
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Childhood constipation: new insights in testing, treatment and cost

Liem, O.

Publication date
2010

Link to publication

Citation for published version (APA):
Liem, O. (2010). Childhood constipation: new insights in testing, treatment and cost. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/childhood-constipation-new-insights-in-testing-treatment-and-cost(18579595-e596-4a37-ad65-6b44ff7112a7).html


C h a p t e r  4

Prolonged Colonic Manometry in 
Children with Defecatory Disorders

Olivia Liem
Rosa E. Burgers

 Frances E. Connor
Hayat M. Mousa

 Marc A. Benninga
S.N. Reddy

Carlo Di Lorenzo



Chapter 4

ABSTRACT

Introduction
Colonic manometry is a diagnostic test frequently used in the evaluation of children 
with defecation disorders unresponsive to medical and behavioral management. The 
standard protocol in pediatrics consists of a study that lasts approximately 4 hours. 
Given the wide physiologic variations in colonic motility throughout the day, longer 
observation might detect clinically relevant information. 

Aim
To perform prolonged colonic manometry studies in children referred for colonic 
manometry in order to compare the information accrued by this system to the more 
traditional short water perfused technology.

Methods
A water perfused and a solid state colonic catheter with recording sites positioned at 
the same level were simultaneously placed using colonoscopy in 19 children (8 boys, 
mean age 9.4 ± 0.9, range 3.9 – 16.3) presenting with severe defecation disorders. 
First, a “standard test” was performed with at least 1 hr fasting, 1 hr postprandial and 
1 hr post-bisacodyl provocation recording. After this portion of the test was completed, 
recordings continued until the next day using the solid state, ambulatory technique. 

Results
Colonic manometry was performed in 16 children with intractable constipation, in 
one child with FNRFI and in two children with symptoms of pseudo-obstruction. 
Based on the short duration recordings, normal motility in the entire colon was found 
in 10/19 children. In 4/13 children normal motility was only found in the proximal 
segment with abnormalities limited to the dilated distal colon. The other children did 
not show normal motility, ranging from colonic inertia to signs of colonic myopathy. 
In two of the 19 children prolonged recording gave us information that either 
could explain their complaints or could have potential implication for therapeutic 
recommendations. In one patient with FNRFI who demonstrated no abnormalities 
in the standard short recording, two long clusters of high amplitude contractions 
were noted in the prolonged study, possibly contributing to the fecal incontinence. 
In another patient evaluated for partial colectomy after failing cecostomy, standard 
recordings showed colonic activity only in the most proximal part of the colon while 
the prolonged study showed normal motility over a larger portion of the colon. 

Conclusion
Prolonged colonic measurement provides more information regarding colonic 
motor function and allows detection of motor events missed by the standard short 
manometry study with provocation. Further studies are necessary to evaluate the 
clinical relevance of this information.
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INTRODUCTION

Colonic manometry has been found to be helpful in the work-up in children with severe 

constipation unresponsive to conventional medical and behavioral management. 1 

Pensabene et al showed that colonic manometry testing results in recommendation 

to adjust therapy (mostly surgical) in 93% of pediatric patients. 2 Furthermore, colonic 

manometry can be used to predict whether a child with severe defecation disorders 

will do well when given antegrade enemas. 3 The current standard technique 

to measure colonic motility in children is a 4 hours stationary colonic manometry. 

At least 1 hour of fasting and 1 hour of a postprandial motor activity followed by 

drug stimulation with bisacodyl is measured. 4 Children showing high amplitude 

propagated contractions (HAPCs), either spontaneously or after drug stimulation, 

are considered as having normal motility. There are a few drawbacks with respect 

to this procedure. For one, the measurement is non physiological since patients are 

immobile during the whole study and sometimes stressed from the placement of the 

catheter. Secondly, this rather “short” measurement does not take into account the 

fact that colonic motility has a diurnal rhythm. Prolonged recording might be able 

to demonstrate abnormalities which occur predominantly at night, such as absence 

or alteration of the rectal motor complex (RMC). Changes in this periodic rhythmic 

contraction activity have recently been implicated in chronic constipation, the 

commonest indication for colonic manometry in children. 5 King et al. showed, using 

24 hours colonic manometry, that children with slow transit constipation demonstrate 

a significant reduction in antegrade propagative activity. 6 Their study, however, was 

performed in children who already had an appendicostomy and were treated with 

antegrade enemas which may have altered their colonic response. Development 

of colonic manometry using solid state catheters allows to perform prolonged 

ambulatory studies in a more “physiological” setting. The aim of our study was to 

perform prolonged studies in children who were referred for colonic manometry 

in order to compare the information accrued by this system to the more traditional 

water perfused technology

METHODS

Subjects

This was a prospective multicentre study performed at Nationwide Children’s Hospital 

in Columbus OH and Children’s Hospital in Pittsburgh PA. Children with complaints 

of refractory constipation or functional non-retentive fecal incontinence between the 

ages of 6 - 18 years, who were already scheduled to undergo colonic manometry, 

Prolonged colonic manometry
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were invited to participate. The study was approved by both Institutional Review 

Boards.

Manometry assembly and catheter design

The solid state catheter (Unisensor AG, Switzerland) in Columbus incorporated eight 

strain gauge microtransducers, spaced 10 cm apart and was 3.5 mm in diameter. 

In Pittsburgh a solid state catheter (Konigsberg Instruments, Inc. Pasadena, CA) 

with six strain gauge microtransducers, spaced 15 cm apart and 3.5 mm in diameter 

was used. Data were captured in a portable recording device (Porti5-8/ASD, TMS 

International, Enschede, The Netherlands) with a sampling rate of 8Hz and 32Mb 

flash card memory capacity. Using strips of parafilm, the solid state catheter was 

attached to a water perfused catheter (Mui Scientific, Mississauga, Ontario, 

Canada) before insertion. 

Catheter placement and recordings

Catheter insertion was performed either by colonoscopy or by the interventional 

radiologist under fluoroscopic control as previously described 7. All medications 

known to affect colonic motility were withheld from 48 hours prior until motility 

recordings were completed. On the day before the study, the colon was prepared 

with a balanced electrolyte lavage fluid containing polyethylene glycol, administered 

via a nasogastric tube (or gastrostomy if present). 

The colonic manometry protocol consisted of recordings for a minimum of 1 hour 

during fasting, 1 hour after a meal and 1 more hour after the administration of 

bisacodyl (0.2mg/kg, max 5mg) via the central lumen into the colon to stimulate 

contractions. In Columbus, the standard study was carried out on the same day 

of the catheter placement, after patients had fully recovered from anesthesia. In 

the studies that were performed in Pittsburgh, catheter insertion took place in the 

afternoon and standard study was completed on day 2. 

As per our manometry protocol, patients were confined to bed until the water 

perfused portion of the study was completed. This was to guard against dislodgement 

of the catheter before the conventional water perfused motility study was finalized. 

Thereafter, the patient was allowed out of bed. The solid state recording was 

continued until the day after. A repeat abdominal X-ray was required in cases of 

probe dislodgement, or if the recording tracing suggests coiling of the catheter in 

the rectum. After completion, the data was downloaded from the flash card of the 

recording device into a desktop IBM-compatible personal computer and analyzed 

using GIPC® software.
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Tracing analysis

Tracings were analyzed visually and with computer assistance. Adjustments to the 

baseline were made at appropriate times, such as when the subject altered body 

posture by adding or subtracting the pressure change induces acutely by the change 

in posture. 

Propagating contractions were defined as clusters of contractions that lasted at 

least 10 seconds and propagated for at least 3 recording sites. HAPCs were defined 

as clusters of contractions with an amplitude � 60 mm Hg and low amplitude 

propagating contractions (LAPC) as having an amplitude � 5 mm Hg and � 60 mm 

Hg8 Propagating contractions were evaluated for their durations, amplitudes and 

propagation velocities. Area under the curve analysis was performed to analyze the 

motility index. Motility index was compared for 60 minutes before and after a meal. 

Motility index was also calculated during sleep and for 60 minutes after awakening. 

Periods with artifacts (for example movement or coughing) were removed and 

replaced with mean area under the curve values for the same period. The motility 

indexes obtained from the different recording sites were averaged to obtain one 

aggregate MI for each patient. A gastrocolonic response was defined as an at least 

50% increase in the motility index in the hour after a meal. 9 A rectal motor complex 

was defined as the occurrence of phasic pressure waves that were confined to the 

rectosigmoid region with a pressure wave amplitude of >8mmHg and a duration of 

>3s and cycle length of 3 or more minutes. 

Statistics

Statistical analysis of the data was conducted using the statistical software package 

SPSS (version 14.0; Inc, Chicago, IL). Baseline characteristics of the cohort were 

analyzed in a descriptive way. Mean values ± SE and ranges were used. Non-parametric 

(Mann-Whitney U and Kruskal-Wallis) and Chi-square or Fisher’s exact statistics 

were used to test for differences between groups. A p-value < 0.05 was considered 

significant.

RESULTS

Catheter placement

A total of 38 children were included in the study. In five children placement of 

the combined solid-state and water-perfused was not possible due to technical 

problems. In 10 children the catheter had moved distally considerably after bisacodyl 

administration and in four cases the solid-state or datalogger was not working 

properly. Hence, we were able to analyze studies obtained from 19 children with 

Prolonged colonic manometry
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a median recording time of 22:32 ± 00:37 (range, 19:42 – 27:34) hours. Catheter 

placement was performed using colonoscopy in 17 children and in two children it 

was placed by the interventional radiologist. The catheter tip was situated in the 

cecum (n=10), in the ascending colon (n = 2) in the hepatic flexure (n= 4), and in 

the transverse colon (n=3). On day 2 the tip of the catheter was in the cecum (n =2), 

ascending colon (n = 2), hepatic flexure (n = 8), transverse colon (n=3), splenic flexure 

(n = 4) and splenic flexure (n=4).

Demographics

Study subjects were 8 girls and 11 boys with a mean age of 9.4 ± 0.9 (range 3.9 

– 16.3) years. The median duration of symptoms was 7.5 ± 1.0 (1.8 – 16.3) years. 

Indications to perform a colonic manometry were constipation (n = 16), pseudo-

obstruction symptoms (n = 2) and fecal incontinence without constipation (FNRFI) in 

one. Twelve children had a sitzmarker colonic transit time study. The study suggested 

delayed colonic transit in seven, an outlet dysfunction in two and normal transit 

times in three children. The nine children who had undergone a rectal biopsy had no 

demonstrable abnormalities. 

Fasting

During the fasting period, 6/16 constipated children showed spontaneous LAPCs 

(range 1-7 per hour). The child with FNRFI also demonstrated one LAPC. Two children 

with constipation showed HAPCs (range 1-2 per hour). The children with pseudo- 

obstruction symptoms did not have any propagating contraction. The average 

motility index during fasting was 209 ± 17 mmHg·s (range 123 – 350 mmHg·s). 

(Figure 1)

Post-prandial

After ingestion of a meal four children showed LAPCs; all of them had shown LAPCs 

during fasting state as well. An average of 2.5 ± 0.9 (range 1-5) HAPCs were seen 

in four children post-prandially. The children with pseudo obstruction, again, did not 

have any propagating contractions. Food increased the motility index significantly 

(296 ± 21 mmHg·s, range 190 - 579 mmHg·s, p=0.001). A total of 8 children showed 

a gastrocolonic response. 

Post bisacodyl

Within 1 hour of bisacodyl administration, HAPCs occurred in 16 children. Their 

frequency was 6.2 ± 0.8 (range 2-14) per hour. One child with constipation and the 

two children with pseudo-obstruction symptoms showed no HAPCs. 
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Sleeping and Awakening

During sleep none of the children showed HAPCs and four children showed 1-3 

LAPCs. 

HAPCs after awakening were seen in three children but no LAPC were present. There 

was also a significant increase in motility index following waking (172 ± 16 mmHg·s 

vs. 262 ± 22, p< 0.001). No correlation was found between the increase of motility 

after a meal and after awakening (r=0.28, p=0.25).

Retrograde propagating contractions 

A total of 16 retrograde propagating contractions were seen in 7 children. Most of 

them (13) were seen during sleep and one was seen before a bowel movement. The 

mean amplitude was 37 ± 4 mmHg with a duration of 15 ± 1s and a velocity of 1.8 

± 0.3 cm/s.

Rectal motor complexes

Only four subjects (21%, all with normal motility) exhibited rectal motor complexes, 

mostly during sleep. The median frequency per subject was 4/day (3-6). They lasted 

for 3 to 28 minutes with a frequency of 3 to 4/min. 

Comprehensive study evaluation (Table 1) 

Ten children were diagnosed as having normal motility, showing HAPCs either 

spontaneously or after bisacodyl provocation. Four children showed HAPCs with 

failure of progression of HAPCs through the distal colon. The two children with pseudo 

Figure 1. Motility index

Prolonged colonic manometry
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obstruction showed hardly any motility, in particular no propagating contractions 

and two other children with symptoms of constipation only had low amplitude 

contractions. In one patient only poorly formed HAPCs were found. In two patients 

the prolonged study provided information which were relevant to understanding 

the pathophysiology of symptoms. In the one patient with FNRFI the standard short 

recording showed normal motility. Two big clusters of high amplitude contractions 

with a frequency ranging from 2-3/min with an average amplitude of 65 mmHg 

were recorded in the prolonged study. (Fig 2) One cluster occurred while the child 

was in bed drawing and had a duration of 140 min and the other cluster occurred 

after awakening and had a duration of 55 min. These clusters were not seen during 

Table 1
Pt Indication Spontaneous

HAPCs
HAPCs after 

bisacodyl
Gastrocolonic
 response (%)

1 Constipation Yes Yes 63%

2 Constipation Yes Yes 2%

3 Constipation No Yes 11%

4 Constipation No No 44%

5 Constipation Yes Yes 37%

6 Constipation No Yes 102%

7 Constipation Yes Yes 57%

8 Pseudo obstruction No No 2%

9 Constipation No Yes 68%

10 Constipation No Yes 86%

11 Constipation Yes Yes 11%

12 Constipation No Yes 24%

13 Constipation No Yes 71%

14 Pseudo obstruction No No 76%

15 Constipation No Yes 7%

16 Constipation No No 37%

17 Constipation Yes Yes 69%

18 FNFRI Yes Yes 44%

19 Constipation prior 
to colectomy

No Yes 11%
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the standard recording. One patient with constipation had already failed cecostomy 

and underwent his colonic manometry to determine what part of the colon needed 

resection. In the standard study the tracing showed propagating contractions only 

in the first 2 channels (both in transverse colon) after bisacodyl provocation. In the 

prolonged study HAPCs were seen progressing up until the sigmoid colon. 

Waking 
response (%)

Conclusion
standard study

Conclusion prolonged 
study

151% Normal motility until 
dilated distal part

Same

104% Normal motility Same

15% Normal motility until 
dilated distal part

Same

30% Only low amplitude 
contractions

Same

3% Normal motility Same

36% Normal motility Same

55% Normal motility Same

-4% No propagating 
contractions

Same

84% Normal motility Same

170% Normal motility Same

40% Normal motility until 
dilated distal part

Same

77% Poorly formed HAPCs Same

38% Normal motility Same

130% No propagating 
contractions

Same

93% Normal motility Same

211% Only low amplitude 
contractions

Same

36% Normal motility Same

18% Normal motility Increased number of high 
amplitude contractions in rest

31% Normal motility until 
hepatic flexure

Normal motility until sigmoid 
colon

Prolonged colonic manometry
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Figure 2b. HAPCs after bisacodyl provocation

Figure 2a. Cluster of high amplitude contractions
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DISCUSSION

Colonic manometry is increasingly used to investigate children with severe defecation 

disorders. The use of a solid state catheter with a portable datalogger allowed us to 

obtain colonic manometric information from children referred for further diagnostics 

for their defecation disorders over a more prolonged period of time instead of the 

standard 4 hours. In two of the 19 children prolonged recording gave us information 

that either could explain their complaints or could have potential implication for 

therapeutic recommendations. 

The first patient, referred with complaints of fecal incontinence without any 

signs of constipation, did not show any abnormality during the standard colonic 

manometry recordings. On the prolonged recordings, however, clusters of high 

amplitude contractions were seen for 1-2 hours during rest and awakening. No 

pathophysiological mechanism has been described for FNFRI yet and these clusters 

might possibly be an explanation that should be further explored. The second child in 

which prolonged testing gave more information was a child that needed evaluation 

prior to a partial colectomy after not becoming symptom free with antegrade 

enemas through a cecostomy. This child showed no spontaneous HAPCs during the 

standard short recording. HAPCs shown after bisacodyl only travelled over the first 

2 channels, implicating that normal motility was present up to the splenic flexure. 

Figure 2c. HAPCs during prolonged recording in the same child

Prolonged colonic manometry
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Later that day, during the prolonged motility, HAPCs were seen progressing over 

5 channels, suggesting that the colon was working properly up until the sigmoid 

colon. This finding could probably have changed the recommendation regarding the 

portion of the colon to be removed. Whether this discrepancy could be an effect 

of the sedation is not known. Studies comparing motility right after waking up vs. 

commencing the study the next day after placement, have not been done yet. 

The first study in healthy adults measuring prolonged recordings of colonic motility 

was described more than 20 years ago. 10 It took more than 16 years before the first 

prolonged recordings were undertaken in children. 11 Stanton et al. described 24 

hours pan-colonic manometry in 18 children with slow transit constipation through 

a previously formed appendicostomy. They found that those children, compared 

to healthy young adults, showed significant impairment in antegrade propagating 

motor activity and failure to respond to normal physiological stimuli such as meal or 

awakening. We found an average of 4 HAPCs per 24 hour compared to their 6 per 

24 hour and confirmed a clear decrease in motility during the night. Not all children 

with HAPCs had a measurable gastrocolonic reflex or an increase of motility after 

awakening. 

Prolonged rectal pressure recordings have revealed that the rectum shows periodic 

motor activities, also termed rectal motor complexes. 12 This pattern is mostly seen at 

night but varies both within and between subjects. A higher incidence and excessive 

amount of rectal motor complexes have been seen in adults with constipation 

and have been hypothesized to be an additional mechanism in the pathogenesis 

of constipation.13 Unlike healthy and constipated adults, not all children with 

constipation show rectal motor complexes during prolonged measurements. Their 

role in the pathogenesis of childhood constipation seems therefore questionable.

The lack of normal control data in children remains a substantial problem when doing 

colonic manometry studies in children. Data obtained from healthy adult volunteers 

is not easily extrapolated to children since age-related changes regarding colonic 

motility have previously been demonstrated. 14 Furthermore, one can probably not 

compare our study to the study performed by Stanton et al. as our group of children 

was more heterogeneous and our indication to perform the colonic manometry was 

different. Their children were undergoing colonic manometry for research in a very 

standardized manner while our children were referred to investigate their motility for 

further recommendations. 

Presence of HAPCs, whether spontaneously or after bisacodyl provocation, is 

believed to be the most important feature for motility and its presence is used to 

diagnose normal motility or to predict success of antegrade enemas through an 

appendicostomy or cecostomy. Interestingly, we have found small subgroups of 

children who do well even without high amplitude contractions (HAPCs) or will 
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not do well with “normal” motility found by colonic manometry. Especially in those 

children it would be interesting to evaluate whether prolonged recordings could give 

us more information that would more accurately predict outcome.

There are technical difficulties with performing prolonged colonic manometry that 

we have encountered during this study. Placement of the solid state catheter by 

the interventional radiologist seemed more difficult because of its stiffness and 

was unsuccessful in two cases. Another risk when performing 24 hour studies is 

movement of the catheter and dislodgement of the catheter of the datalogger. This 

happened a couple of times during this study and resulted in unusable data in a 

handful of patients and an inability to match motility findings to their site of origin. In 

the future bisacodyl should probably be given on day 2 to avoid distal displacement 

of the catheter. Clipping the catheter to the mucosal wall, as is done in adults, is 

another option, although this has never been done in children.15

This study confirms that it is feasible to perform prolonged colonic manometry studies 

in children with defecation disorders. Prolonged colonic measurement provides more 

information regarding colonic motor function and allows detection of motor events 

missed by the standard short manometry study with provocation. Prospective follow-

up studies are necessary to determine the clinical relevance of prolonged colonic 

manometry. 

Prolonged colonic manometry
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