3/day ns <5/wk 5/wk-3/day ns

Soiling frequency constant none 0.01 constant occasional <0.01 occasional none 0.04

Number of medications 4 1 0.01 2 0 <0.01 3 1 0.02

Number of physician visits / year 6 2 <0.01 4 2 0.05 4 1 0.04

Number of admissions for disimpaction 4 0 <0.01 1 0 0.04 1 0 ns

Number of missed school days / month 8-10 days 1-3 days ns 8-10 days 1-3 days ns 11-13 days 1-3 days ns

Global health score poor good 0.01 fair good 0.03 fair good ns

Global emotional score poor good 0.01 fair good 0.01 fair good ns

Limitations of activity moderate mild <0.01 moderate none 0.02 mild none ns
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group was less obviously improved than in the patients with functional constipation and 

imperforate anus. This is probably due to more co-morbidities and physical handicaps 

existing in children with spinal abnormalities. 

In accordance with previous observations, the majority of patients achieved bowel 

emptying within 60 minutes after irrigation.5,6,17 Different irrigation solutions have been 

used as antegrade enemas. A phosphate solution followed by normal saline was effectively 

used in the majority of our patients without symptoms of phosphate toxicity. Data about 

the use and complications of phosphate solutions have been controversial in the literature. 

Although there are concerns about phosphate toxicity 13 and colonic ulcers,18 phosphate 

solutions have been reported to be safe and effective for colonic clean-outs in children.19 

We did not document electrolyte levels in our study patients. During irrigation abdominal 

pain occurred in 50% of our patients, confirming what has been reported previously.13 No 

patient had persistent abdominal pain; therefore suspicion of colonic ulcerations did not 

rise in any of our patients. The pain during irrigation was not related to the type of enema 

solution used, as it occurred in approximately 50% of the patients using each different 

solution. Only during the use of saline no abdominal pain was reported. Since the number 

of patients receiving each type of solution was small in our series we cannot assess which 

irrigation regimen is optimal. It is reported that tap water enemas are safe for the use 

of antegrade enemas in children, without increased risk of water intoxication.20 One can 

speculate that saline might be less painful than irritant solutions such as phosphate and 

bisacodyl. Larger controlled studies are, however, required to evaluate the efficacy, safety, 

and cost effectiveness of different irrigation regimens.

Many modifications have been made to the original ACE procedure. These include 

variations on the technique of creating the cecostomy and appendicostomy, use of an 

antireflux procedure,16 open placement of a cecostomy tube,3 endoscopic placement 21 

and percutaneous placement of a cecostomy tube.4 With the latter there seemed to be 

fewer complications requiring operative intervention than in patients with MACE.5 In one 

of our patients, the percutaneous cecostomy placement failed and a surgical placement 

was required. No other major complications occurred in our study, but minor complications 

were common. These problems were easily managed in most patients. No significant 

difference in the occurrence and numbers of complications between surgical approach and 

percutaneous placement was found in our study. The different cecostomy tubes used in 

this study had similar complication rates.

In summary, the cecostomy procedure for antegrade irrigation of the colon is safe and 

helpful in the management of intractable constipation and fecal incontinence in children 

with different underlying etiologies, including imperforate anus. Cecostomy tubes can be 

placed successfully by either surgical or percutaneous intervention, with similar complication 

rate. 
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ABSTRACT

Objectives

To define the predictive value of colonic manometry and contrast enema prior to cecostomy 

placement in children with defecation disorders.  

Methods

Medical records, contrast enema and colonic manometry studies were reviewed for 32 

children with defecation disorders who underwent cecostomy placement between 1999 

and 2004. Diagnoses included idiopathic constipation, Hirschsprung’s disease, cerebral 

palsy, imperforate anus, spinal abnormality, and anal with spinal abnormality. Contrast 

enemas were evaluated for the presence of anatomic abnormalities and the degree of 

colonic dilatation. Colonic manometry was normal when high amplitude propagating 

contractions (HAPC) occurred from proximal to distal colon. Clinical success was defined as 

normal defecation frequency with no or occasional fecal incontinence.

Results

Colonic manometry was done on 32 and contrast enema on 24 patients prior to cecostomy. 

At follow-up 25 patients (78%) fulfilled the success criteria. Absence of HAPC throughout 

the colon was related to unsuccessful outcome (p=0.03). Colonic response with normal 

HAPC after bisacodyl administration was predictive of success (p=0.03). Presence of colonic 

dilatation was not associated with colonic dysmotility. 

Conclusion

Colonic manometry is helpful in predicting the outcome after cecostomy. Patients with 

generalized colonic dysmotility are less likely to benefit from cecostomy. Normal colonic 

response to bisacodyl predicts favorable outcome.
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INTRODUCTION

Placement of a cecostomy enables delivery of antegrade enemas to evacuate the 

colon at regular intervals, avoiding impaction of feces and providing predictability of fecal 

continence. Favorable clinical outcome with this intervention has been previously reported in 

children with variable underlying conditions.1-5 We have recently described this technique in 

the treatment of children with idiopathic constipation, spinal abnormalities and imperforate 

anus, with improvement of defecation parameters and quality of life.6 Uncertainty exists 

about which patients will have more favorable outcome with antegrade colonic irrigations 7 

and how abnormalities in colonic motility relate to clinical success. 

Colonic manometry is believed to be a valuable diagnostic test in children with 

intractable defecation disorders to discriminate normal colonic motor function from colonic 

neuromuscular disorders.8, 9 This technique has been proposed as a guide for medical and 

surgical management in pediatric patients with severe constipation.10-13 Markers of normal 

colonic motility are high amplitude propagating contractions (HAPC) and the presence 

of a gastrocolonic response to a meal.14  HAPC are well-organized peristaltic sequences 

important for the propulsion of colonic contents from the proximal to the distal colon. When 

impaired colonic motility is identified, colonic diversion, partial or total colonic resection 

may be recommended in order to improve the patient’s clinical condition. Placement of 

a cecostomy is less invasive and the colon is spared; therefore when medical therapies 

fail, it is worth considering this procedure before proceeding with more invasive surgical 

interventions. Cecostomies have been recommended for patients with normal motility, 

dysmotility limited to the distal colon, or with dilatation of the rectosigmoid.3, 10 Validation 

of these recommendations were investigated in this study. We evaluated the predictive 

value of colonic manometry findings on the clinical outcome of cecostomy use and the 

association between colonic dilatation and colonic dysmotility in children with defecation 

disorders. 

MATERIAL AND METHODS

Subjects
Between 1999 and 2004, 37 patients with severe defecation disorders underwent 

placement of a cecostomy for administration of antegrade enemas at the Children’s 

Hospital, Columbus, Ohio. Prior to the procedure, 32 patients had colonic manometry to 

evaluate colonic motility, and they constitute the subjects of this retrospective analysis. 

In all children maximal conventional therapy had failed, including high dosages of oral 

laxatives, retrograde enemas, suppositories and colonic enemas.  Medical records, colonic 

manometry studies and contrast enemas were reviewed. 



Some of these study patients constituted the subject of another report describing the 

clinical outcome of the use of cecostomy in children.6 This study was approved by the 

Institutional Review Board of Children’s Hospital of Columbus, Columbus, Ohio, with IRB 

number 0410HSE268.  

Colonic manometry
Colonic manometry was performed according to previously published protocols.10, 14 

One day before the study, a polyethylene solution (Golytely, Braintree Laboratories Inc, 

Braintree, MA) was instilled through a nasogastric tube. Colonic manometry catheters 

were placed with the use of a colonoscope and fluoroscopic guidance (n=30) or by 

interventional radiology alone (n=2).15 A few hours later or the day after the procedure, 

when patients had recovered from sedation or general anesthesia, manometry studies 

were performed. The position of the catheter was verified by plain abdominal radiographs. 

The colonic manometry catheters consisted of a central lumen surrounded by 8 recording 

sites with radio-opaque markers spaced 10-15 cm apart. The catheter was perfused using 

a pneumohydraulic infusion system (Dentsleeve, Mississauga, Canada), connected to a 

polygraph and computer software (Medtronics, Minneapolis, MN). Colonic motility was 

recorded in all children during at least 1 hour of fasting and 1 hour after administration 

of a meal. Thereafter, bisacodyl (0.2 mg/kg, max 10 mg) was infused through the central 

lumen of the catheter and recording was continued for at least 40 minutes or until the 

catheter was expelled. The patterns of colonic contractions were identified by qualitative 

analysis. High amplitude propagating contractions (HAPC) were defined as contractions 

with amplitude of at least 60 mmHg, duration of ≥ 10 seconds and propagating over at 

least 30 cm. The colonic segments were subdivided in two parts; the “proximal colon” 

from cecum to splenic flexure, and the “distal colon” included the descending and sigmoid 

colon. The motility findings were subdivided into 4 groups: 1) normal motility, with HAPC 

occurring from proximal to distal colon, 2) only HAPC in the proximal colon, 3) only HAPC in 

the distal colon and 4) absence of HAPC in the entire colon. When HAPC were noted after 

bisacodyl administration, the response to this colonic stimulant was considered normal. In 

patients with abnormal studies, a second abdominal radiograph was performed to confirm 

catheter position. 

Contrast enema
Contrast enema studies were performed to assess colonic anatomy and the presence of 

colonic dilatation. Patients did not receive colonic enemas prior to the colonic manometry 

studies. The contrast enemas were retrospectively evaluated by an pediatric radiologist. 

Dilatation was independently evaluated for the proximal colon and the distal colon and 

described as present or absent. No standard pediatric criteria for definition of colonic 

dilatation exist. For our study, dilatation was based on adult criteria (cecum diameter >12 

cm, ascending colon diameter >8 cm and rectosigmoid diameter >6.5 cm).16, 17 In addition, 
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the following subjective criteria were used to assess colonic dilatation; a colonic segment 

was 25% more dilated over another segment, or the colon appeared too large for the 

patient’s size. 

Clinical outcomes after cecostomy
The cecostomy was placed using a percutaneous 18 or surgical approach.6 Data 

regarding the success of antegrade enemas were obtained by interviewing the parents. 

A standardized questionnaire was used to assess the child’s symptoms before and after 

cecostomy placement. Frequency of bowel movements was recorded as <5 bowel 

movements per week, 5/week to 3/day, and >3/day. Fecal incontinence frequency was 

recorded as none, occasional, few episodes per week, few episodes per week to daily, 

and constant. Successful outcome of cecostomy was defined as normal bowel movement 

frequency (5/week-3/day) and no or occasional fecal incontinence. 

Statistical analyses
Baseline characteristics are reported in a descriptive way. The predictive value of colonic 

manometry and contrast enema findings, and response to bisacodyl on the probability 

of clinical success were evaluated by binary logistic regression models and Fisher’s exact 

tests (2-sided). To adjust for interfering factors, the same tests were used to assess the 

relation between predefined baseline factors and clinical success. The following factors 

were examined: gender, age at cecostomy placement, underlying conditions, anal sphincter 

resting pressure, bowel movement frequency, and fecal incontinence frequency prior to 

and after cecostomy placement. Significance was achieved with a p-value of < 0.05. 

RESULTS

Thirty-two patients (19 male, 59%) underwent a colonic manometry study prior 

to cecostomy placement. Underlying conditions for severe constipation and/or fecal 

incontinence included idiopathic constipation (n=13), Hirschsprung’s disease (n=2), cerebral 

palsy (n=1), imperforate anus (n=6), spinal abnormality (n=6), and anal combined with 

spinal abnormalities (n=4). Patients’ characteristics in relation to the different underlying 

conditions are reported in table 1. Anorectal manometry was performed in 94% and rectal 

biopsy in 44% of the patients to exclude Hirschsprung’s disease. The median anal sphincter 

resting pressure was 25 mmHg (range 5-55); the recto-anal inhibitory reflex was identified 

in all patients with idiopathic constipation. Spinal MRI was performed in 26 patients. In 

9 patients a tethered spinal cord was diagnosed and detethering surgery was performed 

prior to cecostomy placement in 8/9. 

In 13 patients (41%) a surgical approach and in 19 patients (59%) a percutaneous 

approach was used to place the cecostomy.  For antegrade irrigation, phosphate solutions 



(median 0.5-1.0 ml/kg) followed by normal saline (median 10-15 ml/kg) were used in most 

children. Other colonic irrigants were polyethylene glycol, saline or bisacodyl diluted with 

saline. The time to stool evacuation was less than 30 minutes after the irrigation in 63% 

of the patients. At time of follow-up, a median of 8 months (range 1-21 months) after the 

cecostomy placement, 25 patients (78%) fulfilled the criteria for clinical success. Children 

with unsuccessful outcome had idiopathic constipation (n=3), anal abnormality (n=2), spinal 

abnormality (n=1) and cerebral palsy (n=1). 

The median time between colonic manometry and cecostomy placement was 2 months 

(range 0-15 months). Colonic manometry studies showed that 8 patients (31%) had normal 

motility with HAPC from proximal to distal colon, 8 (31%) had HAPC only in the proximal 

colon, 1 (3%) had HAPC only in the distal colon and 9 (35%) had an absence of HAPC in 

the entire colon. Colonic manometry findings related to the different underlying conditions 

are presented in table 2. In 6 patients the colonic manometry catheter could not be placed 

in the proximal colon, because of technical difficulties. Five of these patients had abnormal 

motility in the distal segment. Abnormalities of colonic motility included persistently low 

amplitude (< 60 mmHg) and/or simultaneous contractions or absence of contractions. No 

Table 1. Patient’s characteristics related to each underlying condiction.

Constipation 
n=14

Hirschsprung’s 
n=2

Imperforate 
anus n=10

Spinal abnormality 
n=6

Gender - male - n (%) 8 (57) 1 (50) 9 (90) 1 (17)

Age at cecostomy placement - years 9 (3-16) 5 (3-7) 6 (2-11) 10 (4-17)

Time between manometry - cecostomy - months 2 (0-15) 5 (4-7) 2 (0-13) 2 (0-14)

Main symptoms - n (%): constipation 4 (29) 1 (50) 3 (30) 4 (67)

fecal incontinence 0 0 3 (30) 0

both 10 (71) 1 (50) 4 (40) 2 (33)

Bowel movement frequency < 5/week - n (%) 14 (100) 1 (50) 6 (60) 5 (83)

Soiling frequency > occasional 10 (71) 1 (50) 9 (90) 2 (33)

The patients diagnosed with imperforate anus combined with spinal abnormalities (n=4) are included in the 
imperforate anus group and the patient with cerebral palsy is included in the idiopathic constipation group.

Table 2. Colonic manometry findings for each underlying condition

Constipation Hirschsprung’s  Imperforate 
anus 

Spinal 
abnormality 

Normal motility (n=8/26)˜ 1/9 (11%) 0/2 (0) 4/9 (44%) 3/6 (50%)

HAPC only in proximal colon (n=8/26)˜ 4/9 (44%) 1/2 (50%) 1/9 (11%) 2/6 (33%)

Absence of HAPC in entire colon (n=9/26)˜ 4/9 (44%) 1/2 (50%) 3/9 (33%) 1/6 (17%)

Absence of HAPC in distal colon (n=15/23)° 8/9 (89%) 1/2 (50%) 4/7 (57%) 2/5 (40%)

Positive bisacodyl response (n=17/32) 5/14 (36%) 1/2 (50%) 6/10 (60%) 5/6 (83%)

˜Patients with missing data about proximal colon (n=6) are excluded from this analysis. °Patients with missing 
data about the proximal colon are inlcuded in this analysis  minus the patiens with absence of HAPC in the entire 
colon
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patient was identified with colonic inertia (complete absence of colonic contractions). A 

normal colonic response with HAPC after a meal and after administration of bisacodyl 

occurred in 25% and 53% of the patients, respectively.

The predictability of colonic manometry findings on successful outcome with cecostomy 

is presented in table 3. Absence of HAPC in the entire colon was significantly associated 

with unsuccessful outcome (p=0.03). All 8 patients with normal motility only of the proximal 

colon achieved clinical success, however no statistical significance was reached (p=0.28). 

A colonic response with HAPC after bisacodyl administration was predictive of success 

(p=0.03) (figure 1). Nine patients without HAPC after bisacodyl insertion had clinical 

success, 6 of these patients showed a suboptimal response to bisacodyl with increased 

colonic motor activity. Normal colonic motility and the presence of a HAPC in response 

to bisacodyl were not significantly related to the time to stool evacuation after antegrade 

enema insertion.

Contrast enemas were performed in 24 patients prior to cecostomy placement, at a 

median age of 7 years (range 3-15 years).  In 12 patients colonic dilatation was found; 8 

in the distal colon, 1 in the proximal colon and 3 in the total colon. Five out of 8 patients 

with a dilated distal colon had motility abnormalities in that segment; including low 

amplitude propagation contractions (n=2), simultaneous contractions (n=2) and absence 

of contractions (n=1). Overall the presence of colonic dilatation was not associated with 

dysmotility (p=0.84) or with unsuccessful outcome (p=0.50). 

Eight patients had a low anal sphincter resting pressure (<20 mmHg), 6 of these patients 

had a successful outcome with antegrade enemas. Diagnosis of these children included 

idiopathic constipation (n=1), imperforate anus (n=2), spinal abnormality (n=1), and anal 

combined with spinal abnormalities (n=2). 

No association was found between the different underlying conditions and outcome 

(p=0.99). No prognostic predictor for clinical success was found for the main symptoms 

(constipation, fecal incontinence or both) (p=0.79), gender (p=0.41), age at cecostomy 

placement (p=0.30), bowel movement frequency (p=0.93) and fecal incontinence frequency 

pre-cecostomy (p=0.41). 

Figure 1. The presence of good colonic 
response with HAPC after bisacodyl is related 
to successful clinical outcome (p=0.03, Odds 
Ratio 11, 95% CI 1.1-103). 



DISCUSSION

This study suggests that colonic manometry is helpful in predicting whether placement 

of a cecostomy is a useful therapeutic option for children with intractable defecation 

disorders. 

Propagated contractions seem to be essential in order to propel colonic contents during 

antegrade irrigation. Marshall et al. reported a lower success rate with antegrade enemas 

in patients with slow transit constipation defined by nuclear transit studies.19 Our patients 

with normal proximal motility had a successful outcome even when the motility of the distal 

colon was impaired, suggesting that in addition to HAPC, other types of contractions may 

play a role in emptying that colonic segment. No patient with evidence of colonic inertia 

upon colonic manometry (almost complete or complete absence of colonic contractions) 20 

was identified in our study. In view of our finding that more cecostomy failures occurred in 

patients without HAPC throughout the entire colon, we speculate that patients with an inert 

colon will also be more likely to have an unsuccessful outcome after cecostomy placement. 

Bisacodyl was infused into the proximal colon during the colonic manometry study. 

Characteristics of HAPC initiated by this colonic stimulant are comparable to spontaneous 

and post-prandial HAPC.21 The presence of a response to bisacodyl indicates colonic 

neuromuscular integrity and is therefore considered a relevant manometric finding.22 

Patients with normal motility after bisacodyl might benefit from the use of this colonic 

stimulant. Our study patients used different types of antegrade enema solutions. The 

underlying mechanism of the colonic response when an enema solution is inserted in the 

proximal colon may be similar to the type of colonic contractions induced by bisacodyl. Nine 

clinically successful patients did not have a normal colonic response to bisacodyl. Six of them 

showed an increased colonic motor activity after bisacodyl but no HAPC. This increased 

motor activity characterized by low amplitude propagating contractions, segmental phasic 

and tonic contractions, might also be important for the propulsion of antegrade enema 

solutions and thereby colonic contents.  The sudden distension of the proximal colon at the 

Table 3. Colonic manometry findings

Successful 
outcome

Unsuccessful 
outcome

Sensitivity for 
successful outcome 

Positive predictive 
value for successful 

outcome 

OR (95% CI) p-value* 

Normal motility (n=8/26)˜ 7/21 (33%) 1/5 (20%) 33% 88% 2 (0.2-21.4) 1.00

HAPC only proximal (n=8/26)˜ 8/21 (38%) 0/5 (0%) 38% 100% - 0.28

Absence of HAPC entire colon (n=9/26)˜ 5/21 (24%) 4/5 (80%) 24% 55% 0.08 (0.01-0.87) 0.03

Absence of HAPC distal colon (n=15/23)° 13/20 (62%) 2/3 (66%) 65% 87% 1.1 (0.82-14.1) 1.00

*Fisher’s exact test, 2-sided. ˜Patients with missing data about proximal colon (n=6) are excluded from this 
analysis. °Patients with missing data about the proximal colon are inlcuded in this analysis  minus the patiens 
with absence of HAPC in the entire colon
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time of infusion of the cleansing solution could also constitute a mechanism for triggering 

propagated contractions.

The most likely mechanism by which antegrade enemas are beneficial in patients with 

constipation is the regular clean out of the colon with avoidance of fecal stasis. In patients 

with fecal incontinence it might lead to predictability of stool evacuation. Normal colonic 

motility is not a guarantee for success and this implies that recovery from severe defecation 

disorders depends on additional factors. Anorectal and pelvic floor function may also play 

an important role as well as the patient’s compliance with regular enema administration. 

In this study, children with different underlying conditions, including anorectal and spinal 

abnormalities were evaluated and therefore it is difficult to clarify the exact role of anorectal 

(dys)function on the outcome of cecostomy use. Disturbed anorectal anatomy, impaired anal 

sphincter function or loss of rectal sensation might be relevant factors in the pathophysiology 

of fecal incontinence. Anorectal manometry studies failed to predict the outcome of 

antegrade enemas in children with spina bifida 23 and imperforate anus.6 Low anal sphincter 

resting pressure was not related to unsuccessful outcome in our study patients. 

Manometry testing in dilated colons is often assumed to result in underestimation of 

colonic motility because the actual colonic contractions might not be detected due to 

increased colonic diameter.24 This hypothesis could not be confirmed by our findings, since 

normal colonic motility was found in a number of children with dilated colonic segments.  

It should be pointed out that manometry was done after a thorough clean-out which could 

have decreased the colonic dilatation at the time of the motility testing.

It is assumed that persistent dilation of the colonic wall is caused by longstanding fecal 

impaction and results in reduced tone and loss of colonic motor activity. A number of 

our patients showed motility abnormalities without the presence of colonic dilatation and 

no significant association was found between the two entities. We suggest that in some 

patients a true impairment of colonic motility is the cause of the defecatory problem. 

The evaluation of the colon for dilatation is subjective.  The degree of distension is 

related to the technique of the procedure and no established criteria for colonic dilatation 

in children are present. This study shows that the degree of dilatation does not provide 

Table 3. Colonic manometry findings

Successful 
outcome

Unsuccessful 
outcome

Sensitivity for 
successful outcome 

Positive predictive 
value for successful 

outcome 

OR (95% CI) p-value* 

Normal motility (n=8/26)˜ 7/21 (33%) 1/5 (20%) 33% 88% 2 (0.2-21.4) 1.00

HAPC only proximal (n=8/26)˜ 8/21 (38%) 0/5 (0%) 38% 100% - 0.28

Absence of HAPC entire colon (n=9/26)˜ 5/21 (24%) 4/5 (80%) 24% 55% 0.08 (0.01-0.87) 0.03

Absence of HAPC distal colon (n=15/23)° 13/20 (62%) 2/3 (66%) 65% 87% 1.1 (0.82-14.1) 1.00

*Fisher’s exact test, 2-sided. ˜Patients with missing data about proximal colon (n=6) are excluded from this 
analysis. °Patients with missing data about the proximal colon are inlcuded in this analysis  minus the patiens 
with absence of HAPC in the entire colon



prognostic information regarding benefits from cecostomy in these children and colonic 

dilatation should not be considered a contraindication for cecostomy placement.  It is 

reported that the colonic diameter normalizes within several months after colonic diversion 
12, whether this occurs also with the prolonged use of a cecostomy is unknown. Avoiding 

fecal impaction with regular antegrade colonic enemas might have a positive effect. Closure 

of cecostomies with successful discontinuation of antegrade enemas have been reported in 

neuropathically intact children with severe constipation.3

In conclusion, in patients with intractable defecation disorders, colonic manometry is 

helpful in predicting clinical outcome after cecostomy placement. Normal response to colonic 

stimulants during motility studies predicts a favorable outcome. Patients with generalized 

colonic dysmotility are less likely to benefit from the use of antegrade enemas. 
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SUMMARY & DISCUSSION

Functional constipation (FC) refers to a condition in which the function of the colon or 

anorectum is disturbed in the absence of identifiable organic pathology. In the majority of 

children with FC this altered function may be due to the effort the child makes to counter 

act the propulsive activity of colon and/or anorectum. FC due to withholding behavior can 

generally be well treated with laxative therapy in combination with behavioral strategies. 

However, a subgroup of patients has, despite intensive therapy, persisting symptoms 

upto adolescence or young adulthood. These patients are of our concern, because 

constipation and accompanying symptoms such as abdominal pain and fecal incontinence 

may dramatically influence their quality of life. This thesis focused on children affected 

by intractable constipation and aimed at elucidating possible underlying pathophysiologic 

mechanisms and at suggesting a novel therapeutic option.

Part one – Epidemiology and follow-up
In chapter 1 we described a systematic review of published literature in order to 

summarize the existing knowledge on the worldwide prevalence of FC in childhood. This 

review shows that childhood constipation is not only a problem in western societies, but is 

frequently reported in different parts of the world. The prevalence of FC in children varied 

from 0.7% to 29.6% with a median of 8.9%. This large range in prevalence may be due 

to the different methods of data collection and the wide variety of definitions used for FC. 

In chapter 2 we described a follow-up study in infants which evaluated the natural 

history of FC in the youngest age group. Our data show that approximately 70% of the 

infants with severe constipation are recovered after 6 months. These data are in accordance 

with success rates previously identified in older children.1 Infants who sought medical advice 

within 3 months after the onset of constipation showed a better outcome than those 

who waited longer. Early therapeutic intervention may therefore beneficially contribute to 

recovery from FC. This finding and the high prevalence of constipation worldwide justify 

investment of resources and educational campaigns directed to prevention and optimal 

treatment of childhood FC.

Part two – Rectal barostat 
Part of the difficulty in dealing with children affected by defecation disorders lies in 

the fact that behavioral components and physiologic abnormalities often coexist in the 

development and persistence of symptoms. As a consequence of repeated painful 

defecations children may develop stool withholding behavior. The response to ignore urge 

to defecate is initially a conscious decision of the child but may become an automatism. 

Several anorectal manometry studies showed that constipated children contract their 

external anal sphincter during an attempt to defecate.2 This paradoxical contraction may 

be a manometric equivalent of stool withholding behavior. Biofeedback training has been 
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developed in order to restore this abnormality in defecation dynamics. However, a large 

randomized controlled trial showed that normalization of abnormal defecation dynamics 

was not necessarily associated with recovery from childhood constipation.2 This suggests 

that other physiologic mechanisms play a more important role in the recovery from 

constipation. 

Impaired rectal sensation has previously been proposed as underlying mechanism of FC, 

since larger balloon volumes were needed to trigger rectal sensation. Volume-controlled 

distension, however, is now considered an inaccurate measure for visceral sensation, since 

the compliance (capacity to stretch) of the rectum and differences in organ size influence 

thresholds for sensation. This shortcoming can be avoided by assessment of visceral 

sensation using pressure-controlled distension (barostat). This technique has emerged as a 

useful tool in evaluating muscle tone, compliance and thresholds for sensation. 

Chapter 3 describes the use of barostat in evaluating rectal function in children with 

functional gastrointestinal disorders. An overview is given on previous published literature 

on barostat studies in children. 

In a previous barostat study, our group showed that rectal compliance was significantly 

higher in children with FC.3 As we failed to demonstrate abnormalities in visceral sensation, 

increased rectal compliance may be an underlying mechanism of childhood constipation 

and may contribute to therapy resistance. We therefore hypothesized that children with 

increased rectal compliance are less likely to recover from FC. In chapter 4 we showed that 

rectal compliance was higher in adolescents with FC when compared to healthy controls. 

In adolescents recovered from constipation for at least 4 years, rectal compliance was 

lower compared to patients with FC. However, almost half of those recovered subjects had 

a rectal compliance above the upper limit of normal. Moreover, chapter 5, a prospective 

longitudinal barostat study, shows that patients with increased rectal compliance are 

not more likely to have unfavorable outcome. Irrespective of normal or increased rectal 

compliance, approximately 40% of the patients were successfully treated after 1 year of 

standardized therapy. Rectal compliance had not improved significantly after one year 

in those patients with successful outcome and rectal compliance was not significantly 

increased compared to baseline in patients with unsuccessful outcome. We also showed 

that treatment with rectal enemas in addition to oral laxatives had no positive effect on 

rectal compliance. Although increased rectal compliance is found in the majority of children 

with FC, its presence was not predictive of treatment failure. Therefore, up until now, rectal 

barostat studies are unable to direct therapeutic managements for pediatric FC and its role 

as clinical tool is lacking. 

Part three – Colonic manometry 
Since no abnormalities in anorectal function could be identified as a prognostic 

factor, abnormalities in colonic function may play a more important role in intractable 

constipation. In children with refractory constipation, delayed colonic transit and impaired 
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colonic motility have been reported. Non-invasive, but indirect measures of colonic motor 

function involve scintigraphy studies and the passage of radio-opaque markers or barium. 

Using manometric techniques, changes in intracolonic pressure, resulting from lumen-

occluding contractions of the colonic muscle can be detected directly. 

Chapter 6 provides an overview of colonic manometry studies in the pediatric 

population. Colonic manometry is an invasive procedure, which is only performed in 

those patients with symptoms unresponsive to extensive therapeutic strategies and severe 

enough to impact the child’s social or physical well-being. 

After bowel preparation, colonic manometry catheters are generally placed in the 

proximal colon with the aid of a guide wire passed through the biopsy channel of the 

endoscope, or in tandem with the colonoscope. Chapter 7 describes a new technique 

of catheter placement by primary fluoroscopic guidance, which was successful in children 

of various ages and different underlying conditions. This technique may be particularly 

advantageous in children with stomas, since the colonoscope may not accommodate the 

ostomy. An important disadvantage of placement by intervention radiology is the longer 

fluoroscopic exposure time required. Colonoscopic placements are generally performed 

with general anesthesia. Risks and costs related to general anesthesia were non-existent 

with fluoroscopic placements. The choice of which method to use should require an 

evaluation of available resources, existing endoscopic and radiologic skills and patient 

safety and preference.

Among the gastrointestinal organs the motor functions of the colon are least understood. 

Manometry studies have expanded the knowledge on normal and abnormal colonic 

function in challenging patients with severe defecation disorders. Normal colonic motility is 

characterized by high amplitude propagating contractions (HAPC) which are well-organized 

peristaltic sequences important for the propulsion of colonic contents from the proximal to 

the distal colon. A provocative test with bisacodyl is generally able to discriminate normal 

from abnormal motility and has the potential to direct therapeutic management. However, 

the underlying etiology of colonic motility disorders remains largely unknown. Possibly, 

colonic neuronal or smooth muscle abnormalities exist in patients with severe defecatory 

problems. Or the transmission between the enteric nervous system (ENS) and intestinal 

smooth muscle may be impaired. In the latter, the pacemaker cells of the gut or interstitial 

cells of Cajal (ICC), play an important role. 

Based on extrapolation of small bowel manometry patterns in patients with intestinal 

pseudo-obstruction, colonic manometry findings are now classified as neuropathic or 

myopathic features. In chapter 8, we assessed whether abnormal colonic motor function 

corresponded with abnormalities in ENS, ICC and smooth muscle of studied colon. 

Abnormalities in ENS and ICC were found in colonic segments with impaired motor function 

as well as in segments with normal motility. No abnormalities in the smooth muscle 

layers were identified in our cohort of patients. Based on these results we are unable to 
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classify specific manometric findings as neuropathic or myopathic features. Caution should 

therefore be used when predicting neuromuscular disorders based on colonic manometry.

Part four - Treatment
The cecostomy, or antegrade continence enema, is a novel therapeutic option for 

defecation disorders when maximal conventional therapy is not successful. This surgical 

procedure enables antegrade delivery of an enema to clean out the colon at regular 

intervals, avoiding accumulation of feces and reducing fecal incontinence episodes. In 

chapter 9, we described the clinical use of the cecostomy procedure in a cohort of children 

with defecation disorders secondary to FC, imperforate anus and spinal abnormalities. 

Symptoms of defecation disorders, such low defecation frequency and fecal incontinence 

episodes, improved with the use of antegrade enemas. Cecostomy tubes were placed 

successfully either by surgical or percutaneous intervention. Both procedures showed 

similar complication rates. 

When impaired colonic motility is identified in children with severe and intractable 

defecation problems, colonic diversion, partial or total colonic resection may be 

recommended in order to improve the patient’s clinical condition. Cecostomies have 

previously only been recommended for patients with normal colonic motility, dysmotility 

limited to the distal colon, or with dilatation of the rectosigmoid. In a cohort of patients 

who underwent colonic manometry studies prior to cecostomy placement. The validation 

of these recommendations was investigated and is described in chapter 10. Patients 

with generalized colonic dysmotility (i.e. absence of HAPC in the entire colon) were 

less likely to benefit from the use of antegrade enemas. A normal response to colonic 

stimulants (bisacodyl) was seen more often in patients with favorable outcome. Propagated 

contractions seem therefore necessary to propel colonic contents during colonic irrigation. 

However, some patients with generalized colonic dysmotility did show clinical success with 

cecostomy. Before considering more radical surgery one could therefore first endeavor 

treating these children with antegrade enemas. 

Future perspectives
Since no standard diagnostic tests exist for functional defecation disorders symptom 

criteria have been developed to define different entities. The advantage of these (ROME 

III) criteria is that both in clinical practice, as well as in research, worldwide understanding 

exists on a symptom based diagnosis. The difficulty is, however, that various underlying 

mechanisms may be responsible for one particular diagnosis. A child with constipation 

accompanied by fecal incontinence may, for example, have a different physiologic 

abnormality than a constipated patient without fecal incontinence. Sub-diagnosis within 

pediatric FC and related pathophysiology should be investigated in future. 

It is likely that multiple factors are involved in the development and persistence of FC. 

Behavioral components, abnormal defecation dynamics, rectal function and colonic function 
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may all play a role, either independently or combined. Previous studies merely focused on 

one of the potential players involved. Future studies should ideally investigate all.

In the process of identifying the underlying mechanism of intractable constipation we 

studied possible abnormalities in colorectal function. It is now known that rectal sensitivity 

and increased rectal compliance play a limited role in therapy resistant pediatric FC. 

Other mechanisms of rectal function, such as rectal contractility may be impaired. Rectal 

barostat combined with manometry potentially may be better measures to evaluate rectal 

contractility.

Much remains unknown about the function of the colon and its relation to therapy 

resistant FC. The clinical value of colonic transit studies should be further assessed by 

prospective longitudinal studies. At this time, colonic manometry studies are performed 

only in specialized motility centers and since its intensive and invasive character, it should 

only be performed in a small subgroup of patients with severe and disabling symptoms. 

Colonic manometry has been proposed as a clinical tool since it has potential to direct 

therapeutic managements, especially prior to surgical interventions. However, several 

shortcomings exist in colonic manometry testing. The placement of catheters throughout 

the colon is difficult and catheters may become expelled during measurements. Improving 

methods of catheter insertion are therefore desirable. Normal values from a healthy 

pediatric population are lacking and it seems unlikely that they will ever become available, 

since it is unethical to use this invasive test in healthy children. The interpretation of colonic 

manometry studies is therefore difficult, it would therefore be interesting to study the intra- 

and inter-observer variability of colonic motility assessments. Currently, the existence of 

colonic neuromuscular disorders can not be identified based on colonic manometry studies. 

Due to the possible coexistence of alterations in ENS, ICC and smooth muscle contractility, 

it may be impossible to clearly distinguish intestinal neuropathy from myopathy. Future 

histopathological studies are needed to determine valuable methods for evaluation of 

colonic neuromuscular abnormalities. 

In view of the major impact of severe defecation disorders on children’s physical and/

or emotional well-being, it is important to unravel pathophysiologic mechanisms. Better 

insights in underlying mechanisms of pediatric FC are needed to develop new treatment 

strategies. Administering rectal enemas in addition to conventional treatment had no 

positive effect on increased rectal compliance. Whether antegrade enemas improve the 

colonic motor function should be further investigated. 

Treating patients with intractable constipation remains challenging, since physicians 

are still restricted to symptomatic therapy, rather than therapy targeting well defined 

abnormalities. With respect to the multi-factorial nature of pediatric FC, future research 

should determine different subgroups of patients and treatment strategies affecting related 

components. 
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SAMENVATTING & DISCUSSIE

Bij de meeste kinderen met functionele verstopping (obstipatie) is de werking van de 

dikke darm en endeldarm in principe goed en is er geen lichamelijke oorzaak voor de 

ontlastingsproblemen aanwijsbaar. De goede werking wordt echter belemmerd omdat 

kinderen hun ontlasting ophouden. Over het algemeen kunnen deze kinderen goed 

behandeld worden met laxeermiddelen en een gedragsmatige aanpak. Toch komt een 

kleine groep kinderen niet van de klachten af ondanks intensieve behandeling. We maken 

ons zorgen over deze groep kinderen omdat de klachten, zoals buikpijn en het verlies van 

ontlasting in ondergoed, een grote invloed kunnen uitoefenen op het sociale leven van 

die kinderen. Dit proefschrift behandelt deze groep kinderen met moeilijk behandelbare 

obstipatie. Met dit onderzoek proberen we de onderliggende oorzaak van verstopping 

bij deze kinderen te achterhalen en tevens een nieuwe behandeling voor deze kinderen te 

beschrijven. 

Deel één – Epidemiologie en follow-up
In hoofdstuk 1 beschrijven we een literatuur onderzoek naar het voorkomen van 

functionele obstipatie op de kinderleeftijd. De bevindingen van wereldwijd gepubliceerde 

Engelstalige epidemiologie studies zijn in dit hoofdstuk samengevat. Gemiddeld heeft 9% 

(variërend van 0.7% tot 29.6%) van de kinderen last van verstopping. De brede variatie in 

het voorkomen van verstopping kan waarschijnlijk verklaard worden doordat verschillende 

methoden voor het verzamelen van gegevens gebruikt werden en meerdere definities voor 

obstipatie werden toegepast. Tot slot valt op dat obstipatie op de kinderleeftijd niet alleen 

in Westerse landen maar ook in andere werelddelen een frequent probleem is.

In hoofdstuk 2 beschrijven we de follow-up van zuigelingen met obstipatie. Onze 

gegevens laten zien dat ongeveer 70% van de zuigelingen met ernstige obstipatie na 6 

maanden weer normale ontlasting heeft. Deze resultaten zijn in overeenstemming met 

eerder verschenen resultaten in de oudere kinderen. Zuigelingen die binnen 3 maanden na 

het ontstaan van de problemen al naar een arts gingen, herstelden sneller dan zuigelingen 

bij wie dit langer dan 3 maanden duurde. Vroegtijdige behandeling heeft mogelijk dus 

een gunstig effect op het genezingsproces van obstipatie. Investeringen in educatie en 

preventie zijn noodzakelijk om het probleem waar mogelijk te voorkomen en om kinderen 

met functionele obstipatie een vroege en adequate therapie te kunnen bieden. 

Deel twee – rectale barostat
Gedragsmatige veranderingen en lichamelijke afwijkingen spelen samen een rol spelen 

bij het ontstaan, maar ook bij het aanhouden van obstipatie. Het is daarom een moeilijk 

oplosbaar probleem. Kinderen kunnen ontlasting gaan ophouden nadat ze meerdere keren 

pijnlijke ontlasting hebben gehad of om een andere reden. In eerste instantie lijkt dit een 

bewuste beslissing van het kind, maar dit kan ook een automatisme worden. Eerder verrichte 



onderzoeken van het anale gebied lieten zien dat veel kinderen de kringspier samenknijpen 

op het moment dat ze de kringspier eigenlijk zouden moeten ontspannen. Deze paradoxale 

knijpreactie zou een verschijnsel kunnen zijn van het ophoudgedrag. Biofeedbacktraining 

is in het verleden bij veel kinderen verricht om dit abnormale knijppatroon te normaliseren. 

Wetenschappelijk onderzoek heeft echter aangetoond dat het leren ontspannen van 

de kringspier niet per definitie ook leidt tot genezing van obstipatie. Een abnormaal 

knijppatroon lijkt dus het slechte herstel onvoldoende te verklaren. 

Verlies van het aandranggevoel is ook geopperd als onderliggende oorzaak van obstipatie 

op de kinderleeftijd. Uit eerdere studies is gebleken dat kinderen een groter volume in de 

endeldarm nodig hebben om aandrang te krijgen. Volumegestuurde metingen zijn echter 

niet een goede methode om het gevoel van een orgaan te testen. Het gevoel van een 

orgaan is namelijk niet afhankelijk van volume, maar van de druk of tonus op het orgaan. 

Daarom worden sinds enkele jaren drukgestuurde metingen toegepast. Barostat betekent 

letterlijk ‘constante druk’ en met deze techniek kan naast het gevoel ook de tonus en de 

rekbaarheid van een orgaan worden gemeten. 

Hoofdstuk 3 beschrijft de barostat techniek welke wordt toegepast in de endeldarm 

(rectum) van kinderen met functionele darm ziekten. Hiernaast wordt een overzicht gegeven 

van eerder gepubliceerde barostat onderzoeken die gedaan werden in kinderen. 

In een eerdere barostat studie heeft onze groep laten zien dat de rekbaarheid (elasticiteit) 

van het rectum hoger is in kinderen met obstipatie in vergelijking met gezonde kinderen. Er 

werd geen verschil in aandrang of pijn gevoel gevonden tussen kinderen met obstipatie en 

gezonde kinderen. Die verhoogde rekbaarheid (compliantie) van het rectum zou dus een 

onderliggend mechanisme kunnen zijn van obstipatie. Onze hypothese was dat kinderen 

met een verhoogde rekbaarheid van het rectum minder kans hebben op herstel van 

obstipatie. In hoofdstuk 4 laten we zien dat adolescenten die minstens 4 jaar genezen 

zijn van obstipatie, inderdaad een lagere rectale rekbaarheid hebben vergeleken met 

adolescenten met obstipatie. Echter, bijna de helft van de genezen adolescenten heeft een 

rekbaarheid boven de normaal grens. Ondanks verhoogde rekbaarheid van het rectum is 

genezing van obstipatie dus wel mogelijk. In hoofdstuk 5 beschrijven we dat kinderen met 

een verhoogde rectale rekbaarheid niet minder goed herstellen van hun klachten. Kinderen 

met een sterk verhoogde rekbaarheid hebben hetzelfde genezingspercentage als kinderen 

met een normale rekbaarheid. In kinderen met een verhoogde rectale rekbaarheid die na 

1 jaar behandeling genezen zijn, is de gestoorde rekbaarheid niet hersteld. Regelmatige 

behandeling met rectale klysma’s heeft ook geen positief effect op de rekbaarheid van het 

rectum. Hoewel verhoogde rectale rekbaarheid bij veel kinderen met functionele obstipatie 

gezien wordt, is dit dus niet gerelateerd aan een slecht resultaat op behandeling. De rectale 

barostat lijkt daarom geen bruikbare test om het behandelingsresultaat te voorspellen of 

de behandeling te bepalen. 

164



Samenvatting & discussie

165

Deel drie – Colon manometrie
Omdat het behandelingsresultaat van functionele obstipatie bij kinderen niet goed 

verklaard kan worden door een abnormale werking van het anorectale gebied, zou 

een abnormale functie van de dikke darm (colon) hierbij een grotere rol kunnen spelen. 

Sommige kinderen met moeilijk behandelbare obstipatie hebben peristaltische problemen 

(slechte knijpende voortbeweging) van de dikke darm. Met röntgenonderzoek of nucleaire 

geneeskunde kan men indirect iets te weten komen over de peristaltiek van de dikke darm. 

De exacte knijpbewegingen van de darm kunnen echter alleen gemeten worden met een 

drukmeting van het colon (colon manometrie). 

Hoofdstuk 6 geeft een overzicht over colon manometrie studies die eerder in 

kinderen zijn verricht. Omdat het een zeer ingrijpende en intensieve meting is, wordt 

een colon manometrie alleen uitgevoerd in kinderen die niet reageren op elke vorm van 

medicamenteuze en gedragsmatige therapie. Ook wordt het alleen toegepast in kinderen 

bij wie de klachten een grote invloed op het psychosociale leven lijken te hebben. 

Colon manometrie katheters worden meestal ingebracht met behulp van een een 

kijkslang binnenin de dikke darm (coloscopie). Hoofdstuk 7 beschrijft een nieuwe techniek 

om de katheter te plaatsen zonder coloscopie, maar met röntgendoorlichting. Deze 

methode blijkt succesvol in kinderen met verschillende aandoeningen en verschillende 

leeftijden. Wellicht is de nieuwe methode (zonder coloscoop) beter bruikbaar in kinderen 

met stoma’s, omdat daar de coloscoop moeilijk doorheen kan. Een belangrijk nadeel van 

de nieuwe techniek is een hogere röntgenstralingsbelasting. Een voordeel is dat de nieuwe 

techniek niet onder narcose hoeft te gebeuren, wat wel altijd bij een coloscopie wordt 

toegepast. Dit zou vermindering geven van kosten en risico’s die aan narcose gerelateerd 

zijn. De keuze tussen de twee methoden moet afhangen van mogelijkheden binnen de 

kliniek, de ervaring van de arts en de veiligheid en voorkeur van de patiënt. 

Van alle organen in het maagdarmkanaal is de werking van de dikke darm het minst 

goed begrepen. Drukmetingen hebben ervoor gezorgd dat de kennis is toegenomen 

over de normale en abnormale werking van de dikke darm in patiënten met ernstige 

ontlastingsproblemen. Een normale functie wordt gekenmerkt door krachtige peristaltische 

bewegingen, ook wel hoge amplitude propagerende contracties (HAPC) genoemd. 

Deze bewegingen zorgen ervoor dat ontlasting van het begin tot het einde van de dikke 

darm wordt voortgestuwd. Een medicijn, genaamd bisacodyl, kan tijdens de drukmeting 

worden toegediend om HAPC’s op te wekken. Daarmee kan over het algemeen een goed 

onderscheid gemaakt worden tussen een normale en abnormale werking van de dikke 

darm. De onderliggende oorzaak van de abnormale werking van de dikke darm is echter 

nog een raadsel. Wellicht spelen afwijkingen van de zenuwen en spieren van de dikke darm 

een rol bij ernstige ontlastingsproblemen. Ook zou de samenwerking tussen de zenuwen 

en spieren via aansturende pacemaker cellen (de interstiële cellen van Cajal) afwijkend 

kunnen zijn bij deze patiënten. 



Op basis van drukmetingen van de dunne darm is in het verleden een onderverdeling 

gemaakt tussen zenuw en spier afwijkingen van de darm. Deze classificatie wordt in 

hoofdstuk 8 onderzocht, maar dan voor de dikke darm. We hebben onderzocht of bepaalde 

afwijkingen op de drukmeting overeenkwamen met afwijkingen op weefsel niveau. Er zijn 

afwijkingen gevonden in de zenuwen en pacemaker cellen van de dikke darm bij patiënten 

met een afwijkende drukmeting, maar ook bij patiënten met een normale drukmeting. In 

de door ons onderzochte patiënten zijn geen afwijkingen gezien in de spieren van de dikke 

darm. We kunnen dus op basis van de drukmeting van de dikke darm niets zeggen over 

aanwezigheid van zenuw- en/of spierafwijkingen. 

Deel vier – Behandeling 
Een cecostoma is een verbinding tussen de buikhuid en het begin van de dikke darm, 

het cecum. Via deze verbinding kunnen kinderen hun dikke darm schoon spoelen met 

water, om zo verstopping te voorkomen. Een cecostoma wordt chirurgisch geplaatst en 

is een nieuwe behandeling voor kinderen met zeer ernstige klachten van verstopping of 

ontlastingsverlies die niet reageren op intensieve therapie. In hoofdstuk 9 beschrijven we 

de mogelijkheden en het resultaat van deze ingreep. De onderzochte kinderen hebben 

door het regelmatig schoon spoelen van de dikke darm minder klachten van verstopping 

en vieze broeken. 

Sommige kinderen met een afwijkende peristaltiek van de dikke darm moeten worden 

geopereerd. Een stoma wordt soms aangelegd in de dikke darm of een deel van de darm 

wordt verwijderd. Een cecostoma is een minder ingrijpende operatie waarmee de darm 

kan worden gespaard. Het wordt tot nu toe echter alleen toegepast bij kinderen met 

een normale of beperkt afwijkende peristaltiek van de dikke darm. Of dit juist is, wordt 

onderzocht in hoofdstuk 10. In een groep kinderen die een colon manometrie hebben 

ondergaan voorafgaand aan de cecostoma plaatsing is onderzocht of de drukmeting het 

behandelingsresultaat kan voorspellen. Patiënten met een afwezige peristaltiek in het gehele 

colon behalen minder succes met een cecostoma dan andere kinderen. Een goede reactie 

van de dikke darm op bisacodyl is ook voorspellend voor een goed behandelingsresultaat. 

Er zijn echter ook kinderen die een zeer afwijkende peristaltiek hebben, maar wel van hun 

klachten af zijn gekomen met een cecostoma. Het lijkt daarom ook goed om eerst een 

cecostoma te proberen alvorens een meer ingrijpende operatie toe te passen bij kinderen 

met een afwijkende peristaltiek. 

Toekomst perspectief
Er is geen standaard diagnostische test beschikbaar om functionele darmziekten op 

de kinderleeftijd aan te tonen. De verschillende stoornissen worden daarom vastgesteld 

door middel van definities die op klachten gebaseerd zijn. Het voordeel van deze definities 

(ROME III criteria) is dat iedereen in de kliniek, maar ook in de wetenschap dezelfde definitie 

gebruikt. Een nadeel is dat één definitie verschillende oorzaken kan hebben. Een kind 
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met obstipatie, maar zonder ontlastingsverlies heeft mogelijk een andere onderliggende 

oorzaak dan een kind met obstipatie én ontlastingsverlies. Dit terwijl beide kinderen aan 

dezelfde definitie voldoen. In de toekomst zou meer duidelijkheid moeten komen over de 

verschillen tussen kinderen binnen de definitie obstipatie. 

Waarschijnlijk spelen meerdere factoren samen een rol in de ontwikkeling en 

instandhouding van obstipatie bij kinderen. Gedragsmatige problemen, afwijkende 

ontlastingsmethode, abnormale endeldarm of dikke darm functie kunnen apart, maar 

ook tegelijkertijd een rol spelen. Eerdere studies hebben zich vooral op één afwijking 

geconcentreerd. In de toekomst moeten meerdere factoren samen onderzocht worden om 

inzicht te krijgen in de mogelijke overlap van verschillende factoren. 

Wij hebben de afgelopen jaren het aandrang gevoel en de rekbaarheid van de endeldarm 

onderzocht. Beide blijken een beperkte rol te spelen in kinderen met moeilijk behandelbare 

obstipatie. Een andere afwijking van de endeldarm, bijvoorbeeld de knijpkracht, speelt 

wellicht een grotere rol. Om hier meer inzicht in te krijgen zou het nuttig kunnen zijn om 

metingen te verrichten met behulp van barostat in combinatie met manometrie.

Er blijft nog veel onduidelijk over de werking van de dikke darm en het verband met 

moeilijk behandelbare verstopping. Colon manometrie wordt op dit moment alleen in zeer 

gespecialiseerde klinieken verricht. Omdat het een langdurige en ingrijpende meting is, 

wordt het alleen toegepast in een kleine groep kinderen met zeer ernstige klachten die niet 

reageren op behandeling. Hoewel dikke darm drukmetingen kunnen worden toegepast 

om nieuwe behandeling te bepalen, heeft deze techniek nog veel tekortkomingen. De 

katheter is zeer moeilijk te plaatsen en kan gedurende de meting ook verplaatsen. De 

techniek moet dus verder geoptimaliseerd worden. Er zijn geen normaalwaarden van de 

dikke darm peristaltiek in kinderen beschikbaar, omdat het onethisch is deze meting bij 

gezonde kinderen toe te passen. De interpretatie van een colon manometrie meting blijft 

dus lastig en het zou daarom nuttig zijn om de interpretatie verschillen tussen artsen te 

onderzoeken. Op dit moment kan een drukmeting van de dikke darm nog niets zeggen 

over de aanwezigheid van zenuw- en/of spierafwijkingen van de dikke darm. Waarschijnlijk 

komen deze afwijkingen vaak samen voor, waardoor het misschien onmogelijk is om één 

specifieke afwijking in de zenuwen of spieren te vinden. Een goede methode om zenuw- 

en spierafwijkingen in de dikke darm aan te tonen moet nog worden ontwikkeld. 

Verstopping en vieze broeken hebben een grote impact op het psychische en emotionele 

welbevinden van een kind. Het is daarom ontzettend belangrijk om erachter te komen wat 

deze klachten veroorzaakt. Dit zou uiteindelijk kunnen leiden tot een betere behandeling 

voor deze kinderen. Het blijft een uitdaging om kinderen met moeilijk behandelbare 

verstopping te behandelen. Artsen zijn op dit moment aangewezen op een behandeling 

die alleen de klachten vermindert zonder daarmee de oorzaak aan te pakken. Omdat 

obstipatie op de kinderleeftijd een multi-factoriëel probleem is, zullen de verschillende 

factoren en subgroepen van patiënten moeten worden ontrafeld om zo ook meerdere 

behandelingsstrategieën te kunnen ontwikkelen. 
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